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ABSTRACT 7

It has bgén suggested that the Torque Test is a simple,
external measu}e of hemispheric doninance,/and that it can be
‘usefui in identfying individuals who havé a high risk of
developing schizophrenia ;nd other psychological problenms.
Torque has been defined simply as the tendency to draw circles
in a clockwise direction, which is cont;ary to the norm; A study
of 37 right-handed elementary school children revealed that the
incidence of torque was significantly higher among subijects
whose conjugate lateral eye novénents (CLEM) were predoainantly
to the left, In a second study, 56 right-handed students in
Vundergaduate’psichology courses were assessed for torque, CLEA,
and tendencies towards psychopathology as ﬁeasﬁred by fﬁe MMPI,
A Qiscrininant funétion analysis<enabled the correci '
classification of 87% of the subjects according- to the péésehée
or absence of torque, solely on the basis’of their uapf scores.,
~ Subjects with torque and left CLEM had the highes£ incidence of
elevated scores on the Sc (schizophrenia) scale. The rgsults are
discussed in the context of a model which 'suggests that
directionality in drﬁving behaviours is;subject to cultu;al and
educational_iﬁfluences, and that the inabilitj to adapt to
cultural norms may be due to an henispheric'ilbaiance mnediated
by a neurological deficit in which the developmental process is

impeded and vulnerability to psychqpathology is increased.

iii



ACKNOYLEDGEMENT
The author wishes to acknouledge the generous support and

loyalty. that has been extended to him by Dr, Paul Bakan. Dr.

Vito uodigliani and Dr. Roqer Blackman have also been most kind
in their encouraqement awd assistance, Mr. Gerald Lang gave
invaluable cooperation and assistance in conducting thev
research, Mr, Ben Slugoski offered a patient ear, as did Dr.
Raymond Koopman, who always "had a minute"” and usually gaﬁe an
hour in unravelling the tangled skein of data analysis. Finally,
the author wi;hes to thank his family, especially Ms. Rosalind

V. Samuels, for their patience and understanding.

iv



TABLE OF COI!BITS

“

Approvall.............l..,'...'.........I.I...'...'...........ii

Abstractl.....l...l..l.......O...‘.........................l..iii

-

AcknowledgementesessssessvecscessssesssscsssenssssscssscssosssssssslV
List Of TableSecsessssescssossvssosssssosssssssssnsssenssnoassssVil:
A. IntroductiONeee s ecsevevesocvsvssssossssscsccssssosssvesssccccscsl
The Torque Test.t.....e........................;.......2
Conjugate Lateral Eye Movements (GLEH).;...........;...B

B. B&tionalé fOr StUAY Teeososcccoosscscssscsssssssosnnssessncses I3
Torque and CLEMeooecoosnossossosoanccaeseoscsonacnnaaceld

Co MethOodeseesecesoossosvcsccsosssssssssssscnasssscsssasnsnseetd
SubjeCtSeeseesssceenssossessssnsssssasssssoscsssssssnss 13

. ProCedure@cescsessssssvsccscsscsssssscssssscsscsscsccsseld

D. Besults...............V‘\..\...........I,.....................22

——

E. Discussioh.;......,............{...,....m.......;..........25
F. Rationale for StUdy Tleeescecosvoccscoscoccsosscsnsnososoescesl’
Torque vsS. CLEM and MMPIl.:eccessceccvcccccosocscccsccoscsnscnldl
G. nethod....;....................;......,.................J..32
DESigNeseessensssssaserasssssssssscsscssssssscancnsesed
SUD}eCtSeesessoossesvsosssvsossserscossscsssssnssecssnscss3l
MaterialSeecsecesesssccsvsersosrsssvsccvsessorvnssovasveedd
PIOCeAUr s e ecesseecosvanncenssoncscossassesscossasesonsl

H. RESults....vl......."....‘l..........‘......Q...'....’...'..37'

Torque by CLEH......ooooooooo-oo‘.oo.o.oooo.ooqoqooop|-37



Left-hand Torque Vs, Right-hand Torque;.;.............uo

TOréue and The HﬂPI...............-....-..o.,.....--..uo

Il Discussion‘.....l.ll'li......‘l..‘bi'l.........I’..Ol......."ug

SuqqestiODs for Fut&re ResearCh.ooooooooooooooooooo.ooso

J. Appendix AO....O.'.ll...'....ll-.'.l.‘.........O.....’0000000062
K. Appeﬁdix B.I.'.I...............“.l.'.'.....................6“

BMPI and Torque Scores for all SubjeCtSessscssssssssssbl

_RefereBCes........l...'..............'..‘l........'...."...'...66

'

vi



LIST OF TABLES

Title ' Page
*9

1. Torque as a function of CLEM

2. Torgue as a function of CLEM/AGE

3. CLEM vs Torgque (males vs females) * 24
4, CLEM vs Torgque (Study II, by sex) . 37
~ , ' %

5. CLEM vs Torque frequencies. ... .38

v

6. Comparison of CLEM vs Torque data

for Studies I and II 339

7. Discriminant function coefficients <:/N\\

(TQ vs ¥No TQ) ' , ' 41

8.‘Discrininant fuﬁftion ptediction§ | ' | gﬁ%

-9. Mean MNPI Profiles (TQ VS*?O TQ groups) w3
vii



10. Summary data table of Sc-scale scores

T,

11. Pregquencies of elevated Sc scores

12. Raw data-

viidi

45

u7

64



-~

A, Introduction

In recent years there has been an increase in the amount of

‘ research concerning functional asymmetries of the‘hunan brain.
The existence of these asynmétries has been widéiy accepted, but -
" their implicaiions for our understanding of psychological:
function and dySfunction have yei ;b be fully understood (Bakan,
- 1978; Bogen, 1977; Halin, 1374). rd a large degree, the brain
remains a "black‘box" and,'as‘ethical considerations.raggly
permit tampering with the intetior, researchers require ‘-//\w\qqifg
non-iﬁirusive techhiques fofﬂgssessiqg hemispheric asymrmetry in (
normal subjects, This hasrled\Qo a search for behavioural
corfelates vhich may be relatad\go the lateral‘organization of
the brain, This thesis is concernsqvwith two recéntly proposed
laterality indicators, the torque tégt {Blau, 1977b) and
‘qonjugateylatéral eye movements (CLEH}\Bakan, 1978) . The
relationship between these two variablés';ill be examined, and

the validity of the torgque phenomenon as an indicator of risk

for psychopathology will be investigatad, A brief description of

.

torque a:\s\ CLEM. follbws.

.ol



The Torgue Test

Blau (1977a) has devised a simple measure based on the
direction in which people draw circles, either ‘clockwise or‘
counterclockvise, Subjects aré asked to draw a circle.arouﬁd
“each of three "Xs", first with the éE;ferred h;nd, and thgn'with
the non-dominant hand, Any test performance in which one or amore
circles are drawn in a clockwise diretion is labelled as torque.
The circlinq task is usually accompanied by a-c0pying‘task and a
signaturé task, but only the cffcling’taSK is scored in
determining the presence of torque (Blau, 1977b). Blau clains:
that torgue has been shown to be a rsliable phenomenon QverA
peri;ds ranging from 3 days to 2 1/2 years, with uosf of the
shifting occurfing in the clockvwise to counterclockwise
direction, which is the expected deigloplental trend (Blau,
1977a) .

Blau (1377b) states that during his clinical uofk he
gradually became aware thai children with academic and
behavioural difficulties drev circles in a clockvise fashion
aore frequently than "normal" children did. Systematic
observation revealed that clockwise circling was characteristic

of left-handed chi;dren, a fact whicﬂ had been established by

Ilg and Ames (1372), but Blau makes no reference to anj of their

2
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éarly developmental studises.

Apparently all very young children exhibit some torque, but
the incidence of tbfgue decreases with Age,freaching a sdggested
base rate of 30% by late adolescence (Blau, 1377b).
Deielopnental studies offer soame suppo:fjfor a relationship
between handedness and directionality of drawings., Rotations and
reversals are freéuent up until around age six and show a
maturational decreasas thereafter (Bannatyne‘ahd Hichiarajote,
1963} . The directionality of drawn circles gradually changes
from clockwise at age five to counterc¥ockwise by age ten (Ames
and Ilg, 1351; Gesell and Ames, 1346; Ilg and Ames 1972).
Although tﬁereaare few normative data on left-handers, Ilg and
Azes (1972)'sugqgst that they show A developmental trend in the

opposite direction to right-handed children, although many do

. draw in the normal direction, These studies and Blau's data

(1377a) seem to support the notion that the torgque response is
related to gandedness, with 65% of left-handers vs. 32% of
right-handers exhibiting torque in one study (Blau, 1977a).

In his Presidential Address to the American Psychological
AsSoéiation, Blau arqued that torque may be a clinically

significant response (Blau, 1377b). He found that children

showing torque exhibited more aberrant behaviour than children

without torque. In a sanpié of over 300 children, torque was
found to be significantly related to scores omn a neurotigﬁsn

index and a neurologic index at the ,003 and .00093 lavels of



significance respectively (Blau, 1377a). anortunately,lBlau
does not report any measures of the strength of assbciation.
»Sone of the behavioural anomalies that Blau {(1377a) reports as
*_ being related to torque are listed below, along with their
levels of significance:

Stubbornness (.034)

variable emotional behaviour (.0005)

Excess enerqgy (.00001)

Cannot follow directions (.001)

Variable intellectual performance (.054)

Continued bed;etting (.04)

Blau conducted a follow-up study on 54 children with no
torque and 52 children with torque who had been to see him a
decadelearlier. He reports that‘11 (21%) of the torque childfen
had been diagnosed as schizophrenic by age 21, whereas only 1
child in the no-torque group received that diagnosis (Blaua,
1977b)f Ratings of adjustment level were compiled for all of the
éﬁbjects. Among the subjects with good to fair adjuétnent‘
ratings, the incidence of torque was 36%, while among those with
poor to bad ratings the incidenée of torque uﬁs 77% (Blau,
1377b) .

The torque test definitely seeamas to be picking up on
something, but it is not at all clear what is being manifested
in the directionality of the circles that a person draws. Blau

(1977 a,b) believes that directionality reflects handedness and
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lateral heaispheric domindnce, He suggests that mixed cerebral

%Uninance, sinistrality, Qorque, and the predisposition to
schizophrenia may share similar genetic antecedents, possibly
involving a defect in tha corpus callosua or its functibn, the
corpus callosum being the major connection beteen the two
cerabral hemispheres (Blau, 1377b). Torque is seen as being an
external manifestation of a neural integrative deficiency’vhich
prevents the development of sufficient lanquage, cognition,
skill acquisition, and socialization during the developmental
years. Experiential distortions and oemissions result in an
escalating developaantal lag.

This lag may account for "...,an adult pattern of extrame
fear reactions, inability to think and communicate adegquately,
distortion, and the miserably poor guality of life so
‘characteristic of the clinical syndromes of schizophrenia."”
(Blau, 1977b: p. 1003) . Stress from environmental and social
pressures would supposedly increase the probability of an
eventual breakdown,

Blau's speculations about a corpus callosum dysfunction
seea to be derived froa the numerous aésociations between
left-handedness, mixed cerebral doninance,ﬂand aberrant
behaviour that he finds in the literature (élau, 1977b)'. He
suggests that ".,..clockwvise turning represents right cerebral

hemisphere dominance and counterclockwise turning primacy of the

left cerebral hemisphere." (Blau, 1977a: p.29). Apparently it is



this inferred inappropriate reliaance én the right hemisphere in
léft-handers and torquers that led Blanu (1977bf to suggest a
dafect in the integration and transmission functioné of the
corpus callosua,

Blau (1977b) admits to serious methodological and base rate
problems ir his study. Ha is selective in reporting his data
analyses, Por example, he does not reveal what proportion of the
subjects who were diagnosed as schizophrenic were left~handed,
stating only that a phi coefficient for handedn;ss varsus
schizophrenia was significant at about the ,10 level (Blau,
13977b) . The high incidence of torque among the schizophrenic
subjects may have been due to a high incidence of
left-handedness among them, as tdrque seens to be more prevalent
in the left-handed population. His interpretation would be much
stronger if all or most of the subjects wefe right-handad. Blau
also fails to give a sex breakdown for the schizophranic
subjects.

Blau offers no evidence for the validity of his assuaptions
- about the relationship between torque and hemispheric'dblinance
other than the moderate correlation with handedness. He notes
that studies comparing torque with direc£ measures of ~
hemispheric activity have yet to be accomplished (Blau, 1977
a,b).

To date, there appears to have been only one’othgr study of

the relationship between torque and psychopathology. Kay (1979)

6
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notes that the correlations Blau relies upon do not necessarily
imply causality, and that his conclusions are neither necesséfy
nor suféicient to explain schizophrenic etiology, since it has
not been shown that there is any claés of neurological defects
necessarily linked to schizophrenia. In a study of a small,
heterogeneous sample bf psychotics, Kay failed to;find evidence
- to support a neurological.iﬁterpretation cf torgue. On the
corntrary, there was an inverse relationship between torque and
organic involvenént, and no significant relationship with soft
signs of organicity (Kay, 1979). Hduever, torgque was found to be
related to history of early childhdod psychosis,
perceptual-amotor developaent, conceptual development, and
maturity of positional orientation, Interestingly, 64% of the
samnple exhibited>torque, vhich is‘twice as high as the.
population base rate of 30% projected by Blau (1977b);

Kay (1973) concludes that his findings are not inconsistent
with the reports of torque being associ;ted with abnormal
adjustnént-and pathology, but that there is little support for
neurological dysfunction being the common factor since the
sources of abnormality could be multiple and exogenous. Kay's
study offers little support for Blau's (1977b) specific
interpretation of torque, but it does support the idea that:
torque may have value as a marker variable fog ideﬁiifying
individuals at high risk for developing psychopathology. As Blau

(1977b) notes, an accuracy of 21% in predicting schizophrenic



outcome compares favourably with the rates obtained in genetic

studies,
Conjugate Lateral Eye Movements (CLEN)

In an interviev situation, most peoplebhave a tendeﬁcycto
look away from the interviewer when they are ésked a question.
Day (1364) notgd that as people begin to engage in reflective
thought they tend to initiate their eye movements consistently
in the same direction, Day.was tha first to characterize
individuals as being ei%?er Right-movers or Left-movers, and he
noted that there were psychological differences betwgen the two
types, with right-movers tending to experience anxiety;as panic
vith an external cause, thle left-movers expari;nced anxiety as
tension with an internal base,

Duke (1968) verified that eye movements were characteristic
for individuals, the direction being consistent approximately
85% of the time, Bakin and Strayer (1973), Etaugh and Rose
(1973), and Libby (1370) assessed the reliability of CLEM over
periods ranging from a few hours to two weeks and found
noderatély high correlétions in the ,70's. In a recent review,
Ehrlichman and Weinberger (1978) concluded that CLEM patterns
are reliable characteristics of persops;’ |

It was Bakan (1969) who first suggested that the direction

of a person'é conjugate lateral eye movements vas related to a



preference for the use of a particular hemisphere in the
individual's cognitive and affective functioning. Bakan
presented evidence froh studies of electrical brain stimulation
which showed that stimulation of certain sitas in one heasisphere
can cause conjugate lateral eye movements to the opposite
(contralateral) side, Békan suggested that the nervous system of
the individual is organizgd in such a way that activity in ihe
preferre2d hemisphere is facilitated either by lower lateancy,
lover threéhold, or greater strength of excitation. Bakan (1978)
uses the tera "henisphericity"'to denote the conCept that
individuals have ;Lpreference or bias towards activation of one
hemisphere rather than the other, CLENs are an indication of
easier activation of the hemisphere that is contralateral to the
direction of the eye movesments, aqd afe theréfore seen to be an
index of hemisphericity. Rigqht-movers are therefore

"left-brained” and left-movers are "right-brained™ (Bakan,

1978) .

There is a large body of literature dealing with functional"

asymmetries between the hemispheres. As Bakan (1978) notes,

+..There is evidence of left henmisphere superiority in
tasks involving grammatically organized word sequences, -
_mathematics, analysis, logic, sequences over time, and -
motor coordination. Right heaisphere function seass
dominant in tasks involving imagery, certain visual and
constructive actiities such as draving, copying,
assembling block designs, perception and manipulation of
spatial relations of and between objects or
configurations, and the simultaneous grasping of
fragments or particulars as a meaningful whole. (p.163).

4



Z
2 1ogical extension of the evidence is that the two
hemispheres have different modes of processing information,
leading to difﬁerent modes of consciousness and thought. The
left hemisphere mode has been described as being linear,
rational, syambolic, analytic, abstract, focal, propositignal,
seéondary process, conceptual, digital, énd~logica1. The right

hemisphere mode has been described as being concrete,
. o~

—

perceptual, analogue, passive, synthetic, holistic, idonic,
diffuse, appositional, and primary process (Bakan, 5978: Bogsan,
~1977; pimond apd Beausont, 1374; Kinsbourne aad'Snith, 1974 ;
Nebes, 1374), ‘

According to Bakan's model, right-movers should exhibit
characteristics that correspond with the cognitive/emotive style
of the ieft-hemisphefe, and left-movers' characteristics should
correspond with the cognitive/emotive style ofvthe right
hemisphere, The literature on the psychological correlates of
CLEM direction has been revieved elsewhers (pakan, 1978;
Ehrlichman and Weinberger, 1978). Despite certain inconsistent
results vhich may be attributable to methodological problesms,
there is a fair amount of suppogt for Bakan's typol;gy, at least
to the extent that reliable differances have been found between
droups of riqhton;veré and groups of left-movers. Some of the
relevant findings are listed below.

\iﬁ a clinical population, Day (1968) found a tendency for

rightiand left movers to suffer from different types of

10



diseases, as well as a tendency for thea to beneflt froa
dif ferent types of psychotherapy.

Extendlng Day's (1964) findings ragardlng anxisty, Gar and
Gur (1975] found. that right-novers prefet tyg defense 2ggn§ni"bél
of projectlon and outuard turnlng of aggresslon, whereas

4 ;
1eft-nover:*§?§ more. llkely to use denlal, repreSSLOn, or
-reaction forlation, and are more llkely to suffer psychosomatic
sympto-oloqy. | 2
.Left-movers have beensshovnhto have a greater
' susceptibilit} to hypnosis than right-movers (Bakan, 1969;
DeWitt and Averill, 1976; Gur and Gur, 1974), and a greater
amount of EEG alpha (Bakan and Svorad, 1969), which tends to be
more abundant over the riéht hemisphere and is correlated with
hypnotic susceptibility (Bakan, 1378).

Bakan ({969) found that right-movers had a relatively
superior pEféafzénce on the mathematics sub-test of the
Scholastic Apt:z;dé;iest (SAT), and also th;t they preferred
rathematics/science majors in university. These findings w;re’
replicated by’ﬂeitep and Etaugh (1973), who also found
right~mover superiority on a concept-identificationqtask that
required verbal and analftic skills, and superior left-mover
perfornancé on a task requiring perceptual-spatial ability. They
concluded that the pattéfn of dif}erences between right and leftr
nover§>that they had found was internally consistent with

Bakan's model of the relationship between CLEM and cerebral

1



dominance (Bakan, 1978) .

éur (1975) has found that interviews in which subject and
experinenter_até seated face to face yleld the most consistent
results, Se?eral studies have sngéested that the content of the
questions that the interviewer asks the subjects can bias the
’directions of fﬁe aye movements by requiring the funétions of
one_heliSphere more than the other, as in verbal material
questions versus spatially oriented guestions (Galin and
Oornstein, 1974; Kinsbourne, 1972; Kocel, Galin, Ornstein, and
Merrin, 1972; Weitan and Etaugh, 31974 a,b). It has been shown,
hovever, that the effect of question type‘is very veak wvhen
compafed with the tendency ofﬁthe individual subjecﬁ to hﬁve
consistent CLENM, which accounts for twice as muchlvariance as
question type (Bakan, Coupland, Glackmap, Putnam, 1974).

Bakan et al, (1974) developed a set of "neutral® questions
that did not show ag;/%endency to influencé eye-movement

direction in a college population. This set of neutral gquestions

vas used in the second study to be described here.

12



B. Rationale for Study I. o

As mentioned earlier, the Totque test seems to
differentiate between right-handers and left-handers, with a
higher proportion of left~handers showing torque (65% than
right-handers (32%) (Blau, 1977a). One would be beiter off,
yowever, using the absence of torque to predict handedness
(rightness), rather than the presence of torque, due to the fadt
that a substantial numsber of right-handed peoplé had torque in
Blau's study, and the populationAtedds to be rougﬁly 90%
right-handed. According to Blau's (1977a) data, using presence
of torque to predict left-handedness would result in 32% of -
right-handers being iis-cl&ssified, or 125 subjects. Using
absence of torgque to predict right-handednéss, 35% of
left-handers would be mis-classified, or only 21 subjects. If we
were only interested in accurately predicting right-handedness
the base rate'phenouenon would ensure that ve could achieve 90%
accuracy merely by classifying everyone as fight-handed;
Obviously there is something more involved in Torque than
handedness, and something more involved in handedness than

whatever it is that acounts for Torque,
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Blau's data shows that 77% of the people who had torque
were right-handed (Blau, 1571a). These right-handed people with
torque had something in common with 65% of the left-handed
people in Blau's study. One thing they have in common by virtue

of being torquers is that they may have ",.,some degrse of

difficulty in developing and responding to the culture's \\\‘\\N;___
requirelanis for cognition, language, aotor motility,‘peér-qroup |
acceptance, and success/accomplishment." (Blau, 1377b). Compare
that descriptionn of torquers with Hildreth!s (19493) observation
that

.s.inconsistent hand dominance, mixed laterality, delay

or difficulty in establishing manual dominance, or .

conflicts due to efforts to change dominance in

habituated skills can cause motor handicaps and sarious

difficulties in social adjustment. Resistance,

negativism, stubborness, tension, and nervous

instability are observed in children who are late in

establishing dominance or whose handedness has been

partially converted. (p. 217).
So it seems that torquers, the majority of whom are
right-handed, are subject to the same difficulties in adjustment
as left-handers, Note that Blau defimed torque as clockwise
circling behaviour, which appears to be characteristic of
left-handers ({Blau, 1977a; Ilg and Ames 1372), ;v////

Several researchers have noted that this is a Right-handed
vorld, in which the left-hander is handicappeé and has
difficulty achieving an optimum adjustment (Kovac and Horkovic,

1370; Hildreth, 1949), The development of lateral doaminance,

like the directionality of circle-drawing, follows a
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develobiental curve, and the haturing left-hander hashzzaigﬁg

with aﬁ increasingly complicatéd and oppressive environnent;
with ths result tha£ symptoas of maladjustment ténd to beconme
exaggerated in the adbleécent years {(Hildreth, 1949). This is a
plausible and acceptable explanation of the difficulties
encountered by left—hapdérs, but how does one explain alau!s
similar poor prognosis for the majority of torquers wﬁo happen
to be right-handed? These people seem to be susceptible to
complaints that have been attributed to problels‘of lategality
and cerebral dominance, and yet they appear to, be noriaﬂf at
least in terams of being right-handed, The possibility suggests
itself tha; thése people have a problem related to laterality
and cerebral dominance that does not manifest itself in terms of
" handedness andbis therefore less salient,
*ﬁ§\ ' If we live in a right-handed ‘'world thenm it is also true
that we live in a left-hemisphere world, fér it is well known
that the left hemisphqre of the brain controls the right side of
the body, while the right henisphere coqtrols the left; In '
addition, as Galin (13974) has noted, th;wleft hemisphere "has
preemptive control over the main-stream of body adtivity as well
as of propositional speech", Bakan (1978) sees the left
hemisphere as critically noderaiing the output of bothb .
henispheres,-ansuting socially acceptable prodacts. Modern

society, with its sophisticated technologies, standard of

living, and complicated lifestyles requires a consciousness

15



heavily weightéd with left hemisphere adjectives such as linear, -
rational, digital, logical, and analytic. But as recent research
on heﬁispﬂgric asymmetry has shown, the rféht-helisphere has its
functions also, and it has been suggested that opt}lnn
functioning, both in terms of mental health and creativity,
depends on the succeésful integration of yelispheric functions f:
“(Bakan,. 1378; Bogen, 1377; Galin, 1374). As'Bakén ([?78).has
siggested, "The tvo modes are antajonistic and céiblenentafy,:
suggesting that a unity and struggle of opposites is
characteristic of mental funétidning.“

Recalligg the literature on Conjugaté Lateral Eye
Movements, it seeas that right-movers perforr better on tésks

that ostemsibly tap functions of the left hemisphere, while left

movers perfornm better on tasks that are purported to tap right

rhenisphere functions, These superior performances are presumably

dué to the predfggdsition to activate or utilize the appropriate
hemisphere for the task; A predisposition to activate an
inappropriate henisphere results in én inferior performance -
relative to individuals;who are predisposed towards the
appropriate hemisphere. Regarding the CLEu'literature; one will
recall that left-movers report Iore’pSYChOSOlétiC sy-étohs and
are more likely to resort to repression and denial kquf and Gur,
1375) ; they react aore strongly to persuasion (Sherrod, 1975);

and they are more likely to be alcoholics, introverts,

daydreamers, and asthmatic, although not all at the same time
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{Bakan, 19i1; 1978) . Galin (1974) offers an explanation for he
advantages that maj accrue to right-mover/left-brained peop§::'
As the left hemisphere develops its language capacity in

the second and third years of life, it gains a great
advantage over the right hemisphere in manipulating its
environment and securing reinforcements., It seems likely
to me that this is the basis for the left hemispherets
suzerainty in overt behaviour in situations of conflict
with the right hemisphere. {(p. 575). ’
Taking into accourt the earlier suggestion that we live in a
left hemisphere oriented society, and Bogen's (1977) assertion
that the Western educational systea lacks balaqce,through
enphaSizinq left hemisphere skills, one might suggest that the
right-movers, being left hemisphere oriented, would have fewer
probleas in adjusting and coping than left-movers, who would be
more frequently "appealing to™ or activating anm inappropriate
hemisphere,

The CLEM typology offers a possible éxplanation for the
Torque phenonmenon, in which torquers, the majority of whona afe
right-handed, are prone to ptoblens which are held to be typical
of left-handers., Earlier it was suggested that people vith
torqug suffer from a condition related to laterality and
’cerébral dominance which does not necessarily sanifest itself ig'
hand preaference., It may be that torguers have a probiel with
hezisphericity, in that they have a tendency to activate, or
rely upon, an inapprqpriate'henisphete in their behaviours.

Hemisphericity, as defined in Bakan's (1378) model, shows

no clear relationship with handedness as there appears to be

A
!
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approximately an s2ven split between right-movers and
left-movers, although most of the studies conducted have
eliminated left-handers because their behaviour appears to be
less lateralized (Bakan, 1978). It is iherefore suggested that
right-handed torgquers are prone to problems of adjustnent by
virtue of an inappropriate reliance on the right hemisphere in
an environment which is left hemisphere oriented, resulting in
problems similar in outcome to those experienced by left-handed
persons, If this were true, one would expect a large percentage
of torquers to be left-nove;s. Conversely, one would expect few
right-movers to exhibit torqne.k, ‘

Study(I) was designed to investigate the relationship
betveen Torque and CLEM direction in elementary school children,
a sample chosen to parﬁit comparison with the studies referred
to by Blau (1977b), The following hypotheses were tested :

1., There are more left~movers than right -movers amongst
subjects with torqué.

2. A greater proportion of left-movers will exhibit torque than
right-movers.,

Left-handed subjects were axcluded from the study becausé their

small nuaber complicates statigtical analysis, and the resources

available for the study were insufficient to obtain a

representative saaple,
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C. Bethod

The subjects of the study consisted of all the stud?nts in
Kindergarten to Grade Three classes in an elementary school in
the Lower Mainland of B.C.. The total nuamber of subjects tested
was 122, of which 5 were eliminated from the study because they
vere left-handed, and 20 were excluded because they failed to
demonstrate a directiénal preference of eye movements, Of the
remaining 97 subjects, 57 were male and 40 vere female. Ages
ranged from 53 months to 155 months, The sample was

heterogeneous in terms of social and ethnic background.
Procedure

Subjects were interviewed individually, and wvere told that
they would be given some tests vhich were in no way connectad
with their marks in school. They vwere given no hint as to the
purpose‘of the study, but a number of them concluded that it had
to do with handedness, As the shool is an open‘area, the
interviews were conducted in an area surrounded by storage

cupboards, The interviews were coanducted informaliy, and data
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vere collected on handedness, torque, CLEM, eye dominance, and
eyelid motility, The data on eye dominance and eyelid motility
vere part of a separate étudy and will not be discussed here.

Each sdbject uaé seated directly opposite the interviewver, ¥ -
with a small.table, 1 meter wide, in between. A blank,
syametrical wall was behind the interviewer. Subjects were asked
to print their names on a piece of paper which then became the
data sheet for that indivi&ual. A test for torque, modelled
after the one described by Blau (1977b), Qas then adainistered.
Subjects were asked to dravw circles around three "X'sh", one at a
time, wvhich had been drawn on the data sheet. Subjects used a
pencil which had been placed equidistant from either hand.'The
interviever noted which hand was used to draw the circles, and
recorded the number of circles drawn in a clockwise direction
(his value was used to measure "amount" of torque)., Suhjects
were then asked to repeat the task vigh the non-dominant hand.

An additional test of handedness was then administered,
which consisted of the subject throwing a tennis ball to the
interviever over four trials, Subjects who used the left hand to
print, draw circles on the initial torque test, or throw the
ball were excludéd from the study.

The subject's diregtion of CLEM was then determined by
observing the direction of the eye movements immediately after
the interviever asked a question, Subjects were told that they

were going to be asked some guestions and that they should think
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carefully about tge answéré.
Pour questions were asked which had been suggested by Bakan
(personal commﬁnication):
‘ What is your favourite colour?
What did you do last night after supper?
who is the smallest person that you know?
 ¥hat ié the hardest thing for you to do in school?
Hovelént»in the same direction on three out of four guestions
was defined as denoting a preference for that direction.
After all the data had been collected, subjects vere
thanked for their cooperation and sent back to their classes.
All data were recorded in code, and subjects were generally

unawvare of what was being observed and recordegd.
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D, Results

/ '
Table I shows the number of subjects with torque as a

function of the direction of eye movements (CLEM). The majority

of the subjects with torque were'left-movers, and the inciggnce
of torque was lowest among those subjects with Right CLEN.
TABLE 1
FREQUENCIES OF SUBJECTS WITH TOEQUE

AS A FUNCTION OF CLENM. (N=97)

LEFT RIGHT TOTAL

TORQUE 26 11 37
NO TORQUE 29 31 60

TOTAL 55 42 97

A Chi-square analysis of the data revealed that the proportion
of Right-movers with torque (26%) was significantly different
from the proportion of Left-movars with forque (47%) (X2 = 4,48,
p<.05). As a measure of association betwean CLEM and Torque, a

phi coefficient was calculated to be ,21. All chi-square values
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reported are uncorrected for‘continuity.

| 70% of the subjects with torque were left-movers, whereas
only 48% of the subjects with no torgque were left movars.
Overall, 38% of the sample exhibited torque.

Table 2 sﬂows the freqpencies of right and left movers

exhibiting torque as a function of age. |

‘ TABLE 2

FREQUENCIES OF TORQUE FOR CLEM

AND AGE CATEGORIES. (n=97)

AGE LEFT-NO TQ, . LEFT-TORQUE RIGHT NO-TQ., RIGHT-TORQUE

6 3 6 4 3
7 9 8 12 6
8 3 9 12 2
9 8 3 3 0
TOTAL 29 < 26 N 11

Chi-square analysis revealed that the relative frequencies did
not vary significantly across age categories. (X2 (94£f) =10,52,
p>.25), wvhich suggests that it vas legitimate to coampare the
prOportiqns of right and left movers with torque pooled over age'

groupings.
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Table 3 shows the frequencies of right and left movers with

T

T

torque, broken down according to sex.

TABLE 3

CLEM VS, TORQUE BY SEX —
S

MALES (N=57); PEMALES (N=40)

LEFT RIGHT LEFT RIGHT TOTAL

TORQUER 16 5 10 6 37
NO TORQUE 16 20 13 " 60
TOTAL 32 - 25 23 17 97

The proportion of males with torque was 37%, whereas #0% of the
females exhibited torgue, Por the rales, 76% of the torque
subijects wvwere left-movers and 44% of the no-forque subjects wvere
left-movers, A phi coefficient measuring the relationship
between CLEM and torqus was calculated to be .29, which was
significant at the .05 levsl, xz(ldf)=u.80. Among the females,
63% of the torgque subjécts wvere left-movers, as compared to 54%
of the no-torque subjects, Chi square for the females was not

significant, X2(1df)=,27, p>.05).
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B, Discussion

The results of this study clearly indicate a relationship
bétveeb the direction of conjugate lateral eye movements and
torque, 38% of the sample exhibited torque, These subjects were
all right-handed, yet they manifested a behaviour (clockwise
circling) that is characteristically found in left-handed
persggf. Tﬁis behaviour, torque, has been associated'ﬁith a
developmental lag (Blau, 1977; Ilg and Ames, 1372). Of these
subjects with torque, 70% had left CLEH, which would suggest a
teﬁdency for people with torque to be Right-brained, according
to Bakan's (1978) hemisphericity model, The percentags of
right-movers with torque was 26%, compared 10 uis for the
left-uovefs, which suggests that whaéever conditions are
responsible for torque are more prevalent among left-movers, If
Blau's (1977bf conclusions about £orque a;e'valid, the results
of this study suggest that left movers are more likely to have
pgpblems'adapfing in life than are right-movers, and that
léft-lovers are more likely to be at risk for schizophremnia, as
determined by the high incidence of torque they exhibited.

Although males and females had a similar incidence of
torque, 40% and 37% respectively, the relationship bet veen CLEN

and torque appears to be stronger among males; the direction of

CLEM does not seem to be as much of a factor in the incidence of
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torque among females, although the trend is in the saae

direction, This is consistent with the literature suggesting

that the female brainm is less functionally lateralized than the

male brain (Bakapn and Putnam, 1974; Hannay and Malone, 1976;

McGlone and Kertesz, 1973).

There are two main methoéoloqical probleas with this study.
The direction of CLEM was measured using only four questions,
w%ich ;ay have led to error in distinguishing right fros left
movers,

In addition, the method of determining handedness may have
allowed converted left-handers and ambilateral subjects to be
included in the study, which might have biased the incidence of

torque, Attempts were made to control these possible sources of

error in Study II.

Further discussion of the results of this study will take

place in conjunction with the discussion of the results of the

second study.

¢
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F. BRationale for Study II

Torgue ¥vsy CLEM and MMPI

Study II was designed to test if results similar to those
of the first study would be found in an older sample, namely
university students, In addition to examining the relationship
between Torque and CLEM, data were gath;red to tést the validity
of torque és a pradictbf”bf tendencies toward schizophrenia, as

5

measured by the Minnesota Huliipﬁasicﬁggrsonality Inventory
(MMPI). |

The first study was conducted using kingergarﬁen and
elementary school chiidren; Ames and Ilg (1951), Gesell and Ames
(1946), Ilg and fmes (1972) and Blau (1977a,b) all agree that
some degree of clockwise circling behaviour is normal in young
children. This being the case, the presence of torqus in the
children's sanpie payﬂnat have been a pathological sign. The
above authors are aléz”in agreement that clockwise circling
‘behaviour (torque) after the age of ten is abnormal and
indicates innaturif;: although the case is not clear for
left-handers accojdidb to Ilg and Ames (1972). University
students were therefore used as subjedts in the secon& étudy, on

the grounds that thg’presence of torque would be a more critical
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sign in an older aﬁd theoretically more mature s@hple..

Assuming thatithe presence of torque in ;\\?ture sampple is
a critical sign, one would expect torque tb be correlated with
high scores on the Schizophrenia (Sc) scale of the MMPI. The
MMPI is the most widely used and researched instruuént for
objective personality assessmaent. The MNPI can be used to
identify a range of psychopathology that meets the Research
Diagnostic Criteria in non~hospital settings such as university
campuses, (Haier, Rieder, Khouri, and Buchsbaum, 1979). High |
scores on MMPI scales (i.e. T-scores over 70) suggest
psychological difficulties, and extreme scores oftem indicate
serious psychiatric probleas (Haier et al, 1979).

Fine (19?3) used the HﬁPI to identify "non-psychotic® \\V//
schizophrenia in a college setting.lﬂe used a'3-point code
system to identify subjects whose MMPI profiles were
characterized by elevation on Scales 2, 7, and 8, which are
depression, psychasthenia; and schizophrenia, respectivély.
Dworkin and Widom (1977) suggest that the MMPI can be used in
this fashion tgﬁidentify and study subclinical samples, such as
the schizoid or schizotypic personality., -

In a longitudinal study, Hathaway, Monachesi, and Salasin
(1970) found that ninth-grade students with high Sc scale
profiles had lower high schqgl p%rfornance, completed 1es§

schooling, and had lover socioeconoamic status by age 25 than

their peers who had normal profiles. Dworkin and wWidom (1377)
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concluded that MMPI profile types indicative of subclinical
schizophrenia (i.e. Sc scale the highest or second highest
elevated score) are sensitive to underlying predispositions to
adverse social outcomes in a college/sanple.

In view of criticisas regarding the traditional
jdterpretations of individual MMPI scales, Hedlund (1977)
reviewed and compared seven independent studies of the
behavioural or symptom correlates of the individual HHPI scales.
He concluded that there was consistency in the behavioural or
sympton correlates for the individual scales, and that the
correlates tendsd to pro#ide conside}able construct validity fo}
Ztradi;iohﬁl interpretations. However:hhe also noted that the
significant relationships found were usuallf of a low order of
corre%ation, and that it is difficult to obtain unique
discrimination from the use of single scales (Hedlund, 19717,

*Ad-ittédly, a high score on the Sc scale is not sufficient
tS predict a specific diagnosis of schizophrenia: such diagnoses
generally require that several criteria be met., However, high
scores on the Sc scale presumably indicate déqree of similarity
with patients who demonstrate bizarre and unusual thoughts or
behaviour, and in fact, such scores are significantly correlated
with hallucinations, formal thought disorder, unusual thought
‘coﬁtent, inappropriate affect, peculiar mannerisas, bizarre
behaviopr, psychomotor retardation, confusion, uithdraial, and

v

detachment (Hedlund, 1377). Accordingly, it seeamas reasonable to -
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interpret high Sc scale scorss as being characteristic of a

subclinical, schizotypic personality, and indicative of some

:ﬁsycholoéical difficulty. (Dworkim and widon, 1977; Haier et al,

1379) .

If, as Blau (1377b) suggests, children who exhibit torque
after age five are prdne to a develbpnental’lag’uhich ilﬁedes
competefice ard ad justment, one i;uld axpect aevidence pf a
relationship between psychoquical problens>and torqua in
adulthood. ’

Additionally, if torque is indicative of a predisposition
or high risk for the development of schizophrenia, one amight
expect psychological difficulties to be manife§ted by eievatioa
of the Sc scale on the MMPI, }

Sevaral hypofheses ua;e'therefare generated. Comparing MMPI
profiles, subjects with torgue should tend to have-higher scores
on the Sc scale than subjeété without torque, More partigﬁiérly,
subjects with torque should be more :likely to have élevat;d Sc
scores than subjects ¥ithout torque, elevation beiqg defined as
greater than or egqunal to a T-Score of 70, which is 2 standard
deviationé above the standardized leiﬁ and suggestive of
psychological difficulties. (Haier et al, 1379). L,

Finally, if torgque and its related problems are correlated
with a bias for right-heuiséhare (Left CLEM) activation as sug-
gested in séudy I, subjects with torque and Left CLEM should

have the highest incidence of Sc scores greater than or equal to
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G, Hethod

Design

In order to get a clearer picture of the relationship
betveen torque and CLEM, it was decided that equal numbers of
right and left movers would be desirable, as they are thought to
" be represented fairly equally in the ébpulation-(sakan, 1978) .
Sex was balanced also. Strict criteria were established for
determining CLEM and handeadness, and only right-handed subjects
were included in the study, Scores on the Sc (schizophrenia)

scale of the MMPI represented an additiéngl variable.

Subijects

Subjecﬁs vere undergraduate students in Psychology courses
who had been solicited during lectures and tutorials at Siason
Fraser University. Out of a pool of 35 volunteers, 56 subjects
were sequentially selected according to the criteria described
7in the procedure section, Fourteen subjects were assigned to
each of 4 combinations of CLEM and Sex: Right CLEM/Male, Riqht

CLEM/Female, Lsft CLEM/Male, Left CLEM/Pemale.
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Naterials

To control for possible effects of question-type on
direction of CLEM, and to minimize error in differentiating
between right and left-movers, a set of 20 "neutral” gquestioans
developed byVBakan, Coupland, Glackman, and Putnam (1974) were
used to elicit eye movements. These questions were shown® not to
elicit a systematic tendency to CLEM in either direction in a
sample of right~-handed subjects similar to those used in this
study (See Appendix a).

A modified version of the Ahnett handedness questionnaire
vas used to select right handed subjects. Twelve items are |
§cored on a 5-point scale ranging frél "always left" to "always
right®, which produces scores on a continuum froam -24 to 2u, A
score greater than or equal to plus 9 is interpreted as
indicaging fight handedness. (Nebes and Briggs, 1975).

Subjects were administered the coaplete version of the
Minnesota Multiphasic Personality Inventory (MMPI-PFPorm R), and
scores were computed using the materials provided by the

Psychological cCorporation.
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Procedure

Subjects were recruited on the pretext of par;icipatinglin
a study of laterality and personality characteristics. They were
told that measures of laterality, response patterns, and
personality would be taken. Subjects were informead ahead of time
that interpretation of specific individuals' test results would
not be made available, but that subjects would be given access
to a éopy of the study's resulis after its completion. A coding
system vas used to protect the identity of subjects, and
confidentiality of information was guaranteed.

The study was conducted over two sessions., The first
sessibn, during which the screening took place, lasted for ten
to fifteen ﬁinutes.'Subjects ware tested individually,'in a 9
ft. by 9 ft. vindowless room with symmetrical, gra}, concrete
walls. The room had been chosen because it offered subjects a
‘symmetrical field of vision, so as not to bias the direction of
eye movements through distracting stimuli.

The direction of CLEM was first assessed, using the set of
questions devised by>Bakan et al'(197u),_whicﬁ presuaably
stinulatéd‘thought, thereby eliciting éye movesents, The first
eye movement after completion of the question uaé scored with
reference to a clock f;ce, sﬁch that positions of 1,2,3,4 and 5
wvere left movements, 7,8,9,10 and 11 were right movements, and 6

and 12 represented an invalid trial, Vacant stares, closed eyes,
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and looking away before the end of the question were also scored
as invalid trials.’Consistent CLEM subjects vere defined as
those who made valid responses to 75% of the questions, with at
least 70% of ﬁhese responses in t£e same direction, either right
or left, Only consistent subjects gete retained for the second
phase of the study. Subjects were seated at a sng}l table, (1
netér sq.,), directly across from the interviewer, who took’care
to laintaiﬂ a steady gaze, sO as not to bias the subjects eye
nbvenenﬁs through the direction of his own, Care was takenm to
&appear to be merely éhecking off the questions so as not-td
aiert the subject to'vhat aspect of behaviour was being
recorded. | | |

The handedness gquestionnaire was administered next; a score
of at least 9 defined right-handedness. Only right-handed
subjects were retéined for the second phase of the study.

A modified version of Blau's (1977a) Torque test was then
administered., As Blaua édaits that énly the circling task»ié
scored in determining torque: it was decided that the copying
and signature tasks could be dispensed with, Each subject was
presented with a piece of paper with three X's inscribed upon it
and asked to draw a circle around each of the X's, with the
right hand, The interviewer noted and recorded the nulbét of
clockwise circleé. The procpss vas repeaied-for the left hand,

on a separate piece of paper.
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Data on eyelid motility and the Muller-Lyer illusion were
also collected, as part of a separate study. As the procedures
involved in collecting this data could in no vay have biased the
results of this study, they will not be reported here.

The data on CLEM and handedness were scored immediately,
and subjecté vho failed to meet the criteria for these variables
vere thanked for éheir cooperation and informed that no further
participation would be required.

Subjects who met the criteria for CLEM and handedness were
given an appointment to return and complete the MMPI under
superViSion. This procdure was continued until there were 14
subjects for each combination of CLEM and Sex. .

all of the subjécts wrote the MMPI within a week of their Wl
initial screeningi and were again assured of confidentiality
before the administration of the test. Subjects were debriefed
in such a way as to avoid giving them information which might
confound the results if passed on to other subijects.

The MMPI ansvwer forams were scoted by hand, and converted to
T-scores, which were corrected for 'k', which is one of the |
validity scales, None of the §ubjects had validity scale scores

high enough to invalidate the profiles obtainsd.
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H. Results

There was little difference inAthe overall frequencies of
torque between the elementary school sénple (38%) and the
university sample (41%). Table 4 showf the incidence of torque
according to CLEM by Sex groups., : .

~ TABLE 4

Sex by CLEN by Torque Frequencies

{N=56)
Left CLEM ‘ Right CLEM
Males Females Males Females Total
Torque 7 8 3 5 23
No Torque 7 - 6 11 9 33
Total 14 14 14 14 '56

‘There was a lower incidence of torque in males than
females, 36% vs, 46%, but this difference was not significant.

Separate chi-square analyses of the torque by CLEM relationship
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were parformed for each sex.

For the males, 70% of the torque subjects were left-movers,
whereas only 393% Sf the no-torque subjects were left-movers., The
phi coefficient for strenqth bf association vas .30, but this
vas not significant, (X2 (1df)=2.48, p<.15,>.10). The
_corresponding phi coefficient in the elementary school éanple
was .29, i

Among the females, 62% of the torgue $ubjects vere
left-movers, whereas 40% of the no-torque subjects were
left-movers. A phi coefficient of ,2% was ﬁot significant,
(X2=1,29, p>.20).

As the differences between the sexes were not significant,
the data vere collapsed over Sex to yield Table 5.

TABLER 5 |
Torque by CLEHN Prequencies‘(ﬁ¥56i

A

Loft CLEM Right CLEM  Total

Torque 15 8 23
No Torgque 13 20 , 33
Total 28 28 56

The incidence of torque among left-movers was S4%, compared with
28% for the right-movers. 65% of the torque subjects were

left-movers, as opposed to 39% of the no-torque group.
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Chi-square with 1 df was calculated to have‘a value of 3,62,
vith a probability level of .07. The phi coefficient, as a
measure of Eorrelation, was calculéted to have a value of .25.
The corresponding phi for the first s;udy had been .21. Table 6
compares the proportions of torque for Right and Left-movers
across the two studies, |

TABLE 6 /

Comparison of percentages of Right and Left-movers

with Torque across Studies I and II.

Study I Study IX

(N=97) (8=56)
% of Right-movers
with Torque | 26% 28%
% of Left-Movers
with Torque 47% 54%
% of Torgque subjects &
who were
Left-movers 70% 65%

The pe:centages for the tvo studies are fairly siasilar, with

Study II showing a slightly higher incidence of torque among the
Left-movers, which is reflectaed in the slightly higher phi

coefficient for the Study II data.
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Left-hand Torgue Vs. Right-hand Toggug

Torque vaé exhibited aore frequently in circles draﬁn with
the left hand than circles drawn with the right. 14 subjeéts had
torque with the ieft hand only, 6 subjects had torgque with both
hands, and 3 subjects had torque with fhe right hand only. An
analysis by CLEM would not be meaningful because of the small
nunbér of riqht—movefs who had torque, Males vere uoﬁg\iikely to
gmve torque in both hands, 5 males vs. 1 female; females were
more likely to have left-hand torque only, 9 female§ vs. 5 All 3
of the subjects who had torgue only with'the right hand wvere

female,
Torgque and The MMPI

All of the MMPI data was subjected t§ a discriminant
function anaiysis in order to determine if the profilas for
Torqué versﬂs No-Torque subjects were sufficiently different to
\wqrrant investigation of individual scales. Version H, Release
7.f‘of SP5S was usad to conduct the analysis (Nie, Hull,
Jenkins, Steinbrenner, and Bent, 1975), A direct solution method
vas used which enters all variables into the solution
concurrently, The analysis provided a set‘of discriainant
function coefficieats for the scores on the MNPI scales, which

vhen combined in an equation yielded maximum discrimination
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hetween the Torque and No-Torque subjects. Table 7 shovs the
'~ standardized and anstandardized coefficients for the MNPI

variables.
TABLE 7
Summary of Discriminant Function Coefficients

For separating Torque from No-torque Groups

Hu%l Scale Standardized Unstandardized
L . -.23543 ' -.02795
P .20034 | 02874
K .62366 .07032
Hs -, 40047 : -.0u589
D -.07873 © -.01123
Hy .31692 | L04731
Pd -.20489 02177
MF . 41863 .03299
- Pa .23384 - .02723
Pt -.26303 | -.04156
sc -.57380 -.05530
C Ma 47216 .05375

Si -,03762 ~-.00594
Con;tant ~2.74407
Disregarding the sign, these coefficients can be
interpreted aslrepresenting the relative contribution‘of the

variable to the discriminating function. A classification
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analysis was performed, coibininq each subject's MNMPI scores and
the discriminant coefficients to predict whether the éﬁbject
belonged to the Torque or No-rofqua group., Table 8 preseants the
results of this analysis.

TABLE 8

Prediction Results for Group Henb%gﬁhip'

Actual Group No. of Predicted Predi&ted
Ccases Torque ~ No Torgue
Torque | 23 19 ’ 4
- (83%) (17%)
No Torque 33 3 S 30 '“
> (9%) - {91%)

Total percentage of subjects
classified corraetly: 87%
| As Table 8 shovs, analysis of the ﬂnéI profiles allowed a
fairly high degree of discrimination petueen Torque and f
No-Torque subjects, with 87! of all subjects being classified
correctly. |
Means, stangard deviations, and the results of between

group conparisohs of the means for the ¥MPI scales appear in

Table 9,



W

TABLE 9

Means, SDs, and P-ratios For Between-Group

Differences on MNPI Scales: Torque vs. No-Torgue

Scale

is

HY
pd
MR
Pa
Pt
sc
ta
si

Note:

-

Torque (N 23) No Torque (N 33)

Mean SD Mean - P P
45,69 11.51 46.31 5.42 .07 NS
56,48 © 7.6 53.66 6.30 2.24 NS
52.56 8,60 57.71 8.55 4.84 .05
60.39 = 8.26 55.53 8,61 4. 41 . 05
58.52 5.27. 56,81 8.03 N ERE R
59.346  6.68 59,25 6.82°  .003 NS
62,65 8,21 60,49 6.71 1. 14 | NS
50;52 12.98 55,91 12.18 2.47 NS
58.56  8.67 55,49 8.43 1.73 s
61.48 5.91 56,21 5.75 10,94 - . 005
66.57 8.7 56,62 * 93,52 15,60  .001
64.70 . 11,67 65.84 6.10 .23 S
53.17 6.13 49.78 6.17 4.06 .05

All scores corrected for K.

All tests were univariate Ps with 1 and 54 4f,
and were obtained as part of the output of the
spssugggcrininant'Analysis Progranm.
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An analy§is of Table 9\revea15 that the Torgque and
No-Torque grbnps had significantly di fferent iean scbres on 5
MMPI scales, The Torqué group scored sigﬁificantly‘higher on the
Hs, Pt, Si, and Sc scales, and significantly lower on the K )
scale, '

Given the significant discrimination between the MHPI
profiles of Torgque and No-Torgue subSects. furthéf investigation
of the Sc scale scores seeaed uarran&ed. A 2 x 2 'x 2 ANOVA vas
condncted on the Sc scale data, usiﬁg Torque, CLEM, and Sex as
the factors. Table 10 provides the means, standard deviations,

*

and number of subjects for each group.
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TABLE 10

Means, SDs, and Ns For Torque by CLEM BY Sex

Groups on 5c°§cale ,(\\
Laft CLEN . Right CLEM -
/
iii? Female - . Male 7 Female
Torque Mean 72,57 64.87 66.00 61.20
5D 2,62 12,26 . 4,386 5.97
L 7 8 3 5
No Torgue Mean 59.42 55.83 57.09 53.33
sd 9.7Q 11.08 6.98 9,30

N 7 6 - 11 9

As can be seen in Table 10, subjects with Torque had the

highest scores at all levels of CLEM,and sex; subjects with Left

CLEN had the highest scores at all levels of Torque and Sex, and

male subjects had the highest scores at all levels of Torgque and

CLEM, Male subjects in the Left CLEM/Torque group had the

highest mean of all, 72.57, with the smallest standa:di

deviation, 2.42, To test for main effects and interactions,
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FP-ratios were obtained through tha SPSS (Release 7.2) ANOVA
program, using the Classical approach.

Eone'of)the.tests of interaction yielded an F-ratio greater
than 1, which facilitates interpretation of the main effects.
The lain effect for sex was significant at the .048 level (F
(1,48)=4,12), and tha main effect for Torque was significant
beyond the .001 level, with F (1,48)=14.68, The main effect fo?‘
CLEM was notxsignificant, P (1,48)=1,87, p=.18, |

To teét wvhich coabination of factors yielded the highest

incidence of elevated Sc scores (greater than or equal to 70),

proportions were calculated for each of the cells, as shown in

Table 11,
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TABLE 11

-

Frequencies of Elevated Sc Scala Scores

For Torque by CLEM by Sex Groups.

N=56
Left CLEM Right CLEM
Mals = Fenale Male Female
Torgue 270 6 5 1 1
-
£70 1 3 2 4
No-Torque 270 1 R 0 0
<70 6 5 1 39

Hale’and female Left-movers with Torque had the highest
frequencies of elevated Sc scores, 6 out of 7 and 5 out of 8
respectively, while none of the Right CLEM subjects in the
No-Torque cells had elevated scores.

The data in Table 11 were collapsed over Sex so as to
facilitate an Elevation by Groups comparison (2 x 8), and a
Chi-square analysis wvas conducted to see if the proportions
di f fered signifiéantly across Torque by CLEM groups. The value
of chi-square with 7 df was found to be 26.63, which vas

significant beyond the ,001 level, The Contingency coefficient
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~for this comparison vas calculated to be .57, which suggests a
moderately strong degree of aséociation.

Because the chi-square analysis provides limited
information about the nature of possible interactions, an
anlysis of variance (2 x 2 x 2) was conducted after performing
an arc-sine transformation on the proportions for each cell. The
F-ratios for all of the interactions and the main effect for Sex
had vaiues less than 1., The main effect for Torque was
significant at the .005 level, F (1,7)=17,50. The P to test the
effect of CLEM was significant at the .02 level, F (1,7)=10,.31,
The error term used for all comparisons was an estimate obtained
by taking the reciprocal of the number of subjects in each cell,
then summing the reciprocals across all cells and dividing by

the nuaber ofvcells.
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I. Discussion

4 A relationship between torque and CLEM direction has been
7 found in ta studies, ‘one with elementary school children a‘n/d
one with university students, All of the subjects in both
studies ueré right-handed, These studies show a positive
relatlonshlp between the existence of torque and the tendency to
move the eyes to the left upon initiating reflection.

The close sinilarity between the studies, in terms of
incidence rates and propprtions, suggests that the failure of
the torque/CLEM relationship to reach significance at the .05

1evel in the university sample (p=.07) wvas due to the reduced

sample size, which lowered the value of chi-square, It shonld ba

noted that the strength of association, as measured by the phi
coefficient, was slightly greater in the university sample. The
relationship could be considered to be significant using a.
one-tailed test, which is arguably justifiable, considering the
predicted diréection of the relationship, and the prior
confirmation of the'predicted diraction in the first saample.
The sex diffenence in the relationship between torque and
CLEM which had been suggested by the data from the first study
vas not confirmed in the second study. If such a diffsrence
exists, and the literature vould seem to predict it (cf Bakan,
1978), a fairlf large sample sizeAnay be required to detect the

\.__\
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relationship.

Thers was a clear difference beéwaen the torque and
no-torque groups in a number of the scales of the MNPI, with
significant differences (.05 or beiter)bn the K, Hs, Pt, and Sc _
scales, Even for the scales which did noi significantly
differentiate the torque from the no-torgue group, the direction
of the differences was suggestive of greater path&logy in
general for the torque group. ]

On the basis of the aHPI}profiles, discriminant function
procedures led to successful prediction of torque vs. no-torque
group membership for 87% of the subijects. However, the true
value of the discriminant function obtained would be better be
assessed by applying the unstandazdized discriminant
coefficients o the MMPI scores of subjects from an ihéapendant
sample, and then checking the accuracy of classificatioiﬁﬁ

O0f all th¥ MMPI scales, the largest and aost significant
(.001)Jdiffetence between the ;orgue and no-torque groups wvas
found on the Sc scale, thus confirming the prediction based om
Blau's work of a relationship between torque and tendency toward
schizophrenia, This finding extends the work of Blau, since the
relationship between torque and Sc scores was found for
apparently normal, functioning university students, A
significant sex difference vas found, with male §§bjects tending
to have higher Sc scores than did the females, but this
différence had not been specifically hypothesized. \
-
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In a subsequant analysis of eslevated Sc scores (greater
than 70), it was found thé 13 of the 15 subjects with‘elevated
scores had torque, In addition, 13 of the 15 éubjects with
eievated scores conéistently produced left CLEM. Sex was not é
significant factor in the distribution of elevated scores.

The data séen to S:pport the hypothesized relationship
between torque, left CLEM, and high scores on the sc scale of
the MMPI, 56% of the subjects in the torque group had Sc scoreé
of 70 or above, vhereas only 6% of the no-torgue subjects had
elevated scores., If elevation on the Sc scale is indicative of a
tendency to have psychological problené, the data lend
considerable support tb Biau's (1977b) hypothasis that thé
torque test has predictive validity in identifying a population
that is at risk for developing serious psychological probiens
such as schizophrenia, i

The data also seem to offer some support for the theory
that torque is somehow related to hemispheric factors. The
majority of subjects with torque were left-movers, which,
according to Bakan's (1978) model, indicates a preference among
those subjgcts for right hemisphere activation. Hovever, a
hemispheric model does not readily account for the presence of
torgue in right-novers, who are theoretically left-brained.

A highly speculative explanation might be that right-movers
with torque are individuals who have somehow resolved their |

hypothesized hemispheric imbalance, but have retained the habit
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of drawing circles in a clockwise direction. As Blau (1977b)
notes, not ali,children with torque have problems, some O0f them
seem to develop exceedingly well, An explanation for tgés may be
related to the differences between right-movers and left-movers,
with right-movers having an easier time adapting to our
left~hemisphere oriented society, This explanation assumes that
torque is indicative of an underlying deficit that generally
results in a right hemisphere bias, but less severe deficits may
not 'prevent an individual from achieving a supposedly more
adaptive left hemisphere bias.

It is ihportant to be cautious against over-interpreting
the significance of the direction that one draws circles in,
Blau (1377a,b) has defined torque as the drawing of circles in a
clockwise direction, and he has suggested that this represents a
dominance of the right cerebral hemisphere, while the
counter-clockwise direction represents left heaisphere
dominance, However, it is premature to interpret the direction
of cf}cling itself as being controlled by one heqisphexe orrthe
othér. Torque, after ali; is a drawing behaviour, and there is
evidence to suggest that it is a learned habit, subject to the
influence of educational practices and the developnen; of
reading and writing preferences. Dreian (1977) studiéd
directionality of drawing horizontal lines in English ‘and Hebrew

readers, Hebrew be2ing read and wgitten in a right-left

direction, wvhich is opposite to English, He concluded that
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left-handers' directionality was influenced by the direction
that their languagés are written in, whereas right-handed

- subjects in both language qroupsAtended to drav lines in a
left-right direction.

Recalling that torque seems to be characteristic of
left-handers, and that torquers ace sinilar to left-handers in a
number of other charécteristiq; (Blau, 1877a,b), one might
speculate that persons with torque are influenced by the
direction that their language is read and written in. The
subjects in the two Studies reportedwhere were English-speakinge.
English is written from left to right; circling in a clockvise
direction requires a left-right notion. If the sililarifies
between tﬁrquers ahd left~-handers are more than coincidental,
Dfenan's k1977) findingé vould suggest that torque is influenced
by ihe direction of the scfi;;. It is difficult to deduce wvwhy
this might be 56; and one ca;‘only vait for additional evidence
to clafify the issue,

Noting that the subjects of the two studies presented here
vere English-speaking, aﬁd that the characteristics of a

language's script may possibly influence directionality in
R

drawing behaviours (including torque), one must consider whether .

or not torque is a stable phenomenon across cultures. @
Goodnow, Friedman, Bernbaum, and Lehman (1973) suggest that
", ..inferences froa natural behaviours to natural sources may be

misleading unless more than one culture is considered.® (p.
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278) . Goodnow et al studied the directionai characteristics of
the English and Hebrew scripts énd found some coamon
developmental trends, but they also found some iaportant
dif ferences, one of them being the way circles are drawn:
Israell children are taught to draw circles in a clockyisé
direction, and show no developnental trend to draw ciécles_in a
counter-clockvise direction, This finding is contrary to the |
findings for English-speaking children reported by Ilg and Ames
(1972) and Blau (19{7b). Using Blau's definition, approximately
80% of the Israélis would exhibit torque. The author is aware of
no reports of greater developmental problems or higher risk for
schizophrenia in Israelis, aﬁd dne therefore has to guestibh the
importance that Blau (1977a) attaches to the specific direction
that circles are drawn in. The meaning of the torque response is%
thus likely to be different in the English and Israeli cultures.
These considerations lead to the testable hypothesis that,

in an Israeli sawmple, a preference for counter-clockwise

circling will be associated with élevated scores on the
schizophrenia scale of the MMPI, A positive finding in such a
study would strengthen the argument that torque should be

defined aswcircliné behqviour that is contrary to cultural norm,
rathér than in terms of a specific direction such &SVCIOCkUiSB;
~As Hildreth has suggested,

"The apparent ease of writing from 3 to right! as
opposed to ‘right to left' direction in\mature wvwriters

may be due amore to training and practice than to any
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inherent difficulty in the direction."™ {gquoted in Ames-
and Ilg, 13951:40).

As there were no significant interactions the results froa
this'study suggest that the sffects of Torque and CLEM are
additive, at 1ea$t with réqard to elevation of the Sc scéle of
the MMPI, One has to wonder about the causal pathway involved in
the relationsﬁip between these two variables, If the heiispheric
activation model of CLEM (Bakan, 1378) is valid, and Torgque is
related to‘Right-brainedness, the possibility of one or more
common atiological factors suggests itself, Blau's'(1977b)
suggestion of a‘genetic factor in torque does not preclude the
possibility of neurological insult due to perinatal stress
having similar results.

Bakan, Dibb, and Reed (1973), among others, have suggested
a relationship between handedness, birth stress, and
neurological insult to the left hemisphere, which seeas to be
highly sensitive to trauma, Right-handed subjects with Left CLEM
tend to exhibit Toré;;} wvhich is a characteristic behaviour of
left~-handed people, It may be that there are "pathological"
left~movers who haveyfuffered some neurological insult that is
not serious enough té affact their handedness, but biases them
towards right hemispheric actiéation by virtue of dysfunction in
either the left henispherevor the corpus éallosu-.

The rel&tionship»betweenITorque; Left CLEM, and elevated Sc

scores takes on added sigrnificance in view of the growing
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evidence suggesting dysfunction of the left hemisphere and
corpus callosum in schizobhrenia. Flor-Henry (1974, 1376) has
sulnarized nﬁch of the evidence, noting that neuropsychological
tests do not discriminate very well between brain-damaged and
chronic schizophrenic samples. Rosenthal and Bigelow (1972)
reported that the corpus callosum was 18% thicker in
schizophrenic brains when coupgred *o0 controls. Laitinen (1372)
reported a reduction of symptoams in schizophrenics after partial
coamissurotomy. Gur (1377) reported that schizophrenics were
significantly different from normals on tests of laterality.
Greenberg (1973) summarized the recent research on structural’
abnormalities in the brains of schizophrenics, and concluded

that the research offered

"...some of the strongest svidence yet that certain

types of schizophrenia may be linked to slight but

significant deviations in brain structure." (p. 116).

Abnormalities involving the cerebral veﬁtricles,-

mirror-image hemispheric asynietries, thicker corpus callosuas
in early-onset schizophrenics compared to late-onset, wider
Sylvian fissures, and differeaces in certain sulci have been
found (Greenberg, 1979). Some of the most interesting research
has been reported‘by Daniel Heinberger,'of the National
Institute of Mental Health, who found parts 6f the cerebellar
vermis to be atrophied in some schizoprenic brains. The verais

is located between the cerebral hemispheres and is linked

‘apatomically and functionally to parts of the limbic system that

-
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have been inplicﬁted in schizophrenia, oOf spe;ial reievanqe to
‘the discussion of this study is the fact that lesions of the
vermis ‘in rats result in increased production of the
neurotransmitter 'dopaQine' in limbic sysien, a’condition
which is integral torone.of the Bas explanatory theories of
the etiology of schizophrenia, (Greenberg, 13979).

Of special interest are several studies which compared
right and left heaisphere brain-danagéd subjects on scores of
the pHPI.VBlack (1975) compared the mean profiles of left
dam&qed patients with those right damaged patients, and found
that the left damaged group had significantly higher elevation
of the Sc (schizophrenia) scale and that their mean profile
characterized by increased depression, paranoid ideation, and
deviant thinking, A1l scales for the right damaged gronp‘were
wvithin the normal range., Gasparriai, Satz, Heilman, and Cooiidge
(1978) found that left damaged subiacts had a:greater number of
scores in the pathological range (over 70). The left damaged
group had the highest scores on the Sc scale but thé difference
between droups vas nﬁt significant. Louks, Caisyn, andeindsgy
(1976) found that patiénté'with left hemisphere dys?unction
tended to score in the psychotic range 6n the Goldberg Index of
the MMPI, while right dysfunction patients scoreg in ghe
neurotic range. 7

Conclusions
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A summary seeas to be in order. Individuals tend to exhibit
a bias for attending to the vorld in either a left heamisphere
mode ér‘a right hemisphere mode., This may be determined |
genetically, or bstﬁbtle'neurological iasult, or perhaps by
education., Ours is a left-hemisphere society: people who rely
inépproptiately upon the right hemisphere are likely to
experience difficulties in ;dapting. Torgque seéns to be a marker
variable for individuals who have difficulty in adapting to
social and cultural norms of behaviour, and who experience a
develdbmehtal'lag, presu@ably as a result of some neurological
deficit. Such persons are likely to experience psychological
difficulties, uhicﬁ may be related to a tendency to rely upon
the right hemisphere, A tendency to rely upon the right
heaisphére implies an integrational deficit and/or lefi
hemisphere dysfnnctioﬂ{’There is growing support for a
relationship beéﬁeen schizophrenia and abnormalities involving
the left hemisphere and the corpus calloSuu. Torque and
right-prainédness (left CLEM) seea t2 be of v&lue in predicting
schizophrenic-.tendencies. To a certain extent, torque and
right-brainednesé may share the same, or similar, antecedents,

However, it seems likely that Torque aﬂdVCLEa are separate
phenomena, otherwise the pattern of means obtained in the data
would have been different, A group of right-nbvers can be

expected to have perhaps a 28% incidence of Torque. A comparable

group of Left-movers is bound to have a higher incidence because

a
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it has‘tuo possible sources of Torque:'theAhypothesized neural
inteérat;onndeficit, and the coisequential psychological
problems due to being right-brained in a left-brained society.
Accordingly, one would expect the groups to be ranked on level
‘of adjustnent as follous (trom best to'uorsti: Right CLEN/NO
Torque, Left CLEM/No Torque’ Right CLEM/Torque, Left
CLﬁuiTorqnei This is exactly the pattern of means that vas
obtalned for the Sc scale data. The Torgque factor (whatever it
is) ﬁas a qreater sezght than CLEM, and the Left-CLEM/Torgque
qroup can be expected to have the poorest adjustment due to the
tvo sources of psychologlcal dlfflculty.

The . Torque factor may be tappzng the overall level of
psychologlcal dlfflcultles, vhlle the QLEE factor may be
measuring the weakness'of the left hemisphere, which is
con51stent vlth the rela+1on3h1p between left henlsphere
dysfanction and schlzophrenla that was postulated earlier.

; ’There'are nuaerous posszbllzties for alternative
lnterpretatlons of the data regardlng Torgne, CLEM, and the Sc.
scores, if one -Wishés " to argue about the validlty of the CLEHM

nodel or the speculatlve exlstence of the neural integratlve

def1c1t. The results ara'clear, hovever, to the effect that soue

sort of def1c1t e11sts, neﬁﬂ?l or otherulse, uhich is nanifested

.!J

‘in the 1ncreased devxance found 1n the personalltyiprofiles of

supjects wlth torque. L .',w “ .
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Modifying the;eduéational éurriculgn to include a
right-henispheré orientation might alleviate some of the
p;oblens to which.childreﬁ ¥ith Torque, Left-CLEM, or learning
&isorders may be prone; Presentation of learning uaterials‘in an
‘appropriate cognitive mode could be beneficial. Oﬁ the other .
‘hané, perhaps intensive remedial training in a left-hemispheric
mode is necessary-to restore, or”provide, a cognitive balance.
Williams (1978) reports that dyslexics improve academically and
behaiioﬁrally when they are taught to listen with the right ear,
vhereas normally they show aileft-ggr superiority, which is
contrfary to the gsneral population.

Integration ié the key-word. Each hemisphere must have
access té the other andvbe able to process the input'
appropriately, Acquiping such integration uou}d Seen ﬁo be an
important step in minimizing risk and'vulnerability, as
suqéeéted by the fact that those subjects with Right CLEM and’né

torque showed the least evidences of schizophrenic tendencies.

Suggeétions for Future Research

The.design of the study could be improved, depending on
vhat gquestions were being asked of the data. The numbér of
subjects in the torque and no-torque cells had been purposefully
left free to vary according to the population parameters.,

However, the unequal n's may have led to violations of the
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assumptions made iﬁ carrying out the F-tests.

The sanmple sizé could and should have been bigger to enéure
enough power for the statistical invesiigations. There were no
obvious sources of systematic error in tﬁe design or procedures.,
University students tend to score higher on the MMPI than other
subjects; but this could not have affected the between group
differences.

Scores should be analyzed with and without the 'K!
correction, as the correction factor fended to narrov the
separation between groups. The Sc scéres can not be used to
claim that cne group was more schizophrenic than the other. An
alternative phrasing night be ",.,.answered éignificantly more
items in a fashion similar to‘;chizophrenics." |

An obvious direction for future research is to follow a
group longitudinaliy to see how,%he relationship between CLEM
.and Torgue changes over a wide age range, Pactor'analyses'of
various other personality measures and laterality neasureg
should be nadé S0 as to see where Torque ;nd CLEH would load on
' the factors, Clinical popuiations need to be saaplad and
'croSs-cultural comparisons conducted, Perhaps most importaﬁtly,'

some direct measure of hemispheric activation should be used to

confirm these results, ' - o

N
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J. Appendix A
The 20 ngutral‘queétions used to elicit‘eye movenehts:
1. What is the meaning of the proverb: A watched pot never
boils?
2, What is the meaning of the proverb: It‘is an ill wind that
blows no one good fortune? ' ‘
3. Make up a sentence using two f&rns of the same verb.

4, Tell me two verbs beginning with "N."

5., What is the meaning of the proverb: A poor worker bianes his

tools?

6. Spe;l "therapeutic."

7. What is the meaning of the brovgrb: Call no man happy till
he's dead? )

8. List two adverbs.

9, What is the meaning of the proverb: Lend your money and lose
your f:iends? | t )
10. What is the meaning of the proverb: More than euough is too
much? ’

11. List two prepositions.

12, Hhat.is'the meaning of éhe proverb: Words should be ueighte&
not counted?

13. Wwhat is the meaning of the proverb: He is rich who has few

vants?

14, Define inflation,
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15. What is the-meaning of the proverb: A rolling étdne gathers
no moss? J

16. Make up a sentence uéinq two ad;erbs.

If;rTell me two verbs beginning with "R."

18, What is the aeaning of the proverb: The hardest work is to
go idle. ’

19. What is the meaning'of the proverb: thtysaddéhs gh;:wise
man, gladdens a fool? ‘ |

20. Define the word economics.
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K. Appéndix B

MPI and Torque Scores for

S¢ TQ L F
FEMALE LEFT MOVERS
' 1 2 40 55
2 6 47 54
3 0 47 68
4 3 56 62
5 0 40 48
6 0 43 55
7 2 56 44
8 0 63 64
9 240 73
10 0 43 53
11 3 50 53
12 0 50 53
13 3 53 60
1 3 40 55
MALE LEFT MOVERS
15 0 43 68
16 0 53 62
17 3 56 55
18 6 0 68
19 0 40 48
20 0 40 55
21 3 54 68
22 6 42 63
23 6 44 53
24 0 51 64
25 0 50 49
26 0 43 60
27 3 42 64
28 6 47 53

K

57
44
42
47
49
62
63
48
38

46

53
59
42
432

4y
63
46
49
61
48
47
53
45
62
57
46
56
48

53
60
44
52
58
68
58
56
62

a4

57
53
58

72

33
70
70
65
52
49
69
72
48
64
56
61
53
70

60
55
63
55
47
47
57
73
59
46
59
44
49
53

63
57
60
65
47
51
69
59

60

61
68
62
58
65

HY PD

52 64

64 66
64 71
60 53
59 53
57 69
63 54
57 53
63 84
50 .55
52 50
57 60
61 64
63 62

46 57
73 57
58 67
53 57

53 64

44 50
46 66
58 67
57 55
61 .63
54 50
47 53
59 50
Sk 64

64

PA

68
70
73
56
53
50
38
70
62
47
59
50
59
67

53
65
65
53
53

56

63
58

53

64
50
57

.56

69

PT
67
65
66

60
51

48

57
56
66
55
66
53
45
69

54

56
64
73
52
46
59
63
51
58
47
56
64
62

SC

70
75

17

T4
54
47
60
54
75
47
51
56
43
71

61
65
13
76
56
4y
73
70
63
70
51
69
73
74

MA

63
61
72

73
70
43
73
78
53
58

63

70
83

75
63
89
55
70
68
70
75
65
63
63
68
67
65

SI

51

60
54
52
52
44
56
58
65
58
56
46
50
61

53
44
48
56
52
51
54
45
50
52
4y
48
55
56




S# TQ L P K HS D HY PD MF PA Pi\;é&gé ST

FEMALE RIGHT MOVERS

29 0 44 53 55 43 55 56 72 48 62 49 53 72 64
30 0 50 539 58 53 70 57 50 48 62 49 60 69 64
31 3 44 50 53 64 65 77 60 32 73 61 71 70 44y
32 0 46 50 58 54 51 57 64 43 47 51 51 70 40
33 2 40 55 48 47 51 52 52 47 41 63 56 45 52
34 0 41 50 60 58 63 65 56 32 73 63 66 69 56
35 1 47 53 59 64 59 62 71 33 61 59 62 73 51
36 0 53 51 56 42 45 63 69 32 46 51 43 56 u8
37 3 53 53 57 48 61 59 60 48 62 60 57 55 62 , )
38 0 51 48 53 44 45 58 61 50 58 65 47 70 49 _ -
39 0 46 61 59 64 63 73 51 32 70 61 68 70 47 ,
40 0 52 50 57 52 52 59 6% 40 43 54 u48 60 42
41 3 53 62 67 50 53 59 72 33 59 59 60 53 50
42 0 80 55 52 47 53 54 60 51 41 64 44 69 52
MALE RIGHT MOVERS : :
43 O 40 54 59 54 65 63 57 61 51 61 59 60 43
44 O 50 -48 74 59 60 69 71 63 59 62 61 50 44
45 O 44 53 63 69 62 67 65 66 48 54 50 55 53
46 O 46 50 72 70 63 64 57 67 50 62 69 63 43
W7 0 40 46 65 65 56 64 68 65 55 65 63 67 60
48 6 50 44 61 55 64 68 69 69 53 66 71 72 48
49 0 43 48 72 57 53 62 69 6% 53 60 65 58 42
S0 3 54 46 68 64 61 56 64 59 50 57 63 60 49
51 0 82 47 64 59 54 59 63 60 48 53 53 69 47
52 0 53 48 70 43 60 54 57 65 53 62 uu 65 54
53 0 42 50 44 46 53 65 53 58 61 55 51 68 u3
54 0 43 50 66 53 47 55 58 61 48 56 64 56 47
55 0 47 52 49 63 53 60 65 69 54 59 43 70 51
56 2 43 50 66 72 49 69 70 63 52 58 64 4B y2
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