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ABSTRACT

Bilatera]CerebratActivationinRe]ationtoVerbal

and Spatial Task Perfonnance, Sex and Handedness

Katherine J. Schultz

The existing literature on cerebral hemispheric activation focgses

primarily on the asymmetric role of the left and right hemispheres in

verbal and spatial task performance. However, a number of authors have

suggested that for certain subiect groups, bilateral hemispheric activa-

tion is associated with verbal or spatial processing' The conceptualiza-

tions of bilateralitY posited by Buffery and Gray, Annett and Levy are

considered in the present study' Each of these aut'hors specu'lates that

bilateral cerebral activation is most likely to occur in specific sex

and handedness groups. Further, these authors each posit that bilateral-

ity is associated with specific levels or patterns of task performance'

Thepresentstudyeva]uatesbi]atera]cerebralactivationbyassess-

ing changes from baseline electroencephalographic (EEG) alpha duration

concqnitant with verbal and spatial task perfonnance, and by conparing

left to right hemisphere alpha ratios during verbal and spatial perfor-

mance. Mal e and femal e undergraduates r¡¿tro exhibi t either strong right

preferences in handedness, footedness, eyedness and earedness and cqn-

plete reported famil ial dextral ity, or u¿tro have mixed, left and right'

peripheral lateral ity preferences served as st"biects' 0n the basis of

EEG a1 pha criteria, three subiect groups \¡rere identi fied for each task

and method of

activation, ( b)

analysis.Thesegroupsì¡ere(a)bilateralcerebral

left hemisphere activation, and (c) right hemisphere

iv



activation.

assessed bY

I atencies.

Di scriminant analyses in v¡trich lateral ity was defined as a task

concqnitant change fron base] ine activation provided virtua'ny n0 sup-

port for prevail ing conceptual izations of bi1 ateral ity' However' those

analyseswhichdefinedlateralityíntermsofactivationratiosprovided

strongsupportfortheconceptsadvancedbyAnnettandmoderatesupport

for those of Levy and Buffery and Gray'

0veral1, the results emphasize the importance of peripheral lateral-

ity, verbal and spatiaì perfofmance and sex in the di scrimination of

cerebral latera]ity groups. Further, a strong link between verba] ' but

notspatial,ìateralityandbothverbalandspatialperformanceþ/aS

found. Final ly, the disparate findings of the analyses suggest that

subject sex and peripheral laterality determine the specific cerebral

activation patterns found during task performance

Task performance on synonym and circle matching tasks lvas

the number of problerns answered COrrectly and by response

v



TABLE OF CONTENTS

ACKNOHLEDGEMENTS

ABSTRACT

LIST OF TABLES

LIST OF FTGURES ...

CHAPTER

I. REVIEH OF THT LITERATURE .. .

BiiateralitY

EEG techniques for evaluation of

functional asYmmetrY

EEG evidence of functional asymmetry

Handedness and functional asymmetry

Sex and functional asYmmetrY 31

Peripheral laterality, sex and functional
??

asymmetrY

Page

iii
iv

viii
xi

23

26

1

I

18

IT. METHOD .....
Subiects """co

Subiect sel ection

Determination of lateral itY

Session Procedure

Task presentation and response

Tasks

EEG recordí ng

Scoring of EEG activitY

Adj ustment of the vari abl es

Stati stical analYses

4t

41

4L

43

45

47

48

52.

54

56

66

v'i



Page

III. RtsuLTS .............."""""' "..""'
Lateral ized change from basel Íne:

72

Verbal perfofmance ..'.' "..""""""" 72

Lateral ized change from basel ine:

Spatia'l perfofmance .."' """..r"""" 84

Sex and'laterality groups """" ""'

96

105

rL7

IV. DISCUSSI0N ............."""'..'"""' """ L20

Verbal bilateralíty """"' 120

Spatial bilaterality ...."""""' """" t28

General discussion and conclusions 135

REFERENCES............. """"""..""""' 138

APPE NDIX

A. Laterality questionnaire ""' "I"""' 151

Hemisphere Ratios: Verbal performance

Hemisphere Ratios: Spatial perfonnance

B. Lateral í tY correl ations

C. Alpha amplitude scoring""e "!"".."' """"' L76

D. Correìations between laterality categories and trans-

formed and non-transformed díscriminant variables 178

E. Rotated I ateral i ty fac tor 1 o adi ngs 181

vii



Tabl e

4

LIST OF TABLES

correlations of Baseline, control Task and verbal Task

Percent of Alpha Activity Restricted to the

Left Hemi sPhere " ":
correlations of Baseline, control Task and Spatial Task

Percent of Alpha Activity Restricted to the

Left Hemi sPhere

correlatíons of Baseline, control Task and verbal Task

Percent of Concurrent Alpha Actívity

Page

57

1

2

3

5

6

7

Correlations of Baseline, Control Task and Spatial Task

Percent of Concurrent Alpha Activity 61

CorrelatÍons of Verbal Frequency, Amplitude and

62

63

58

60

64

Residual Measures

CorrelatÍons of Verbal Frequency, Amp'litude and

Residual Measures

Correlations of Average Control Task, Verbal and

Resi dual Latency-to-Respond Measures

B.CorrelationofAverageContro.lTask,spatialand

Residual Latency-to-Respond Measures

9. Sorted, rotated laterality factor loadings

l0,EEGlateralitygroupmembershipcharacteristics:

verbal analYsi s .. .

65

70

vìii

73



Tabl e

11.

L2.

13.

14.

Page

verbal EEG Iaterality group residual discri¡nination

and test of significance

Verbal EEG laterality group discriminant analysis

74

eigenvalues and measures of 'ímportance 76

coordinates of the verbal EEG laterality group centroids 78

Standardized canonical discríminant function

coefficients: verbal analysis "' ""'' 79

15.Tota]structurecoefficients:verbalanalysis BO

82

83'

B5

86

88

91

92

94

16. EEG 'laterality group means and standard deviations

on discriminator variables: verbal analysis

L7 . Cl assi fí cati on matri x: verbal anaì ysi s

ls.EEGlateralitygroupmembershipcharacteristics:

sPatial analYsis "'
19 . Spati al EEG 1 ateral i ty group resi dual di scrirni nati on

and test of sígnificance

20.SpatiaìEEGlatera]itygroupdiscríminantanaìysis

eígenvalues and measures of importance

2L. Coordinates of the spatial EEG latera'lity

group centroids ..'re

22.'Standardizedcanonicaldiscriminantfunct,ion

coefficients: spati aì analysi s ' ' '

23.Tota]structurecoefficients:spatialanalysiS...

24, EEG laterality group means and standard deviations on

discriminator variables: spatial analysis

25. Classi fication matrix: spatial analysis

ix

90

95



Tabl e

26.

27,

28.

29.

30.

Page

EEG Laterality Group Member Characteristics:

Verbal task analYsis 97

verbal ratio laterality group residual discrirnination

and tests of significance 98

Verbalratio]ateralitygroupdiscriminantanalysis

eigenva'lues and measures of importance 99

coordinates of the verbal ratio laterality group centroids 100

L02

31.

32.

Standardized canonica] discriminant function

coefficients: verbal task analysis

Tota.| structure coefficients: verbal task analysis

Verbal task laterality group means and standard

devi ati ons for dí scrimi nator vari abl es " " " ' 104

classification matrÍx: verbal task analysis ' 106

EEG.|ateralitygroupmembercharacteristics:spatial

task analYsis ""'

35.Spatiaìratiolateralitygroupresidua]discrirnination
and test of sígnificance

36.Spatialratiolatera]itygroupdiscriminantana.lysis

.. 103

108

109

33

34.

39.

40.

41.

37"

38.

ei genval ues and measures of importance ".. 110

coordinates of the spatial ratio laterality group ceutroids. 111

Standardized canonical discriminant function coeffícients:

spatial task analYsis '"" 112

Total structure coefficients: spat'ial task analysis

Spati al task 1 ateral i ty group means and standard

devi ations for di scrimi nator vari abl es " ' 115

Classificat'ion matrix spatial task analysis " 116

Residual discrimination and test of significance:

sex-by-laterality groups "' "' 118

X

1i4

42



LiST OF FIGURES

Fi gure

1 Exampìe problem from the modified Nebes Circle-

Page

50

51

53

77

89

Circle Matching Test

2.

3.

4.

5.

Example synonym matching Problem

Example control Problem ..

Territorial map: verbal analysis "' """'

Territorial map: spatial analysis " '

xi



1

CHAPTER I

REVIEI,I OF THE LITERATURE

It is generally acknowledged that the'left and right cerebral hemi-

spheres differ in cognitive processing capabilities, with the left hemi-

sphere being more proficient in verbal processing, the right'in spatial'

l^lhi1e left hemísphere proficiencies can alternateìy be described as lin-

guistic, verbaì, logicaì and analytic, those of the right hemisphere can

be labelled visuospatial, nonverbal, preverba'l and synthetic (Thompson'

1975). However, thíS Cìear division of competencies may in fact be

restricted to a minority of individuals; ajthough a great deal of evi-

dence, gathered by a variety of technÍques, does support an asymmetric

role for the cerebral hemispheres ín cognitive processìng, the universa-

lity and importance of these functional asymmetries has yet to be fully

establ Í shed.

That functional differences exÍsted between the two grossly, anato-

mica'l]y similar cerebral hemispheres lfas known at least as early as 3000

B.C. (Cadwallader, Semrau and Cadwallader, L}TI) but it was not until

the last century that detailed study of this asymmetry was begun. By

the 1860's, observations of patients with unilateral brain disease by

Dax, Broca, I,lernicke and others had indicated a maior role for the left

hemÍsphere ín speech processing, particular]y for ríght-handed indivi-

dual s (Young, 1970) . Thi s assertíon was subsequently expanded from

doninance of the left side of the brain for speech and skilled movement

to prepotence of this hemisphere for most cognitive processes' Although

Jackson (1958) warned in Lg76 that the right cerebral hemisphere cou'ld
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play a special role in visual ideation, this possibility was generalìy

disregarded until the Second ìllorld War, when patients with well-loca-

lized brain lesions were available for systematic study and the role of

the right hemisphere in spat,iaì ideation was revealed (Luria, 1980).

Asymmetric roles for the cerrebral hemispheres in cognitive process-

ing have been further confirmed by the surgical approaches of Penfield'

Sperry, and their co]leagues (Gazzaniga & Sperry, L967; Penfield, 1975;

penfietd & Roberts, 1959; Sperry, L974; Sperry, Gazzaniga & Bogen'

1969)" Penfield mapped cortical functÍon during surgical removal of

scarred brain tissue implicated in focal epileptic seizures by apply'ing

a threshold electrical current, to the exposed cortex of conscious,

local'ly anesthetized patÍents. Stimulation of the dominant language

controlling hernisphere produced either spontaneous vocalization upon

stimulation in the regíon of Broca's area' or cessation of ongoing voca-

I i zati on duri ng stimu'l ati on of l'lernicke' s area ' Further, Penf i eì d

(1975) reported that in the 522 patients studied, the left hemisphere

vras generaì ìY domi nant.

Sperry,s (Ig7q) work with commissurotomized individual s, in wholn

the corpus callosum, the maior fiber tract ioining the two cerebral

hemispheres, hacl been severed, provides striking additional information

on cerebral asymmetry for spatia'l and language processing. Restricting

sensory i nput and motor output to on'ly one herni sphere , Sperry cl earl y

demonstrated the contrasting specializations of the two sides of the

brai n. l,lhen sensory i nput was conf i ned to the I ef t hemi sphere, pati ents

were able to name and decribe the input but were unable to manually

identify it with the right han<i. Conversely, when t'he input was confined
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to the right hemisphere it could only by identified manua'|ly, but not

verbally. Further, when disparate stimuli were present'ed to the'two

i solated cerebral hemispheres and a verbal response required, left

hemisphere input was identifietl. If however, a manual response wene

requi red, stimul i presented to the right hemi sphere were reported

(Gazzaníga & Sperry, .1967). The right hemisphere's role in spatial pro-

cessing was further supported by examination of the manual perfonnance

of cornmissurotomized patients on tasks involvÍng matching or reproducing

spatial patterns. Such tasks were performed in a superior manner by the

left hand, which ís controlled primarily by the motor center of the

right hemisphere, and were not performed at all by the right hand (Bogen

& Gazzaniga, 1965). l,lhil e lesion and surgical intervention studies

document the direction of functional brain asymmetry, tachistoscopic and

dichotic tistening studies with neurologically intact subiects have

further artícu'lated the concept of function lateralization.

In a standard tachistoscopic procedure an individual is required to

fìxate visual'ly on a point straight ahead while a stimulus is flashed

briefly to the left or right of that point (springer' L9771' Since the

stimulus is presented iust off midline, thus falling on the nasal por-

tion of one retina and the temporal portion of the other, visua'l infor-

mation is presented to only one cerebral hemisphere' Brief stimulus

exposure precludes saccadic eye movements and the shifting of the

reti na1 image i nto both hemi spheres '

Although there is no sirnple auditory equivalent of the tachisto-

scopic presentation procedure, as the eighth nerve projects to both the

contralateral and 'ipsilateral auditory cortex, the dichotic listening
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procedure (Kimura, 196L) does permit initial input Iateralization' In

this technique, tvro different messages are presented simultaneously' one

to each ear. FoìlowÍng such presentation, the materÍal frorn one ear is

reported more accurately. This reporting bÍas is interpreted as result-

ing from suppression of the ipsilateral auditory pathway when such con-

ditions of competition exist. Thus, subiects' reports would represent

on]y the input of the contral atera'l pathway, and the stimu]i accurately

reported would be those presented to the ear contra'lateral to the domi-

nant hemi sPhere

Both tachistoscopic and dichotic listenÍng techniques document, for

normar individuars, the same directions of ratera'rization that have been

found for persons in the lesion and surgical intervention studies' 0nce

again, the left hemisphere is found to process verbal information while

the right deals with spatial data. Thus, for example, the left hemi-

sphere has been found to be more efficient in reporting'retters (Bryden'

1973), determining inÍtial letters of an obiect narne (K1at'zky &

Atki nson , 197L ) , recogni zi ng nonsense sy] 1 abl es ( Kimura, 1973 ) and pro-

cessing nonsense words when they are presented within phrase structures

(Zurif & Mendelsohn, !g72), while the right hemisphere has been found to

be more proficient in facial recognition (Rizzolatti, umilta &

Berlucchí, 1971), recognition of melodies (Kimura, 1964)' and matching

on the basis of physical characteristics (Gibson, Dimon' & Gazzaniga'

re72) .

These techniques have al so been used to provide evidence for func-

tional asymmetry ín neonates and infants'

mented rìght-ear ìanguage superiorìty in

Nagafuchi ( 1970) has docu-

as threechil dren as Young
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years, while Entus og77) rras used a modified dichotic technique to

support right-ear language superioríty in infants with an average age of

50 days but this result was not replicable (vargha-Khadem & corballis'

1979). However, the examination of evoked potentials has also provÍded

evidence of functional asymmetry in infants. Molfese and his colleagues

(Moìfese, Freernan & Palefmo,1975) have found that when speech sounds

are presented to infants from one week to ten months of age, nine of the

ten i nfants studi ed generated I eft hemi sphere evoked potenti a1 s of

greater arnplitude. such potentials would be jndicative of greater left

hemisphere involvement in processing of speech sounds' Thus, a ìarge

body of research has documented the exjstence of functional cerebral

latera'lity and the ubiquity of this functional asymmetry has been

further reinforced by reports of anatomical asymmetries in brain regions

important for speech and language'

Geschwind and Levitsky (1968) reported that in a sample of 100

adult brains examined post-morteln, the temporal plane was larger in the

left hemÍsphere for 651,, larger in the right hemÍsphere for LL% and not

different, in 24% of the sample. These findings have subsequently been

confirmed in studies of over 200 additional brains" Seventy percent of

the brains in these combined samples exhibited asymmetry characterized

by a larger left temporal plane (r¡lada, clark & Hamm, 1975)' Similar

asymmetry has also been documented ìn fetal and infant brains' chi'

Dooling and Giles $g77) report that in 207 brains aged from ten to

forty-four weeks post-conception, the left ternporaì pìane rvas longer in

547, while the right temporal plane was'longer jn lB% and no dÍfference

was found in ?8% of the brains examined' wada et al (1975) also found
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that of 100 fetal brai ns

tion), the left temPoral

examined (mean age of 48 weeks post-concep-

plane r¡ras longer in fifty-six percent, while

the right pìane was longer in twelve percent, and there was no notable

difference in thirty-two percent. Further evidence of anatomical asym-

metry has been reported by Ratcliff, Dila, Taylor and Milner (1980)' The

posterior Sylvian branches of the mÍddle cerebral artery lvere examined

on the carotid angiograms of 59 patients in whom'language lateralization

had been established in sodium amytal studies. These vesse'ls were found

to be asymmetric in patients with left hemisphere speech representation

but litt1e evidence of asymmetry was found in patients with language

localizedbilateralityorintherighthemisphere.

Although much evidence supports functional cerebraì lateralization'

cognitive prgcessing asymmetry is a'lso belíeved to be moderated by other

factor"s. Kinsbourne (1970) has suggested that the basic pattern of

I ateral ization, establ ished as the resul t of numerous physiological

environmental factors, ilôY be exaggerated or obscured by shifts

and

of

attentÍon between the hemispheres. That is, when the left hemisphere is

activated, í.ts superiority in processing of linguistic material becomes

more marked, but its processing advantage diminishes if the right hemi-

sphere is also activated. converselv, right hemisphere activation would

enhancespatialprocessingwhileconcurrentlefthemisphereactivat'ion

would disrupt right hemisphere spatial processing' Investigations of

t,his hypothesis have attempted to activate the hemispheres seìectively

using motor responses, sensory input and memory loads' The conclusions

drawn from this research do not lend strong support to Kinsbourne's

hypothesis (Allard & Bryden, L979; Boles, LgTg; cohen, 1975; Springer &
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Deutsch, 1981). Stronger evidence exists for the moderating Ínfluences

oi nandedness and sex on cerebra1 asymmetry'

The ímportance of handedness and sex t¡ the functional organization

of the cerebral hemispheres has long been of ìnterest to researchers'

The early rvork of Bouilland, Broca (cited in Young, 1970) and Jackson

(1958) discussed the relation of tlte "language" hemisphere to handed-

ness'notingthehighfrequencywitht.¡hichcontrolforbothlanguageand

handedness u,as located in the left cerebral hemisphere' clinical evi-

dencehascontinuedtosuggestthatcerebraldoninanceforlanguage

functions i s rel iably rel ated to handedness' Approximatel y 97% of

right.handeddysphasicshave]efthemispherelesionsortrauma
(Rasrussen & Milner, L975; Zangwi1l, 1967), thus strongly linking dex-

tra'l ity wi th left hemisphere language dcnrínance' However' fOr nonright-

handed índividual s, the pattern of cerebral dcminance is much less

clear. For example, Rasmussen and Milner (1975) report that of LLz

I eft-handers for wtrom speech dfflinance was establ i shed using sodium

injectionstothecarotidartery(þJada,1949),70%hadlefthemi-amyt,al

sphere,

mal es and femal es'

examination of the

L5î"righthemisphereandlill"bi]ateralspeechrepresentation.

This resutt clear'ly indicates that a much more ccnplex relation between

handedness and cerebral language dqninance exists for left - than for

right-handers. In an analogous manner, ccnp'licated patterns of cerebral

functionalrepresentationhaveemergedinre]ationtotheSeXofthe

subi ect.

Cl inical- studies reveal differences Ín functional lateral ity for

For exampl e, McGl one ( Lg77 ), fo1 1 owi ng a systemat'ic

rel at'ion between sex and functional asymmetry 1n



right-handed adul ts wi th strictly unil ateral brain

B

I esions, rePorted

that the incidence of aphasia fol'lowing left hemisphere lesion was three

times as great in males as in females. Further, when aphasics "€re

rsnoved from the sample, only males with left hemisphere damage, when

conpared to males with right hemisphere damage, showed the expected

pattern of depressed verbal intelligence and verbal memory 'loss' No

such significant differences emerged, however, when femal es \'fi th ìeft

and right hemÍ sphere l esÍons lrere cqnpared . suc h resul ts suggest t'hat

males are more likely than females to be strongly left hønisphere dqni-

nant for speech functions and that some lesser degree of left hemisphere

1 anguage dqxinance, perhaps even bil ateral doninance, ffiâY be typical for

!,Jomen. Simil arly, when spatial abil ities are examined' performance

dec rsnents are greater fo r mal es than fo r femal es foì 1 owi ng right herni-

sphere I esion

1e73 ) .

( Bogen, 1969; Lansdel I , L968a,b; McGl one & Kertesz '

when synthesized, such findings on handedness and sex support the

generally acknowledged role of the left hemísphere in language and the

right hemisphere in spatial processing, but primarily only for right-

handers and/or males. Further, the findings are not straÍghtforward for

non-right-handers and females. Consequently, a number of hypotheses

have been advanced, positing alternate patterns of functional ìaterali-

zation and the existence of bilaterality for these subjects groups'

BilateralÍtY

conceptual izations of bi1 ateral ity propose that, for certain

individual s, under certain. conditions, both cerebral hemispheres are
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involved in cognítive processing. Varying propositions of bilat'erality

have been i ndependent'ly advanced by Buf fery and Gray 0972) ' Annett

(1964 1967; 1972; 1978) and Levy (1969; L974)'

Buffery and Grav. The Buffe ry and Gray (19721 conceptualization of

lateralizat,ion and perfonnance is derived primarily from the experi-

mental .investigatÍons of Buffery, who first hypothesized (1970) that the

I atera'l ization of cerebral dominance for language occurs earl ier in

human females than in males, and from the work of Gray (1971), describ-

ing generaì sex differences in the emotiona'l and cognitive behaviour of

mammal s. These works, i 0 coni uncti on wi th a seri es of studi es by

Buffery (1970,1971a,1971b,1971c), resu'lted in the formation of a con-

ceptuaìization of functional asymmetry'

The research base for th.*ese concepts cons'i sts primari 1y of two

series of experiment,s, one on verbaì and one on spatial performance'

reported by Buffery in the early 1970',s (1970, 1971a, lg7lb, 1971c). In

the studies of verbal performan.., .on.urrent visual and auditory verbal

stimul i were presented to subi ects whose task !'ras to identi fy these

words as the same or different. The visual stimuli were tachistoscopi-

cally presented binocularly to the right or left visual half-fields and

the auditory stimuli were presented to the right or the left ear. The

subjects in this investigation were 48 right-handed children, matched in

IQ and socio-economic status. There were eight boys and eight gir'ls at'

each of three age leve'ls; five, six and Seven years' Buffery reports

that accuracy was greatest when the auditory stimulus was presented to

the left hernisphere and the visual stimulus presented to the right hemi-

sphere. The next highest level of accuracy occurred when both simuli
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were presented to the left hemisphere. The third highest accuracy was

obtained when the auditory simulus was presented to the right hemisphere

and the visual stirnulus to the left hemisphere. Finalìy, subiects were

least accurate when both stimuli were presented to the right hemisphere.

These accuracy differences, however, rvere stat,istically significant on'ly

between the most and the least accurate conditions. Buffery and Gray

further observed that this pattern of significant verbal results !{as

more marked in girls than in boys, occurring in girls at all age'levels

but occurring in boys only at age seven"

Spatial functioning (Buffery, 1970; 1971c) was studied in 160

right-handed children, twenty boys and twenty girìs at, each of four age

levels: three through four years, five through six years' Seven through

eight years, and nine through ten years. Each child was asked to draw,

simultaneousìy a square with one hand and a circle with the other, with

eyes closed. The task was then repeated so each child drew each figure

with the dominant and non-doninant hand. The drawings of the squares

!{ere subsequently scored for the degree of deviation of the actual

square from an ideal square constructed in relation to t'he first' line

drawn of the actual square. The maiority of girls at al'l ages exhibited

a non-preferred,'left-hand superiority for drawing well proportioned

squares. It was only at seven years, however, that boys changed frorn a

preferred, fight-hand superiorìty to a non-preferred, left-hand

superiori ty. AddÍ tional 1y, gi rl s from three to seven years of age

exhibited a greater degree of right-hand preference than did boys in

these age groups. Final]y, for both sexes, the degree of non-preferred,

left-hand superiority over the preferred right-hand increased with the
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degree of right-hand preference, which itself increased with age'

Taken together, these studi es 'led Buf fery and Gray t'o postul ate

that the origínaììy bilatera] neural activity which mediat'es ìinguistic

skill lateralizes progressively over the early years, genera'lly to. t'he

left cerebral hemisphere. This hemisphere contains a relatively dormant

but structurally predisposed speech perception mechanism which exjsts to

subserve ìanguage functions. Further, this proposed speech perception

mechanism is hypothesized to be more developed in the female brain t'han

in the male braÍn in children of the same age' This early development

allows the lateralization of language to occur earlier and to progress

more quickly in gírls than.in boys. As a result of this early laterali-

zation, the non-dominant, usually right, hemisphere of the female will

be freer to subserve non-verbal functions than is the non-dominant herni-

sphere of the male. This pattern of latera'lization would further be

1 inked to performance differences'

In di scussi ng performance, Buffery and Gray suggest that sex

dÍfferences in the lateralization of cerebral dominance for linguistic

skill may contribute to the general finding of a female superiority in

verbal tasks and a male superiority in spatial tasks. Linguistic skil'1,

with its need for quick associations and serial ordering, wou1d, accord-

ing to this conceptualization demand fast and intricate neural tnecha-

nisms. such mechanisms could benefit from being subserved by specific

structures with a c'learly lateralized and localized cerebral representa-

tionandthisisapparentlymorelikelyinthefemalet'hanmalebrain'
three dimen-

representa-
Spati al

s i onal

skill, however, which is usually exercised in a

wor]d,wouidbenefitfromamorebÍ]ateralcerebral
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tion. Thus, the authors specu'late, a consequence of the less well-

lateralized cerebral representation of language Ín the male braín might

be a more'bilateral cerebral representation of spatiaì skill than can be

achieved in the female brain'

I n Summary , thi s conceptua'l i zati on of 'l ateral i ty proposes a hi gh

degree of language lateralization and resultant good verbal performance

for females, and a high degree of spatial bilateralizatíon and resultant

good spati a'l performance for mal es '

Annett. A second conceptual i zation of bil ateral i ty rel ates thi s

pattern of cerebral activation to perfonnance and handedness rather than

to sex. Annett (1967, Ig72, 1978) postulates a two-factor (genetic and

environmental)basisforhandednessandcerebrallaterality.She

suggests (Annett, Lg64) tnat human handedness is determined by two

alleles, one, D, which manifests right-handedness and the second, R,

which manifests left-handedness. D is usually dominant and R is usually

recessive, but there is partiaì penetrance of R in heterozygotic indivi-

duals, making them less strongly right-handed t'han homozygotic indivi-

duals. Annett further postulated that cerebral domínance for language

ís closely linked with handedness, so that dominant homozygotes are con-

sistant right-handers, with speech more highly developed in the left

hemisphere, while recessive homozygotes are consistent left-handers'

with speech mainly in the right hernisphere. However, in the absence of

homozygosity,'there is less inherited bias toward right-handedness and

the second factor, environmental influence, subsequent'ly establishes

handedness. For heterozygous individuals, speech will be represented in

boththe]eftandtherighthemispheresandhandednesswi]]bemixed.
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As a consequence of this lack of cerebral specia'lization, mixed-handers

perform less well on 'language tasks than do right-handers

Annett's subsequent work has been primarily concerned with valida-

ting her genetic model through the assessment of the degree of handed-

nes! and unirnanua] skill evidenced ín both children and adults (Annett,

t967 t97Z;1978). However, Annett (1964) does address spatial perform-

ance in relation to children with unilateral epi'leptic foci and mixed,

hand preferences. She suggests that such children tend to have verbal

functions localized in t,he impaired hemisphere so that the biologÍcally

more crucial skills or orientation in space can be deveìoped in the

opposi te, normal hemi sphere. Such a pattern of devel opment coul d

account for the greater verbal, compared to spatiaì, impairment found in

these chil dren followi ng hemispherectomy'

Miller (1971) has extrapo'lated from Annett's proposals to mixed-

handed adults, predicting that mixed-handers would exhibit better visuo-

spatial than verbal functioning. Further, he hypothesizes that the

spatial performance of mixed-handers would be on a par with that of con-

sÍstent right- or left-handers, but verbal functioning would be impaired

ín mixed-handers, relative to other handedness groups. This mixed-

handed performance pattern would result from competition for the neuro-

'logica'l substrates whÍch underl ie these behaviours. However, spatiai

functions would take precedence and be unimpaired in mixed-handers,

while verbal functions for this group wou'ld be Iimited.

Levy. A thí rd conceptual i zati on 'l i nki ng bi 1 ateral i ty to subi ect

characteristics and performance has been proposed by Levy (1969; L9741'

Levy & Gur,19g0). This view of the relation between'laterality and
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performance has evolved from studies of both normal and commissuroto-

mìzed individuals. Levy (1969, Lg74) reports right hemisphere involve-

ment in spatiaì processing following a study of the performance of six

split-brain patients on a modified version of the Space Relations

Subtest of the Di fferenti al Apti tude Test ( Bennett, Seashore, and

l,{esman , Ig47 ). In thi s task subj ects were requi red to match a three-

dimensiona] block with an unfolded two-dimensional representation of

that form. The block was examined out of sight using one hand and the

subject subsequently pointed with the same hand to the block's matchíng

pattern. 0f six patients studied, three with right hemisphere damage

\{ere unable to perform the task. Two of the remaining three subiects

performed at a level greater than chance when using the left hand, right

hemisphere, but not when using the right hand, 'left hemisphere' The

third patient performed at a level above chance with both hands, but was

vastly superior using the left. This pattern of performance established

a clear ro'le for the right hemisphere in spatial processing' 
i

The re'l ati on of verbal and spati al performance to handedness i n

normal subiects was investigated using 10 left-handed and 15 right-

handed graduate science students at the California Institute of Techno-

logy (Levy, 1969).

I ntel 1 i gence Scal e .

performance was assessed using the lt{echsler Adult

Dextrals and sinistrals did not d'iffer in verbal

performance, but the left-handers scored significantly lower on the Per-

fonnance scale than did the right-handers. Addit,iona'l1y, sinistral s

performed signífjcantly more poorly on the Performance scale than they

did on the verbal scale, but no such difference was found for dextrals'

In a third study leading to the formulation of Levy's hypothesis
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(Levy & Reid,1976), language dominance was evaluated using two tachi-

stoscopic tasks for 4B subjects, 24 right-handers and 24 ìeft-handers'

These subjects were also classified as having either a normal or an

inverted writing posture. In a normal writing posture, the hand is held

bel ow the I i ne of wri ti ng and the penci'l poi nted toward the top of t'he

pôgê, while in an inverted posture, the hand is held above the line of

writing and the pencil pointed toward the bottom of the page' Regard-

less of handedness, the tachistoscopic studies revealed t'hat al1 sub-

jects with a normal writing posture had language dominance in the hetni-

sphere contralateral to the writing hand' Further, this study revealed

a sex difference jn lateraìization. Sixty-sÍx percent, of the ma1e, but

only 31% of the fema'le sinistrals exhibited an inverted writing posture'

Thus, right hemisphere language dominance was more frequent in fernale

left-handers than in male. Levy's conceptualization of bilaterality is

based on these lines of evidence as well as on Gur's finding (cited in

Levy & Gur, 1980) linking eyedness and performance' Gur reports that

among right-handed males, those who are right-eyed manifest a strong

right visual field superiority for verbal material and a strong left

field superiority for spatial material, whereas, those who are lefteyed'

though having left fiel d spatia'l superiority, show no significant

asymmetrY for verbal stimul i '

Thus, research on which Levy's premiSes were based has thus shown

that the right hernisphere is frequently involved in spatiaì functíons

(Levy 1969; Ig74\, that left-handers, when compared to right-handers'

perform less well on spatial tasks, that left-handed rnales perform less

weì'l on spati a'l tasks than they do on verba'l tasks (Levy 1969 ) ; that
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left-handed females, compared to left-handed males, have a greater incí-

dence of right hemisphere language localization (Levy & Reid ' 1976); and

that right-handed, right-eyed males have language and spatial functíons

localizedintheleftandrighthemispheres,respectively'whileright-

handed I eft-eyed ma1 es have spati a1 function 1 ocal i zed in the right'

hemisphere but exhibit verbal bi1aterality (Levy & Gur, 1980)' Levy

(Levy & Gur,1980) then considered these findings in cor¡.iunction with

two additional sources of information. The first is the literature on

sex differences in cognitive functioning ' Thi s literature (i{arris'

1g75; Maccoby & Jacklin, tgl4) supports relative male superiority in

visuospatial functioning and female superiority ln verbal functioning'

The second is additional I'ork by Reid (cited in Levy & Gur' 1980) in

whichshereportsthatin5-toB-yearoldchi]drenwith]efthemisphere

language,boysshowedsuperiorperfofmanceonaspatialtaskbutnoton

a verbal task, whereas girl s exhibited the reverse perfomance pattern'

In children b¡ith right hemisphere language' boys displayed superiority

on the verbal task, but not on the spatial task, while girls displayed

superiority on the spatial task but not on the verbal ' Additionally'

girls with left hemisphere'language performed bet'ter on a standardized

testofverbalfunctionthanononeofspatialfunction'whileboyshad

the opposite profile. Thus, a reverse pattern of sex-related differ-

ences !,{as seen in chil dren wi th right hemi sphere l anguage'

Fina]ly,inconsideringthesefindings,Levyderívesanumberof

hypothesesconcerningtherelationbetweenSeX'bilateralcerebral

organization and perforfnance. First, she suggests that bilateral repre-

sentation of one function should produce inconplete specialization of
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the hemísphere mainly responsible for the other function. ThÍs lateral-

ity pattern will lead to high ability in the bilateralized function and

1ow ability in the other. Given such a relation between performance and

I ateral ity, I evel s of performance are then indicative of lateral ity

patterns. If this is true, and given the literature on sex differences

in cognitive functioning and Levy's (1969) study of handedness and task

perfofmance, then, verbal functions would be bilaterally represented in

females and perhaps left handers wltile spatial functions wou'ld be bil at-

eralized in males and right handers. However, gÍven the results of

Reid, the.se l ateral ity patterns rcul d occur only vrtren the main 'language

hemisphere v,ras the I eft, The reverse pattern of performance and latera-

1 ity voul d occur r¡rhen the main 'l anguage heni sphere '¡a s the right' Levy

further predicts, based on Gur'S results, that eye doninance should act

as a moderating variabì e in al I patterns of brain l ateral i ty. l'lhen eye

dqninance is contralateral to the language hemisphere, the predicted

associations should be most strongly manifested. However, when an ipsi-

I atera'l rel ationshí p occurs, overal'l perfofmance voul d be reduced and

the predicted effects attenuated'

The three conceptualizations presented above all address the rela-

tion between bil ateral cerebral representation of cognitive functions

and task performance and handedness and/or sex. These rel ations can be

summarized as fol I ows :

1. Buffery and Gray:. Bil ateral spatia'l representation enhances

spatiaì perfofmance and exists in mal es, whil e lateral ized language

representation enhances verbal perfofmance and exists in females'

2,Annett:Bílatera]languagerepresentatíondiminishesìanguage

perfonnance and exists in míxed-handers



18

3. Levy: Bilateral spatial requirsnents enhances spatial perform-

ance'diminishesverbalperfornanceandgenera.llyexistsinrighthand-

ers and males \^fith left hemisphere ìanguage and right eye doninance'

Bi1 atera'l language representation enhances language performance' dimin-

i shes spatÍa1 performance, and general ly tixi sts in left handers and

fema]es,butmayalsoexistinrighthanded,]efteyedmales.

In order to evaluate these proposed relations, it is necessary to

establish trf¡ether functional lateral ìty or bil ateral ity exists' to eval-

uate spatia'l and language performance and to analyze these factors in

reì ation to varíations in handedness and sex ' lvt¡ch of the r¡ork relevant

to these proposi tions has used tachi stoscopic or dichotic 'l i stening

techniques wtrich evaluate verbal and/or spatial performance following

latera]izedtaskinputandinferlateralorbilatera]cerebra]invo]ve-

ment on the basis of differences in perfofmance' Even stronger support

for lateralized or bilateral cerebral involvement can be obtaìned' how-

ever, using el ectrophysiological techniques'

EEG Techni ques for Evaluation of Functi onal Asymmet ry

Electrophysiological techniques provide a means of assessing hemí-

sphere involvement in cognitive processing. In this approach, a cogni-

tive task is presented and scalp-monitored electroencephalographic (EEG)

activity is recorded during perfonnance of this task' Such techniques

have three maior advantages over those wtrich rely on lateralized sensory

input. First, EEG activity can be monitored during ongoing task perfor-

mance, since the presentation of task simuti is not time restricted, and

thus, one may assess hemi spheric i nvolvelnent duri ng rel ativeiy normal
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cognitive functioning. Second, these techniques measure hemi spheric

activity direct'ly. Scal p recorded EEG activity refl ects changes Ín t'he

electricaì potentiaì of the underlying cerebrum (Frost, 1976), and these

changes in potential reflect alterations in levels of awareness, menta'l

activity and sensory-motor responsiveness (Shagass, L972), Third, the

use of EEG ana'lysis allows for concurrent measurement of hemispheric

activity and task perfonnance, thus more directly examining this rela-

tÍon.

In order to measure lateral EEG activation during normal cognition,

electrodes are positioned over homologous left and right hemíspheric

sites, referenced to a common, equidistant site, and the EEG activity is

recorded. El ectrode posi tioni ng general ìy foì I ows the standard p1 ace-

ment sites outl ined in the Internationa'l 10-20 systern (Jasper, 1958).

The recorded electrophysiologicaì activity is subsequently evaluated for

left, right asymmetries by examining interhemispheric frequency, amp'li-

tude or power differences in the total range of EEG or in selected fre-

quency ranges ( Shagass , Lg72) . The a1 pha frequency range (B to 14 Hz)

is commonly examÍned in such studies'

Alpha rhythms are a dominant phenomenon in cortical EEG, occurring

during relaxed waking throughout the neocortex (Thatcher & John, Lg77])'

It i s general 1y suggested that through a compl ex system of feedback

loops t,he thalamus functions as the pacemaker (Andersen & Andersson'

1968) or master synchronizer (Thatcher & John, 1977) of such rhythmic

cortjcal activity. Further, Pribram (1971) has speculated that a cor-

tical excitability cycle is associated with the waxing and waning phases

of the rhythrnic al pha lvaves, such that during rest'ing a'lpha EEG of 10

g.
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Hz.,alternatingperiodsofmaximumandminimumexcitabilitylvou.ldeach

occuronlytentimesasecond.Thispatternofcortica]

f rom the al most conti nuous exci tabi'l i ty that r¡oul d be

arousal di ffers

present during

desynchronìzedEEGandcouldreflectascanningmechanisn.

The aìpha rhytÌrn has been found to be reduced or desynchronized

during attentive mental activity (Marsh, 1978) and so is frequent'ly

examined in studies of cerebral involvement in cognìtive processing'

Lateral hemispheric involvement in task performance is generally infer-

red frorn reduced level s of aì pha activíty in the active' dqninant'

hemisphere as conpared to the level s in the Ínactive' nondoninant'

hemisphere. Bilateral involvement would be reflected in a lessening of

alpha activÍty in both hemispheres'

But]er,CruteandGlassßg77)havedemonstratedthattheanalysis

of EEG activation during task performance validly reflects cerebral

dqninance. in a study of 41 neurological patients, the henisphere con-

trol1 ing language was initial'ly establ i shed using either the sodium

amytal test, or through an evaluation of behavioral deficits following

lesion. Thirty-four individual s l''ere found to be left hemisphere donín-

ant for speech wïri1e seven !,,/ere right dqninant' Subsequently' i t was

determíned that occipi tal EEG a'lpha po!'rer decreased over the dcminant

hemisphere during an ana'lytic task, mental aritfmetic ' for al I subiects'

The reliability of such EEG activity analysis has also been recent-

1y demonstrated in two separate studies' Amochaev and Salony (1979)

presented four cognítive tasks to six subiects on three separate occa-

sions and found that five of the six subjects showed stable intrasubiect

a'lpha band suppression in the left hemisphere during verbal ' analytic
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task performance and in the right hemisphere during visuospatial task

completion. This was particularly true when the homologous hemispheric

parieta'l recording electrodes (P3 and P+) were referenced to either

tþe ear lobes (At and Ae) or to the midtine (C¡ and C4) ' rather

than to the vertex (Cz). Similarly, test-retest reliabi'lity was found

by Ehrlichman and weiner (1979) for an EEG alpha measure in a study of

eleven subjects who each performed four verbal and four spa-tial-tasks,

whil e both the percentage of time í n al pha and i ntegrated al pha !'rere

measured. significant reliability was found only for the integrated

alpha measure, which takes both signal frequency and amplitude into

account. This measure was found reliable both wíthin and between sub-

jects and was related to cognitive task demands in the expected dÍrec-

tion. Although EEG activíty analysis is a valid and reliable measure of

lateralÍty, a number of procedura'l constraints must be observed in order

to ensure accurate assessment of task-related asymmetries'

The possibility of resting EEG asymmetry must be taken Ínto account

when assessing task-related changes. Many early invest,igators (e'g'

Raney, 1939; Strauss, Liberson & Meltzer,1943) reported the presence of

a greater amount of alpha activity in the right hemisphere during rest-

ing, non-task baselines. More recent investÍgations have also confirmed

that during such non-task conditions, alpha activity is rareìy symmet'ríc

in either amplitude or ìn phase (Remond, Leseure, ' Joseph, Rieger &

Lairy, 1969). Indeed, Furst (1976) has demonstrated that the ratios of

right to left hemÍspheric activity measured during non-task baseline

periods are correlated with spatial task performance (r = '51) with

nearly the same strength as is the ratio of activity recorded during
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actual task performance (r = .55). Ray, Newcombe, Semon and Cole (198i)

have also reported such baseline and task correlations. Thus, it appears

that subjects enter the test situation with varying degrees of act,iva-

tion in the right and left hemispheres and that these variations are

related to cognitive task performance. However, it must be noted that

resting EEG asymmetry i s not unanitnously reported (Butl er & Gl ass'

Ig74). Although the existence of non-task EEG asymmetry has not been

universa'lly documented, the possibÌlity of such asymmetry systematically

biasíng EEG activity assessed during task perforrnance must be elimin-

ated. For this reason Donchin, Kutas and McCarthy Ã977 ) suggest that'

EEG activity recorded during task performance be compared to a subiect's

resting baseline EEG when evaluating asymmetry Ín task-induced activa-

tion changes.

it has also been suggested that, the difficulty of the task may com-

plicate the interpretation of EEG activation patterns' Galin, Johnstone

and Herron (1978) reported that alpha power ratios increased as task

difficu'lty increased, regard'less of whether difficulty tvas assessed by

performance or by subiective ratings. Further, this study found that

for some subiects, the significant aìpha power increase occurred onìy in

the left or only in the right hemisphere, while for other subiects the

i ncrease !,JaS bi'lateral . Yet, conversely, both Dumas and Morgan (1975)

and Mcleod and peacock (Lg77) have examined EEG activation in relation

to task difficulty and found no relation. Thus, a'lthough the reports

are not unanimous, the issue of task difficulty must be considered when

i nterpreti ng functi onal 1 ateral i ty '

Two further methodological issues have been raised in connection

wi th EEG anaì ysi s of functi onal ì atera'l i ty. Fi rst, Donchi n et al Ã977 )



23

have cautioned against the presentation of onìy ratio data when report-

ing relative hemíspheric EEG activity since ít is not possibìe to deter-

mine whether EEG changes reported in this fashion are due to modifica-

tion of the numerator, the denomÍnator or both. Thus, the nature of

task related changes in EEG activation would be obscured'

Second, the possibility that requiring a motor response may bias

hemispheric activatíon has been raised by Gevins, Teitìin, Doy'le,

Yingling, Schaffer, Callaway and Yeager (1979). A performance measure

is necessary to ensure a subject's participation in the requisite task

duríng EEG recording and to enable cognitive processing to be assessed;

but it is possible that such motor activity may influence hemispheric

activation. However, in response to thÍs issue, Butler (1980) reports

pre]iminary findings which indicate that task-induced EEG asymmetries

occur when there is no requirement for overt manua'l output and further,

that when such unimanual output requirement Ís introduced, the asymmetry

i s unaffected.

Thus, within certain constraints, ana'lysis of EEG activity provides

a val i d, sensi tive and r el Í abl e means of assessi ng I ateral cerebral

involvement during task perfomlance and as such, can be used to evaluate

the extent of bilateral cerebral involvement in cognitive processing.

EEG Evì dence of Functional A

A number of studíes have shown that the amount of alpha activity in

one hemisphere relative to the other is task related' Morgan, McDonaìd

andMacDonald¡g7I)foundlnorealphaactivityintheleftversusthe

right hemisphere during performance of a spatial task, and more right
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hemi sphere a'lpha activity during performance of verbal or analytic

tasks. Thi s fi ndi ng was repì icated by Morgan, MacDonal d and Hi 1 gard

(1974) and similar findings have been reported by a number of other

researchers as wel I . For exampl e, Doyl e, Ornstei n and Gal i n ( 1974)

anaìyzed di fferences in temporal and parietal EEG activi ty recorded

during the perforînance of language, arithmetic, spatial and musÍc tasks

and found that both whole band EEG and, more strongly, a'lpha EEG power

ratíos reliabìy reflected the expected hemispheric involvement' Butler

andG]assftg74)foundsimilartqskdependentEEGchanges.AlphaEEG

was found to be evenly distributed between the hemispheres when subiects

were relaxed but was suppressed in the'left hemisphere during the per-

fonnance of mental arithmetic.'Dumas and Morgan (1975) found that per-

f ormance of I ef t and ri ght I ateral i zed tasks !,las accornpani ed by al pha

suppressíon in the hemisphere dominant for any particular task' Fur-

ther, in an approach related to analysis of EEG changes during task per-

formance, Furst (1976) examined ratios of integrated aipha activity

duri ng Ímag.inal mani pu] ati on of vi sual 1y presented forms and found that'

subjects with lower right/left (R/L) alpha ratios, that is' high right

hemi sphere activati on , sol ved spati a] prob'l ems more rapi dly than di d

other subiects.

Thus, using aìpha EEG analyses it has been possible to document

asymrnetries in cerebral hemispheric activation as a function of task

performance. The range of tasks which has resulted in these differences

is sirnilar to those used in clinical studies and include tasks which

activate the left-hemisphere, such as solving arithmetic problems

(Butler.& Glass, Lg74) and writing a letter (Doy'le et ô'l ' 1974)' and
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tasks which activate the right hemisphere, such as recognition of faces,

the Nebes (1971) arc-circle matching test (Dumas & Morgan, 1975),

listening to music, and tona'l memory (Doy'le et â1 , 1974). A detailed

examination of the tasks associated wíth significant differences in

right and'left hemisphere EEG activation has been completed by Ornstein

and his col'leagues (grnstein, Johnstone, Herron, Swencionis, 1980) and

h as shown that al I of the spat,i a] tasks empl oyed i n that study ( tne

Nebes arc-circle matching and circle-circle matching tests, a paper form

board test, a pi cture compl eti on task , and the mental rotati on of

objects) activate the right hemisphere. However, the mental rotation

task was found to also activate the left hemisphere. Further, although

all tasks did activate the ríght hemÍsphere, when the amounts of right

hemisphere activity were compared to the left hemisphere activity asso-

ciated with a verba'l, synonym matching task, only the Nebes circle-

circle matching task induced right hemisphere activity which was consis-

tently and significantly greater than that ín the left hemisphere' This

result may be a function of the lack of verbal labels and analytic

strategies applicable to a task which consists of identifying circles of

the same size. Further, thfs finding implies that bilatera'l EEG activa-

tion may be due to confounded task demands. That is, a task'labelled

verbal or spatia'l may in fact require both modes of cognitive proces-

sing. if this were true, then bilateral EtG activation would reflect

the confounded verbal and spatial demands of the task, not cerebral pre-

dispositions'for bilateral involvement in verbal or spatial processing'

This must be considered when interpreting results'

1n summary, the preceding studies indicate that language tasks do
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activate the left cerebral hemisphere while spatial tasks activate the

right cerebral hemisphere, as evidenced by EEG analysis. 
" 

Further, these

differences are significant when spatial tasks which allow little' if

any, verbal medÍation are compared to verbal tasks. EEG activity analy-

sis can thus be used to assess bilaterality, allowing it to be studied

in relat,ion to subiect handedness, subiect sex and task performance'

Handedness and Functiona I Asymmet rv

The relation between handedness and spatial and language task per-

formance has been exami ned usi ng a vari ety of techniques. rvli 1l er (197i )

studied performance in 23 mixed-handers (individuals who were equally

1ike1y to use either their left or right hands) and 29 right-handers.

These two groups performed vi rtua'l 1y identi cal 'ly on the verbal test but

right handers performed significantly better than mixed-handers on the

spatiaì task. similarìy, Levy (1969) reports that while there was no

di fference between the Ìrl.A. I . S. Verbal scores of I eft- and ri ght-

handers, the left-handers did have signi ficantly lower Performance

scores than did right-handers. Both of these studies lend some support

to Levy's hypothesis if mixed- and left-handers are considered to have

bi1 ateral language representatjon. They do not, however, provide

support for Annett's notion of bilaterality and function'

The relation between handedness and EEG activíty has also been

examined, but the results are even less robust than those examining

handedness and performance. Gl anvil I e and Antoni ti s ( 1955 ) , usi n9

occipital electrode placements, found no difference in either the pro-

port.ion or ampl itude of rest,ing EEG a'lpha activity in normal subiects
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for whom handedness was ascertained by questionnaire. Simil arly,

Provins and Cunliffe Og72) compared EEG activity in left- and right-

handers and found no consistent differences between resting left and

right parietal recordÍngs in either alpha EEG or total EEG activity.

However, they did report that when onìy right hemisphere activity was

compared between right- and left-handers, the right-handed group

exhibited more alpha activity. In a similar vein, Smyk and Darwai

(1972) in a study of right-,'left-, and mixed-handed individuals found

that EEG amp'l í tude was frequently 'lower over the hemi sphere which con-

tro'l l ed the domi nant hand .

Herron (1980) has more directly studied the relation between

handedness and latera'l ized cognitive processing by assessing tEG

activity during spatial and verbal task performance in right-, left-,

and mixed-handers. Here, right- and left-handers differed signÍficant'ly

in lateralized EEG activation only during a verbal task which required

them to write facts from memory. Right-handers were reported to have

significantly 'less left hemísphere a'lpha, that is, more left hemisphere

invo'lvement during performance of thís task, while 'left-handers

presented the reversed pattern of activation. Further, when t'he differ-

ence scores for left and right hemisphere EEG activation ratios obtained

duri ng speaki ng and duri ng bl ock mani pul ati on were anaì yzed , rí ght-

handers had significantly higher difference scores than did left-hand-

ers. This resu'lt is interpreted by Herron as evidence for strong left

hemisphere participation in speaking and strong right hemisphere parti-

cipation in block manipulation in right-handers and as a reverse pattern

of activation for left-handers. The EEG ratios of mixed-handers were
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and thus in

this group more right hemisphere activity occurred across tasks. when

the tasks were individualty examined, mixed-handers showed significant]y

lower right to ìeft (R/L) ratios during singing than both left- and

right-handers, and during speaking, when compared to righthanders. 0n

the basis of these results, Herron suggests that there js more con-

tinuous right hemi sphere engagement jn mixed-handers than in either

right- or teft-handers. However, because Herron reports only ratio

data, the vaìidity of this suggestion cannot be adequately eva'luated'

The information supplied does not allow direct hemispheric comparisons

to be made, and thus a comparatívely 'lower rat'io coul d be due to

decreased right hemi sphere activi ty or increased left hemi sphere

activíty. Herron's work as well as that of Provins and cunliffe (L97?)

and Smyk and Darwai Ãg72) does however, suggest that handedness is

reflected in different, patterns of hemispheric activation during base-

line and during task performance. Further, Herron reports bilateraìity

only in mixed-handers, but since she does not examine task perforntance'

the reìation between handedness and performance can not' be examined'

However, it should be noted that handedness is only one of several

indicators of Iateral preference. A'lthough handedness is frequently

treated as a simple, unidimensional phenomenon, there is little support

for such an assumptlon. Handedness is complicat'ed by the related pheno-

mena of preferential foot, eye and ear use; and these factors in turn

may influence the relation between handedness and lat'eralized cognitive

processi ng . In lt , aspects of perì pheral l ateral i ty ( e'g ' handedness '

footedness, eyedness, earedness), there is a bias towards dextrality'
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but this right bias is not necessarily consistent for any individual.

For exampìe, porac and Coren (197S) assessed lateral preference for

hand , foot, eye and ear use i n LIL s ubi ects and found thal 87% v''ere

right-handed, 807" right-footed, 69To right-eared, but on]y 56% right-

eyed. Thus, no more than 56% of their subiects could have'been con-

gruent for a'll aspects of peripheral 'lateral ity. simil ar resul ts u/ere

obtained by schultz (unpubìished data) in an assessment of peripheral

laterality in 274 university students. Seventy-eight percent of these

individuals were found to be right-handed, yet only 577" were both right-

handed and -footed, while iust 4?% were right-handed, -footed and -eyed'

Further, in a factor analytic study of peripheraì lateralit'y (Porac,

coren, steiger & Duncan,1,980) in whích hand, foot, êvê and ear use were

assessed in g62 individua'ls between the ages of ten and 75 years, three

independent factors representing limb, eye and ear preference emerged'

These results add further weight to the suggestion that peripheral

laterality is a multidimensional process rather than a unitary phemo-

menon. Thus, if handedness is re]ated to cerebral lateralÍty, it is

possible that footedness, eyedness and/or earedness are also involved'

The compìexity of handedness ís further cornpoundLd by the existence

of a familÍal component in lateral preference. Porac and coren (1979)

assessed latera'l use of hand, foot, eye and ear in 701 subiects who were

members of ?07 families. significant correlations \ÀJere found within

fa¡nilies between mother and offspring for handedness and between mother

and son for earedness, thus suggesting.some familíal influence on peri-

pheral lateral ity. The effects of varying individual and famil ial

patterns of peripheral laterality on asymmetric hemispheric involvement



30

in cognitive processing have not been widely evaluated, but some evi-

dence suggests that these varÍ abl es do affect functional cerebral

asymmetry. McKeever, Van Deventer and Suberi (1973) used a visual half-

field 'letter masking task to assess performance differences in left-

handers and in right-handers with and without famÍl ial sinistral ity.

They found that right-handers without familial left-handedness differeti

sígnificantly from the ot,her two subiect groups, displaying significant

right visual field, left hemisphere, superiority on the masking task.

This result suggests that the relation between handedness and cognitive

laterality can be complicated by other aspects of peripheral ìaterality.

Kraft (1gg1) has also reported a rejation between familial handedness

and lateral specialization usíng dichotic tests. In a study of 80

right-handed boys, ôgê six to twelve years, he found that subiects with

familial sinistrality had an attenuated right side advantage for verbal

and non-verbal stimu'l i and decreased non-verbal accuracy compared to the

familially dextral subjects. Thus, if one were to accept sinÍstrals and

dextrals with familial sinístra'lity as having bilateral dominance, then

these results would support Annett's hypothesis that bilateral 'language

representation exi sts in non-right-handers and hinders verbal and

spatial performance.

In summary, the studies examining peripheral and cerebral latera-

'lity support the proposal that, right-handers are well lateralized, with

left hemisphere dominance for language and right hemisphere dominance

for spatial processing. Hernispheric bilaterality was supported for

mixed-handers by ana'lysis of EEG activity (Herron,1980) and by examina-

tion of spatia] perfonnance deficits (Levy, 1969; Mii 1er, ( 197i ) '
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Further, being left-handed or right-handed wi th famil ial sinístra'l ity

was associated wíth performance decrements on a 'language task pre'sented

t,o the 'left hemi sphere, thus of feri ng some support for Annett' s hypo-

thesìs. However, none of these results unequivocally support the pre-

dicti ons of the mode'l s rel ati ng bi 1 atera'l i ty to handedness and perfor-

mance. Further, i n order to eva'l uate these rnodel s fu1 1y, the rel at,ion

of sex to'latera'l hemÍspheric activation during task performance must

also be considered.

Sex and Func ti ona'l Asvmmetr.Y

The relation of sex to asymmetric hemispheric involvement in task

performance is supported both indirectly by the sex difference litera-

ture on abilities and more directly by'the clinica'l literature evaluat-

ing hemispheric functioning. The abilities be1ieved lateralized within

separate cerebral hemispheres are in fact those in which males and

fema'les consistently differ in performance. Females in genera'l dísplay

higher levels of abilÍty than males on verbal tasks and, after adole-

scence, maìes routínely score higher than females on spatial tasks

(Maccoby & Jacklin, L974; Sherrnan, 1971). Clinícal studies reveal

further dÍfferences in functional 'laterality. Studies of performance

decrements following brain trauma reveal that males are more likely than

females to be left hemisphere dominant for ìanguage and right hemisphere

dominant for spatiaì abilitíes, while females are tnore 1ikely to have

bilateral dominance for such skí1ls (McGlone, 1980). However, dichotic

and t,achi stoscopic studí es fail to of fer any clear consensus on t'he

relat,ion between sex and lateral functioning. Numerous studies suppoft
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(e.g. Bradshaw & Gates,1978; Ehrlichman, lgTL; Marshall & Holmes, L974)

and oppose (e.g. Hannay & Boyer, 1978; McKeever & Van Deventer, L977)

the conclusions drawn fronr the clinical studies'

l^lhen EEG recordings of brain activity are used to investigate sex

differences ín lateralized cognitive processing, a pattern similar to

that reported in the clinical literatur. jt substantíated' Tucker

(1976) examined sex differences in hemispheric specialization, studying

20 male and 19 female right-handed subiects during the performance of

v'isuospatial tasks which required either ana'lytic or synthetic process-

ing. Alpha EEG power analys'is indicated that for males, the right hemi-

sphere waS tnore involved ìn synthetic, spatial processing, while for

f ema'l es, there l,/aS no such speci al i zati on , thus supporti ng the hypo-

thesis of bilateral spatiaì representation in females. Similarly, Ray;*-'

Morrell, Frediani and TuCker (1976) examined sex differences in latera-

lizatÍon by assessing hemispheric EEG power ratios during the perfor-

mance of tasks chosen to approximate normal cognitive actívities. These

tasks included addition, counting, ìistening to music and visualizing

seenes. Tempora'l EEG activity differed significantly, in the expected

di recti on , between these spati a'l and I anguage tasks for ma] es , but di d

not differ for females. This result also supports the notion of func-

tional bilaterality in females. corresponding results were reported as

wel I by Trot¡nan and Hammond ogTg) and Ray, Newcombe, Semon and col e

(1981). Trotman and Hammond recorded bilateral EEG during the perfor-

mance of three verbal and three spatiaì tasks, and found differences in

hemispheric activity only for rnales. Ray and his co]leagues examined

the re]ation of EEG asymmetry to spatial performance in high and low
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ability males and females. High spatiaì ability males had rela-

greater rÍght hemi sphere activity associ ated wi th successful

spatial performance while the reverse relation was found for low spat,iaì

abi'lity mal es. For both high and 1ow spatia'l abil ity fema'les, there was

no consistent pattern of relationships. Further findings congruent with

functional bilaterality in females were also reported by Butler (1980)

and Wogan, Kaplan, Moore and Epro (1979). However, Moore (1979)

reported no significant, sex differences in EEG activity recorded during

listening to prose and listening to music, tasks which did result in the

expected left and right hemisphere activation patterns. Thus, there is

strong, i f not unanimous, Support for bi1 ateral spati al and verbal

representation in females and latera'lized representation in males. Such

findings lend some support to Levy's hypothesís and are contrary to that

of Buffery and Gray. However, task performance was not evaluated in

these studies, so predictions concerning bilaterality and performance

can not be evaluated.

0ther studies have examined the relation of both peripheral latera-

tility and sex to functional lateralÍty and the outcomes of these inves-

tigations are also directly relevant to the conceptualizations of bila-

teral ity being consÍdered.

Peri phera'l I ateral i ty, Sex and Functional AsYmme try

Many of the studíes which evaluate the relation between handedness,

sex and functíonal laterality do so by eva'luating differences in task

performance. Such studÍes, while not assessing the presence of bilater-

ality, do evaluate the predicted relations between sex' handedness and
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performance. Other studies examine performance when information is pre-

sented to onìy one cerebral hernisphere and on the basis of this perfor-

mance, infer cerebral iaterality. such studies also assess aspects of

the predicted relations between handedness, sex and performance' still

other sturlies monitor hemispheric activity duríng cognitive processing

and evaluate relative activity'levels in relation to sex and peripheral

laterality. Such studies more directly measure the presence of bilater-

al i ty.

studies which assess performance di fferences have found both

handedness and sex to be infruentiar. Newcombe and Ratc'liff (1973)

examined HAIS Verbal and Perfonnance scores for 409 men and 414 women

who had been classified as right-,1eft-, or mixed-handed on the basis

of questionnaire responses. Males scored significantly higher than did

femal es on both verbal and Performance scal es but handedness had no

significant effect. In a further investígation, the performance of a

teft-handed group of L5 men and LL women was compared with that of 26

right-handers matched for age, sex' social class' years of schoo'ling and

place of residence. Again, no significant handedness effects were

found.

' Simi'larly, Johnson and Harley (1980) assessed verbal and spatiaì

performance in left-, right- and mixed-handed males and females using a

shortformoftheWAlsandincont,rasttothefindíngspresentedabove,

found that both handedness and sex had significant effects on perfor-

mance. Females, COmpared to males' were found to score significantly

lower overa.ll and left-handers scored signíficantly higher than dextrals
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and mixed-handers in synonym identification and sígnificantly lower in

spatial thinkíng. These reports suggesting that males perform better on

spatial tasks than do females lend some support t0 the proposals of both

Buffery and Gray and of Levy, but once agaÍn fail to assess cerebral

domi nance.

Kocel ßg77) also looked at sex and handedness in relation to per-

formance but found signÍficant interaction effects only. she adminis-

tered both verbal and spatiaì tests to 3251 subiects for whom handedness

and fami I i at handedness had been determi ned. There !'rere no signi f icant

dífferences in scores between the left- and right-handed group, nor did

the presence of familial sinistrality affect perfonnance. However, when

subject sex was also considered, a different pattern of results emerged'

The presence of familial sinistrality in right-handed males was associ-

ated with lower spatial ability, while ín females it accompanied better

spatìal performance. if fami'lial sinistraì ity is indicative of bila-

teral dominance, then this result is in direct opposition to the

proposals of all three bilaterality models. Further, Kocel found that

dextral males showed lower spatial ability than sinístral malest while

right-handed females showed higher spatial abilitíes than left-handed

females. This finding ajso.counters the proposa'l of Buffery and Gray'

if in fact right-handed males are well lateralized.

0ther studies have examined the effect,s of sex and handedness on

functíona'l ìateral ity using tachÍstoscopic and dÍchotic techniques,

inferring hemispheric domÍnance on the basis of superior performance 0n

tasks presented to onìy one hemisphere' Milstein, Srnal1, Malloy and

Small (1"979) examÍned the ability of right- and left-handed males and
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females to solve simpìe multiplication problems which were visually pre-

sented to one cerebral hemisphere while competing stimuli were presented

to the other hemisphere. 0ver al1 conditions, females and dextrals made

significantly more correct responses than did males or sinÍstral s

respectively. This finding supports in part, the predÍctions of Levy

for females but is contrary to her predictions for dextrals. However,

Piazza (1980) found that regardless of handedness, males exhibited a

strong left hemisphere advantage for processing dichotically presented

language stimuli and that only right-handed females showed significant

right hemisphere specialization for processing both melodies and

environmental sounds. This result is not predict'ed by any of the

model s.

The rel ation between sex, handedness and performance was al so

explored ln a series of studies by McGlone and Davidson (1973) which

assessed variations in spatial ability in ma]e and female left- and

right-handers. verbal and spatía] hemispheric dominance were first

inferred on the basis of performance on a dichotic word test and a

tachistoscopic dot enumeration test, respectively' Then performance 0n

two visuospatial tasks lvas evaluated in relation to lateral domfnance,

sex and handedness. overal'1, males performed significantly better 0n

the visuospatial tasks than females. Further, females with inferred

right hemisphere language dominance performed signifícantly more poorly

on these spatial tasks than did males with either left or right hemi-

sphere ìanguage dominance or females with left hernisphere language domi-

nance. In addition, left-handers with right hernisphere language domi-

nance performed significantly less rvell on these spatial tasks than did
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subjects with all other combination of handedness and verba'l dominance.

gveraì1, spatial performance decrements were greatest for those indivi-

duals with reversed dominance, that Ís, with left hemisphere spatial and

right hemi sphere verbal domi nance. These resu'l ts I i nk poor spati a'l per-

formance to reversed functional lateral ization rather than to

bilateralization as proposed by Levy.

Studies which use anlayses of EEG activity to establish functional

dominance and thus can evaluate bÍlaterality and its effects have also

examined task perfonnance in relation to subiect sex and handedness"

Davidson, Schwartz, Pugash and Bromfield (1976) examined sex dÍfferences

Ín EEG asymmetry in right-handed subiects, for whotn familial sinistra-

lity had been determÍned. They reported that only fema'les without fami-

I i al si ni stra'l i ty exhibi ted signi ficantly more 'left hemi sphere EEG acti-

vation when speaking lyrics than when whistling the me]ody of a song'

Further, only this group exhibited significant right hemisphere activa-

tion during the self-generation of feelings ranging from anger to relax-

ation. These results índicate dextral females with no history of famÍ-

tial sinistrality are left hemisphere dominant for 'language and right

hernisphere dominant for affect,, and do not conform with Levy's hypo-

thesis of bilateral ìanguage dominance in females. The findings of

Herron (1980) discussed earlier, are also relevant here. In her study

of EEG activity during task performance, Herron reported a reversed

pattern of activation in sinistral subiects. This pattern of higher

right hemisphere activation during verbal tasks and higher ìeft hemi-

sphere activation during spatial tasks was further found to be more pro-

nounced in female than male left-handers. This reversal of laterality
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accord with the Predic-

tions of any of the hypotheses outlined'

Galin, grnstein, Herron and Johnstone (1982) have a'lso examined

hemispheric specialization in relation to sex and handedness. using 90

nonna'l adul ts, fi fteen mal es and fi fteen femal es i n each of three

handedness categories (right, left and mixed), they found both sex and

handedness effects on al pha EEG asymmetry present duri ng 1 anguage '

musical and spatial tasks. Right-handers exhibited significant differ-

ences in alpha ratios between tasks, with the highest right/left log

ratios present durìng language performance' Further, within the lan-

guage tasks, the alpha ratios differed significantly, with writing

associated w.ith the greatest asymmetry, followed by speaking, readíng

and listening. Non-right-handers showed less task-dependent asymmetry

and the handedness groups differed significantly on only two tasks' 1is-

tening and singing. Left-handers had significantly higher a'lpha power

than right-handers for both tasks and than mixed-handers on 'listening.

Reversal of the expected right-handed pattern of task related alpha

asymmetry was found for 107" of the right-handers and for 36% of the non-

right-handers. This reversal was particularly prevalent in left-handed

females, with 467, exhibiting reversed asymmetry and thus suggest'ing a

sex difference for non-right-handers. However, no sex differences in

EEG measures !,Jere found anong right-handers on any task' A]t'hough per-

formance was not assessed, these EEG findings suggest that mixed- and

left-handers are less lateralized than right-handers and so provide some

support for Annett's and Levy's hypotheses concerning laterality'

No conceptual ization of cerebral bi1 ateral ity received clear
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support from the literature which addresses these hypotheses. some

support and negation can be found for the ideas presented by each

Buffery and Gray, Annett and Levy within the studies which relate sex

and/or peripheral laterality to cerel¡ra] dominance and task performance.

Much of the equivocation in the conclusions drawn from thís research is

the result of a deficiency of direct examinations of the bi'laterality

proposa'ls. If bilaterality is to be evaluated, it is _necessary t0

assess activity levels in each cerebral hemisphere during task perfor-

mance and to evaluate these levels in relation to each other and to the

actívity leve'ls present duríng non-task conditions. Additionally' per-

formance ¡nust be evaluated. Further, the tasks employed must activate

only the ìanguage dominant hemisphere or only the spatial, domÍnant

hemisphere in well lateralized individuals' Fina1ly, these measures

must be examined in both males and females with various patterns of

peri phera'l l ateral i tY .

The purpose of this study was to investigate the relation of bila-

teral cerebra'l hemispheric activation to spatia'l and verbal task perfor-

mance in males and females with different patterns of peripheral latera-

'lity and to relate these findings to the conceptualizations of bilatera-

tity outlined above. In order to aSSeSs these relations equaì numbers

of males and females served as subiects. Further, half of the subiects

of each sex were peripherally right-dominant, with no history of

familial sinistra'lity, while the remainÍng subiects were peripherally

mixed-dominant. Since mixed-dominant subjects have been found to

exhibit bilateral hemispheric activation during task performance

(Herron,1980), they were anticipated to be central to the jnvestigatíon
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of the re] ati on between bí I atera'l cerebral acti vati on , task performance ,

peripheral lateralitY and sex.

Discriminant ana'lysis was used to investigate these relations. 0n

the basis of patterns of cerebral activation, subiects were classified

as bil ateral ly active, 'left hemi sphere active or right hemi sphere

active. subsequent'ly, variables re]ating to sex' peripheral lateralit'y

and performance vrere entered aS potential discriminators and evaluated

for thei r abil i ty to di fferenti ate the 1 ateral i ty groups ' The subi ects

who exhibited bilateral activity during verbal task performance would be

discriminable from those who did not by poorer verbal performance and

mÌxed-handedness, according to Annett's hypotheses, or by better 'verbal

performance, poorer spati al performance, I eft-handedness and bei ng

female, accordíng to Levy's hypotheses. Buffery and Gray would posit

that subjects who exhibited left hemisphere activity during verba'l

performance wouìd be discriminated from those who did not by better

verbal performance and being females. The predictions concerned with

spatia'l ìateral ity woul d further suggest that the ÍndÍvidual s who

exhibited bilateral activation during spatial processíng would be dis-

criminable from those who did not by better spatial performance and

being maìe, according to Buffery and Gray, or by better spatial perfor-

mance , poorer verbal perfonnance bei ng ri ght- handed and bei ng mal e '

according to LevY.
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CHAPTER II

Method

Subj ects

The sample consisted of 40 subiects, 2Q males and 20 females,

selected as right-lateralized or mixed-lateralized by their responses to

a questionnaire on unilateral activites (modified after 0ldfield, 1971).

All right-lateralized subjects reported complete familíal hand dextra-

lity while the mixed-lateralized subiects reported both left- and right-

handed farnily members. For the mixed-lateralized subiects, the mean

familia'l dextral ity was 76.5% (SO = 32.6). 0f the mixed-lateral ized

subjects 4 were right-handed and 6 were left-handed males and 4 were

right-handed and 6 were 'left-handed femal es. Thus, four groups of t'en

subjects each were used. The mean subiects age was 19.9 years (SO =

3.1) and there were no significant differences in age between males and

femal es or between I ateral i ty groups.

Al 1 subjects urere recrui ted from Introductory and second year

psychology courses. The individuals who particípated in the study were

native Engl i sh speakers wi th normal or corrected to normal vi sion,

tota'lly negative neuro'logical histories and no current use of any medi-

cation or recreational drug known to infl uence the EEG.

Subj ect Selection

The forty subjects were selected after screening 955 students.

These individua'ls were screened for lateralized hand, foot, eye and ear

preference, as wel I as for fami I i al dextral i ty an e.
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Seven hundred and seventy-five of the students screened reported English

as theÍr native language. Forty-six of these native Engìish speakers

met the additional criteria of being right-handed, - footed, -eyed and

-eared, wi th compl ete reported famil i a'l dextral i ty. 0f the 46 dextral s,

1.1 were male and 35 fema'le. Twenty-eight of the native English speakers

(3.7"ß) met the mixed laterality criteria of using both left and right

hands to perform the criterion handedness tasks and of having a mixed

pattern of foot, eye and ear dominance. 0f the 28 mixed-laterality

subjects, 15 were male and L3 were female. The specifics of 'lat'eral ity

classification are descíbed below'

These 74 peopì e who met the original screening criteria were

subsequently contacted by telephone, and an individual session for

additional screening t{as scheduled. subiects I'Jere selected randomìy

from each group list until ten subiects from that group had met the

se.lection critería. If the established'laterality criteria were met,

the EEG recordÍ ng al so v,ras compl eted duri ng thi s session ' One subiect

(right-lateralized, female) was not' able to be reached at the telephone

number tl. had províded during original screening and thus' did not

participate in further study. Another three subiects (t mixed-'latera-

I ízed female, 1 right-]ateral Ízed fema'le, 1 mixed-lateral ized male) were

rejected for fail ing to meet the additionai 'lateral ity screening

criteria and one subiect (right-lateralized female) was excluded because

of excessive EEG artifact. For the 40 subjects who successfulty met a'll

laterality and screening criteria, EEG was then recorded following the

procedure outl i ned bel ow.
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Determi nati on of Lateralitv

Handedness , footedness, eyedness and earedness lrere i ni t'i al ly

determined using a modified version of the Edinburgh Handedness Ques-

tionnaire (01dfie]d, 1971) (see Appendix A). 0n this questionnaire,

subjects índicated the hand used in each of 10 activities: writing,

drawing, throwing, cutting with sc.issors, brushing teeth, using a knife

with a fork, using a spoon, upper hand on a brootn, holding a match to

strike it, and holding the lid of a box when opening it' In additíon'

each subiect indicated the foot used to kick a ball and step on a bug;

the eye used to Iook through a te'lescope and peep through a key hole;

and the ear used to listen to a radio with an ear plug and to listen in

on a conversation going on behïnd a closed door. The two questions on

earedness were not part of the origínal Edinburgh Questionnaire, but

were drawn from a laterality survey employed by coren and Porac (1978)'

Subjects responded to the 16 questions comprising the laterality

survey by indicating their degreä of'lateral Preference on a five-point

scale, where r¡1rr designated extreme left preference, rrSrr desìgnated

extreme right preference and r¡3rr designated no preference. subiects

were categorized as right-'lateralized when all 16 preferences were rated

at levels 4 or 5 and as mixed-tateralized when the ratio of the number

of left to ríght hand preferences (calculated by the formula' left-

right/left + right) was between -0.6 and +0.6, and when the ratings on

the six foot,, êY€ and ear preference items ranged between 2 and 4' with

a mean greater than or equa'l to 2.5 and less than or equal to 3"5'

Familial handedness was assessed by having subiects indicate t'he

hand most frequently used by each member of their biological family and
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then calculating the percent of the famÍly that was right-handed. For

an indívidual to quali.fy as right-lateralized criterion, 100% of fami'ly

nembers had to have been reported as right-handed. No familial handed-

ness restrictions were placed on the class.ification of mixed lateralized

subjects. The mean familial dextraìity for this group v',as 76.5%

(SD = 32.6)

Subjects who met the origina'l screening criteria for either group

were subsequently re-screened prior to EEG recording. In this second

screeni ng, the modi fi ed tdi nburgh Lateraì i ty Questionnai re was read-

mi ní stered and scored, usi ng the cri terÍ a outl i ned above ' In addi tion '

each subject cornpleted a numlrer of behavioural measures of ìaterality.

Each subject first completed the Tapley and Bryden (1980) hand prefer-

ence test, in which the subiect marks a dot in the centre of each of a

series of circles. This task is done four times, aìternating between

the preferred and nonpreferred hand. In each trial, the subiect is

allowed 20 seconds in wt¡ich to mark as many dots as possible. This task

was later scored for the total number of dots made with each hand and a

performance ratio calcu]ated using the formula of right - left/ri9ht +

left. The corre'lations between all measures of laterality are presented

in Appendix B.

Foììowing compìetion of the dot task, each subiect was asked to

throw a bean bag at a target on the wal l , step on an rrxt¡ marked on the

floor, look through a tube, and p'lace a radio ear plug Ín one ear'

Lateral preference for each of these tasks was recorded' Those cgm-

pl eted !,Ji th the right hand, foot, eye or ear l{ere scored as two ' whil e

those comp'leted with the left were scored one'
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If the performance on the behavioura'l measures of laterality was in

accord with the lateral preferences reported on the laterality question-

naire, the subiect was Íncìuded in the study and participated in the EEG

recordi ng sessions.

Session Procedure

All subjects who met the original screening criteria were contacted

by teìephone and asked to report to the'laboratory at an individually

scheduled time. All but two subjects, a mixed-lateralized male and a

right-lateralized female, reported at the arranged time. These two sub-

jects were again telephoned and a second session scheduled' Both sub-

iects appeared for this second appoinünent'

l.lhen subi ects reported -.to the 1 aboratory , they were tol d that the

purpose of the study was to examine brain activity during problem so'lv-

ing, and that ín order to do this seven electrodes would be attached;

one on the arm, one above and below the eyes' two on the back of the

head, and one clipped to each ear. The experimenter emphasized that

these !|ere recording eìectrodes and that no shock would be administered'

All subiect,s were then shown the recording equipment and the session

room where the recording would take place. Sample verbal, spatial and

control probì ems were then shown to aì I subiects and the response

requirements explained. The experimenter emphasized that it was brain

actívity during probìem solving that was of partícular interest' not the

correctness of a subiect's answers. All subiects were told that the

onìy tasks requ'irement was to attempt to solve the problems given and to

supply what they be]ieved was the best answer. Any questions the subiect
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had were then anst{ered. Following this introduction, subiects were

asked to sign an informed consent statement, if they were willing to

participate in the study. No one refused to participate'

The additional lateraìity screening was then completed' electrodes

attached, and the subject seated in the recording room' The tasks and

method of responding were again explained, the lights were dimmed and

the necessity of attending visually to the screen throughout the record-

ingsessionernphasized.Theexperirnenterthenreturnedt'othecontrol

room. All subsequent communication between the subiect and experimenter

was carried out via an intercom connectíng the session and control

r00ms.

The recordíng session began with the presentation of a slide cgn-

taining three rlxrt¡ s, one centred and the others L7 '54 cm (6'gr in') to

the left and right of the center (approximately 3 degrees of visual

angle). Subiects were asked to fixate on the cent're "x" for 10 seconds

and were then asked to ]ook back and forth from the centre t1xil to the

right,,x,,ten times, then from the center to the left "x" ten times' and

finally from the'left to the right "x" ten times. This inforntation was

later used to elimínate recording periods which contained large eye

movements, suggestive of inattention to the task'

Next, sampl e verba'l , spati aì and control probl ems l'rere proi ected

unl the task and method of responding again expìained' Any questions

the subject had were answered. 0nce the subiect \l,as comfortable with

the procedure, the actual task presentation of alternating baseline and

probìem phases. began. No verbal interaction occurred between the

subject and experimenter during the actual recording period' though the
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subject was monitored by means of the interccm and a one-l'Jay mirror'

After conpl etion of the recording sess'ion, the el ectrodes lvere

rsnoved and subiects were debriefed'

Task Presentation and Response

Each subiect compìeted a total of 64 problens arranged in four pro-

b'lem bl ocks: one bl ock of 16 spatial probl ems, one bl ock of 16 verbal

problems and two blocks of 16 control problems each' Each block con-

taíned fOUf pfOblems tO r.¡hiCh "a", "b", "C", afìd "d" Wefe the feSpeCtiVe

correct answers. The 16 prob'l efns l{ere randcmly ordered wi thi n each bl ock

and these orders !,rere 'consi stent for al 1 subi ects' The probl en bl ocks

were presented in four di fferent orders, a'r 1 of rrtr ich ar ternated spati al

and verbal blocks with contror brocks. The four orders,'rere: (1) verb-

al , control 1, spatial , control 2; Q) control L' spatial' contro] 2'

verbal; (3) spatial, control 1, verbal, control 2; and (4) control 1'

verbal , controì 2, spatia'l . Nine subiects received order 1' 10 received

order 2, 12 received order 3 and 9 received order 4. Problem blocks l'¡ere

separated by a two-minute basel ine phase and each session began and

ended þ,i th such a basel ine phase. Bl ank sl ides uere projected during

al1 five baseline Phases'

A1 1 task probl ems tære presented by s1 ides shown on a rear- proj ec-

tion screen located 1.218 m (48 in') in front of the subiects' The pro-

jected probì em image was 32.1 cm Q2.875 in.) by 6' 54 cm Q'58 in ') '

subtending approximately 4.6 degrees of visual ang1e, when viewed from

the subject's position. Duríng slíde presentation, the anbient light

I evel at the subjects' s psi tion !{as approximately 21' 53 lx Q foot-

candl es) .



48

Subiects answered the task problems by depressing one of four

I ettered response buttons wi th thei r preferred hand ' The buttons '

mounted on a 17.5 cm by L2.5 cm by 7.5 crn response box, were Iettered

,,a, , ,,b,,, ,,c", and r¡d' respectively, from left to right. The subiect

!\,as instructed to press the button correspondi ng in letter to the

response alternative chosen as correct. Each prob'lem s'lide was proiected

for a maximum of 45 seconds. If a response were made prior to the end

of the 45 second interval, the projector automatica'lìy advanced to the

next slide. If no response were made, this advance took place at the

end of the 45 second interval. A Leheigh valìey Act-Interact system was

programmed to control slide advancement. This system also timed and

recorded each subiect's latency to respond to the nearest '01 second and

recorded the response arternative serected, This information was printed

after each prob'lem by a Texas Instrument, Silent 700 Electronic Data

Terminal. The Leheigh valley system allowed four seconds for the latency

to respond and response se]ection information to be printed' During

this interval the subject saw a blank projection screen. Due to equÍp-

ment fai I ure , i nformati on on response al ternati ve sel ecti on was not

available for one subiect (mixed-handed male)

Tasks

The EEG was recorded while each subject performed verbal, spatial,

and contro'l tasks. The spatial task consisted of a version of the Nebes

Circle-Circle Matching Test (Nebes, !g7L), which was modÍfied to include

four (rather than five) response alternatives for each problem' In this

task, a target circ]e was presented and the respondent indicated wlîich
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of four lettered alternate circles of varied diameter matched the target

circle in size (see, Figure i). Circles of seven different diameters

were used in the spatial problems. In the test situation, these circ'les

varied from 1.17 in. Q.g7 cm) to 1.87 in. (4.76 cm) in diameter,

increasing in steps or 0.117 in. (0.297 cm). Each problem contained one

target, one correct alternative and three incorrect alternative circles.

The a'lternate circles varied form the target circle by at least plus or

minus 0.117 in. rc,2g7 cm), but by no more than pìus or minus 0'351 in'

(0.891 cm). The spatial task thus involved visual stimulation, visuaì

discrimination, visual ization' comparÍson and recognition'

The verbal task consisted of synonym matching problems. In this

task, a target word was presented and the respondent indicated which of

four lettered a'lternate words matched the target word in meaning (see

Figure 2). Al1 words were between five and nine let,ters in length and,

when presented, were equal to or greater than the diameter of the

smallest circle and equa'l to or less than the diameter of the ìargest

circle used in the spatial task. The verbal task thus involved visual

stimulation, reading, verbal discrimination, comparison and recogni-

ti on.

Si xteen spati al and si xteen verbal tasks !'Jere presented duri ng EEG

recording. These 32 prob'lems were selected from a set of 29 spatÍa'l and

73 verbal problems, presented in a paper-and-pencil format to 47 first-

and second-year psycho'ì ogy student,s. The 32 probl ems enpì oyed !'rere

selected from the problems to which between 60% and 89% of the

individuals tested had responded correctly' Twelve of the verbal and

spatia'l problems were exactly matched in difficulty. Two of the verbal



50

db ca

Figure 1. Examp'le problem from the modified Nebes Circle-Circle

Matching Test.
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debategardenagreement Prayercovenant

db ca

Fi gure 2. Examp'l e synonym matchi ng probl em '



52

problems were 4% less difficult than their paired spatial probìem, while

another two verbal problems were 4% nore difficult than their paired

spatia'l problem. once the sets of 16 spatial and L6 verbal problems had

been selected, the response alternatives were arranged so that each

pfObìem Set COntained fOUf pfOblems tO whiCh eaCh "a", "b", "C" and rrdtr

was the correct answer.

In addition to the spatial and verbal problems,32 control problems

were em.ployed. In these control tasks a single letter, corresponding to

those used to letter the response alternatives in the spatial and verba'l

tasks, Ì{as presented in one of the four response letter positions (see

Figure 3). Thus, for example, the letter rtarr could appear in the space

where "c" would have appeared had all four letters been presented. The

respondent indicated the letter wt¡ich had been presented. This task

involved visual simulation and recognition, and was included as a means

of determining the degree to which lateral hemispheric activation

resulted from the sensory and motor, rather than the cognitive, demands

of the spatial and verbal tasks.

EEG Recordi ng

EEG actívity was recorded using one left and one right, hemisphere

si'lver cup scalp electrode positioned at the respective International

10-20 System (Jasper, 1958) parietal positions, P3 and P4. Previous

work has demonstrated strong task-dependent al pha EEG asymmetry at these

locations, both when only this site is monitored (Davídson et a1, 1976)

and when this site is compared with other locations (eal'¡n et al' 1978;

Galin et al,1983,0rnstein et al,1980; Tucker,1976)' The scalp elec-
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e

Figure 3. Example control problem'
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trodes were each referenced to linked ear electrodes, and electrode

impedance was less than 10 Kohm at each scalp location. A 16 mm silver

cholide ground electrode was positioned on the medial forearm, and eye

movements were monitored by two 11 mm silver cho'lide electrodes posi-

tioned on the lateral orbit, one slight'ly above the left eyebrow and the

other direct]y below the corner of the right eye. Such positioning

enab'led detection of both vertical and horizontal movement (Stern, Ray &

Davi s, 1980 ) .

Left and right parietal EEG activity was independently amplified

using Grass model P511 EEG amplifiers and recorded by a Grass model 7

polygraph (chart speed 15 mm per second, 50 mv giving 1 cm pen deflec-

tíon) and by a Hewlett-packard model 3960 FM instrumentation recorder.

Eye movement activity was amplified using a Grass model 7P511 amplifier

and recorded on both the polygraph and FM tape. Both graph and tape

marker channels were used to record task phase and problem presentation

i nfonnat,ion for each subiect. A contÍnuous IzU signal trJas recorded

during sl ide proiection. No si9na1 was present during sl ide changes'

Scori n of EEG Activi

After completion of EEG recording, the taped EEG activity was

amplified to saturatíon by the Grass amplifier and the presence of

aìpha activity (9-13 Hz) was detected by a colbourn model s75-15 a'lpha

detector/filter. The duration of the alpha activity was then timed

using a digital readout timer, accurate to .01 seconds' The minimum

duratÍon of detectable alpha activity was '05 seconds' A second digital

timer was used to obtain a measure of the time between each prob'lem or
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baseline slide change. Using the output of these two timers' a ratio of

al pha time to total phase time was obtained for each prob]ern and task

phase. Additional measures of al pha activity rrere obtained by scoring

the chart recording of EEG activity for average alpha anplitude and

frequency. In order to obtaín these measures, instances of alpha acti-

"vity were isolated for each channel, and confirmed using the measures of

alphadurationforeachtask.Oncethea.lphaactivityhadbeenjdenti.

fied, the anplitude of alpha bursts of at least 0.33 seconds in duration

were neasured following the procedure outlíned by ìllalter and Yeager

(1956). In thi s ampl itude measure, the peaks and the t'roughs of the

alpha activity graph are ioíned by lines and the distance between the

line connecting the peaks and the line connecting the troughs Ís measur-

ed every 0.2 seconds and averaged ( see appendix C) ' Frequency I¡a s

assessed by counting the number of al pha wave peaks ufi thin each a'lpha

period for wtrich ampl itude v,as measured and cal cul ating the average'

The alpha amplitude and frequency measures here then averaged for each

hemisphere, for each task and baselíne phase' Frequency averages were

rounded to the nearest wtrole number' Anpl itude measursnent's were round-

ed to the nearest millimeter, i.ê. 5mv. FÍnally,ratios lvere calculated

fortheamplitudeandforthefrequencymeasuresusingtheformu]aleft

-right/left+right.Theseratiosl¡'Jereca]culatedforeachbase]ine

and problem Phase.

Measures of the percent of phase or problem time spent in concur-

rent, left hemisphere only and right hemisphere only alpha EEG activity

were also obtained from the chart recordings. The duration of each

pattern of activity was measured and the percentage of concurrent'
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1 eft onl y , or rig ht onl y a1 pha time rt¡a s cal cul ated by div idi ng the

appropriate alpha time figure by total alpha duration for the phase of

i nterest and mul ti p1 yi ng thi s resul t by one hundred '

Adjus tmen t of the Variables

six EEG variables and two performance variables !€re adiusted

fol1owÍng a procedure outlined by Pedhazur (1981) prior to their use jn

subsequent anaìyses. The adiustment was performed to ensure that the

contribution of the task variables to 'lateral ity group díscrimination

ltJas independent of baseline, control task, or highty correìated vari-

ables and lvourd thus reflect onry task performance variation- 'fhe eight

variabl es r,¡ere each adi usted by regressi ng confoundi ng variabl es on the

varíable of interest and then cal cul ating residual s' that is' t'he

difference between the actual level of the variabìe and its predicted

level. Each residual variable thus calculated uas therefore indepen-

dent of its signifícantly correlated predictor variables'

Residual s !{ere cal cul ated for the percent of al pha time in wttich

a'lpha activity was present in only the ]eft hemisphere for each of the

verbal and the spatial phases by using the percent of only left hemi-

sphere alpha obtained during the first baseline and the mean onty left

hemisphere alpha percent obtained for the two control task phases as

predictors in each regression analysis. Thus, the residual only left

hemÍsphere al pha percents for both the verbal and the spatial tasks '¡ere

independent of both the significantly correlated baseline and control

tasklevelsofthisvariable(seeTableland2).



Tabl e 1

correlations of BaselÍne, control Task and verbal Task

percent of Alpha Activity Restricted to the Left Hemisphere

Average
Control

Task
Verbal

Task

57

Resi dual

1.0

Base]i ne

Average Control Task

Verbal Task

Resi dual

N=40
* p<.05
**p(.01

Basel i ne

1.0

.3277*

.3875*

-.0000

1.0

.6L29**

-.0000

1.0

.765r*



Tabl e 2

correlations of Baseline, control Task and Spatial Task

Percent of Alpha Activity Restricted to the Left Hemisphere

Average
Control

Task
Spati aì

Task

58

Resi dual

Ba sel i ne

Average Control Task

Spatlal Task

Resi dual

N=40

* p<.05

t*p<.01

Basel i ne

1.0

.3277*

.7057x

-.0000

1.0

.5639**

-.0000

1.0

.6149* 1.0
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Residual s tlere simí1 arly cal cul ated for the percent of concurrent

alpha time for both the verbal and the spatial tasks. In these analy-

ses, resídual cal cul ations 1ïere performed, entering the first basel ine

and the mean control task I evel s of concurrent at pha time as predic-

tors (see Table 3 and 4).

The final two EEG measures for wtriCh resídual s ltere cal cul ated v'ere

the verbal and spatial anplitude ratios. Here, the relevant task fre-

quency ratios r{ere entered as predictors, in order to rsnove the con-

foundíng effects of frequency on anplitude (see Table 5 and 6)' The

verbal and spatia'l anpl itude residual s thus cal cul ated !€re therefore

independent of these frequency measures and provided a uniform means of

assessing alPha activation' '

Finalìy, residual s r¡,/ere calculated for the mean latency-to-respond

measures for both the verbal and the spatial problems. In the calcula-

tion of these residuals, the mean latency-to-respond for the two control

probl em phases 'Ías entered as the predictor. The verbal I atency-to-

respond residual and the spatia'l l atency-to-respnd residual s !€re thus

each independent of the control task latency-to-respond and therefore

refl ected aspects of task perfofmance independent of 'letter recognition

and button pressing (see Tabte 7 and B)'

The eight residual scores calculated by the procedures outlined

above u,ere sub sequent'l y used as di sc rimÍ nati ng variabl es' A1 1 of the

residua] s empl oyed represent aspects of verbal or spatial performance

which are independent of the initial, pre-task, baseline characteristics

of t,he subi ect and/or of the control task perfo rmance of the subi ect'

As such, they reflect only the influence of the verbal or the spatial



Tab'le 3

correlations of Baseline, control Task and verbal Task

Percent of Concurrent A1pha Activity

Basel i ne

Average
Cohtrol

Ta sk
Verbal

Ta sk

60

Resi dual

1.0

Basel i ne

Average Control Task

Verbal Task

Resi dual

N=40

* p<.0S
**p(.01

1.0

.7LL7**

.7328*x

-.0000

1.0

.9589**

-.0000

1.0

.4820**



Tabl e 4

correlations of Baseli.ne, control Task and Spatial Task

Percent of Concurrent Alpha Activity

Basel i ne

Average
Control

Ta sk
Spati a1

Task

61

Resi dual

1.0

Basel i ne

Average Control Task

Spatial Task

Resi dual

N=40
* p<.05
**p(,01

1.0

.7LL7x*

.6847*x

-.0000

1.0

.9043**

- .0000

1.0

.4229x*
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Tabl e 5

Correlat,ions of Verbaì Frequency, ArnPl itude and Residua'l Measures

Frequency Ampl i tude Re si dual

Frequency

Ampl i tude

Resi dual

N 40

* p<.163

** p<.01

1.0

.9744x*

.0000

1.0

.2250* 1.0
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Tabl e 6

CorrelatÍons of Spatial Frequency, Amplitude and Residual Measures

Frequency Ampl i tude Resi dual

Frequency

Ampl i tude

Resi dual

N=40

* p<.07
**p(.01

1.0

.9575**

-.0000

1.0

.2884* 1.0



Tabl e 7

Correìations of Average Control Task, Verbal and Residual

LatencY- to-ResPond Measures

Average
Control

Task
Verbal

Task

64

Resi dual

1.0

Average Control Task

Verbal Task

Resi dual

N=40
* p<.05
**p(.01

1.0

.3190*

-.0000

1.0

.9478*x



Tabl e B

Correlations of Average Control Task, Spatial and Residual

LatencY- to-ResPond Meas ures

Average
Control
Task

Spati al
Task

65

Resi dual

1.0

Average Control Task

Spatial Task

Resi dual

N=40
* p<.0S
**p(.01

1.0

.4934**

-.0000

1.0

.9672*x
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task under examÍnation. Thus, the cal cul ation of residual s !'Jas done to

el iminate the ptential confounding effects of resting EEG asymmetry

(Donchin et al , Lg77; Furst, L976; Rancy, 1939; Ray et al ' 1981; Remond

et al, 1969; Strauss et al, 1943) and motor responding (Gevins et al 
',

1979) oñ task EEG asymmetry. The transformations did not significantly

alter the relation between the dependent and independent variables (see

Appendix D).

S tati sti ca 1 Anal vses

The presence of bilateral cerebral involvement in verbal and spa-

tÍal task performance vla s investigated usi ng stepwi se di sc rirrtinant

analyses (SPSS; Hult & Nie, L98L), in r^¡trich ltlilk's lambda was the inclu-

sion críterion statistic. In the first discriminant analysis, changes

in EEG alpha activity duration during verbal performance here used to

define the three laterality groups, while in the second discrirnínant

ana'lysÍ s, changes in EEG al pha activity duration during spatia'l perform-

ance defined these three groups. In the third and fourth analyses'

ratios of left to right hemisphere alpha activity during verbal or

spatial perfoÍaance defined the three groups. subiect characteristics'

EEG features and performance measures lÏere entered as potential discrim-

inating variables Ín each of these analyses'

C erebra I involvement. Bilateral, left hemisphere and right hemi-

sphere cerebral task involvement were defined for the first t'wo analy-

ses by task-contingent changes in the length of phase time spent ín

al pha EEG activ i tY as fo1 1 ows '

Ifboth]eftandrighthemíspherealphadurationsdecreasedfrom
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those found in the immediately preceding baseline phase concomitant with

verbal or spatial task introduction, the subiect was categorized as

having bilateral cerebral involvenent for that, task. Eleven subiects on

the verbal, and eleven subjects on the spatial tasks were thus categor-

ized as bilateral. Six subiects were bilateral on both tasks'

If, contingent upon task introduction, left hemisphere alpha dura-

tion decreased relative to preceding baseline levè'ls and right hemi-

sphere alpha duration either increased or remained constant, the subiect

Ttas c'lassified as left hemisphere active for that task. There were 8

subjects who were thus classified as left hemisphere active on each the

verbal and the spatial tasks. Three subiects were classified as left

hemisphere active'for both tasks.

If, contingent upon task introduction, right hemisphere alpha dura-

tion decreased reìative to preceding baseline levels and there bras

either a concurrent increase or no change in left hemisphere aìpha dura-

tion, the subiect was categorized as right hemisphere active for that

task. There were 4 subiects who were right hemisphere active on each

the verbal and the spatÍal tasks. No subiects were classified as right

hemisphere active for both tasks'

All remaÍning subjects were unclassified'

Definition of hemispheric involvement for the two remaining dis-

crirninant analyses þJere based on ratios of alpha activity present during

verbal or spatial task perfonnance. For both verbal and spatial tasks,

these ratios were calculated by dividing the differences between left

(LH) and right hemisphere (RH) alpha durat,ions by the sum of left and

right hemisphere alpha durations (LH-RH/LH+RH). Results for this rat'io
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could range from +1.0 to -1.0 and highly positive ratios would result

from high levels of LH and low'levels of RH alpha activity while highly

negative ratios would result from the inverse distribution of alpha

activity. Thus, positive ratios would reflect greater RH arousal while

negative ratios would reflect greater LH arousal.

Laterality group membership was determined by dividing the possible

ratio range into thirds. Thus, those subiect with ratios equal to or

greater than +0.333 !,rere defined as RH active, while subiects with

ratios equa'l to or less than -0.333 were defined as LH aCtive' subiects

with ratios between these extrernes were classified as bilateral. Using

these criteria, four subiects were categorized as having bi1 ateral

activity on the verbal task and three subiects were so cat'egorized on

the spatial task. Eleven subiects were LH active on the verbal task

while seven were LH active on the spatial task' Finally' four subiects

were RH active on the verbal task and five were RH active during the

spati al task.

All remaining subiects were unclassÍfied'

Di scrimi nati nq vari abl es . Three categorí es of di scrimi nati ng vari -

ables were entered into the discrirninant analyses: subiect variables,

EEG variables and performance variables' The ítems in the first cat'e-

gofv, subiect variables, were sex and three laterality scores" The

f i rst two I atera'l i ty scores were obtai ned by factor ana'lyzi ng the

responses of the o¡igina] screening group of 775 native Eng'lish speakers

to the 16 items of the modified Edinburgh Laterality Questionnajre and

to the questions on maternal and paternal handedness. Us'ing a principle

factors ana'lysìs and varimax rotation (BMDP; Frane & Jennrich' L979)'
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two factors here obtained. The first factor accounted for 6'057 percent

of the variance and l oaded strongly on al I I atera'l i ty i tems except the

second eyedness, the second earedness and the parental handedness mea-

sures. The second factor accounted for 1.691 percent of the variance

and loaded primarily on the eyedness and earedness items (see Table 9)'

The cunplete factor loadings are provided in Appendix E' The two factor

scores for each of the 40 indivÍdual s participating in the EEG sess'ion

constituted two of t,he lateral iiy scores entered as discriminating vari-

ables. The third laterality measure entered as a potential discríminator

was a behavioural laterality score obtained by summing each subiect's

scores on the five performance laterality measures administered prior to

EEG recordi ng . Thi s measure thus consi sted of the sum of t'he dot- t'ask

ratio, and the Scores on the hand., foot., êYe- and ear.use tasks per:

formed bY the subiect'

Three EEG variabl es !'rere al so entered in both the verbal and the

spatialdiscriminantana]yses.Theseweretheresidua]verbalorspatial

percent of task-dependent alpha activity which occurred in the left

hemisphere only, the residual verbal or spatial percent of concurrent

alpha activÍty occurring during task perfonnance and the residuaì verbal

or spatial alPha amPlitude ratio'

Final]y,fourperformancemeasuresuereenteredasptentialdis.

criminatingvariab]es.Thefirstandsecondr+erethenumberofproblems

answered correctly on the verba'l and spatial tasks' whÍle the third and

fourth rrere the residua'l I atencies-t¡-respond for these tasks '

Thus, to analyze bilateral cerebral involvenent in task perform-

ance'fourdiscriminantanalyseswereperfomed,twoforverbal
and two
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Tab'le 9

Sorted,* Rotated Laterality Factor Loadings

Lateral ity Item Factor 1 Factor 2

Hand (write)

Hand ( spoon)

Hand (draw)

Hand ( tooth brush)

Hand ( sci ssors)

Hand (match)

Hand (throw)

Foot ( kick bal 1 )

Hand (box 'lid)

Eye (key hole)

Eye ( tel escoPe)

Foot (bug)

Hand (broom)

Hand ( kni fe)

Ear ( radio)

Ear (conversation)

Mother's handedness

Father's handedness

0.876

0.871

0.850

0 .823

0 .760

0"750

0 .745

0.615

0.547

0.0

0.260

0 "424

0"433

0 "312

0.327

0.0

0.0

0.0

0"0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.903

0.735

0.0

0.0

0.0

0.303

0.345

0.0

"0.0

Variance exPl ained 6.057

* (loadings less than 0.250 have been replaced by zero)

1.691
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for spatial behavior. In each analysis there uere three groups to be

discriminated, bilateral, left hemisphere active and right hemisphere

active. A total

analysi s.

of 11 variables were entered as discriminators in each

A fi fth stepwi se discriminant anaìysi s using l¡|fil k's lambda as the

incl usion criterion v,ras performed to identÍ fy the EEG and perforlnance

varíabl es rrtrich voul d dí sc riminate between the four sex-by-peripheral

laterality groups selected for study. The four groups to be discrimin-

ated v{ere rig ht- 1 ateral i zed maì es, m'ixed- I ateral í zed mal es, rig ht-

I ateral ized femal es, and mixed-lateral ized femal es' The ten variabl es

used as potential discriminators consisted of the perfofmance measures

of residual verbal and spatial latency-to-respond and number of verbal

and spatiaì problems answered correctly, and the verbal and spatial EEG

measures of residual concurrent a'lpha, residual left hemÍsphere only

al pha, and residual al pha ampì i tude '
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CHAPTER iII
Resul ts

Lateral i zed Change from Baseline: Verbal Performance

Three cerebral activation groups were defined, based on changes in

the pattern of recorded EEG aì pha activity. These groups were 1 )

bi'laterally active, 2) left hemÍsphere actíve and 3) right hemisphere

active. 1¡hen EEG alpha activity levels during verbal task performance

trere compared to levels found in the immediateìy precedíng baseline,11

subjects exhibited bilateral decreases in alpha EEG activity and were

classified as bilaterally active;8 subiects had such decreases on'ly in

left hemisphere EEG alpha activity and were classified as left hemi-

sphere active; and 4 subjects had such decreases only in right

hemisphere EEG alpha activity and were classified as right hemisphere

active. The sex and laterality characteristics of the members of these

groups are presented in Table 10.

The discrirninant analysis produced two canonical discriminant

functions. Table l.L presents the resuìts of the tests of signifiance of

resi dual di scrimi nati on . The cerebraì acti vati on groups !'rere si gni f i -

cantly different, (p<.036) before the derivation of any discrirninant'

functions, and the first function derived was significant' After the

deri vati on of the fi rst di scrimi nant functi on , the remai ni ng group

differences on]y approached signÍficance (P<0.192) and thus, the second

functi on deri ved onl y approached si gni fi cance . The fi rst functi on ,

therefore, contained more significant information about group differ-

ences and the second added only minimally more information. Thìs pattern
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Tabl e 10

EEG Laterality Group Member CharacterÍstics

Verbal AnalYsis

Right-Lateral i zed

Mal e Femal e Ma]e Femal e

Mixed-Lateraì ized Total

11
Bi 1 ateral

Left Hemisphere Active

Right HemisPhere Active

I

4

I343

3 ?z1

2200
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Table 11

Verba'l EEG Latera'litY GrouP

Residuat Discrimination and Test of Signifiance

Functi ons
Deri ved rllilk's Lambda Chi-Squared D. F.

Signi ficance
Level

0

1

0.3899

0.7630

16 .481

4.734

I
3

0.036*

0 ,192

* P<.05
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of discriminability uras further reflected by the eigenvalues and

canonical correlations which characterÍzed the discriminant functions

(see Tab'le 12). Thus, as the territorial map further ilIustrates (see

Figure 4), the group centroids were clearly separated on the first dis-

criminant function and less well separated, but still distinct, on the

second discrirninant function. The coordinates of the group centroids

are provided in Table 13.

Four variables contributed to the determinatíon of the discriminant

scores. These were the two latera'líty factor scores, the number of

spatial problems answered correctly and the residual verbal EEG alpha

amplitude measure. Examination of the standardized discriminant coeffi- 
,

cients(seeTable14)revealedthatthesecondlateralityfactorwhich

reflected eyedness and earedness, and the number of correct spatiaì

answers, contributed heavily to the calculation of the discriminant

scores on function one, while the number of correct spatial answers, the

residual EEG ampl itude measure and the fi rst, overal'l , 1 ateral ity

factor, contributed highly to the calculation of the discriminant scores

on the second function.

However, because the contribution of a variable to the discriminant

function can depend on its correlation with other variables, the total

structure coefficients (see Table 15), that is, the simple bivariate

correlations between each variable and the dÍscriminant function, were

al so examined. These total structure coefficients indicated that

eyedness and earedness and general laterality were most closely related

to functi on one . The fi rst of these vari abl es v'ras posi ti vel y reì ated '

while the second was negatively related' Further, these coefficients
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Tabl e 12

Verbal EEG LateralÍty Group Discriminant' Analysis

Eigenvaìues and Measures of Importance

Di scrimi nant
Functi ons Ei genval ue

Percent of
Vari ance

Canon i c al
Correl ati on

1

?

0.957

0.311

75.49

24,51

0.6992

0.4868
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Fi gure 4 . Terri tori al Map: verbal anal ysi s.

Group centroid locat,ions are plotted on diScriminant functÍons
t an¿ 2, and the boundaries of each lateral ity group are
demarcated. The di stance between centroids indicates the
degree of separation of the laterality groups'
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Tabl e 13

Coordinates of the Verbal EEG Lateraìity Group Centroíds

Function I Function 2Group

Bi I ateral

Left Active

Right Active

0 .052

-0 .796

L.932

0.560

-0.733

-0 .099
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Tabl e 14

Standardized Canonical Discriminant Function Coefficients:

Verbal AnalYsis

Function L Function 2Di scriminator

Laterality Factor L -0 .569

1.001

0.580

-0.L42.

-0.67 1

0.583

Laterality Factor 2

Spatial Correct, 0.865

Residual Verbal EEG Amplitude 0'3þ4
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Tabl e 15

Tota'ì S.tructure Coef f i ci ents :

Verbal Analysis

Vari abì e FunctÍon'1 Function 2

Lateral i ty Factor I -0.491

Laterality Factor 2 0.606

Spatí a'l Correct 0 .116

Residual Verbal EEG Amplitude -0.168

0.546

0.061

0.554

0.4L2
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reveal ed that spatial performance' general lateral ity and residual

ampl itude rcre psitÍvely rel ated to function two ' Thus, the first and

significant function discriminated on the basis of right-eyedness and

-earedness and on the anount of non-ríght general laterality present.

The second function discriminated on the basis of the number of spatia'l

prob'lems correctly answered, the degree of general right laterality and

the residual verbal EEG alpha amplitude. The means and standard devia-

tions for each cerebral activity group on these variables are presented

in Table 16.

In summary, when the total structure coefficents and group cen-

troÍds are considered for verbal perfofmance, the bil ateral subiects

vrere generally right lateralized, right-eyed and -eared individuals' who

solved most spatial prob'lems correctly and had high residual EEG ampli-

tude measures. The left hemisphere active subiects tended to be mixed

lateralized, with mixed levels of eyedness and earedness' These people

had the least spatial problsns correct and had gnall residual EEG alpha

ampl i tude measures. The right hemi sphere actÍve sr¡bi ects vlere general ly

left tateralized with right eyedness and earedness. They performed mid-

mostonthespatialtaskandhadthesnallestmeaSuresofresidua]

ampl itude.

Theefficacyofthediscriminantfunctionswastestedbyclassify-

ìng known group members using the discriminant functions' The resultant

classification matrix is presented in Table L7" 0f the 23 cases for

which group membership was known, 78. 26% were correctly Classi fied' The

cqnputation of tau, a statist'ic wtrich reflects the proportional reduc-

tion in error, indicated that c]assification based on the discriminating

variables made 67.6% fewer errors than would have been expected by
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Tabìe 16

EEG Laterality Group Means and standard Deviations

on Di scriminator Vari abl es:

Verbal Analysi s

Group N

Lateral i tY
Factor L

Lateral i ty
Factor 2

Spati al
Correct

Resi dual
Ampl i tude

Bi I ateral
Activi ty

11

Left Hemisphere
Active

Right Hemisphere
Active

Uncl assi fi ed T7

I

4

-0.097
SD = 1.209

0.600
SD = 0.732

0.041
SD = 1.282

1.302
SD = 0.669

0.50L8
SD = 0.642

i3.546
SD = 1.293

L2.375
SD =1.408

1 3 .625
SD = 1.857

0.480
SD = 1.640

-0.010
SD = 0.654

-0.443
SD = 1.284

-1.454
SD = 0.654

-0.3021
SD = 1.235

i3.
=lSD

333 -0.003
.082 Sd = 0.506

-0.311
SD = 0.452

0vera]l 40 -0.3891
SD = 1.200

0.517
SD = 0.830

13.316
SD = 1.636

-0.0000
SD = 0.987
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Tabl e 17

Classification Matrix

Verbal Analysis

0riginal GrouP
Nof
Cases

Predicted GrouP

Bilateral Left Active Right Active

Bi 1 ateral

Left Active

Right Active

11 9
(81.8%)

1
(12.5%)

1

(25 "0%l

I
(e.1%)

6
(75.0%l

0
(0 .0% )

1
(e.r%)

1
(12.5%)

3

17 5 .07"1

I

4
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randqn assignment. Thus, the discriminant functions successfully dis-

criminate the verbal performance cerebral activity groups'

L ateral i zed Chanqe from Baseline: Spatial Performance

Three cerebral activation groups lrere al so defined on the basi s of

changes in patterns of recorded EEG alpha activity during spatial per-

formance. These groups rære 1) ¡ttateral ity active, 2) left hemisphere

activeand3)rÍghthemisphereactive.WhenEEGalpha]evelsduring

spatÍal task perfofmance lvere cqnpared to I evel s found in the immedi-

ately preceding baseline, 11 subiects exhibíted bi'lateral decreases in

alpha EEG activity and were classified as bÍlaterally active; 8 subiects

had such decreases only i n I eft hemi sphere EEG a] pha activ i ty and !€re

classified as left hemisphere active; and 4 stôiects had srch decreases

only in right hemisphere EEG alpha activity and were classified as right

hemisphere active. The sex and laterality characteristics of the mem-

bers of these groups are presented in Table L8'

The discriminant analysis produced two canonical dÍscrimÍnant func-

tìons and Table 19 presents the results of the tests of significance of

residual discrimination. The cerebral activation groups !{ere signifi-

cantly different (P<.024) before the derivation of any discríminant

functions, and the first function derived was significant' After the

derivation of the first di scriminant function, the renaining group

differences onl'y approached sìgnifiance (P<0.114) and thus, the second

function derived only approached significance as uell. Therefore, the

fi rst functíon contained more sígni ficant info rmation about group

differences and the second added only minimally more information' This

pattern of discriminability was further reflected by the eigenvalues and
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Tabl e 18

EEG Laterality Group Member Characteristics

Spatial AnalYsis

Right-Lateral i zed Mi xed-Latera] i zed Total

Mal e Femal e Mal e Femal e

11Bi I ateral

Left Hemisphere Active

Right Hemisphere Active

I

4

2 I5 3

5I11

00 22
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Tabl e 19

Spatial EEG LateralitY GrouP

Residual Discrimination and Test of Signifiance

Functi ons
Deri ved Hil k' s Lambda Chi-Square D.F.

Signi ficance
Level

0

1

0 .318

0.661

20 .633

7.450

10

4

0.024*

0.114

* P<.05



87

canonical correlations which characterized the discriminant functions

(see Table 20). Thus, as the territorial map illustrates (see Figure

5), the group centroids were clearly separated on the first discriminant,

function and less wel'l separated, but still distinct, on the second dis-

crirninant function. The coordinates of the group centroids are provided

Ín Table 21.

Five variables contributed to the detennination of the discriminant

scores. These were sex, the first laterality factor score, residual

spatial task latency-to-respond, residua'l spatia'l EEG al pha ampl itude,

and residual spatial percent concurrent aìpha activity. Examination of

the standardized discriminant coefficients (see Table 22) revealed that

spatÍal latency-to-respond, sex and the factor score reflecting general

I atera'l i ty contributed most to the cal cul ati on of the dí scrimi nant

scores on function one, while the measures of residual spatial task

alpha amplitude, residual percent concurrent spatial alpha, and sex c0n-

tributed heavily to the ca'laculation of the discriminant scores on the

second function.

However, the total structure coefficients (see Tabìe 23), that is,

the correlat,ions between each variable and the discriminating function,

i ndicated that sex and resídual spatial iatency-to-respond were the

variables most close'ly related to function one. The first of these

variables !,Jas negatively related, while the second was positively

related. Further, these coefficients revealed that the general latera-

'l i ty factor was most strongly and posi ti vel y rel at,ed to fr¡ncti on tlvo .

Thus, the first, signifícant function discriminated primari'ly on the

basis of sex and spatial latency-to-respond, while the second function
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Tabl e 20

Spatfat EEG Latera'lity Group Discriminant Anaìysis

Eigenvalues and Measures of Importance

Di scrimi nant
Functi ons Ei genval ue

Percent of
Vari ance

Canon i cal
Correl ati on

1.

2

1.080

0.513

67.81

32,L9

0.7206

0.5822
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Figure 5. Territorial map: spatial analysis'

Group centroid 'locations are plotted on discriminant
iunðlions 1 and 2, and the boundaries of each later-
ality group are demarcated. The distance between

ðenti"oi¿s indicates the degree of separation of the
'l ateral i tY grouPs.
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Tabl e 21

Coordinates of the Spatial EEG Latera'lity Group Centroids

Group Function 1 Function 2

Bi I ateral

Left Active

Right Active

0.094

-0.927

1 .595

0.809

-0 .937

-0.351
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Tabl e 22

Standardized Canonical Discriminant Function Coefficients:

Spatial Analysis

Di scrimi nator Function 1 Function 2

Sex

Laterality Factor 1.

Residual Spatial LatencY-
to-Respond

Residual Percent Concurrent
Spati a'l Task A1 Pha

Residual Spatial EEG AmPlitude

-0.575

-0 .573

0 .706

-0 "299

-0 "L47

0.622

0.304

-0 .206

0.831

0 .837
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Tabl e 23

Total Structure Coefficients:

Spati a'l AnalYsi s

Vari abl e Function L Function 2

Sex

Lateral i ty Factor 1

Residual Spatial LatencY-
to- respond

Residual Percent Concurrent
Spatial Task AlPha

Residual Spatial EEG AmPlítude

-0 .633

0.189

0 .407

0.106

-0 .351

-0.L2?

0.702

0.488

0 .397

0 "493
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discriminated largely on the degree of general laterality. The means

and standard devi ations for each cerebral activi ty group on al l

discriminating variables are presented in Table 24'

.In summary, for spatial performance, the bilateral subiects tended

to be ma'les who responded moderately quick'ly to the spatíal problems and

who reported general ri.ght laterality preferences. These subiects also

had a higher percentage of concurrent alpha activity and h1d alpha

activity of greater arnplitude than did the remaining subiect groups. The

left hemisphere subiects tended to be females who responded to the

spatial problerns quickly and had mixed general laterality preferences'

Further, these. subiects had little concurrent alpha act,ivity and had

a1 pha of I ow ampl i tude duri ng spati al task performance ' The ri ght

active subiects were males who responded more slowly to the spatial

prob'l ems and who exhi bi ted somewhat mi xed 1 ateral i ty preferences '

AddÍtionalìy, these subiects had very little concurrent alpha during

spatial task performance and had lower alpha amplitudes during spatia'l

task performance than during the preceding baselÍne.

The efficacy of the discriminant functions was tested by classify-

ing known group members using the discriminant functÍons' The resultant

classification matrix is presented in Table 25"'0f the 23 cases for

which group membership was known 73.9L7" were correct'ly classified' The

computation of tau, a statistic which reflects the proportional reduc-

tion in error, indicated that classificat,ion based on the discriminating

variables made 65.5% fewer errors than would have been expected by ran-

dom assignment. Thus, the discriminant functions do discriminate t'he

cerebral activitY grouPs.
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Table 24

EEG Laterality Group Means and Standard Deviat,ions

on Discriminator Variables:

SpatÍ a'l Anal ys i s

Group Sex

Residual Percent Residual
Lateral i ty Spatí al Latency- Concurrent Spati al EEG

Factor L- to-Respond Spatíal Alpha Amplitude

BÍ'lateral
Acti vi ty
(N=11)

1 .364
SD=O .505

0.303
SD=0.834

0.r77
SD=0.919

0.404
SD=l.413

0.759
SD=1.071

Left
Hemi sphere
Acti ve
(N=8)

I "750
SD=0.463

-1 .313
SD=1.427

-0.755
SD=0.378

-0.6L2
SD=1.323

0"181
SD=1.465

Ri ght
Hemi sphere
Acti ve
(N=4)

1.00
SD=0.000

-0 .302
SD=1.258

0 .209
SD=O .670

0.021
SD=O.0

-0 .507
SD=0.0

Uncl assí fi ed
N=17 )

1 .588
SD=0.507

-0.423
SD=1 . LOL

0.192
SD=l .159 SD=0

022
.0

0 -0.461
SD=0 .143

Overal ì
( N=40 )

1 .500
SD=O .476

-0 .389
SD=l .122

-0.000
SD=O .947

0.00
SD=0 .946

-0.000
SD=0 .987
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Tabl e 25

Classification Matrix

Spatiaì Analysis

Original Group
Nof
Cases

Predicted Group

Bilateral Left Active Right Active

Bi 1 ateral

Left Active

Right Active

11 I
(72 

"77")

2
(25.0%)

0
(0.0%)

1
(9.17,)

5
(62.5%)

0
(0.0% )

2
(L8.2%l

1
(t2.5/")

4
(100.0%)

I

4



96

Hemi sphere Ratios: Verbal Performance

Three cerebral activation groups were. defined, based on EtG alpha

activity ratios. These groups were 1) bilaterally actíve, 2) left hemi-

sphere active and 3) right 
.hemisphere 

actÍve. l,lhen EEG alpha rat,ios for

verba'l task performance were computed, 4 subiects exhibited bilatera'l

activation, 11 subjects were c'lassified as left hemisphere active, and 4

subjects were classified as right hemisphere active. The sex and

laterality groups of these subiects are presented in Tabt e 26.

The di scrimi nant analysi s produced two canonical di scrimi nant,

functions. Table 27 presents the results of the tests of signifiance of

residual discrirnination. The cerebral actÍvation groups were signifi-

cantly different (P<.0002) before the derivation of any discriminant

functions, and the first functÍon derived was significant. After the

derivation of the first discriminant function, the remaining group

dÍfferences only approached significance (P<0.093) and thus, the second

function derived only approached significance. The first function,

therefore, contained more significant information about grgup

differences and the second added onìy minimally more information. This

pattern of discriminability was further reflected by the eigenvalues and

canonical correlations which characterized the discriminant functions

(see Table 28). Further, the group centroids were clearly separated on

t,he fi rst dí scrímí nant functi on and 1 ess wel I separated, but sti 1 l

distinct, on the second discriminant function. The coordinates of the

.group 
centroids are provided in Table 29'

Seven variables contributed to the determination of the discrimin-

ant scores. These were the two laterality factor scores, the performance
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Tabì e 26

EEG Laterality Group Member Characteristics

Verbal Task AnaìYsis

Right-Lateral i zed

Mal e Femal e Mal e Femal e

Mi xed-Lateral i zed Total

11

4Bi I ateral

Left Hemisphere Active

Right Hemîsphere Active 4

10 12

3I4 3

I1 11
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Tabl e 27

Verba.l Rati o Lateral i tY GrouP

Residual Discrimination and Test of SignifÍance

Functi ons
Deri ved l,li I k' s Lambda Chi -Squared D.F

Si gni fi cance
Level

0

1

0 .4583

0.4339

40.077

10.854

14

6

0.0002*

0.0930

* P<.01
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Tabìe 28

Verba'l Ratio Laterality Group Discriminant Ana'lysis

EÍgenvalues and Measures of Importance

Di scrimi nant
Functi ons EÍ genval ue

Percent of
Vari ance

Canon i cal
Correl ation

1

2

8.468

1.305

86.65

13.35

0 .9457

o "7524
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Tabl e 29

Coordinates of the Verba'l Ratio LateralÍty Group Centroids

Group Function 1 Function 2

Bi I ateral

Left Active

Right Active

L.L23

-2.061

4.548

2.083

-0.546

-0 .580
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latera'lity score, the residual spatial and verbal latency-to-respond

scores, the residua'l left hemisphere verbal-task alpha and the residual

verbal EEG alpha amplitude measure. Examinat'ion of the standardized

discrimÍnant, coefficients (see Table 30) revealed that the performance

1 ateral i ty factor and the resi dual verbal I atency-to-respond score '

contributed heavily to the calculation of the discriminant scores 0n

function one, while the residual spatiaì latency-to-respond and the two

laterality factor scores contributed h'ighly to the calculation of the

discriminant scores on the second function'

However, because the contribution of a variable to the discriminant'

function can depend on its-correlation with other variables, the total

structure coefficients (see Table 31), that is' the simple bivariat'e

correlations between each variable and the discriminant function, were

ar so exami ned. These tota'r structure coeffi cí ents i ndi cated that

residual left hemisphere alpha was positively and most closely related

to function one. Further, laterality factor 2, residual spatía1

latency-to-respond and residual verbal amp'litude were positively related

to function two. Thus, the first and significant function discriminated

on the basi s of al pha di stributi on, whil e the second functi on

discriminated on the basis of eyedness and earedness, spatial response

time and alpha amplitude. The means and standard deviations for each

cerebral activity group on these variables are presented in Table 32'

In summary, during verbal performance, the bílateraj subiects were

generally mixed lateralized, but right-eyed and -eared individua'ls' who

answered both spatial and verbal problems slowly and had medium]evels
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Tabì e 30

Standardized Canonical Discriminant Function Coefficients:

Verbal Task AnalYsis

Di scrini nator Function L Funct,ion 2

LateralÍty Factor 1

Laterality Factor 2

Performance Lateral i tY

Residual Spatial
L atency-to- ResPond

Residual Verbal
L atencY-to-ResPond

Residual Left HemisPhere,
Verbal Alpha

Residual Verbal EEG AmPtitude

-0.065

1.889

-2.659

-1.791

2.195

1.586

0 .115

-1.181

1.118

-0.136

1.225

-0.656

-0.038

0.677
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Tabl e 31

Total Structure Coefficients:

Verbal Task AnalYsis

Vari abl e Function 1 Function 2

LateralÍty Factor 1

Laterality Factor 2

Performance Lateral i tY

Residual Spatial
LatencY-to-ResPond

Residual Verbal
L atencY-to-ResPond

Residual Left HemisPhere'
Verbal AlPha

Residual Verbal EEG AmPlitude

-0.034

-0.008

-0.018

0.053

0.140

0.473

0 "016

-0.247

0.298

0. 194

0.282

Q.202

-0 "023

0.277
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Tabl e 32

Verbal Task Laterality Group Means and Standard Deviations

for Discriminator Variables:

Group

Vari abl e Bi I ateral

Left
Hemi sphere

Acti ve

Ri ght
Hemi sphere

Acti ve Overal l

N

Lateral i ty
Factor 1

Lateral i ty
Factor 2

Performance
Lateral i ty

Residual Spatíaì
Latency- to-ResPond

ResÍdual Verbal
Latency-to-ResPond

Residual Left Hemi-
sphere Verbal A1 Pha

Resi dua'l Verbal
EEG Ampl itude

4

0 .687
SD = 1.633

0 .985
SD = 0.075

I "063
= 0.157

0.422
= t.122

0 .316
SD = 0.986

0 "729
SD = 0.989

1.081
SD = 2"074

11

0.074
SD = 0.973

0"396
SD = 0.916

7 .698
SD = 1.054

-0 .356
SD = 0.736

-0.478
SD = 0.518

-0.468
SD = 0.714

0.101
SD = 1.345

4

0.011
SD = 0.848

0.165
SD = 1.207

7 .457
SD = 1.055

-0.211
SD = 1.274

0.178
SD = 1.377

1.918
SD = 0.654

-0.014
SD = 0.532

40

-0.389
SD = I .214

0 .517
SD = 0.864

-7.383
SD = 1.132

-0.000
SD = 0.987

-0.000
SD = 0.987

-0.000
SD = 0.974

-0.000
SD = 0"987

SD

SD
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of LH alpha activity of moderate frequency and amplitude. The left

hemfsphere active subjects tended to be right lateralized. These people

responded most quickly to both the verbal and the spatiaì problem and

had little alpha activity in only the LH. Their alpha activity was more

equalìy distributed between hemispheres. The right hemisphere active

subjects were generally mixed lateralízed with left eyedness and eared-

ness. They responded moderately quickty on the verbal and spatia'l tasks

and had more aìpha ín only the left hemisphere but had right hemisphere

atpha of high ampìitude and frequency.

The efficacy of the discriminant functions was tested by classify-

ing known group members using the dÍscriminant functions. The resultant

classification matrix ís presented in Table 33. 0f the 2t cases for

which group membershíp was known, 100% were correct'ly classified. The

computation of tau, a statistic which reflects the proportional reduc-

tion in error, indicated that classificat,Íon based on the discriminating

varÍables made 100% fewer errors than would have been expected by random

assignment. Thus, the discriminant functions do discríminate the verbal

task cerebral activitY grouPs.

Hemi sp here Ratios: Spatial Performance

Three cerebral activation groups were also defined on the basis of

EEG alpha ratio during spatia'l performance. These groups were l)

bilaterality active, 2) left hemisphere active and 3) right hemisphere

active. l,lhen EEG alpha ratios for spatiaì task performance were

computed, 3 subjects exhibíted bilateral activation, while 7 subiects

were left hemisphere active, and 5 subiects were right hemisphere
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Tabl e 33

Cl assi f i cati on [vlatri x

Verbal Task Analysi s

Origínal Group
Nof
Cases

Predicted Group

Bilateral Left Active Right Active

Bì I ateral

Left Active

Ríght Active

4

4

11

4
(1007")

0
(0%)

0
(0%)

0
(07,)

11
(100%)

0
(0%)

0
(0"Ál

4
( 100 .0% )

0
(0.0%)
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active. The sex and laterality group membership of these subiects are

presented in Table 34.

The discriminant analysis produced two canonical discriminant func-

tions and Table 35 presents the results of t,he tests of significance of

residual di scrímination. The cerebral activation groups !1ere signifi-

cantly different (p<.009) before the derivation of any discriminant

functions, and the first function derived was highly significant. After

the derivatíon of the first discriminant function, the renaining group

differences barely approached significance 0<0.227') and thus, the

second functíon derived rras not significant. Therefore, the first func-

tion contained more significant information about group differences and

the second added only minimal ly more information. Thi s pattern of

discriminability was further reflected by the eigenvalues and canonical

correl ations vrtrich characterized the di sc riminant functions ( see Tabl e

36). Thus, the group centroids lrere clearly separated on both the first

and second discríminant functions. The coordinates of the group cent-

roÍds are Provided in Tabl e 37.

Six variables contributed to the determination of the discriminant

scores. These g,ere sex, the first and second latera'l ity factor scores'

the performance laterality measure, the residual verbal task latency-to-

respond, and the residual left hemisphere alpha measure. Examination of

the standardized discriminant coefficients (see Table 38) revealed that

performance laterality and the laterality factor score reflecting eyed-

ness and earedness contributed most to the calculation of the discrimi-

nant scores on function one, whil e the measures

I atency-to-respond and sex contributed strongly to

of residual verbal

the cal cul ation of
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Table 34

EEG Laterality Group Member Characteristics

Spatial Task AnalYsis

Rig ht-Lateral i zed Mi xed-Latera] i zed Total

Mal e Femal e Ma]e Femal e

Bi I ateral

Left Hemisphere Active

Right Hemisphere Active

7

5

0 12

2I 22

I 220
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Table 35

Spatiaì Ratio Lateral ity Group

Residual Discrimination and Test of Sígnifiance

Functi ons
Deri ved l,Jilk's Lambda Chi-Square D"F.

Si gni fi cance
Level

0

I

0.061

0.483

26 .510

6.920

L2

5

0.009*

0.??7

* P< "01
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Tabl e 36

Spati al Rati o Lateral i ty Group Di scrimi nant Analysi s

Eigenvalues and Measures of Importance

Di scrimi nant
Functi ons Ei genval ue

Percent of
Varí ance

Canon i caì
Correl at,i on

1

2

8.862

L.072

86 .49

13 .51

0 .934

0.719
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Tabl e 37

Coordinates of the Spatial Ratio Laterality Group Centroids

Group Functi on l" Function 2

Bi I ateral

Left Active

Right Active

-0 "473

-1.567

2 "477

2"730

0.373

-2.160



LL?

Tabl e 38

Standardized Canonical Discriminant Function Coefficients:

Spatial Task Analysis

Di scrimí nator Function I Function 2

Sex 1 .731

0.77t

2.L76

-3.724

0 .532

0.899

-0.760

-0.438

-0.398

0 "662

0 "882

0.413

Laterality Factor 1

Laterality Factor 2

Performance Lateral itY

Resi dua'l Verba'l
L atency-to-Respond

Residual Spatíal Left
Hemi sphere Al pha
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the discrimÍnant scores on the second function.

However, the total structure coefficients (see Table 39), that is,

the correlations between each variable and the discriminating functíon,

indicated that residual spatial left hemisphere alpha and sex were the

varíables most closely and positively re:lated to function one. Further,

these coefficients revealed that verbal latency-to-respond was most

strongly and positively related to function two. Thus, the first,

signíficant function di scriminated primarily on the basi s of al pha

'l ateral i ty and sex , whi I e the second functi on di scrimi nated l arge'ly on

verbal reactíon time. The means and standard deviations for each

cerebral activity group on a'll discriminating variables are presented in

Tabìe 40.

In summary, for spätÍal performance, the bilateral subiects were

ri ght peri pheral ly I ateral i zed mal es who responded s'l owl y to vernbal

problems and who had moderate amount of left hemisphere aìpha. The left

hemisphere active subiects were both males and females who were mixed

lateralized and who responded to verbal problems quickly and had little

teft hemisphere alpha activity. The right actíve subiects were pri-

marily females who were mixed lateralízed, responded at a medÍum rate to

verbal problems and had high 1evels of left hemisphere alpha.

The efficacy of the discriminant functions was tested by classÍfy-

ing known group members using the discriminant functions. The resultant

classifícation matrix is presented in Table 41. 0f the 15 cases for

which group membershi p uras known IOO'/, were correctly cl assi f i ed. The

computation of -!gg, a statistic which reflects the proportiona'l reduc-

tion ín error, indicated that classification based on the discriminating



114

Tabl e 39

Tota'l Structure Coeff i ci ents :

Spatial Task Analysis

Vari abl e FunctÌon 1 Function 2

Sex 0.238

-0.020

-0.045

-0.092

0 "080

0"351

-0.298

-0 .055

0.261

0"204

Q "724

0"310

Laterality Factor 1

Laterality Factor 2

Performance Lateral i tY

Residual Verbal
L atency-to-Respond

Resi dual Spat,i aì Lef t
Hemi sphere A1 pha
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Table 40

Spatial Task Laterality Group Means and Standard Deviations

for Discriminator Variables

tir0up

Vari abl e Bi 1 ateraì

Left
Hemi sphere

Acti ve

Ri ght
Hemi sphere

Acti ve Overal l

N

Sex

Lateral i ty
Factor 1

Lateral i ty
Factor 2

Performance
Lateral i ty

Residual Verbal
Latency- to-Res Pond

Resídual Spatiaì
Latency- to-ResPond

3

1.00
SD = 0,0

-0.L62
SD = 1.543

0.968
SD = 0.053

8"LzL
SD = 0.174

0 .705
SD = 0.798

0.221
SD = 0.314

7

1 .43
SD = 0.535

-0 " 365
SD = 1".348

0 "243
SD = 1.032

7.374
SD = 1"299

-0 .708
SD = 0.149

-0.169
SD = 1.025

5

1.80
SD = 0.447 SD

-0 "415
SD = 1.181

7 .081
SD = 1.567 SD

0.204
SD = 1 "308

1 .486
SD = 0.735

40

-0 .389
SD = 1.214

383
L.t3?

-0.000
SD = 0.987

-0.000
SD = 0.987

1"5
=Q 650

0.297 0.517
SD = 1.343 SD = 0.864

-7.



116

Tabl e 41

Classification MatrÍx

Spatial Task Analysis

0rigÍnal Group
Nof
Cases

Predicted Group

BiIateral Left Active Right Active

Bí I ateral

Left Active

Ríght Active

3

7

3
(1"007,)

0
(0%)

0
(0% )

0
(0%)

7
( 100% )

0
(o?,1

0
(0%)

5
( 100.0% )

5 0
(0 .0% )
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variables made 100% fewer errors than rculd have been expected by randam

assignment. Thus, the discriminant functions do discriminate the cere-

bral activity grouPs.

Sex and LateralitY G roups

A third discrimÍnant analysi s was conducted to determine which of

the potential discriminating variables could differentíate between the

four sex-by-ìateralÍty groups chosen for study' Therefore, the four

groups examined here 1) right-lateral ized, mal e; 2\ right-'lateral ized,

femal e; 3) mixed-lateral ized, mal e; and 4 ) mixed-lateral ized, femal e'

Ten variabl es urere used as potential di scrÍminators. These here both

t,he verbal and spatial task measures of number correct, latency-to-

respond, residual left hemisphe-fe alpha, residual concurrent alpha' and

residual anpl itude.

Three discriminant functions u¡ere obtained in this analysis. Six

variables had been entered, as discrimÍnators. These varÍables vrere the

residual percent of concurrent spatial al pha EEG, t'he residual verbal

EEG ampl i tude, the number of verbal probl ems answered correct'l y, the

residual percent of left hemisphere verbal alpha tEG, the resídual

verbal latency-to respond, and the residual spatial lantecy-to-respond'

However, none of the tests of residual discrimination uas significant

(see Tabìe 41). The differences between the groups uere not significant

prior to the derivation of the first discriminant function (P<0.156) and

the group di fferences became I ess pronounced as the functions l€re

derived (P<0.421 and P<0.735, respectìvely) . Therefore, t'hi s analysi s

was not pursued further.
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Table 42

Residua'l Discrimination and Test of Significance:

Sex-by-Lateral i tY GrouPs

Functi ons
Derí ved lr{i I k' s Lambda Chi-Squared D.F

Sígni ficance
Leve'l

0

1

2

0 .473

0.727

0 .939

23.978

L0.224

2 .005

L8

10

4

0.156

0.42L

0.735
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In interpreting the resul ts and eval uating the Ímprtance of vari-

abl es to group di scriminatíon, two factors were of prÍmary importance'

The first was the õnount of variance accounted for by each discriminant

function, while the second was the relative size of the total struc.ture

coefficíents. Thus, variables with large total structure coefficient's

on discriminant functions accounting for the greatest amount of variance

were interpreted as most important'

Before interpreting the resul ts however, two pints shoul d be

noted. First, a one-way analysis of variance revealed that the order in

which the tasks lvere presented was not significantly related to any of

the variables examined. Second, the verbal and spatial tasks employed

were moderately difficult for at1 subiect groups' The mean number of

problsns correct on the verbal task was L1'63 (72'77', SD = 2'60) and the

mean verbal task latency-to-respond rnas 9.44 seconds (SD = 3'60)' When

these scores r,rere examined using a sex - by - lateral ity analysi s of

variance, neither measure dÍffered significantly' The spatial task

results lvere similar. The mean number of problems correct on the spa-

tial task was 1.3.32 (83.3%, SD = L.66) and the mean spatial latencyto-

respond was 7.31 seconds (sD = 3.49). Again, neither of these measures

dí ffered signÍ ficant'ly when anal yzed usi ng anal ysi s of variance' For

the control' tasks L and 2, the mean number of probl ems correct 'áere

15.95 $g.7%, SD = 0.25) and 15.95 (99.7%, SD = 0' 23) respectively'

whil e the respective mean 'l atencies- to- resp nd !€re 1. 94 seconds (sD =

0.09) and 1.82 seconds (SD = 0.09)' Again, analysis of variance reveal-

ed no significant differences'
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CHAPTER IV

Di scussi on

The conceptualizations of bilaterality proposed by Buffery and Gray

(L972), Annett (i964; L967; L972;1978) and Levy (1969; t974) were only

minima'l 1y supported by the resul ts of the analyses which assessed

lateralíty on the basis of changes from baseline, but received somewhat

greater support from the analyses which assessed laterality during task

performance.

Verba 1 Bilateralitv

Task-Basel i ne Analysi s. The resul ts for verbal 1 ateral i ty ' when

lateralíty was determined by changes from baseline EEG activity' were

the most disparate from the predictions advanced by Buffery and Gray'

Annett and Levy. The hypotheses concerning patterns of cerebral activa-

tion advanced by the considerations of bilaterality reviewed, posited

that individuals exhibiting bilateral cerebral actÍvation during verbal

task performance could be distinguished from those exhibiting lateral

acti vati on , i n terms of verbal and spati a'l performance, handedness and

sex. Indíviduals with bilateral cerebra'l activation lvould be poor verbal

performers accordi ng to Annett, or good verbal and poor spatial

performers according to Levy. Further, Annett posited that these

Índividuals wcju'ld be mixed-handed while Levy hypothesized that they

wou'ld be left-handed. Further, according to Levy, the bilaterally active

individua'ls would be female. Buffery and Gray additiönalìy postulated

that indíviduals who were left hemisphere active during verbal perform-
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ance would exhibit good verba'l performance and be females. None of

these hypotheses was confirmed when the patterns of cerebral activation

obtained concomitant with verbal performance were examined.

The variable inost powerful in discriminating between verbal pro-

c.ssing cerebral activation groups was the laterality factor score which

strongly represented eyedness and earedness. The second most potent

discriminator was the general peripheral laterality factor score' repre-

senting handedness, footedness, eyedness and earedness. The remaining

discriminators were spatial performance and residual verbal performance

tEG a'lpha ampl itude. 0f these variables, onìy spatial performance

(Levy) and handedness (Levy, Annett) had been posited as related to

patterns of cerebral EEG activity during verba'l activity. However' none

of the hypothesized patterns was observed.

Individuals who exhibited bilateral cerebral activation contingent

upon verbal processing were generally right-eyed and -eared and, as

well, were right-handed and -footed. Further, these subiects answered

most spatial problems correctly and had high residual verbal task a'lpha

EEG amplitude measures. Thus, these bilatera'lly active subiects were

not the mixed-handed, poor verbal performers anticipated by Annett' nor

the left-handed fema'les with good verbal and poor spatial performance

predicted by Levy, but rather were right lateralized males and females

with good spatial performance and a particular pattern of task specific

a'l pha EEG amPl i tude.

The lateral ized subjects who exhibited only left hemisphere

activity during verbal performance were periphera'l1y mixed lateralized

and poor spatial performers with medial measures of residual verbal task
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alpha EEG amplitude. These subiects thus, were not the females with

good verbal performance anticipated by Buffery and Gray. The rernaining

t ateral Ízed subjects, who had on'ly right hemi sphere activity during

verbal perfonnance, wei"e generally right-eyed and -eared, left-handed

and -footed, with medium numbers of spatial problems answered correctly

and low residual verbaì task a'lpha EEG amplitude measures. No hypo-

theses. had been advanced concerning the characteristics of this group-

The results of the analyses in thís study, then, present a quite

different set of characteristics as discriminators of the cerebral acti-

vation patterns found during verbal processing. It was not handedness,

sex nor verbal performance but eyedness and earedness, peripheral

lateralíty, spatial performance and alpha EEG amplitude characteristics

t,hat dÍfferentiated the cerebral actÍvation groups. Foremost, these

resul ts support the importance of eyedness and earedness to verbal

processing cerebra'l activation patterns. The factor score representing

eyedness and earedness was the most powerful group discriminator. The

importance of these aspects of peripheral laterality had been emphasized

by porac and Coren (1979) and thi s study extends thi s emphasi s to

studies which assess cerebral activation patterns. Previous studies of

cerebral activ'ity have genera'l1y assessed handedness without measuring

other aspects of periphera'l laterality (e.9. Galin et al, L982; Herron,

19g0). However, the study demonstrates that all aspects of peripheral

laterality are important to patterns of verbal task cerebral activation.

Further, the elements of peripheral laterality least often assessed were

found to be most imPortant.

Second , the resu'l ts of the verba'l anal ysi s support the concept of
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an Ìnterdependence between verbal and spatiaì processing, an idea

suggested by Levy's conceptuaìization of ìatera'lity. However, Levy's

prediction that bilateral cerebral activation during verbal perforntance

would be associated with poor spatial performance was not upheìd. 0n

the contrary, it was found that individuals bilateral during verbal per-

formance answered the greatest proportion of spatia'l problems correctly.

Further, subjects who were left hemisphere active answered the fewest

spatial prob'lems correctly, while those who were right hemisphere active

perfonned between these two more extreme groups. These findings suggest

that the involvernent of both hemispheres in verbal processing facili-

tates the processing necessary for successful spatia'l task completion

while the involvenent of only the'left hemisphere in verba'l processing

is detrirnental to spatial performance. Acceptance of this hypothesís

would necessitate adopt,ing four assumptions about the relation between

cognitive processing and the neural basis of that processing which are

frequently ímp'lied in the laterality literature. First, it would have

to be assumed that the amount of neural substrate available for verbal

and spatial processing is limited. Second, ít would have to be assumed

that the distribution of one mode of processing restricted the distribu-

tion of the other. Third, it must be assumed that the cerebra'l hemi-

spheres are "hard-wired" with respect to verbal and spatial processing.

That is, when some portion of the cerebral hemispheres is devoted t¡

verbal processing, it is, as a result of this dedicat,ion, unavailable

for complete dedication to alternate modes of processing' Conversely,

cerebral area would be devoted to spatial processing and subsequently

unavailable for total dedícation to alternate cognitive modes. Finally,
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i t must be assumed that, particul ar patterns of neural substrate

dedÍcation are associated with enhanced and diminished task performance'

gnce these assumptions had been made, the relation between verbal cere-

bral activation patterns and spatial performance could be explained by

stating that the presence of neura'l substrate dedicated to verbal pro-

cessing in both cerebral hemispheres resulted iñ, or resulted from, the

pattern of spatial 
-neunal 

substrate dedication associated with enhanced

spatial performance. However, the characteristics of this spatial sub-

strate distribution can not be identifÍed from the subjects studied

here. Although the eleven subjects who were bilaterally active during

verbal processing did not exhibit consistent patterns of hemispheric

activation during spatial processing, the maiority were also bilaterally

active during spatial perfonnance. six subiects v,,ere bil ateral ly

active, one subiect was left hemÍ sphere active and two subiects !',€re

right hemisphere active during spatial performance. The remaining tulo

subjects were unclassified. Further, and more importantìy' no pattern

of cerebral activation during spatial activity was associated with more

or fewer correctly answered spatial problerns. Thus, although spatial

performance and verbal lateral activation were found to be associated,

the näfure of this assocíation does not appear to be the one frequently

implied. However, it may be that evaluation of cerebral activation at

other hemispheric locations would indicate such an association. 0n the

other hand, it could also be that it is only the distribution of verbal

neural substrate which is ímportant to spatia'l performance, while the

dÍstribution of the neural basis of spatial processíng has no effect on

the efficacY of the Processing.
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gne additíonal measure was Ímportant in the discrimination of the

three verbal task cerebral activation groups. This þ,as the residual

verbal task alpha EEG amplitude ratio. In its residual form, the contri-

bution of the verbal frequency ratio to this measure had been removed.

Thus, thi s measure ref'l ects only task-speci fic al pha ampl ítude,

independent, of alpha frequency. Higher residuaì ratios would be indíca-

tive of greater left hemisphere alpha ampìitude while lower ratios would

reflect greater right hemisphere alpha amplitude. If alpha frequency

were low when anplitude was high, the ratio wou'ld become more extreme.

The residual alpha anplitude measure contributed only minimally to the

discrimination of the cerebral activity groups. However, the highest

levels of residual amplítude were characteristíc of individuals with

bilaterat activation, while the lowest levels were characteristíc of

those subjects who were right hemisphere actÍve. Moderate residual

amplitude measures were characteristic of the left hemisphere active

subjects. Thus, although individuals in the bilateral groups had

increased cerebral activation ín both hemispheres contingent upon task

performance, the abilíty of the residual amplitude measure to contrÍbute

to the discrímination between the groups suggests that bilaterals did

not have equi val ent hemi spheric arousa'l duri ng verbal task a'l pha.

Rather, these subjects had somewhat greater right than left hemisphere

activation during periods of low arousal, an asymmetric pattern similar

to that, found by earlier inÚestigators (Rancy et â1,1943) and later

reported by Remond et al (1969). Such differences offer some support to

the concept of differential neural substrate dedication but again there

is no c'lear link between activation and performance.
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In summary, the results of the verbal task-minus-baseline activa-

tion discriminant ana'lysis do not support the concept,s of laterality

offered in the hypot,heses considered. Further, while not providing

evidence of a straíghtforward link between the distribution of brain

area dedicated to verbal processing and ttre efficacy of cognitive

processing, these results do reiterate the'link between the tasks under

investigation and re-emphasize the importance of peripheral laterality

to cerebral laterality. Similar concepts emerge from the spatÍa'l task-

minus-baseline'laterality analysis. However, as noted earlier, the dis-

crirninant analysís in which laterality was defined based on EEG activa-

tion during verbal performance provided greater support for conceptuali-

zati ons of bi I atera'l i ty bei ng consi dered.

Task Anal ysi s. The resuì ts for verbal 1 ateral i ty as assessed

during task performance provided support for the Annett's contention

that bi 1 ateral 1 anguage representati on wouT d be associ ated wi th

diminished verbal performance (long response latencies) and would exist

in mixed handers. As well, these results supported Levy's proposition

that I anguage bi I atera'l i ty woul d be assocÍ ated wi th dimi ni shed spati a'l

performance. However, verbaì bi I ateral i ty v',as not accompani ed by

enhanced verbal performance, as Levy predicted' nor did right eye domin-

ance have a clear moderating influence since both left hemisphere active

and bilaterally active subiects were rÍght eyed. Further, no suppgrt

was found for Levy's hypothesis that verbal bilaterality wou'ld be found

in females or left-handers. Rather, verba'l bilateralÍty was found in

mixed-handed and -footed individuals wíth right eye and ear dominance'

Additionally, when the lateralized groups were considered, Buffery
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and Gray,s hypothesis that ìateralized language would be associated with

enhanced verbal performance was supported. Both the subiects with

greater left hemisphere activation during verbal processÍng and, to a

I esser extent, those with right hemÍsphere activation responded to

verbal problems more quickly than did the bilateral subiects.

ïn general, the results of thÍs analysis are in accord with the

majority of language laterality studies. That is, left hemisphere acti-

vation during verbal processing was found in strongìy right peripherally

lateralÍzed subiects, regardless of sex, and was associated with short

response latencies on verbal problems. As welì, this subiect group had

short response latencies on spatial problems and a relatively equa'l

distribution of alpha frequency and amplitude. subiects who were right

hemisphere active during verbal performance were mixed handed and

footed, with generally left eye and ear dominance. This hemisphere and

peripheral Iaterality pattern !,,4s associated with moderate verbal and

spatial response 'latencies and more left hemisphere alpha activity but

higher amplitude in right hemisphere alpha'

Thus, when the EEG alpha activity present during verbal performance

was considered in isolation from other periods of alpha activity' the

subjects, peripheral laterality characteristics contributed heavily to

the di sti ngui shi ng of l atera'l i ty groups. Further, these di sti nct

cerebral and peripheral laterality groups had characterist'ic patterns of

verbal and spatial performance. Any 1ateralized cerebral activation !"as

associated with better verbal and spatial performance' The briefest

response latencies for both verbal and spatial problems were found in

the right peripheral 1y lateral ized, left hemisphere actíve subiects'
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bil ateral ly activeThe longest latencies were found for the cerebral

group, while the right hemisphere active subiects had response latencies

which fell between these extremes. Thus, either left or right hemi-

sphere i nvol vement i n verbal processi ng was associ ated wì th more

efficient verbal and spati al respondi ng. Bi I ateral verbal activation

was accompanied by ìong response latencies on both prob'lem types'

Latera'lity was associated with more effícient processing, while bilater-

ality was accompanied by less efficient processing'

s atial Bilaterali

Task -Basel i ne Ana'l ysi s. The resuì ts for spatí al 1 ateraì i ty, when

laterality was defined in terms of changes from baseline EEG activity'

were also at variance with predictions of Buffery and Gray, Annett and

Levy, but not to the degree of those found in the verbal task-baseline

analysis. The conceptualÍzations of bilatera'lity advanced by Buffery

and Gray, and by Levy each postulated that bilateral activation during

spat,ial performance would be found in males and would be associated with

good spatiat performance. Levy further suggested that bil ateral

cerebral involvement in spatial performance would be linked to poor

verbal performance. No hypotheses lfere advanced by these authors con-

cerning lateralized cerebral activation durÍng spatial performance' Nor

did Annett address the issue of spatial laterality.

The variable most effective in discriminating these spat'ial pro-

cessìng cerebral activation groups was sex. Individuals with bi'lateral

activation rrere generally male rc4%), while all of the subiects with

right hemisphere activation were male (100%) and subiects with left
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hemisphere activation vrere generally fema'l e (75%1 . This result provides

some support for the hypotheses advanced by Buffery and Gray, and by

Levy. Addi tional 1y, thi s finding supports the classic conceptual ization

of right hemisphere dominance for spatial processing in males advanced

by Jackson (1958) and documented by Luria (1980), and indicates the

importance of sex to patterns of spatiaì functioning. However, the

second most potent dÍscriminator, latency-to-respond, does not support

the hypotheses advanced in the conceptualizations of bilateraìity being

consi dered.

The latency measure was a residual measure, independent of the

response 'latencies found for the control tasks. This resÍdual latency

measure thus ref'lected the amount of tíme necessary to solve the spatial

problem, independent of the time necessary to identify the letter of the

selected response a'lternative and to press that response button. The

shortest Iatency-to-respond, and therefore the best performance, tJas

found for the left hemisphere active group while the longest latencies

were characteristic of the right hemisphere actíve group. The bilateral

subjects' response latencies generally fell between these two extremes,

but were c'loser to those of the right hemisphere active than to those of

the left hemisphere active group. These latency-to-respond dífferences

can not be accounted for simp'ly in terms of subi ect response hand and

resultant hemisphere activation. According to the findings of an inves-

tigation of Kinsbourne's (1970) activatÍon hypothesis completed by Cohen

(1975), the shortest response latencies should be found in individuals

for whom the hemísphere controlling the response hand had been activated

by the cognitive task being performed. The reverse has occurred here.
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The shortest response latencies were found for the left hemisphere

active group, the group with the lowest representatÍon of right-handed

responders (38% compared lo 75% in the right hemísphere active group and

9t% in the bilateral group). However, the longest response latencies

were found for the right-hemisphere active group' a group in which 75%

of the respondents were right-handed and thus control of the response

hand was in the hemisphere contralateral to the one activated by the

task. But this small support of Cohen's expectations is greatly

weakened by the long response latencies in the group in whích both hemi-

spheres were active during task perfonnance. Thus, the activation hypo-

thesis cannot account for the ability of the latency-to;rêspond meagure

to discriminate between the cerebral activation groups.

Three additÍonal variables, about which no hypotheses had been

advanced, al so contributed to the discrimination of the activat,ion

groups. These were the latera'lity factor score which reflected all

aspects of peripheral laterality, the resídual percent of spatÍal task

concurrent alpha, and the residual spatial task EEG amplitude ratio.

The laterality factor scores of the three actívity groups indicated that

the bilateral]y active subjects were general'ly right lateralized, while

the left and right hemisphere active groups were generally mixed latera-

lized. This finding once again emphasizes the importance of peripheral

laterality to patterns of cerebral activation, and further accentuates

the weakness of studies in which it is overlooked

Ì,lhen the amount of residual concurrent a1 pha was exami ned,

bilateral subjects were found to have the highest ìevels, while the left

hernisphere active group had the least concurrent alpha, with the right
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hernisphere active group !{as between these extremes. This spatial task

measure of concurrent alpha was independent of the amounts of concurrent

al pha present duri ng the fi rst basel i ne phase and duri ng the two control

task phases. Thus it reflects the degree to which the hemispheres are

simultaneously uninvolved during spatial task performance' Individuals

who were classified as having bilateral hemispheric involvement ín task

performance also had more bilateral hemispheric non-inolvement during

task performance, reinforcing the idea that in these subiects the hemi-

spheres are operating coniointly. This measure also indicated that

those subiects who exhibited only left hemisphere activity contingent

upon spatÍal task Ínvolvement were least likely to exhÍbit bilateral

hemispheric inactívity during this task. This finding suggests that

hernispheric activation l¡ì,as more constant in this subiect group than in

the other tvlo groups. Perhaps this more continuous left hemisphere

activation facilitated motor responding for both the left- and right-

handed subi ects , resul ti ng i n the short 1 atency-to- respond scores

characteristic of this cerebral activation group. However the converse

of this pattern was not found. The bilaterally active group had the

most concurrent inactivation, but did not have the longest latency-to-

respond scores.

The final variable to discrÍminate between the laterality 9r0ups

was the resÍdual spatial task EEG amplÍtude ratio' As in t'he verbaì

analysis, this residual measure was Índependent of spatial task alpha

frequency. Higher resídual amplitude rat'ios would indicate greater left

hemisphere alpha amplitude, while lower ratios would be characteristic

of greater right hemísphere amplitude. The highest residual ratios were
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!,rere found for the bilaterally active group while the 'lowest were found

for the right hemisphere active group. Those of the left hemisphere

active group were midway between these groups. Thus, during inactiva-

tion, relat,ively higher levels of hemispheric activation were present

for bi'laterals in the left hemisphere and for ríght actÍve subiects in

the right hemisphere during spatial performance.

In summary, the spatia'l performance bilateral group did not consist

of the predicted males with good spatÍaì (Buffery & Gray; Levy) and poor

verbal performance (Levy), but of males with medium'levels spatial per-

formance, who were generally right lateralized and who had high levels

of congruent herni spheric inactivity but wi th somewhat higher a1 pha

amplitude in the left than in the right hemÍsphere during spatial task

aìpha periods. Further, the results of the spatia'l task discriminant

ana'lysis reaffirm a strong link between sex and cerebral activation

patterns during spatíal performance but emphasize that the cerebral

actívatÍon groups are best discrirninated when information on latecy-to-

respond, peripheral Iaterality, concurrent alpha Ievels and alpha ampli-

tude are assessed in conjunction with sex. However, somewhat different

relations emerge when only the laterality present during spatial task

performance is considered.

Task Analysis. As outlined above, only Levy and Buffery and Gray

addressed the issue of bilateral cerebral activation during spatial per-

formance and nei ther of the authors speci fical ly considered spati al

1 atera'l i ty. The conceptual i zati ons advanced by Levy recei ved the

greatest support from the results of the spatial task discriminant

analysis, while these of Buffery and Gray received some, but less,
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conformati on . Both conceptual i zati ons of spati al bi 1 atera'l i ty had

suggested that it should be found in ma'les and should be accompanied by

enhanced spat'ia1 performance. Further, Levy speculated t'hat spatial

bilaterality wouìd be associated with dÍminished verbal performance and

should exist in right handers" This discriminant ana'lysis revealed that,

spatial bilaterality existed only in males, thus confirming both Levy's

and Buffery and Gray's propositions. It, also showed that these individ-

uals were rÍght lateralized and relatively poor verbal task performers,

further supportíng Levy's hypotheses. However, spatial performance was

not found to discriminate between the spatial latera'lity groups.

Thus, the spatia'l biIateralty cerebral active group consisted of

right lateralized males with long verbal response'latencÍes and a

moderate amount of a'lpha activity restricted to the'left hemisphere.

The right hemÍsphere active group were primarily peripherally mÍxed

lateralízed females, wÍth moderate verbal response latencies and a large

amount of alpha activity limited ùo the left hemisphere. Fina1ly, the

left hemisphere active subiects were also mixed lateralízed but this

group contaÍned a'lmost equal numbers of males and femaìes. This group

also had the shortesü verbal response latencies and the least alpha

activity confined to the left hemisphere.

These results, while lending support to both Buffery and Gray and

Levy are somewhat unanticipated. Most interesting from the point of

view of the models under consideratíon was the lack of relation between

spatia'l 'lateral ity and spatial performance. A possible explanation for

this unanticipated result might be found in the spatial task employed.

The Nebes circle-cìrcle matching test was specifically selected because
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it had been found to activate the right hemisphere significantly more

than the left hemisphere.. This selective activation had not found for

paper form board, picture completion or mental rotation tasks (0rnstein

et ôl,1gB0). Additional support for the uniqueness of this task was

found in its lack of rel ation to I,IAIS measures of performance. Schul tz

and Mclntyre (unpublished data) have found that performance on the

circìe-circle matching test, as measured by either response latency 0r

number correct, was not significantìy correlated with the T,IAIS measure

of performance IQ nor with any of the IIAIS Performance subscales. Thus'

the spat,ial task employed, while having been found to selectively

activate the right hemisphere, does differ from those usualìy ønployed

to assess spatial laterality and this difference could perhaps account

for the lack of relation between spatial laterality and performance'

That is, a task with characteristics that activate both the left and

right hemisphere in subiects like those ernployed by ornstein may be

needed to obtain the hypothesized performance, bilaterality relation'

Additionally, the lack of relation between spatia'l laterality and

spatial performance may be a consequence of the task employed being

efficiently handled by any undedicated cerebral area" Support for thís

idea can be found in the verbal task laterality analysis. In this

analysís it was found that patterns of verbal laterality were related to

spatial performance. If verbal task performance activated only the left

or right hemisphere, spatial problems were answered quickly' If however'

verbal performance activated both the left and the right hemisphere,

spatiaì response latencies were long. Therefore, if the cerebral area

involved in verbal processi.ng was restricted, spatial performance was
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good, regardless of whether during spatial processing there was lateral

or bilateral activation. If, however, the cerebral area involved in

verba'l processing was diffuse, then spatial processing was slow, again

regardless of whether the cerebral area invoìved in spatia'l processing

was lateralized or bilateral. Together, the two task analyses found

that spatial performance was unrelated to spatial laterality but, predic-

tive of verbal laterality and that verbal performance lvas predictive of

both verbal and spatial laterality. Further, for both types of tasks,

l ateral activation r,,,as associ ated wi th good verbal performance, whil e

bilateral activation was related to poor verbal performance. This thus

suggests that the spatial processing necessary for the circle matching

task is secondary to and more easily accommodated than is the verbal

processing necessary for synonym' matching.

Finally, it should be noted that once again both sex and peripheral

laterality were important for discrimÍnating spatial cerebral activation

groups while, of the subject characteristÍcs, only peripheral laterality

was important for verbal activation discrimination.

Genera 1 Discussion and Conclusions

The most striking finding of this study was the discrepancy between

the results derived with the two definitions of lateral activation.

When patterns of hemispheric activation confined to task performance

were examined, they were frequently those anticipated by Levy, Annett or

Buffery and Gray or those expected based on traditional conceptualiza-

tíon of 'laterality. However, when laterality was assessed on the basis

of changes from baseline cerebral activation concomitant with verbal or
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spatial processing, the results were both largeìy unanticipated and

difficult to reconcile with existing views of laterality. In this method

of assessment, baseline latera'lity was essentially removed from task

laterality, leaving a remainder which was only idiosyncratically related

to the anticipated or expected predictors. However, when laterality was

assessed in the same subjects for the same tasks without removal of

baseline activation, these uncommon relations were no longer present.

patterns of cerebral activatíon were then related to subiect charac-

teristics, task performance and alpha activity and occurred in antici-

pated or plausible ways. This strongly suggests that subiects were

predisposed to specific cerebral lateral activation patterns for verbal

and spatial processing. If to{ then such predispositions would cause

baseline activation but this influence would be removed Íf laterality

!{ere defíned as deviations from baseline activation. However, if such

predispositions are not removed but the cerebral activation accompanying

verbal or spatia'l processing is added to these predispositions then, the

resul tant I ateral i ty patterns cl osely approxímate those typícal ly

reported i n the I ateral i ty 1 i terature. That such predi sposi ti ons exi st

is further supported by the high'ly significant (p<.0001) correìations

between the cerebral activation ratios found during the task perfor-

mance, the origina'l basel ine, and the immediate'ly pre-task basel ine.

The laterality factor reflecting handedness and footedness, the lateral-

ity factor associated with eyedness and earedness, and behavioural

laterality were all subiect characteristics which discriminated between

verbal laterality groups and, with the addition of sex' between spatial

laterality groups within bot,h means of laterality assessment. Therefore,

these factors coul d determine the predisposition to task specific
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cerebral activation patterns. However, such causal relations could only

be confirmed within a manipulative methodology. Further, it is impor-

tant to note that broad aspects of peripheral laterality, not iust

handedness, play a role in laterality predisposition.

In summary, thís study investigated bÍlaterat and laterai patterns

of cerebral activation during verbal and spatia'l performance in peri-

pherally right and mixed lateralized subiects. Very atypical results

were obtained when laterality was defined as deviations from baseline

Ievels of arousal. However, when'laterality was defined by relative

amounts of left and right hemisphere alpha activity present during task

performance, fuìl support'was found for Annett's and partial support for

Buffery and Gray's conceptual izations of verba'l bil ateral ity, while

general support was found for Levy's and Buffery and Gray's concepts of

spati al bi I ateral i ty .

Together, lhe results suggest that peripheral laterality factors

predispose an indivÍdual to certain cerebral activation patterns during

verbal performance and, in coniunction wíth sex, to certain activation

patterns during spatiaì performance.

The results further emphasize the importance of aspects of peri-

pheral laterality beyond handedness and as wel1, suggest an interdepen-

dence between verbal ]ateral ity and verbal and spatial performance that

does not extend to spatial laterality. However, further research must

be done to explore the causal aspects of all of these relations'
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LATERALITY QUESTIONNAIRE
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Lateral i tY Questionnaí re

Please indicate your preferences for the use of your-rigfl or left
hands, feet, eyes or äars in the following activities, using the
following scale:

1 = very strong LEFT Preference
2 = LEFT preference
ã = no präference (equally ìikely to use left or right)
4 = RIGHT preference
5 = very strong RIGHT Preference

some of the activities require both hands. In these cases, the part.of
iñe-tast or object for which hand preference is wanted is indicated in
brackets.

Please try to answer all the questions. Leave a blank only if you

have no-àxperiänce at all wíth the obiect or task. Answer the questions

on this shàet by circling the appropriate number'

A. l,lhich hand do You use for:

LEFT RIGHT

1. writi ng

2" drawing

3. throwi ng

4" sci ssors

5" toothbrush

6. knife (with fork)

7. spoon

8" broom (uPPer hand)

9" striking match (match)

10. opening box (lid)

B" Whích foot do You use to:

11. kick a bal'l

L2. step on a bug

L2 3 4 5

L2345
tz 3 4 5

L2345
L2 3 4 5

LZ 3 4 5

L2 3 4 5

L2345
L2345
L2345

L2345
L2 3 4 5
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C. Which eye do you use to:

13. look through a te'lescoPe

t4. peep through a keY hole

D. tlhich ear do You use to:

L2345
L2 3 4 5

L2 3 4 5

L2 3 4 5

LZ3 4

L2 3 4

LZ 3 4

L2 3 4

L2 3 4

L2 3 4

L2 3 4

L2 3 4

LZ 3 4

LZ3

0n the scale below, pìease indicate the hand used most frequently
by each member of your biological family.

1 = RIGHT hand
2 = LEFT hand
3 = uses both left and right with equal frequency
4 = do not know

If an alternative does not apply, please leave it blank.

RLB?

15. listen to a transistor radio with
an ear Pì ug

16. listen ín on a conversation going on

behind a closed door

Mother

Father

Síster A

Si ster B

Sí ster C

Si ster D

Si ster E

Si ster F

Brother A

Brother B

Brother C

Brother D

Brother E

Brother F

L23
L23
L23

4

4

4

4

4L23
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LATERALITY CORRELATIONS



1"55

The pearson Product Moment correlations were tested for signifi.cance
using a one-tailed test.

ABBREVIATION KEY

Item Abbrevi ation

Laterality Questionnaire: Screening
Admi ni strati on

#1
#2
#3
#4
#s
#6
#7
#8
#9

#10
#11
#12
#13
#r4
#15
#L6
famil i al handedness

Lateral ity Questionnai re: Session
Admi ní stratí on

#1
#2
#3
#4
#5
#6

#8
#9

#10
#11
#12
#13
#L4
#15
#16
maternal handedness
famil i al handedness

Behavioural Measures
handedness
footedness
eyedness
earedness
Hand Preference Test ratÍo

(right - left/right + left)

#7

I^IRITES
DRAhlS

THROIilS
SC ISSORS
TOOTHS
KNIFES
SPOONS

BROOMS

MATCHES
BOXS

BALLS
BUGS

TELESCPS
KEYHOLES

RADIOS
DOORS

FAMHANDS

li\lRTTE

DRAI.I

THROI,I

SC ISSOR
TOOTH

KN IFE
SPOON

BROOM

MATCH

BOX

BALL
BUG

TELESCP
KËYHOLË
RADIO
DOOR

MOM

FAMHAND

BEANBAG

STEPX
TUBE

PLUB

DOTRATIO
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APPENDIX C

ALPHA AMPLITUDE SCORING



L77

chart speed:

defl ection:

4 rlt l', _

LSmm/ sec

1cm=50mV

In the amplitude measure used by l.lalter and Yeager (1956) tne peaks

and troughs are joined by lines and the distance between the lines is

measured every 0.2 sec" (3mm) and averaged.
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APPENDIX D

CORREI-ATIONS BITI^¡EEN I.ATERALITY CATEGORIES AND

TRANSFORIYIED AND NON-TRANSFORMED DISCRIMINANT VARIABLES



L79

pearson Product tvloment Correl atíons wi th Z-tail ed Test of Significance

Verbal Lateral itY

only LH a'lpha:verbal
residual only LH al Pha:verbal

concurrent al pha :verval
resïdual concurrent

al pha:verbal

verbal al pha frequentY ratio
verbal al pha amPl itude ratio
residual ampl Í tude : verbal

verbal I atency-to- resPond
residual 1 atency- to-res Pond:

verbal

spati al I atencY-to-resPond
resÍdual 1 atencY-to-resPond :

spatial

Verbal Basel Íne
Lateral i ty C ateqory

Verbal Task
Laterality Category

.6285**

.3 713*

.2g75

.1"394

-"L3L8
-.1697

.1492

-.0344

-"L667

.02L7

-.2034

.0977
-.1480

.1042

.2Q28

.0669
.0389
.1289

-.0423

.0490

-.0 71 1

-.090

*
N

**

40
p
p

<.05
< .01

a



only LH alpha: sPatial .0972
residual only LH alpha: spatial -.0488

.0103

-.1307

-.0661
-"0255

. 1311

-.L764

-.1933

-.22.64

-.2236

concurrent al pha : sPatial
residual concurrent

aI pha: spatial

spatial alpha frequencY ratio
spatia'l al pha ampì itude ratio
residual ampl itude: sPati al

spatial 1 atency-to- resPond
residual I atency- to-res Pond:

spa ti al

verbal 1 atency-to-resPond
residual I atency-to- resPo nd :

v erbal

N
* <.05

< .01

Spatial Lateral ity

Spatial Basel Íne
Lateral i ty Category

180

Spatial Task
Lateral ity Category

.7790**

.4770**

.2225

-.0803

.4531**

.5650**

.4547**

" 0965

.Q?LL

-.0532

-" 1082

40
p
p**
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. APPËNDIX E

ROTATED LATERALITY FACTOR LOADINGS



L82

Rotated Lateral ity Factor Loadings

Lateral ity ltem Factor 1 Factor 2

Hand ( wri te)

hand ( spoon)

Hand (draw)

Hand (t¡ottr brush)

Hand ( sci ssors)

Hand (match)

Hand (throw)

Foot ( kick bal t )

Hand (box 1 id)

Eye ( key hol e)

Eye ( telescope)

pes¡ ( bug)

Hand (broom)

Hand (knife)

Ear (radio)

Ear ( conversation)

lrbther's handedness

Father's handedness

0.876

0. 871

0.850

0.82 3

0.760

0.750

0.745

0.615

0.547

0.245

0.260

Q.424

0.433

0" 312

0.327

0"246

0.009

0.008

0.035

0.056

0.0 53

0.084

0.112

0.116

0.041

0. i61

0.11 3

0.903

0.735

0. 195

0.062

-0. 009

0"303

0" 345

-0" 036

-0.009

Variance exPl ained 6.057 1.691




