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LATERAL ASYMMETRY: HARD OR SIMPLE-MINDED?
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IMerpired 26 MWay 1982

T Almsirsgl— A& lewer ar 4 (kree-dimerdsonal (4spe was presenied in the cenier af the sisuul field
Following the off-seq af 1Bas Wirsulus fithet & companises leiter or 2 three-dimensional shape was
Bashed Briefy in eithes the eqghn o ey visual feld. The subject's iask was 1o respond SAME. o
DIFFERENT. The stimuli could be in the same plane, reqated in two dimensions lleiterss or in ihres
dsmensions | hree-dimensional shapes . The leh visunl field presesiation inight Bermdsphere | of same.
pair maiches for letsers only produged lawer reacvion nmes and Sevatr ettors. In all otker conditions
FEICLIDA LiME measures showed no Pemecphere sflemis. By contrasl, erroe seone dals -dmud that the
beli Brmisphere was pverabelmingly more aocurace.

INTRODUCTION

I% THE literature on hemispheric specialization. the verbal-non-verbal distinction has had
theoretical pride of place. largely dus 1o behavioral data on brain damaged patients, Aphasia
almost never results from a right hemisphere lesion. However. the notion of brain cortex
existing o subserve either languapes or pictonal representations has proved Lo be 100 simple
and too specific a hypothesis [ 1]. As an examplé of the complexity of the issue take Kivira's
evidence that there is an aphasia related deficit in transitional Auency in séquential motor
tasks performed by the contralateral hand for lefi hemisphere damaged patients. but not for
right [X 1]. The severity of this deficit in performance is correlated with the severity of the
aphasia. She therefore suggests that transitional Auency and thus left hemisphére lunction is

" most characierized by proceasing withour objects. i.e. internally programed action. this view
borrowing lrom a thesretical formulation of Liepsass [4] By conftrast. according to this
lormuilation, it is the right hemizphere which processes all external stimuli. determining their
spatial relationships and performing operations on objects. =

Further support for this sort of explanation comes from the work of Gevisa[5] who rases
the issue that laterality dilferences in EEG specira might disappear when appropriate
controls are instituted, Thus, he discovered while monitoring EEG during verbal and non-
verbal tasks. found in previous work 1o correlate with left or right hemisphere activation, that
these diferences disappeared when presentation rate, visual scanning. motor résponses, and
task dilficuliy were controlled. Gevin's current elforts are directéd toward controfling out all
such variables. leaving the cognitive dimension under serutiny uncontaminared.

An equally fruithsl approach might be 1o eliminate each artifact one by one, until it was
determined which of them produced the laterality elfect. This approach is taken in the current
et of experiments which explore the issue of 1ask difficulty. A series of four experiments
carried oul by Spwon of al, [6] provides a useful starting point. Letters and two dimensional
geometric forms were presented to subjects. Letiers were in either upright or rotated positions
and subjects had to determine if the name was the same or different. Their hypothesis that
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rotated letier comparisons would elicit a right hemisphere advantage because of the “spatial™
nature of the stimulus, was not upheld, Mo hemigphere ellfects were o However, this
result is inconclusive because subjects were required ta name stimuli and the results derive
from the additive effects of the verbal inaming) and spatial nature of lhe task.

Geomeine form comparisons (no naming) produced the expected nghl. hemisphere
advantage. The authors conclude that although their results are suggestive they ot
resolve the issue raised by Moskovimes [ 1] and others as 1o whether hemisphere effects ake a
result of stimulus propercies or the I:|n,i of processing involved (motor or otherwize), As :|1=:r
note, “No siudy has shown opposite hemispheric asymmetries by varying stimilus
characteristics within a fixed rask”

The fellowing experiment presents evidence using just such a task. We employed twa kinds
of visual stimuli: SHEPARD and METILER's computer generaled three-dimensional forms
(71 and simple letter stimuli to investigate Lask difficulty—a control emphasized by Gevins
which. if omitted. negaies the interpretation of laterality effects. Shepard-Metzler figures in
current parlance are perhaps the most “obviously™ spatial sets of stimuli and hence would be
expected to result in & right hemisphere advantage. Coorer and Sumranp [B] have
demonstrated that when these shapes are rotated in space. the time to task solution is a linear
function of the actual time it would take to rotate these thapes phisically. Mental rotation of
external objects would. in Kimura's theory, be predictive of a right hemisphere superiority.
Though opposite results have been observed [9].

Letter shapes have a verbal symbolic connotation. However, it has been demonstrated
many times that simple matches 1o letters are most elficiently achieved by a “physical™ maich
and not a verbal (name) maich and thus favor right hemisphere processing [10, 11].

As afinal control, we also used equal numbers of males and females and analyzred all results
separately [or sex. A large sex effect has been observed in reaction time and error scores on
menial rotation problems [12]. Also. & number of studies on lateralization of flunction have

revealed sex differences, most often with the findings that males s-hcr'lr stironger laterality -

elfects than females [13, 147,

In summary, this experiment investigates the impact of two variables: spatial analysis
{rotation of form] and task difficulty (iwo dimensional familiar shapes vs three dimensional
unfamiliar shapes) on stimulus presentations thal sre considered to favor right hemisphere
processing. Mental rotations of objects in space should be, from Cooper and Shepard's
results. the analogue of aciual physical motion: and therefore the right hemisphere would,
according 1o Kimura's theory, be superior to the left., If, however, mental rotation because of
its time-locked naturé s a sequential, analytic process, it could favor lefi hemisphere
processing. Task difficulty ought, according to most hemisphere theories, 1o be independent
of stimulus characteristics which favor one hemisphére or another. To test Gevins' assertion
that task difficulty may be a major variable in producing hemisphere elfects, other aspects of
the experimental situation such as raie of presentation. molor rESponse. SEANRINgE, etc., have
been controfled.

METHODS
.:hhl.lﬂ|

The evpesvmeni was performed ussng righa-handed \-ulumm:liiluﬂﬂ-l 20 malet and 20 females. All subgeenn
were Scenford siudenis beiwesn 18 and 11 yr of age

“Fop s

U - il

Emor



1= “spatial”
wever. Lhis
wlis denive

iermsphere
Y cannol
Mectsarea
el Asthey
¢ slimulus

Two kinds
nal forms
by Geving
T figures in
wwould be
' [8] have
nisalinear
rotation of

aperionity,

noasiraled
cal” maich
L1,

Tall resulis
[ %Cores on
iction have
r katerality

al analysis
imensional
¥misphere

Shepard's
€1e would,
because of
emisphere
dependent
i sssertion
Faspects of
L Ec, have

L““h‘h

LAFERAL aSYMMETEY: HakD ON STMPLY <W|MDED © (1L]]

A ppiraian

The sudy used an ICONIX three-field achiioscops lunit &137-0) and ICOMIX slecironic IEming yisem
incloding peeset conirofler juni BH0L mmebase and counser funa 62450 bagic cabinet fumat 61715 and s drives
Il 619231 The trials began wiik che ilamination of the first feeld. | he presensgison card i ik firs) chambser bare
only x small dod in 1k center of the visesd feld (Bnaion painoL aasd was lel wneckasped throughaoul the courie of the
experimend. The second field held (he cerget smubus (s of vhe seimulus pairsi and (ke third the sscend sismulas.
These wimadi were changed fos each iral The visual pavh distenee wis sdendical lor each Fod

Srimusdus magy sy

The stimuli were of teo Ivpes Jeniers amd thees-dimenyonl shapes. The lener imuli were composed of § o
prinied letiers sransferred from a betterpress sheen, The leners meed were A, O 0 E F HL L MU T UL V. W, Xasd ¥
Thae leivers werd placed ar 3.5 vonkss befo o right of fixavion. They were then eoimed glockw ise sn the plane of 1he casd
b predesermined amghe

The better siemuls were disided imoe ehees groweps; lenen wabcarves 1C. D, L leviers winh horizonial and verieal
Liga dE. F. HL. L T amdd lesiers wich slamied lines (A, MV, W5, YY) Targed sisnuls and second suimsdi were then
chosen from vhese groups. Members of the pamr were chosen egually from the same growp and (rom diferent proups.
Thus some puars sere creaied in which the members. inotheir particular oriendaison. bore a sorong resemblance wo
each oher jeg. ¥, upsde-down A | E. sideways M: D, side=ays U 1. Howswer, the letter type was choszn so that mo
lerizr eoild be rotmied in some way to ook exacily like isell or another letver te p M and upside-down Wi and each
wahject was informed of this lac: before the letier trials began. Boch dhe “same” and “different” Ieiker pairs weng
prouped by angolar rotstion. as Fallows: small roisison (50- 1 20 1 medium oo | 150- 200 L asd large rotmion
f 2802000 |

The 1bree-dimnenasanal hape wimuli consmied of the series af 1] im bagh compurer-peneraied penpeniive lime
Arswitipy waed by Surpsnp and Merzee [ 7). Each siimvalus degeces a viring ol 1en solid cobes. aniached face-io-face
1o fosm o riged strecture. with exacely three nighit-angle eilbhows. Ten shapes wene diveded inlo two subseii. Each ishse
comiaimed Ave disting! mon-superimposable shipes, and each thaps had & marrar-enape shaps in 18 olber oshses. By
spatially reqaiing a shape im 20" increments, 18 difleres) peripective poastions {3607 ) were ponsibile o each of ike 1
shapes comespording toa full surs ipcither the plane ol the presencsion card. or in theee-dsmensional depih. Shapes
ware cul from & a2l of theas drawisgs, and anached to preseniation cards for use m ik jachisiomope.

The Shepard-Meizles shape "same”™ pairs were grouped invo (hret calegaries socordang bo Lhe aagle ol ralatinn
The caregorics wene: umall rotaieon §20° L medium rotation (40°1 and Rage rolation P80 1o BO' L The order ol
preseniasion of 1hese pairs was determined &1 fandom. Approsimalely T3%) of che “diflerent” pairs were selecved 1o
b guise different from ooe another. For the remaining 257, the mésmor imags was chosen as ihe mwil-l'l'ﬂllh‘l in
all eades, slomull were chogen which displayed most ol (ke thape in clear view,

All saimsli were masched in pairs fone Largel stimubes with ot second stmulus: half 1be pairs wens idenijcal
except in differesd rotations or perspective positions (“same | and hall were dilferent Mdilferent™). The order of
presencation sequence for both Lypes of Slisnuli wag determined randomly, Each of 1be wame-differem caiegories
comigined 10 simulus paies, 10 10 sach vivasl Seld

Procedure

Ewch subpoct mag sibed 12 laok ime the tchisroscope and cented hin'her sivention on & Ewatbon ponl Alier g lew
secomdy, (b Ruation posn vamished, and che primary 1arges appeared in 1be cenber of the visual fisdd, Follawsng
et srimulue disappearence, the secosd mimulus appeared. om enher the left or ripght sde of the visel faeld. Hull &l
the trials for each stimubes 1ppe were beft visual fiedd presenasion and hall were pigh vieusl feld prescnzmicn, in &
random sequence. The presesdation tsme of the lener 1arges sismules was | sec followeng a3 13 sec fimation peread.
Alver s | ser 1he second stisnubes appeared for bevween 51 and M maec.

Deast 1o the complen pasure of the three-dimensional shapes, subjects reguired banger presentilion Bimes for the
1arpet stimubes. The shape tarpet mimuli were presenied for ¥ sec & pause of | sec lollowed.ihe disappearancs al the
1arpet snimudas. The secomd srimuoli were them presemied Ffor betwesn 160 and 1B msec.

Im all cases. severad practice 1raaly wede nen price 1o the experiment fo determane that ibe sifyeci was isdend
pereeiwing the second seimulus welficenly well io make the deverminalsan of ame or dafferent. Subyecs were asked
1o respond 1o stimuli by depressing ose of (v smll bunions which were locaied ai the midline of the subject’s body.
Responses wese made =sing ane finger of the right kand. Subgscts’ responaes fsame of dilferent) and reaction limes
were necorded Tor each subject.

Tz nen wet condiscied as folbows : The subgects were asked 1o 'p-rtuﬂttﬁl'-t response butbons carreipandisg 1o
their dectaion as vo the similariy or difference herween the targel and second stimali. The bulioas slapped & L.
which had staried concurrently wilky Lhe sppearance of 1he second st imashus. Al pabjess panicipased in all conditions
al the sxperiment, making a 1oial of 80 wrials: 40 for the lener condiison and 40 for the 1hiee-dimensional shapes.
Followizg the irials, =ach subject was asked 1o recall any paricular sismsgy of system used fo make the
samedifferent deserminatsons for each 1ype of wimulus
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Subject ex, slimulus presentaison side kel visual fedld [LYF] or right visual feld [FVF]L ﬂa,ﬂ! of sngalar
ratanon of the stimalus. and the 1y pe of stimulus pasr I=1ame” or “dilferes ™ ) wese entesed into two miked ANOVA's, |
ufie ugang reaction isme a8 ke dependent varable and (e oiber uting ¢erorsom the tesk. In all cases 8 reacibon ime

anabysrs onbr oorreo” respanaes were weed In error score analyvam, (B votsl nemiber of ercors made by the ushjecy
e ik, g,

RESULTS
Letrers

Same-pair judgments. An ANOVA for reaction time data to same judgments of letters

shows a clear laterality effect with means for both males and females showing an advaniage

favoring the right hemisphere. F (1, 38)=1736, P<00001. No other main effect or
interaction reached significance.

The results for error scores to same pair judgments. showed that side of presentation [right
hemisphere superior ) was marginally significant. F (1, 38)=178. P <0.06. Also significant is
the interaction between side of presemation and the degree ul‘ rotation of the stimuli. F (%
T6)=6.46, p<0.003.

The right hemisphere (LYF ) was unaffected by rotation angle (errors ranged from 0.50 1o .
0.70), while the left hemisphere (RVF) was poorest with the small rotations (50-120"), and
best with larger rotations (240-300°), errors ranging from 1. 30 o 0.55.

Different-pair judgments. Reaction limé data to different judgments were analyzed by an
AMNOVA, This analysis did not incorporale information on rotation angle, because the -
stimuli were of varying degrees of confusability and therefore could not be equated with one
another. The results showed no significant effect for sex or side of presentation.

Error scores did, however. show an effect of hemispheres with a strong supenority for the
left hemisphere (RYFY F (1 38)=13.33, P <0000,

A significant sex effect was also found and is illustrated in Fig. |. which shows large

differences in errors between the visual fields for males in this 1ask. and no differences lor
females.
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Ii should b= noted here thay dileremn pair judgments were marginally more dilficult
Reaction time overall 1o f¥me pairs was | 260 msec and io dilferent pairs, | 280 msec, Same
pair judgments produced 2 mean of 23 errors, whereas different pair judgments produced
a mean error score of 270 ;

The right kemisphere was very efficient when responding 1o identical matches. but became
inefficient as 1ask dilficuliy increased. 5o far, only the lelt hemisphere was alfecied by the
degree of rotation angle,

Three-diminsionul srapes

Some-pair fudgmaents, Reoction time te the three-dimensiconal shapes was unalfected by any
of the vamables under control, Quite a dilferent piciure emerges when error scores are
analvzed. It is important 1o note that mean reaction time for both sexes combined were
2090 misex for the left visual field and 2150 msec for the nght. When reaction time is o long. it
ceases 1o be a wruly valid indicator of central processing and error data are more reliakle [15].
Side of presentation with the lefi hemisphere { R VF ) superior was a highly significant effect. F
il J8i=13.24, P<00M, as was rotation angle, F (2, 761= 1547, P<0.0000, These 1wo
factors interact 10 produce the effect illusirated in Fig. 2, Here the right hemisphere ILVF ) is
ﬂmnglr alfected by rotation, whereas the left hemisphere (RYF) is not, F (2, 760=%70,
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Fiz. 2 Mean 1east-crroms for all subjecis n judging SASE-PAIR maches 1o theee-dimensional
Mhapes pretenied ai amall 130 | mediam 40 | ansl Bsge (00-50 1 angles of roarion.

Different-pair judgmens. As in the letier condition. degree of rotalion was noi
incorpotated as a separate variable in analyses, due o the impossibility of controlling for
lewete of difficalty. There were no significant effects lor sex or hemisphere in reaction time.

Er_h:r scores, however, produced a highly ' significant difference favoring the lef
I"'L'r'“:"lml‘l't- FIL )= 6860, P <0.0001, The mean error score for the kelt hemisphere (RVF)
W 3_-"- and for the right (LVF) 6.1, Once again, error data are more revealing than data from
FEIClion lime scores. Mo sex eflects were significant in this task,
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Lerrers mrrd three-dimensional shapes compared

Same-pair judgments. As would be expected, reaction time 1o letters was :.i;niﬁgnurlnln-
than to shapes. F (1, 38) = 30.55. P<0.0001. Also. the right hemisphere is [aster when the dara
from both tasks are combined, F (1, 18)= 548, P <0025, 3

The degree of these dilferences is represented in 1he bar graph. Fig. 1. The analﬂ‘ils forerror
score data showed thay more errors occurred in ine three-dimensional shape condition, F (1,

38)= 1392 P =0.001. as might be expecied. A significant interaction between type and side,
Fil.38)=21.74, Fﬂﬂﬂl_?l. is ilhi!lralad in Fig. 4.
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damensicnal shapes presenved 1o the nght or lefi vinss) feld
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The lefi hemisphere {RVF) appears to process both letters and shapes :qual:ly_ wel!. Oinly
she right hemisphere (LVF ] is alfected by task type. or perhaps more accurately in this case,
task difficuliy, o o .

Dilferent-pair fudgments. The dilferent-pair judgmenis produced similar results: in the
reaction time data the only effect to reach significance was the Lype of stimulus. Letter tasks
were carried out faster than three-dimensional 1asks. Mo other effeci, hemisphere, sex. or the
inmeractions between these variables reached significance.

The error data. however, confirm the findings above. Type of stimuli is significant. F fl.
Wi=d16) P<0000, with letters perceived more accurately. Side of preseniation is
sgnificant, with the lefi hemisphere (RVF) more accurate, Fil. 38)=T6135 P<00001,

Fil=

= w Left wisual
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Fi & Mean tonal ereoes lor DAFFERESNT-PALR letizr and thees-dimenyional psdpments to stimuli
presented in (he righs or leli wsual fisld

The two-way interaction Type = Side, F (1. 38)= 18,25, P<000001. is shown in Fig. 5. In
Conirast 1o the same-pair judgments, the dilferent-pair judgments are far more accurate
when stimuh are presented 1o the left hemisphere in both letter and shape conditions. The

right hemisphere is particularly inaccurate when comparing three-dimensional shapes that
are different in form.

DISCLISSIOMN

As 5EL out in the Introduction, these experiments were designed using stimuli that were
believed 1o favor right hemisphere processing. In only three comparisons was this assumption
out. First, the responses were Taster overall 1o stimuli in the beft visual field, but only

*hen all stimulus conditions were combined. In individual comparisons the only difference
(Svoring the right hemisphere was in speed of response 1o same-letier pairs, This finding was
Uriher substantiated in the analysis of error scores—showing the right hemisphere superior.
Th!!:t resulis confirm the well documented physical shape maich superiority for the right

Isphere reparted by several investigators (10, 11] :

However, in all other analyses of reaction time, no hemisphere effect emerged. and when

m"ﬁd""'ﬂl_ error data, with the exception mentioned above, the left hemisphere was
rwhelmingly mere aceurate.
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Inficence of rask difficult v g

These resulis suggest that any manipulation that makes a simple iarget malth more
difficult, such as rotanon or use of complex or contrasting comparison stimuli. will produce
responses Lhat refiect a different mode of processing lavoring the left hemisphere. Subject
reports indeed confirm this, All subjpects imales and females) said ihat verbalization of the

letter forms became necessary only when there were dilferent-pair comparisons. and more

especially when rotation produced confusion and made the judgment ‘more difficul
Similarly, when asked 10 report on strategies adopted during the three-dimensional shape
preseniation. subjects requently reported isolating features of the targer and memally
refating them 1o the comparison stimulus. Features eited were the number of arms bending
from a central axis. number of blocks on the end arms. the direction of the arms. e1e. Despite
the fact that Shepard shapes are considered wo require spatial visuslization, as far as we could
tell, image comparisons required verbal or some symbolic form of sequential analysis.

Though the right hemisphere processed items faster. it was generally imprecise in mos
conditions. This dichotomy berween speed and accuracy, showing the left hemisphere primed
for accuracy, the right primed lor speed..is an interesting eect. and may help 1o explain the
dissocintion between RT and error data which has been shown to ocour alter approximately
J000 msec. A formal mathematical model of the speed-accuracy trade ol has been presented
by WickELGrEN and his colleaguees [16], Reep [15] initially deseribed this lunction as a
negatively acceleraning curve, which assymptoles at aboul 2 sec in siluations where items in
memory must be held and maiched or primed by stimulus presentation. Aler this period. the
relatonship betwesn speed and accuracy breaks down.

Angle of rotation

The resulis from the analysis of rotation angle are more complex. In the same letter pair
judgments. the right hemisphere appeared unafTecied by angle of rotation—whereas the left
hemisphere was sirongly affected. This finding is somewhat problematic with respect 1o the
degrees of rotation angle invalved in this task, Jtems were rotated from &0 1o M6F in a
clockwise direction. In theory, there should be no diference between the two angles of 60 and
3007 as they represent an identical deviation from zero. The only dilference between them i
that items rotated at 60° would be oriented leftwards and those at 300° oriented rightwards. [l
is important 1o note. however. that the rotation effect was extremely weak and that there was
no main effect for angle of rotation in reaction time daia or in error scores when field
differences were collapsed. This does not alier the fact that same-letter pairs presenied to the
right hemisphere are processed faster and more accuraiely. Reeo [15] reports that in rapd
visual matches accuracy has a linear relationship to time of response.

These results contrast dramatically with the effect of rotation angle in the three-
dimensional task which appeared in the accuracy data. Here the main effect of rotation angle
was highly significant, as was the field x rotation interaction. Paradoxically, although the
subject reporis confirmed a larpe number of symbolic sbquential processing strategies. (hese
sirategies. rather than slowing down processing efficiency. actually improved it On the other
hand. the right hemisphere, withoul access 1o these strategies produced more and more
imaccurate responses as Lhe rotation angle deviated from zero (see Fig. 2). These findings have
implications for research on spatial visualization in general. The assumption that these (asks
are best performed by the right hemisphere. appears 1o hold only when stimuli are 1w0=
dimensional and judgments are relatively easy. In complex three-dimensional
visualization such as the Shepard task. not only is the left hemisphere more accuraie and
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equally us fasl as the right. but the right hemisphere becomes increasingls inelficient as the
sk gets more and more difficult, These findings support the results showing left hemisphere
EEG sctivation in a “spatial” 1ask reported by Ornsrex and his group [9]

What are the implications then for the issues rased in the insroduction 10 thess
cupennments” [t seems chear that the continuum of 1ask difficulty. easy-hard, is a crincal factor
i producing hemisphere laterality effects. The more difficult the task. the less automalic or
parallel processing is possible. and the more sequential and or verbal sirategies become
imvdved, This conclusion i similar to that of DeRex21s in his summary of research on spatial
tasks [17],

Traisiricrun] Suency and the perceprion of obfecrs

The dara indicate that if transitional Muency, a left hemisphers function [Z 3], plays a role it
must do soal the inital 1arget presentation stage (511 and would be anvelved in the rapidity
with which features of a complex form are scanned. ordered, and represenied in short-1erm
memors. This must be 20 because the response times produced from the onsel of 52 (the
comparison stimulusi are idensical for presentations in the right or lelt visual figld. Further,
the consistenily high accuracy of lefl -hemisphere performance showing no decline in
proficiency as rotabion angle increases, nor any dilference betwesn the ssmple betier or
comples three-dimensional tasks 1see Figs 4 and 5k confirms the view that the representanion
in the leli hemisphere s conssderably richer, while that in the right is impoverished.

The view held by Kivuma [3] that the belt hemisphere deals with execution of internally
cunirolled acts could be confirmed by these data. A serial szarch procsss is an imernally
controlled serategy, The fact thar this left hemisphere strategy 1s more ellective in dealing with
an analysis of objects in the world. however, runs counter to Kimura's other proposal that
this is 1he province of the right hemisphere. It appears that ne such dichoromy as Lispmann's
engindl farmulation can be applied when problem solving sirategies are involved. Subjects
will wee whatever and as many sirategies as they find efficacious.

These findings. coupled with the subjective reporis on straiegy poss some difficulty for
untangling a verbal-visual dichotomy as compared 1o a senal-parallel dicholomy. As
Muoscontren [1] pownts oul the righi hemisphere might also operate in senal mode if a series
of successive eve movemenis were required. Indeed. the linear relation of errors Lo rolation
angle for LVF presentations in the three-dimensional tasks suggests just such a strategy—
That the righn hemisphere is carrving oul a senes of “looks” on a lading icon 152) and that this
becomes more inaccurate as the task increases in complexity. The question remains. howewver,

il verbalization of any kind were made impossible. would right hemisphere processing be
more efficient in comples judgments of spatial form?

Sex differences

';'M sex difference emerged in these data and that occurred in responses 1o dilferent lener
pairs. Males showed a large hemisphere effect with the lefi hemisphere noticeably more
ccerale than the nght. This finding could indicate that the males used more verbal strategies
I this case than females which seems unlikely due 1o the consistent reports of females’
rehiance on verbal modes of thought [18]. or it could indicate. as McGuone [13] has
Suggesied, that females have a greater representation of verbal skills in the right hemisphere.
-*-_! no other sex variation s significant, there is little support for any general theory of sex
differences in hemispheric functions, other than tos1ate that simple naming skills could be more
bilaterally represented in femabes, whereas complex symbuolic analytic processing appears
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unigue to the leh hémisphere in both sexes. [Lis impoftant to note, also, that no sexdifferences
were found in reaction time or error scores to the rotated three-dimensional shapestnor have
we noted any sex dilferences in other three-dimensional visualization tasks in the®
population.
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