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SPATIAL ABILITY, SEX, AND HANDEDNESS AT

10/11 YEARS OF AGE.

Raymond Densham,

ABSTRACT,

The importance of spatial'ability is argued and the
difficulties in defining and assessing it discussed. These
questions are asked: are the suggested relationships between
rspatial ability and sex, and between spatial ability and
handedness still evident when spatial ability and handedness
are more carefully defined than usual and when children of

10/11 are studied?

The Edinburgh Handedness Inventory (E.H.I.) was modified
and administered to 519 children. E.H.I. score and writing hand
were compared as criteria of handedness. All 57 left handers
and 57 right handers matching them in degree of handedness9 age;”
and school experience were selected., The Spatial Test II (Vatts)

was administered %o these 114 children.

Mo evidence was found of any relationship. The implications

of this are discussed,



SPATIAL ABILITY, SEX, AND HANDEDNISS AT

10/11 VZARS OF AGT.

RAYMOND DENSHAM

UNIVEQSITY OF DULEARLL
DCOUCATION F.CULTY

1963,

The copyright of this thesis rests with the author.
No quotation from it should be published without
his prior written consent and information derived

from it should be acknowledged.

27 47 1984



OTATEMENT OF COZYRIGHT,

The copyright of this thesis rests with the authow,
No quotation from it should be published without
his prlor written consent ond information dezived

fron it should be aclmowledged,



LIST OF CONTENTS.

Pages
ACKNOWLEDGEMENTS .

LIST OF TABLES AND FIGURES,
1=4 INTRODUCTION,

5.25 SPATIAL ABILITY
a) 1Its Educational and Social Significance.
b) The Problem of Definitiom.
c) The Inadequacy of some Previous Works and a Definition

of Acceptable Criteria.
26=51 SPATIAL ABILITY AND SEX

Possible sex-based Factors Effective to Spatial Ability
a) Genetic Factors. '

b) Maturationaleateo

¢) Sex Role - Interpersonal Relationships.

d) Personality Traits.

52=75 HANDEDNESS

a) Problem of Comparison of Criteria for Handedness.
- b) Problem of Definition.

c) Comparison of Tests.
76-98  HANDEDNESS AND SPATIAL ABILITY

a) Academic Interest in Handedness and Cerebral Dominance.
b) Practical Interest in Relationship of Handedness and
Spatial Ability.

c) How Use of Atypical Subjects and Differing Instruments
Can Lead to Inaccuracy of Definition of Relationship of

Handedness to Spatial Ability.



Pages

NESIGH, '

99-103
104-135 IETHODS

Instruments

Spatial Ability Test.
Subjects,

Procedure,

136=161 RESULTS
fuestion 1 How Accurate is

of Handedncss,

Cuestion 2 Current Incidence of

Cuestion 3 Sexr Differences
Question 4 TNelationship of

For ALl Subjects,
Por Varying Degice

For Tach Se:,

162-183
Comporicon of Criteric,

Incidence of Hondednesse

L Ability cnd Uondednos

Four A1l Subjncisn,

R

S0T

o9 b
Hoea ool T
M. e

],‘J,Y VTG

COTISTrEriy,

TNTVENT T VOV A T ERY
RSN ».'.C\ Ll e

184-190

Handedness Cuestionnaire,

Hondedness,

s of Handedness.

Uriting Hand as a Critevion

Spatial Ability to Handedness,

[ P S 3 .
LB eETS,



ACTNOLT,

T <roull like to empwess wmy sinceve gratitude to ell theose

o hove ossisted in the preparstion ond prescntation of

this wozly, in poxticular the follomings

IMe 11, CTONE for his invaluable guidonce in the orgonisation
cf this wotk,

1

The Heodtenchers of the primaxy schools im which the resecrch

es conducted for their coonerotion and assistonca,

~

I Jelo HUTCHICON for his encourogement and forbhenrance,

S V° WICHOLS Zor her assis vesentation of U

3
It
bl
[n
3
O
©
t=le
=3
o
P&
O
]

ithout their unstinting help ond suppori, this work would not

hrve been poesibles

™

To Densham, feCePe D6 o



LIZT 07 T.BLIS SMo PICURNTE,

Ll T\T bl

Page it}

115 Toble 1 Test end Netest Nesulic fow the Verion of B.ll.T
Used Heres

120 Toble 2 Nasults of 3Spaotial Shility Pilot Study.
136 Table 3,1 Sgreeaent Between the o Criteria of Handednens,

136 Teble 3.2 Proportion of Children Tdontified os Left Hande!

-
oy the Different Cxiteriz,

139 Teble 4,1  Tncilence of Deported landedness,

142 able 4,2 Incidence of Handedness = B.H.I.
148 Table 5.1 lMean Rau Scoxes on Spotial Ability Test,

151 Table G,1 Corzelation by Reorsons Product Hlonent Coefficicat
£ 3 S = ond Standavdised Scores

o
1 Subjects,

154 Tebla 6,2 Correlations of Progrensively Nefined Hendedness,
154 Table 6.2 "+? Tests of Statistical Sionificance.

158 Table 5,4  Product Moment Correlotion Cocfificient 'r' Scores
on S.H.I, and Standaxdised Scozes, Spatial Test II, lzles,
159 Teble 6,5 Two Teiled 't Teosts of Stotisticzl Significonca,
Perfoviacnce on Spetial Test II, ifcless
c [

158 Tanle 6,06 Pepduct: Moment Corzeln
on SeHoT. end Standaxdd
I, Faneles,

r‘\

159 Table 6,7 Two Toiled *t? Tests of St
Porformance on Spatial Te



PICUN

Page
105 Fignze 1 0ldficld®s Orizincl Cucstloamaize (L070),

=~
:j

o

0
a

rot Modified Cuestiomanis

-

107 Figure

(65}

111 Figuve Second ltodificed Nuestionnaire,

120 Tinure & Spetial Test II (Tetts)o
127 TFicure 5 Instructions foxr Completion of Handedness Questionna

129 Tiguwe O Instructions for Administration of Spatinl
Ability Test.

144  Ficuve 7 Graph of Distribution of (uotient Scowes.

146 Ficure 8 Graph of Incidence of Handedness as a % of All
Gubjectis.

150 Fizuwe 9 Graph of Distribution of Spatial Abilitgy Test

Scoress Liales and Feomnles,

[22]

157 Figuze 10 ca tL rgaan of EoH.I. Cuotients and Spatial Test

%]
O
O

1=
Lt

180 Figure Comparison of Hipectations of Correlations by

Previous Hypothesces and the Present Tork,



INTRODUCTION,



For a long time the mental abilities of children tended
to be assessed by instruments predominantly verbal in content,
and the element of non-verbal intelligence, including spatial

ability, went largely untapped,

Since the realisation that spatial ability is closely
associated with not only mechanical and technical understanding
but with mathematics, chemistry and other high-level cognitive
skills (Baker and Talley '"74) and due to the educational and
social significance of undervaluing spatial abilities
(Macfarlané Smith '64).there has been greater interest in these

specific abilities and in related effective factors.

One major factor which seems to effect cognitive skills,
or at least the attempts to measure cognitive skills, is that
of sex. Many studies have found males to be superior to
females or vice versa in the performance of differing tasks,
and the dirvection and size of these differences vary with the
task and the subjects, Many of the works comsidering spatial
abilities in pérticular find a male superiority in this domain
while some do not. It is important that this confused picture
be considered, for the problems surrounding sex roles and se::
expectations and perceptions are complax enough;, and any
clarification of the welationship botween sex and a major

cognitive avca such as spatial ability must be welcomed.



Another factor which has been the cause of much work
is handedness and its connection with all manner of abilities.
The social and educational beliefs and preconceptions about
“sinistrality" are rooted deeper in history than the interest
in spatial ability, but since the link between handedness
and spatial ability haé been studied, there has been remarkably
little consensus as to what that link might be. An ad hoc
observation of these people who are engaged in what might be
considered spatially oriented tasks - such as painters,
architects, professional tennis players and the like =
certainly seems to reveal an abnormally large proportion of

left handed participants.

The indication of left handed superiority are, however,
contrary to the theory of Levy ('69) who believes that, due to
the nature of the means by which the cerebellum processes
information, right handed subjects ought to have an inherent

advantage at spatial functloming.

It is obvious that this ia another important area, like
that of sex effect, which is seriously in mneed of clarification
so that further work may proceed on a firmer foundation than

that at present available,

The probability seems large that much of the confusion

described hexre is from a combination of threc factors.
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The f£first of these is a lack of a stable definition of spatial
ability, and use of sometimes unspecified or unsuitable
instruments for assessing it. A second problem is that of
definition of handedness. In many works the method of assessing
handedness is not specified, or left handedness is defined by

use or reported use of writing hand, The treatment of handedness
as discrete and dichotomous is also unsuitable, for there are
many degrees of handedness, and 'mixed handers" may well effect

results.

A thirxd problem is the frequent use of atypical subjects
used in experimental work. Adults or, even worse, highly
selected students such as university undergraduates or
institutionalised or cerebrally disturbed patients have been the
subjects of work from which much wider generalisations have been

allowed to generate.

For these reasoms, it can be considered that many previous
works are inadequate, and a clearer understanding of these
problems is needed as an underpinning to further work. To this
end, the aim of this work is to help to clarify the positiom
regarding spatial ability, and sex and handedness in children.
This will be attempted by the application of a spatial test
wvhich complies to well defined critezia, to childrem in school
whose haondedness has been determined by a reliable and semsitive

instrument.



1.

2.

3.

The questions to be posed are as follows:

" Is the use of writing hand a reliable criterianof

handedness.

What is the incidence of handedness at the present time
among pupils of 10/11 years of age.

What is the relationship between spatial ability and
sex for all subjects.

that is the relationship between spatial ability and
handedness for all subjects, for subjects of particular

degrees of handedness, and for each sex separately.



a)
b)
c)

1. SPATIAL ABILITY,

Its Educational and Social Significance.

The Problem of Definition.

The Inadequacy of some previous works, and definition

of acceptable criteria,
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1 a) Spatial Ability - Its Educational and Social Sipnificance.

Whenever the concept of mental ability is discuséed9
or used as a criterion for compartmentisation of people
into groups for one purpose or another, the general term
"mental ability" often distils' into meaning "verbal
ability". This may have some historical precedent, for
when "intelligence tests" were first promulgated and
designed they tended to be heavily verbal in nature, for
even when the questions asked by the test purported not
to be about verbal material, the test itself relied upon
the subjects' ability to read the test. A person who
could not do so, and who therefore scoxed poorly on such
tests was labelled as being of poor "intelligence"
despite the fact that he or she might have considerable
mental powers which were simply not being tapped by the

test used.

This anomnaly has persisted for some while, and even
after the disclosure of an area of ability not strictly
verbal, and now usually defined as "non=verbal" or
"visuo-spatial®, the principle of cquating mental ability

with verbal ability still abounds.

In educational terms; this often shows itself In

the practice of streaming or bandimg where pupils are allocated
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to groups which may well be offered differing leQels or
content of syllabus for all subjects in the curriculum
on the basis of their verbal, or sometimes verbal and
numerical, abilities, It has becn realised, however,
(Baker and Talley '74) that the area of visuo-spatial
intelligence is not only closely connected with
performance in mechanical and other obviously spatially
oriented tasks; but to mathematics, chemistry and other

high-level cognitive skills.

It is quite possible that in many cases children
are never specifically tested for this particular ability,
although they are often tested and re-tested for verbal
skills. Because of this lack of awareness of another
large and important area of intelligence, much potential
of pupils® ability is being lost. Macfarlane Smith ('64)
argues that such "'spatial™ ability is undervalued in
education, and proposes that it ought to be accorded a
status of consideration at least equal to that of verbal

ability, and suggests that it could be even more important.

The same argument can be carried from the
educational to the occupationrl level, lMany arecas of
vork which require a well developed spatial intelligence
including the mechanicol industries and occupations such

o5 architect, designer, droughtsman and the Lile ofteon



make selections on the basis of their own 'performancéf
tésts which are heavily loaded in spatial factors,

This in itself is another condemnation of an education
system which fails to provide this information to people
requiring it abpve or as well as the traditional verbal
and verbally based abilitiés, It may also be viéwed in
a more complex situation where prospective candidates
don‘t even get to the selection stage because of their
inferior verbal abilities so once again what may be
considerable mental potential is left undiscovered and

unused,

In an age which is evermore preoccupied with and
réh@éshed in a mechanical and technological revolution it
is surprising and perhaps wasteful in potential terms that
greater efforts are not being made to find and develop»
this specific latent menﬁal abiiityo The argﬁﬁgngs
proposed by Smi@h‘tWeﬁty=years égo are éven-mqre-vqlid
dndmpressing.tqdaye The need for spatial abilities to be
recoghiggd as gﬁg equal to verbal abilities is important
to the zealisation of educational potentialp the discovery
and use of specific talents and abilities for further
education and occupational requirements, and fom the

matimisation of life-chances in general,



e

The true value of using non verbal abilities will
not be and can not be realised until it is possible to .
consider such abilities in the same theoretical detaill as
that now afforded to verbal abilities. Due to the earlier
start and larger amounts of time and effort spent on
refining and understanding concepts of verbal ability,
its effective factors and relationship with other abilities,
the theoretical picture is somewhat clearer for verbal

than the non verbal areas of “intelligence,"

It is necessary to improve the understanding of such
non verbal abilities so that reliable and valid
instruments can be consistently applied to quantify the
ability, and thereby developing and directing the ability
and its application in the same way and with the same

status as has long been possible for verbal abilities,



1 (b) Spatinl Abiligz;= Problems of Definitiono
{Then congidering fepdrts of work underfaken in the
area of psychology which deals with various mental
abilities, it is usual to encounter two difficulties.
The first of these is definition; when claiming to test
"spatial ability" it is as well to be precise about what
is meant by "spatial ability". The problem of
definition of such terms seems to have become more acute
in recent years as methodology has become more rigorous.
tthen tests of mental abilities were fixst promulgated,
almost.any test was accepted as testing what it claimed
to tést = thereby leading to the neat definition that
"intelligence is what intelligence tests measure", As
eriticism of such tests lead to more refined attempis to
quantify these concepts, the precision of the definitions
of what was being measured becamec somewhat blurred and
now such tests or éttempted qualifications are perhaps too
nebulous or are too loosely applied, as the definitions

of such abilities become ever more amoebic,

The problem of definition is even more acute when
dealing with spatial ability, for as a part, howeﬁer large
or small, of total human mental ability, it is difficult
to separate it fwom other abilities to an cxtent wvieze it

worthy of a definition in its owm Tight as a discreto

o
0
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ability. Although not'physically-gossible, gt is
conceptually convenient to catégorise-such an-ability
as if it were separate and separable, while still
recopgnising that an unspecified degree of overlap and
interdepeﬁdence between spatial and other abilifies
exists. The second of the two difficulties mentioned
is that of designing and applying a valid instrument
of measurement of whatever has been accepted as an

adequate definition of the specified ability.

in one report (Manuel and Rorshel '52) over one
hundred and forty tests claiming to measure ''spatial
ability“ were listed. As many ofrthese tests are quite
different, can they all be measuring the same ability?
Although this particular ability may well be wide and
devious, it would not be unrcasonable to suggest that

there must be some '

"essence” or essential quality
which could be considered mandathy in presence in
‘order to assess whether a particular test validly

meaSuzeS‘thatbwhichvhas been defined asfspatial abilitye

In his major work ''Spatial Ability = its
Educational and Social Significance” Macfarlane Smith
(*64) offers a very comprehansive swfvcy'cf tha

dovelopment of the paper and pencil type of tests of



1i.

spatial ability since 1917, Many of these, he claims,
originated as written forms of earlier manipulated
tests such as practical, mechanical or formboard tests.
These were origimally intended as instruments of
measurement of general intelligence for people of low
education or poor verbal expression. Much time and
energy has been spent, he reminds us, on txying to
resolve the question as to whether these tests actually
measured some special aptitude over and above the
"general" ability "g" - the concept of Spearman (1927) =
in the same way that verbal tests had been found to

involve a large group factor additional to "g".

There were many who claimed to have isolated such
a group factor (Earle, Milner et al 1929, Cox 1928,
Truman Kelly 1928) while as many refuted its existence
(Line 1931, Fortes 1930) claiming that their amalysis
of the data simply showed measurement of the general
factor "g". Eventually, the cvidence offered by
Brown (1933) and Alexander (1935) among others began to
clarify the situation in favour of a "factor of practical
ability" usually referred to as the F factor, when an
outstanding contrxibution, now considered as one of the
seminal works fn this area, was prosented by El Koussy
(1935). He applied 28 tests covering a wide range of

abilities to 162 boys attending a Keant school,
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The battery of tests included the following

spatial or mechanical testss-

1,

3,
Lo
5
6o
7
8o
9%

10,

11,

Area discrimination.
Meﬁory for designs.
Form Relations.
Ficting Shapes.

Form Equations A,
Form Equations B,
Form Equations C.
Overlapping Shapes.
Overlapping Shapes,
Pattern Perception.
Spatial Analogies.
Classification of areas,
Band Completion.
Correlate Eduction A,
Correlate Eduction B,

Mechanical Explanations.

(E1 Koussy)

(N.Io1oPo)

(NeIoT.P,)

(Stephenson)

(E1 Koussy)

(E1 Koussy)

(E1 Roussy)

(Stephenson)

(Abelson)

(Stephenson)

(Modified frﬁm Stephenson)
directions, lines. (Spearman)

(El/Koussy)

(E1 Roussy)

(El Koussy after Spearman)

(Cox)

Using Spearman’s tetrad-difference technique he

concluded there was evidence of the existence of the

factor in eight of the spatial tests, but not in the

others,

He stated his main conclusion

".o.There 45 no evidence for a group factor rumning

through the whole field of spatial perception...spatial



tests are ?iiﬁeeiiy:tes;s;of"éio But some sPéééai'.
tests invqlve a group fector evef and,ébe%e eheir 'é“
content. This group factor c¢alled the"k’ factor
receives a ready psychological explanation,in terms of

( , »
visual imagery (his 'k' probably coming from 'kurtosis®).

The eight tests haviug the signif1cant 'k° loadings
nentioned proved to be those numbered 2, 3, 4, 5, 10,
11, 13 and 14 above, and after obtaining reports of
1ntrospect1ons from: many of the” subjects of these tests
El Koussy decided that the explanation of the 'k"
,:actqr;c0931sted‘1n fthe ability to obtain and the
fac:}li‘iy to utilise visual, spatial @magery.';

In the year following El Kohssy's work, Clarke
. ("36) reported the findings of an even larger survey
than that of El Koussy, gﬁt‘using female Subjecte
ewclu31velyo ‘The interpretatlon she offered of the

-,results seemed to oppose the flndings of El Koussy, but

"1reaexaminatlon of her- tests and analyses showed that the

work did, indeed, supportAEl Kqussy ] findings, but to

a lesser extent, possibly due to the sex of the subjects.

At the same time (°36) Macfarlane Smith was himself

submitting a thesis on the same topic. When devising
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the béttery of tests for his investigation, Macfarlone
Smith had been perturbed by the fact that he had found
very great individual differences in pupils?! ability

to reproduce by drawing, accurate, well proportional
sketches of simple objects. Pupils who produced sketches
obviously grossly out of proportion seemed to find
nothing amiss with their efforts. Macfarlans Smith
believed that if the special aptitude he wished to
measure existed at all, it should be manifest in the
ability to observe and reproduce shape and dimensions in
their tzue proportionse- He accordingly included drawing
tests of simple objects such as Bunsen burners and milk
bottles in his test battery. He has maintained that

any test claiming to test spatial ability should depend
critically for success on the perception of the correct
proportions of a figure or pattern - a conception
obviously close to El Koussy's contention that *k!

factor consists of obtaining and utilising‘visual imagery,
and is puZzlgd'and9 one suspects, disappointed by the
fact that other research workers seem unaware of this

principle or see £it not to refer to it in their work.

Meanwhile the field was becoming much more complex
beceuse of developments of new test material and of cver

more exhaustive factorisations made possible by aow
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computing devices, and an attempt was made in 1957 by
. Michael, Guilford, Fruchér and Zimmerman to 'filter’
the similarities and differences between the factors
so far isolated and to propound three areas of ability
which they believe to be fairly well established as

representational of spatial ability.

These three groups of factors were listed as
1, SR-0 Space relations and orientation,

This is considered to be the ability to
comprehend the nature of the arrangements of
elements within a visual stimulus pattern,
primarily with the examinee's body as the frame
of reference, In a typical test of this factor,
as the entire configuration or principle
component of it is moved into a different
position, the objects within the pattern hold
essentially the same relationship ‘to one

another,

The tests used to discern the factors

arese
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Instrument Comprehension II.
Complex Co-ordination,
Aerial Orientation,

Dial and Table Reading,

—— AeAbFo
Discrimination Reaction Time.
Directional Orientation.

2 Hand Co<ordination.

Stick and Rudder Orientation.

Cubes,

Flags Figured and Cards.
T Thurstone
Lozenges,

Paper Puzzles., - - |

Spatial Orientation. Cuilford-
Zimmerman

Vz  Visualisation.

This factor is believed to require mental
manipulation of wvisual objects involving a
specified sequence of movements. The objects
appear within a more or less complex stimulus
pattern, The individual finds it necessary to
mentally rotate, twist, turn or invent one or moxe
objects or parts of a configuvation according to

relatively eiplicit dircelions as to what the

D

nature and ovder of the menipulations sheuld boo
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The cxaminee is required to recognise the new
po‘éition9 location or changed appearance of

objects that have been moved or modified within

a more or less comple:x configuration. Tn some
instances he is required to present a record of his

solution by drawing appropriate responses.

Again the tests used to define this arca are
largely those of the Army Air Force psychologists

listed and are:-

Directional Plotting.

Spatial Visualisation - Paper Folding.
Mechanical Principieso L Aol,Fo
Mechanical Movenents.

Pattern Comprehension,

Punched Holes,

L Thurstone
Formboard, ]
Spatial Visualisation. ! Guilford-
 Zimmesman

3, K = HKinaesthetic Imagexyo

This, the most tentative of the three is
thought to represent merely a left-vight
discriminetion with zespect to the location of the

: i 2 1
or aucwnle in Thurstene®s "Boluts' test

human body, !

[
&
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the examinee has to determine in which of two
directions the bolt has to be turned if it is to

be screwed into a block of wood,

The only two tests for this factor are,
indeed

Hands
— Thurstone

Bolts ]
It will be noticed that the first of these factors -
Spatial Relations and Orientation - bears similarity to
HMacfarlane Smith's contention., It requires that the
subject first of all has the correct perception and then
the mental manipulation of shapes as a whole. It also
includes the use of tﬁe testee's own body as a reference
frame = a concept closely allied to the field-dependence
field-independence structure outlined by Witkin et al (i62)D

especially in the use of his classic Ro.F.T.

An interesting point to .be notiégd here is that many
researchers have concluded that at tasks of spatial
ability, males tend to be supeziof to females; while
7ithkin found that fewmales also tend to be significantly
moze f£icld desendent in general Chon do males.  If tests

of spniial ability require an independence ef mental



reference from the boay, then thqsé who demonstrate
field independence may well; by definition, have an
inbuilt advantage at thesc tests normally called tests
of spatial ability and a positive causal link may
exist between the tendency for males to be more often
field independent and superior at measurable spatial

ability.

Although among the huge battery of spatial
ability tests now available many are of the three-
dimensional type requiring the subject to manipulate
parts of mechanical apparatus, or else to fit pre-
formed shapes into formboard and the like, El Koussy
showed quite conclusively that these threeedimensiongl
tests are not superior to the two-dimensional type of
test; in fact for most of the tests considered to. be
heavily loaded in spatial factors, the two-dimensional
or ‘paper and pencil® type of test are in fact superior,
The conclusion has been that probably the heaviest
loading could be seen in those tests which require
mental manipulation of three-dimensional objects in

space = the Vz factor,

Macfarlane Smith points out, however, that many of

the tests devised and uscd to test spatial ability do not,
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in fact, use this type of mental manipulation. Some
tests require only identification of different
position, or the noting of details or recognition of
pattern = and those tests are criticlsed by Macfarlanec
Smith on the grounds that they can be completed
successfully by subject who do not have a high degree
of spotial ability, but simply a2 mental facility for
noting detail or recognising shape - a function of
memory in fact. He is quite adamant that 'spatial®
ability requires recognition and manipulation of
organised wholes in three dimensions - and shape or

pattern recall may be only a part of this ability.

As the available tests for spatial ability become
more refined more specialised and their results better
interpreted and understood, it would appear that if the
definitions of constituent spatial ability by ELl Koussy
and Macfarlane Smith are to be accepted, then the most
teliable kind of test are those involving visualisation
(vz), The tests themselves could be two rather than
three dimensional and need not be complex in the sensc
which implies much detail, but they may be complex.in
cnother sense, in the respect that tho relationships
Detween the parts of a configuration cannot casily be

crasped oxslicitlv, The relatlonship must he srasned
(w1 N X (&)

&

iImplicitly = and that is whot 4s fuplicd by the stateiont

et
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that such tests involve an ability to perceive and

retain in mind a figure as an organised whole.

It is this definition which is found acceptable for
the purposes of this work; the nature of the test should
require the subject to perceive, retain, and mentally
manipulate in three dimensional space an organised wvhole,

the parts of which must be grasped implicitly.

The orientation element (SR=0) should be minimised,
as a mgjor factor in its definition 1is liable to sex=bias
in relation to the field dependence variable, and in
order to facilitate analysis of sex differences on the

test, it should be as sex~falr as possible.
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The Inadequacy of some previous works and definition of

acceptable criteria,

As discussed earlier, the problem of defining, let
alone measuring spatial ability does not lend itself to
easy solution. It is possible that many abilities
combine to constitute that which is called spatial
ability, but most researchers agree that its predominant
cerebral location is the right hemisphere, This
particular hemisphere seems to be most adept at a
Yoastalt? grasp of problems of a spatial and motor-
kinesthetic type and operates in an holistic manner,
while the more analytical approach to problem solution
is usually the domain of the left hemisphere (Bogen &

Bogen "69, Levy °72, Cohen °73).

The suggestion that spatial factors are best
processed by the hemisphere which uses holistic methods
of processing tends to confixm the opinions of El Koussy
and Macfarlane Smith who consider that the problems most
heavily loaded with a discernable spatial factor are
those which require a complete and almost "intuitive'
grasp of the problem rather than an ordered and analyticzl
anparoach. Highly loaded spatial tasks are those which

require the subject to perceive the problem or image as

an orgeniscd whole, and to visualise 1ts manipulation
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in three dimensional spacé, or to recognise the object
or image when rotated to a different position. This
task is not quickly or easily done by analytical methods,

if it can be so done at all,

In order to select a spatial test which will involve
the subject in this particular type of mental activity,
the items in the available tests neceded to be analysed
for the type of mental processes they would be likely

to involve.

Some of the better-~known tests of spagial abilities
(including some that have been used as the indicatoz of
spatial ability in certain large and influential studies)
do not altogether conform to the criteria imposed by the
author, Such tests include the Minnesota Spatial
Relations Test which dates f£rom 1930 but is still in use
in one form or another and consists of fitting blocks
into preformed holes in boards, It is basically a speed
test, and since it is of a practical nature, is not easy
to administer to large groups of subjects simultaneously,.
It‘measures two-dimensional form recognition, and has no
clement of combining or integrating neccessary to three

dimensional rotation. The Minnosota Paper Formboaxd

Test of 1941, in which subjects make multiple choice



rosponses to the re-assembly of cut-ups geometrical
figures, is once again twvo dimensional and much of its
completion can be c¢xedited to facility in shape recognition

and memory rather than to spatial rotational elements.

The widely used Wechsler Intelligence Scale for
Children (WISC) of 1949 is a battery of ability tests
often applied in psychological research only three. of
vhich can be considered to have a spatial element. The
battery yields three scores = Verbal, Performance and
Total, but there is no definition of precisely what the
"performance" score relates to, and the whole battery
has been described (Delp. HoAo.) as too difficult for the
lover age brackets, and not effective for subjects at

either end of the intelligence distribution.

Spatial Test I designed by Macfarlane Smith and
published by NFER in 1950 is a better instrument, but of
the six subtests none is three dimensional in primciple =

a curious fact considering the designer's work and

o
2.

i=te

ndinzs in this area, IlMuch use is also made of the
Differential Aptitude Test (1958), a battery the “'space
relations” subtost of which is based on the unfolded

papex boues surfsece developmeont technique. This does,

ot least, heve some elemont off thwee dinensional mental
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manipulation, but the test as a whole is rather too
laree to be a likely candidate for the use of measuring

spatial ability exclusively,

A more recent test of spatial ability is the Spatial
Test II designed by A.F. Watts and published by NFER (1979).
This particular test is based upon material which
complies quite closely to the required criteria, for, as
Watts explains "The items of the test have been
deliberately restricted to three-dimensional material.
This has been done on the hypothesis that some difference
may possibly exist in the ability to deal mentally with
two dimensional and three dimensional problems

respectively.."”

The function of the test requires the subject to
mentally manipulate a shape by imagining its rotation in
- space = being turned about in different ways, back to
front,-upsidg"down; through 90 degrees; seeﬁ~as part of
abléfger'whoieg or as containing a number of smaller
parts and so om, This particular test also contains a
minimun of written and verbal instruction, so mininising
ony handicap pertaining to the slow or poor readers

This test appears to the best avalladle instrimont at

this time for assessing spatial ability as defined by the

critoria Listed above,



20 SPATIAL ABILITY AND SEU.

Possible sex=based factors effective to spatial ability.

a) Genetic factors.
b) Maturational rate.
¢) Sex role - interpersonal relationships.

d) Personality traits.
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Spatial Ability and Sex.

The whole issue of the sex of the subjects used
is worth considering, for of all the areas of
cognitive functioning to which sex differences have
been linked, verbal abilities (Maccoby and Jacklin '74,
Vaber '75) and spatial abilities (Hype Geringer and Yen
}75, McDaniel and Guay *76, McGlone and Davidson "73)

rank among the most common.

Reasons for such noted differences in measurable
performances in these skills (particularly spatial
skills) are offered by large numbers of reseaches in
various areas, some of which appear contradictory, and
many of which are possibly interactionary. It is
pertinent at this point to e:amine each of the main
atcaslthought to be contributery to the reported
differences in performence in order to consider their

relevance to the subjects of this work.
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Cenetic Factors.

When conmsidering any facet of ability demonstrated
by a person or persons, a commonly asked question is to
what extent that ability or predisposition for ability
is inherited as part of the human genotype. The question
is, however, impossible to answer for the abilities
demonstrated by an individual are not purely genotype
but phenotype. The arguments over heritability of
such traits as "intelligence" have ranged long and bitter
in the past, and may well continue to do so between

inheritance thecorists and committed environmentalists,

Nevertheless it is reasonably clear that such
arguments may only really be about the degree of effect
that inheritance or environment may play in the production
of a personal phenotype, and not the fact that one ox
the other is5 uniquely responsible for it. TFor these
reasons it is extraordinarily difficult to “get at" the
evidence for or against genetic factors influencing

spatial ability.

One recent attempt to show that demonstrataed
differences between the sexes in visuospatial domain is

due o geneitic foctoxg, nanely o Tecessive gene influence
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‘is the work of Stafford ('6l), He poinﬁs out that
although it is difficult to investigate heredity
components of behaviour duc to inevitable envirommental
influence, transmission by genes on the x chromosome is
unicue to a family, His investigation involved 104
fathers and mothers, 58 sons and 70 daughters. The
correlations he found were statistically significantly
close enough to correlations predicted by geme frequency
to uphold his hypothesis. This work was replicated by
Hartlage at a later date (1970) with different
populations and different tests of visuospatial ability
yet gave very similar results to those of Stafford, whose
genetic theory was thereby supported, Further
investigation of this hypothesis, however, has not beecn

as supportive as may have been expected.

As surngested by Vandenberg and Kuse (°79),
abnovmalities of inheritance often provide insights when
considering genetic hypotheses, They report the worlt of
McClearn (67) who noted the impaired performance of
women with Turner®s syndrome. In this condition, cases
typically have only one sei chromosome (J10). Xf spatinl
ability is sewelinked, thea thase suffercxs from
Tumner®s Syndrome ought to demonstrate the same level of

-

spatial skill aos nowmal molas, vhose X chromesone

complimant fs the same (II¥).  This hynothasis was aot
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Avuphe%d (Garrbh *70), which would tend to d;scredit the
% chromosome link theory. Similar evideﬁce of
refutation of the theory has been offered.by vesearchers
dealing with much larger samples than.did Stafford or
Hartlage, De Fries et al ('76), Spuhler ('76) McGee
('78) and Locklin et al ('78) all report familial
correlations on spatial tests which do not display the
unique pattern of correlation expected by a gene on the

#{ chromosone,

There is, however, counter=criticism of these wozks
(Vandenberg and Kuse "79) which reports that in the case
of these latter studies there is some disparity in the
types of tests used to measure '"spatial abilities',
and that indeed for some subtests the scores are
remarkably consistent even though the populations differed
widely in geographic location. As for the Turner's
syndrome cases, Money and Mittenthal (°70) suggest that
the'un xpe;tedidepression of spatial ability scores may
be due to the imfgntilizing,treatment of maﬁy of these
cases by their parents and teachers, Bock and
Zolakovwsks (“735 also suggest that the cupression of the
sex-linked spatial geme miy depend on a normal hormonal

cavivonment typically absent from Turmer®s syndrome paticnts.
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The introduction of the pOSSibiliEy of hormonal
influence discloses yet aﬁother‘area of,xeseéréh which
links spatial ability to sex hormone levels (Klaiber,
Broverman, Vogel and Kobayaski 74), In this work am
inverée relationship has been suggested between male
spdtial scores and chemical and somatic signs of
androgenicity. In a review of this research, Peterson
('79) recalls the work of the Brovermans and their
colleagues over the last decade. Through increasingly
sophisticated measures of hormonal influence they have
repeatedly reportéd correlations between tostesterone
production rate (though not tostesterone level) with
measures of proficiency on the E.F.T., (Witkin '50) and
two Wechsler subtests - block design and object assembly

(Wlechsler '55) both thought to be "spatial® in character,

Peteréon herself ('76) found confirmation of the
inverse relationship for males; in females, howeverx,
she found that external signs of androgenicity correlated
positively with spatial scores., If the relationship
between spatial ability and tostesterone 1e§els is
negative for males, however, then it is,surprising that
both spatial scores and tostesteroné levels show
significant simultaneous inercase during adolescence.

Vondenberg and Kuse suggest that cither powerful factors
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dperafé_in thé 6pposite direction to overcome the
iﬁéreased androgen levelsgﬂot*fhe negétive:relationship
is not constant throughout 1i§ee Peterson ('79)
delineates the present findings in her summarising
article which shows that at extremes of androgenicity,
spatial ability actually contradicts the predicted

directions.

Predicted Couxrse
- - ‘Found Course
Femininity Androgenous Masculinity
Lxztreme Extremne

She concludes that "..it seems rational that any
biological and sociocultural influences on sex=related
differences should be acting in concert, that they
should be mutually reinforcing., The results just
presénted are difficdlt to combine with a socialization
hypothesisoootheSe results remain confusing and require

further trescarch.”

The evidence, then, is quite complex, The trait

scems to show a definite developmental pattern. A
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recessive gene on the X chromosome has been suggested,

but disputed; the effects of hormones on various cognitive
performances has been demonstrated, but the evidence is
somewhat contrary to expectations and further work is
being undertaken at present to attempt clarification of
this issue., All of this woxk, of course, does not take
into account the €€fects of culture and experience upon
tﬁese biological factors which might magnify any

measurable differences between the sexes.

The doubt also remains whether the different results
obtained by researches using measures of spatial ability
are not in part caused by the use of differing types of
subtest which are labelled as "spatial ability" tests.
Vandenberg and Kuse remind us that comparibility of
studies is somevhat confounded by the fact that there is

“spatial vizualisation" which

no psychometric definition of
is generally accepted (Macfarlanme Smith °64) = a factor

which is discussed elsewhere,

The considevation of these reported findings is eon
important factor inm the design of the present work, fox
the suggestion that hormonal differences may account fox
measurable discropancy in proficiency on B.F.T. and bHlochk
cdesiga kests, may do instrumental o the sclection off the

~

spotial tests to bo uwsedy ond the choice of pre=adolescont
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children may assist in reducing reported tostesterone=

production related differences in spatial ability.
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2 b)  Hoturational Rates

As the human being motures physically énd mentolly,
it is quite possible that if the sexes matuie at differcnt
rates (Tanner '62) then the differing maturational
rates may be connected to differing performances
between sexes. This phenomenon has been demonstrated
in nonkeys (Goldman, Cranford, Stokes, Galkin and
Rosvold "74) and research has led towards the conclusion
that in humans, too, the disparate maturational rates
between the sexes may be an important factor im the

measurable performance differences.

Research undertaken by Waber (75, ?76) has led her
to the conclusion that maturational timing might be a
factor in the observable differences of performance
between sexes, particularly in the areas of verbal and
spatial ability, She has found that early maturers
were better at verbal skills and were less cerebrally
lateralised, while late maturers performed better at
spatial tasks and were moxe cerebrally lateralised; and
the coﬁclusion was dravm that a critical factor in
psychological differences is not gender per se but

difiering wates of maturation between the sexes.
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?it*ﬁas'ﬁeeﬁisuggésﬁed that,IaS»Sex‘reiétéa
éifféfeﬁées df£en seem ﬁéiappééi:énd disgbpééx at
vaiious ages, the differences thémselvcs may reflect
different ovpgonisational systems and loci which give
one sex an initial advantage at some specific ability
vhich eventually disappears as the other catches up.

An example of this is the observation that, om verbal
tasks given to children between five and eleven years

of age females are invariably superior (Denckla and
Rudel *74) but after that age males catch up = possibly
due to ceiling effect. Only in the area of ﬁord fluency
do females maintain their supexiority into adolescence

or adulthood (Herzberg and Lepkin °54),

Developmentally, both linguistic and fine motor
sliills show the same pattern; that females are
consistently more advanced in carly age while as puberty
is approached males catch up., The data suggest that a
common neurological substrate may underly the development
of linguistic and fine motor skills, and that its
maturation proceeds more quickly and more smoothly in

females than in males.

The nicture is quite different when considering

snatial abilitles, for meny of the works studying this

axea wepoxt malo superiority, particulezrly noticaable
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and tenacious when the instrument for measuring

spatial ability includes or is based on embedded figures,
block design and mazes (Maccoby '67), It would seem
possible that if differences are to be noted as more
discernable at certain very specific tasks, then these
differences may be affected by mental strategy as much

as differential maturational rates.

An important point to establish here is whether
male superiority in spatilal tasks, as so often reported,
appears to persist when the test of spatial abilicty
is devoid of items such as embedded figures and block
design. V/hether or not females are more or less
lateralised, or use different mental strategies to
respond to spatial items in a test has little bearing
on the responses they actually make in practical terms,
and the results of this work might help to clarify
the picture of how the pgrformance of the sexes
relate when in the pre-adolescent stage, and using three

dimensional material exclusively as a spatial instrument.
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‘In an interesﬁiﬁg éaper:ﬁdig'Tobin and Brody (9795
_re§iew the situation currently in‘voguefwhiCfoelétes~
the.relative abilities of.males énd females on verbal
and mathematical performance scales. Although their
review is concerned with mathématical ability in
particular, this work is in no way irrelevant to Ehe
present interest in spatial ability, for spatial and

mathematical abilities have long been considered alike

-and in opposition to verbal skills. It is not

inappropriaté to substitute the word "spatial® for

"mathema tical” in much of the following text.

Fox, Tobin and Brody see the current literature
as favouring two major hypotheses as important in the
area of demonstrable sex-related differences in

mathematical performance, The first of these is the

-adoption of a mésculine‘pSychologigal identificétibn

as a prerequisité:fdxgthé”ihtetest in the study of .

mathematics; the second being the differential social

reinforcement which conditions males more than females

to pursue the study of mathematics.

The maéculinééideﬁtificatidn hypothésis_(?lank

and Plank °54, Elton and Rose 967, Altken °75, °76)
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argues that boys aﬁd,girls-who,identifyrwith theixr
fathers or a generalised masculine sex-role are

better at maths than those who have a feminine
identification = or at least are bétter mathematically
than verbally. An often cited supporting study to

this hypothesis is that of Carlsmith (*64) in which
boys and girls from homes from which the father was
missing during early childhood showed higher verbal
than mathematical aptitude scores. Such a high-verbal,
low=mathematical pattern is defined as feminine, while

the reverse pattern is defined as masculine.

This series of findings was replicated later
(Landy, Rosenberg and Sutton-Smith "69), when decreascd
quantﬁkive scores for both scies were found in father-
absent homes. As Ferguson and Maccoby(*66) remind us,
however, stress and tension interfere differentially
17ith functions underlying performance, end as the lack
of a parent im the home would probably lead to stress
and tensions, then the reduction of performance on

verbal and mathematical tests is hardly surprising.

Lt present, then, the mcscunline ldentification
hypothesis is not fmmressive, but the sccond theory -

- ~ Seres fed e 3 Ve 3
e soetypian of nothouctics oo weseyline
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and the differvential conditioning of sex role
annropriate behaviour does have some merit. The
arcunent behind the sex role theory is basically

thot girls tend to fovour "feminist" pursuits, which
include mostly verbal attributes, while boys favour
those areas such as maths, science and spatial topics
vhich are usually perceived as "masculine'. The

theory is, hovvever, more complex and subtle than this.

thile it is comparatively easy to show that more
boys then girls choose mathematics and maths related
courses in schools and colleges (even girls with high
ability in thse subjects don’t choose them as often as
do males) as zeported by Casserly ('75), Ernest (°76)
and Fennema (°77); it is more difficult to decide vhy
this should be so, and how these sex-role constraints
relate to the theories of inherent mental superiority

in these domains.

Attitude is obviously one effective area concerned
7ith performance, and the fact that maths is seen as
a male domain by boys (Hilton and 3erglund °74,
Sherman and Fennema '77) improves theis attitude and

n this direction, Girls

=to

hence their performance
elso nercelve nathematics as a male domala (Faviey '69)

a

cad thelr pareephien of this lecds to the "feas of
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success' syndrome; for apparently high achievement
feomales relate success in mathematical areas as being
in direct conflict with social success,-particularly
wvith males! This negative attitude of females
compared to the positive attitude of males towards
the same perception of mathematics as a male domain
would naturally lead to diverse measurable attainment

between the sexes.

A second dimension of how attitude towards a
particular subject or area of cognitive functioning
differs is shown by Nash (°79) who recalls the work
of Montemayer ('74) wherein even six to eight year
olds monitored their performance in accordance to
the sex label assigned to the task, This was shown
when girls’ performance was highest when playing a
game "for girls'y while boys® performance at the same
game was highest when the game was labelled as being
"for boys'". When given a choice of tasks, eleven
year old boys chose to work longest on 'male' tasks,
less long on "meutral” tasks, and least on "female"
tasks, although girls spent cqual time on all three

tasks, (Stein, Pohly and Mueller "71)

Wesh Delieves that betueen the ages of two and

11 °

four yeors the child establishes "e fined, irreversible
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‘}gender identity® based on aAphysical reality
judgement" (Kohlberg '66). This identity becomes

the organiser of the child's sex-=-role attitudes, as

the child strives for consistency in sexmrolé
development. She cites many works (Fagot and Patterson
'69, Hartley, Hardesty and Gorfein *62, Kuhn, Nash aﬁd
Brucken 78, Schell and Silber 68) which support the
findings that between ages three to five years children
show sex~-typed preferences for certain toys, objects
and activities; and that preschool children prefer
same=sex peers and claim their own sex as "better'.
This type of evidence demonstrates that even at the
ages below which one might expect school students to

be conscious of the effects of the choices of subjects,
or even to relate such choices to the way they

perceive them as useful to their future careers (Hoven
;°719 Sherman and Fennema °77), the tendency exists to
increase performance in a way which seems to be

predicted by the sex-role theories.

Yhen, to these seminal attitudes towards oand
perceptions of sex-role, the further complications
of social influcnces aro added it s not suvrprising
that Nash concludes "The relationship between sex

zole and intellectual funciioning s a commier one -
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and §§t subject to simple genezgliéa;ionsg" - The
pxéSsﬂﬁes of peer-group support,; or lack éf'it, can
cffect the conflict between sex concept and innate
ability (Huriey ‘64, °65) as can the educational
practices of "segregating' certain subjects in the
curriculum: examples such as Home Economics and
Technical Studies being but two of the more obviously
"covertly'" segregated areas. Not only the pupil,
but significant adults in the pupils life will also
hold beliefs and values about the appropriateness of

various activities and academic subjects to specific

sexneso

Parents may well believe that certain areas of
study are more appropriate to boys or girls, and
positively or covertly direct their children, or at
least by their beliefs (accuzate ox otherwise) transmit

an expectation of preferenca,

Teachers are another group of people who either
deliberately or inadvertantly moy influence pupils®
beliefs or attitudes towards specific activities., By
their vocabulary, tone of voice, or even by non=verbal
signals, teachers can cffectively alter pupil’s

pewception of ond performance on cextaln academic
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areas (Rosenthal and Jacobson '63) and such an
influence, whether intentional or not, may also
strengthen in children a sex=role or sex-appropriate

stereotype.

There is little doubt that employers also do,
or at least did, perceive some areas of knowledpe as
more appropriate to males or females, and base
selection of employees on their perception of sex
appropriateness., ‘Vere this not the case, the Equal

Opportunities Commission would be a redundant institution,

All of these beliefs and attitudes are observed by
the child, or are applied to the child, and thereby help
to form or strengthen his beliefs about sex-role and
sex stereotyping. Uhether these beliefs are accurate
or false is of no consequence, for it is the belief
cnd not the reality which impinges upon the childs

conscience,

The sex-role stereotypes, once adopted by the child,
are usually reinforced by social experiences such as
children®s literature, textbooks, television programaas,
and even tests, and there is little Qoubt'ﬁhat guch o

T

constent bombazdment of "sorist” medlia nicsentotion
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must have some mediating effect upon sex-tvole
stereotyping and therefore on attitudes and therefore

on cognitive performance.
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Personality Traits,

Compared to the efforts of many to delineate
cognitive differences between scizes as a function of
genetic heredity, or of sex-role identity, there is
another perspective on the topic vhich proposes that

many of the differences may be environmental in causec,

As many of the factors to be considered herec are
cffected by socialisation, the findings tend, by nature,
to be less definitive than the more "clinical”
investigations. This does not imply that conclusions
drawn are less accurate or important, but it does
often mean that the results of such works are more
open to interpretation, In the discipline of sociology,
methodological issues are a constant source of discussien
and dissension; for, depending on the perspective ox
ideology adonted, the same cventis can be interpreted

in quite different ways.

There is little doubt, however, that the way 2
pevrson pevcelives a task can affect the level of
perrformance on that tosk as discussed elscvhere in

4

this vozk and as sumiexisad by Meecoby and Joelhlin

—~

. ]

(972) "The enezgence in coxly cdoloscence of vienrs

"

about thie poscille nature of thely future lives uny
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have a good deal to do with the rapid sex
differentiation in intellectual interests and skills

that occurs as tchat age.”

Effects on performance are even detectable
through expectation = the well knowm "halo effect
documented by Rosenthal and Jacobson (“65) and Lacey
(°70)., If a subject can be seen to perform better
wvithout an actual increasc in ''knowledge', then the
erplanation must lie in the fact that a greater proportion
of latent potential is being used or realised; and
that this increased potential realisation is a factor

of some social and or personality variable,

One personality trait vhich has been long
established as effective in the spatial domain of
cognitive functioning is that defined as Field
Dependence or Field Independence, by Witkin (°49),
Further work (Vitkin, Dyk, Faterson, Goodenouszh znd
Zarp '62) considered stimulus modes, and concludad
that subjects did not diffaex in the dasic way they

arceive space, but rather that "...they differ in

*J

their ehoice of zlternatives when sevaral pessibilities
for nevceptlon ave open, I.c. when the procesa of

snctial pavcentlion is ambiguous...rha cutcones will be
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influenced by attitudes, motives, and even by social

background”" (Gibson °57).

The establishment that females are generally
inferior to males in the 'rod and frame" and "embedded
figures" tests which are often used as measures of
field dependence closely parallels the reports that
females tend to be consistently inferior to males on
many tests of spatial ability, and some sort of
connection between these tendencies has been suggested.
Gibson's comments on social background do not go
unnoticed, for Dawson'’s (°67) investigation of the
Temne and Mende tribes of Sierra Leone considered
childerearing practices, She found that within the
Temne tribe, who tend to subject their children to
authority, conformity and strict discipline;, the males
were more field dependent than males of the Mende
tribe, who practice a more permissive child-rearing
milieu, Such findings support the hypothesis of a
positive relationship between field dependence scores

for mother=son pairs (Vitkin et al '67).

The work of Berry ('66) cutended this work to
consider Zskimo childzen who cre reawed in en atmosphere

o unconditional love and approval. I¢ wes found thatg,
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nét sutPrisimglyg Eskimd'subjectsréemonstiaﬁed'mﬁch
g:éatér field independenﬁé.thah'the "dﬁmihéted" Temne
subjeétso With regard to sexcrelgfed differences,

it was interesting to note that among the Temne,; who
exercise even stricter control over females than males,
moles were on average more field independant than
ficmales, Among the Eskimos, females are allowed
considerable autonomy, and Berry (’66) and MacArthur
(°67) found no significant sex-related differences

in field independence among Eskimo children.

Sex related differences in field independence
seem to be largely a function of social role influence
(Kagan and Kogan '70), ''The cross-cultural evidence
available to date is comsistent with the hypothesis
that child-rearing practices, and the social roles

sgsigned to the two sexes affect the degree towhich

o

the sexes differ in spatial ability" (Nash '79).

hile there are many personality trailts
propounded by the "trait" theorists éf personality,
and an iandividual may lie on continua between the
etremes; the overall "profile of eny one person’s

personality remeins unicue, ond thevefore subject to

different omounts ond directions of chonse after



 exé§s@xé€£6 tﬁe]sémeiegperiéncee,.As $ﬁé'5gwild¢£§ng
érrAyJBf social 'xpefieﬁces éﬁcgﬁnté;éa 5§ aiééféon‘
are so inter-velated, it is difficult to eveﬁ céﬁsider
any one of them as separable f§r‘ponccptual‘purpose55
It is not surprising, therefore, that several other
studies of personality factors which may affect spatial
or spatially-linked cognitive abilities are less than
definitive, Bieri ('60) and Oetzel ('6l) have suggested
that high level énalytical thinking is associated
with cross=sex typing; while Maccoby ('67) suggests
modelling and opportunities to learn as causal factors
of sex differences in abilities. These latter
suggestions are appealing, for they would amswer the
questions of why girls seem superior at verbal skills
while boys seem to excel in spatial and analytical
tasks. She offers that girls tend to spend more time
in the home with their mothers, whom they model,
thereby acquiring improved language use; while boys
play more with constructional or "three-dimensional
toys wvhich enhances their spatial concept, as does
their mddelling on their fathers, Maccoby readily
admits, however, that there is no fimm evidence for
either theory, and they are both- criticised by Fom,
Tobin and Brody (°79); who bziéfly smmﬁarise the

corplexity of the fssves thusse "It apnears that gizls
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ond boys differ with respect to attitudes, self-

confidence, values, and career aspirations ond
xpectations...and such differences are learned
behaviours. The socialisation agents are the fdmily,

teachers, counsellors, the peer group, the school,

the media, booksooo"

The exact nature of each factor, its degree and
direction of influence and its amount of interaction
with other factors are not particularly germane: to
this work; it suffices to demonstrate that some of
the measurable sex differentiation of cognitive ability
can be attributable to persomality, the appropriateness

of the task, and the individual's opportunity to lcarn,

M interesting observation leading from these
investigations is that i some or all of these factors
ere learned behaviours, then it follows that they can
be unlearned, or changed by reedizecting the behaviour
or attitudes, Such f£indings have, indeed, been
demonstated by Sherman ('74) vho discovered that
nerformance on several tests of “spatfal® bias could
be changad (improved) by practice. It miy he that
vhet differences are appovent betwecn the sexcs moy

bo genetle dn o mezginal scuse, ead thoat these smoll
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differences are magnified by later experiences.
This would allow for the findings that differences
between sexes' performances seem to expand and
contract with age differences, and that in some

cultures they arxe less marked than in others.



a)

c)

3. HANDEDNESS .

Problem of Comparilson of Criteria

for Handedneéso
Problem of Definition.

Comparison of Tests,
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Prohlem of Comparison of Criteria for Handedness.

The same definition problem also occuxs in the
aren of lateral dominance = this time of defining
handedness and the establishment of criteria for
categorising subjects. The term handedness is so
commonly used, and so widely "understood" that it may
well seem superfluous to define it further, yet no
deep study of the work on handedness (which itself
is burgeoning) is necessary to discover that the
simple definition of "right or left” handed is
hopelessly inaccurate and inadequate. The fact is soon
discovered that while virtually everybody can be easily
classified into one of the two camps of handedness, in
truth very few of the population are absolutely and
totally one handed. The vast majority of people (and
even animals) fall into a category of "mixed"
handedness; where one hand may be preferred for the
operation of some tasks, while the other hand is

neturally preferred for the operation of others.

This state of mixed handedness as defined by
Aonett (°74) is not the sama as true ambidexterity
vhere either hand carries equal facility for all tasks,

and i centremely wave in occurance. Various cstinatas

nave it that the pronperition of paspla who are absolutels
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and'exclusivély handed may be around six or seven
percent of the population, while true ambidexters

account for less than one percent of the remainder.

This leaves a very large majority of people who
are, in fact, mixed=handed, and it is this portion of
the population which provides the major problems of

definition.

The causal relationship which might be thought to
exist between cerebral dominance and overt handedness
for various tasks is discussed elsewhere, but suffice
it for now to comsider the classification into left
or right handedness by performance criteria only. Very
often this classification is established by the simple
expedient of observing with which hand the subject
writes, or the even simpler expedient of asking the
subject with which hend he writes. While it is admitted
that writing is a very importent and much used skill,
it may possibly be the only task performed by that
sybject with that hand = he may be otherwise almost
totally contra=cerebrally dominant, or "handed” the
other way. This incidence was not unkaown vhen the

practice of encouraging children not to write lefts
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handedly was still common, 2nd some apparent right=
handers are, indeed, changed left-handers for writing,
while retaining their left-handedness for virtually

21l other tasks.

It can be seen, therefore, that hand observation
for writing alone might be misleading, and this type
of mis-classification has been thought in the past to
have been the cause of inaccurate conclusions about
handedness and other abilities due to dilution of

samples with mixed or changed handexs,

As many works have held differing criteria for
the selection and specification of handedness, some using
reported handedness from each subject, some using
observation of writing hand, some using unspecified
mneans, it i1s easy td understand the difficulties
encountered in making meaningful comparisons between
various works, or of being able to rely upon conclusions

dravm about the effects of reported handedness,
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3 D) Thé Problem of Defining Laﬁe%él‘ﬁéminanceo
Lateral dominance = that is the Hoﬁ@égnce'of
preference of use of one side of the'bde»over the other =
commonly called handedness, is one of the oldest arcas
of psychomotor investigation in man and as Margaret
Clarke humourously complains ..''only one who has
embarked upon investigation of hand preference can

realise the extent of the data available on the subject,"

In meny areas of activity, one hand plays an
important part, and as this hand acquires more efficiency
wit}/x/use9 there is advantage in using this hand. It
might be expected on this basis that humans would be
roughly divided into equal numbers of left and right

hand users by chancej but even casual observation

shows that this 1s not so,

Not only are the wight handed in 2 large majority,
but this has become accepted as "right" and "c¢r?ect"9
and superstition and unjustified connotations about
"sinistrzality" abound. It could even be considered as
surprising under the circumstances that roughly one

ersoa in ten remoins detemuinedly lefi-hended despite

e

the prejudice in some quarters ond the dommuight ohysical
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Jﬂcanvenlence thlb brxnoq 1n s rlghtohanded soc1e»y

Slnllav tendencies can be detected in thc con51 tently
'pxcfarred use of onc eye or one foot over‘the,dthcf
end mony theories have been propounded for the caus

of this dominance.

One of the earliest cxplanations of right handedness
is accredited to Thomas Carlyle (1795-1881) and is
referred to as the primitive war fare theory. This
holds that primitive man used his right hand to hold
his weapons in order to leave his left free to hold a
shield over his heart, Left-handedness was accounted
for as being the result of some kind of "natural
mistake" or freak occurance, Another early work which
tried to consider left handedness in a more positive
light = probably because of his own left-handedness = was
that of "ilson (1891) who claimed that cducation was
the key. His theory was that very few people are
naoturally strongly hended by preference, nnd so righte
handedness must be the result of education im a
predominantly right handed socicty. Many of these
people, cleimed Vilson, could as easily have been leoft-
hended hed that been the social prefercince of the time,
This thaory does nok, howevesn, cccomnt for the foel that

viztually all othir cocictles, odvcated ov not, hunen
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and aninal, show very sinmilar patterns of right side

dominance,

Around the turn of the century, attention was drovm
to the possible genctic influences on handedness,
‘Tarly work by Jordan (1911) and Ramaley (°13) considered
Mendelian recessiveness as a cause, but of course,
this would mean that a left with left mating would
produce all left-handed children which is patently not
the case, Trankell (°50) believes that Mendelian
dominance is the cause of left-handedness, but cannot
say what happens in the absence of the dominant factor,
Another difficulty in comparing early researches,and
even more recent work for that matter, is that of
ensuring that all cases of left-handedness have been
selected by a standard (or even vaguely similar)

criterion,

Hany years ago left-handedness was actively
suppressed in schools, and cs a result surveys of
woiting band used would detect only about two percent
of the population so performing, while more recent
encuiries cen find ahout eight percent of left~handed
widlters. Thoere is evidence that leftehandedness is

fere contien emone welos than fennlas, by chout cichi
(&) 9 IS
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i?‘jpéﬁéénﬁgﬁg‘SQX{pgzge@tg éﬁ&,ﬁbéﬁ;gt,ﬁgfé¥§§-éé:evccmﬁqn
iﬁkﬁﬁihs'ﬁhan in single bomn offépfiﬁéjb?;gbqﬁé=eieVén
tq‘seﬁen percent respectively, (Clatke °S7; ﬁi;§6n and
Jones °32) but there is no concensus:as-tﬁ_Vﬁy}this‘
should be so. ;The current situation is asseSéeQ by
Clarke as folléﬁé; ".oogenetic studies have reveéled
that the development of handedness preference has an
hereditary basis; in other words, that omes chances of
being left handed are greater if there are instances
of left<handedness in the family, Few would deny,
howzever, that factors other than genetic help to

determine whether any pavticular individual will be

right or left handed..."

If the genetic effects of handedness are not cleax-
cut, then neither is the picture of developmental
effects. It has been found that the developmental
stages of laterality are highly individual and ave
related to quite definite age ranges, Ge;sell'and
tmes (°67) have reported that early infancy is
characterised by bilaterality ov considerable use of
the nonnéominaﬂt hend, By the zge of two o welatively
clcarécut.ﬁﬁmincnce occurs, mostly the wight hand,

“ho aze of tuo and a half seas a shift bzck iato a

40 o

' = 2 A D iy S - a S e eh
newlod of hilaterality walch cner oga’n gels Souewds

q

the domfasat hand. It is not wnusual to £ind
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:séhoqlghiidren using one hand for,several‘taské
wi%ﬁﬁut'that hand being the'"déminant“ one = they may
be in a transitional bilaterality stage. Hildreth
(%48) found that acts subject to training = the use of
cutlery, throwing and scribbling for example = become
stereotyped earlier than seldom practiced acts, and

it is believed that the earlier a dominance appears,

the stronger it becomes.

In a large majority, a lateral dominance is
apparent and virtually fixed by the age of two, while
a small minority show alternate use of left and right
hands up to early school age, by which time any
preference shown is likely to be less stable than that

of those who "stabilized" earlier,

If there is a phisiological tendency towards a
lateral preference, and such a prefercnce has been
demonstrated in rats and other animals as well as
man (Tsai and Maurer °30, Peterson "31) then such a
tendency is towards a preponderance of degtra_ityo
The work of Peterson supports the theory of phy:siological
besis of laterality, for he found he could affect the
"hend” preference of rats by destruction of aweas of

the cowebral covtest.
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icuz,

s arith. so meny -othér drcas’ of human behav

‘it would.be no surprise to find that lateral preference
is the product of indetcrminate gendtic endowment and

a multitude'of environmernital factors,

It is possible that genetically; onc is born with
a predilection of hand usage rather than a fixed ability
to use that hand only, and that predilection is
strengthened or not as the case may be by sociological
or socializing influences. It has been mentioned
elsewhere that at some times in some societies left-
handednass is positively surpressed, and this factor
allied to the physical inconvenience that left-hand
usage can cause in a complex soclety ergonomically
committed to rightOhand usage may well exert emough
carly influence upon an individual who is not strongly
lef¢=handed to chonge his preference to the right,
The game of golf presents an example of a situation
vheie meay natural left handers have learncd to ploy
the "vight wvay round” simply throﬁgh lack of suitable
lefi-handed equipnment, or of any instruétoﬁ vho could

teach them to play leit hondedly,

adness balng the product

of ponctic and socdelosliecl Srevors wonld drplain ohy
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there appesrs to be so many disparate degrees of
handedness, and vhy an individual’s position on o
hondedness continuum can shift according to age,
circumstence, and type of test used. The problem of
identifying positively the direction of lateral
preference in humens, and the degree of that preference
has been one of the greatest stumbling blocks to the
efforts of designing relioble measuring instruments
which in turn has caused some of the vast proliferation
of which Clarke complains and which makes accurate

comparisons of different research projects difficult,

Provins and Cunliffe ('72) and Rigal (°74) rightly
question the validity of determining handedness by
cuestionnaire; for, they argue, no matter how comprechensive
znd sophisticated the questionnaire may be, subjects
sometimes perform differently from how they veport
that they perform, The volume and level of language
use involved in some questionnaires could also influcnce
the accuracy of respomsc of younger or less verbally

able subjects,

Dernsley and ebivoviteh (970) also warn thot

questionnaires of hand preference connot adequately

” a

rooresent the Full range of hendadness o dezvens o
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differential manual proficiency. In their view,

hand performance tests ave preferable, but adequate
performance tests of many different tasks by many
subjects could well be simply too slow and cumbersome

to be of use to a researcher "in the field,"

This researcher is left, therefore, in having to
rely upon the administration of a large assembly of
observances of subjects actually performing a range
of tasks or of applying one of the available
cuestionnaire type of test = the only 'practical” hand
preference test, that of Van Riper (°31) having been
found to be inordinately clumsy to administer and
unreliable toboot = and the written type of test at.
least lends itself to accurate record of results, and
can be re-applied by others with equal accuracy.

This latter course seems at this time to be the
preferable one bearing in mind the possible shortcomings
of such tests, and taking all possible precautions to

minimise them,

Mest works which study lateral dominance consider
only which hand is preferred for usage at any gilven
task, and tead to ignore thes acuity with which the

preferved hand is used, Ofiten the mein criterion of
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:é¢ﬁermiﬁation of lateral domiﬁqhqe is the obsexvation

of which hand is preferred for wfiﬁing - and iﬁQéed
Provins and Cunliffe ('77) have found that of the tests
of dexterity, the best test-=retest scores are those

for handwriting, but as Clarke discusses, a persom

found choosing the right hand for writing may well be

a "changed” left-hander, The consideration of acuity

in use rather than preference of use is often more ecasily
discernable in other areas of lateral dominance than
handedness; such other areas are "footedness" and

"eyedness'",

tthile footedness, especially kicking foot preference,
is found to be highly correlated to handedness, the
effects of eyedness are not so. Usually tested by
observing which eye the subject uses to look dowm a
tube, throuzh a hole, or to "aim" a toy rifle cyedness
shows nowhere ncar the same degree of correlation with
hondedness. Clarke has ﬁoqnd correlations between
eyedness and handedness ranglaog from almost zero to
over ninety percent. The fact that performance of
vision is not the same as eye preference may account
for come of the nmoted varianca, Zow whaile aianing a gun

may wvell dezend upon the hand norrally preferred to hold
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the weapon, and use of the corresponding eye, there
is no such clear-cut advantage to looking through a

hole cut in a piece of card with one eye or the other.

In this instance acuity of vision with one eye ox
another may well be the controlling factor. There
appears to be no evidence that sight "belongs® to
either one of the cerebral hemispheres, let alone to
the same ‘dominant’ side which contralaterally controls
handedness (Clarke). As hand, eye, foot and even ear
preference are all functions of lateral dominance, can
it be considered that examination of hand usage aloné
is proof enough of a dominance of lateral acuity?
Consideration of the low correlations between eye and
car preference with other chosen uses such as hand and
foot leads to the suspicion that while eye and ear
preference may be somewhat arbitrary, the almost
unchanging selection of one hand or foot for some
specific task and the high correlation between the
selection of hand and foot lead one to answer in the

-

cffirmative,

)

To summarise the findings on lateral dominnnce

s they pertain to and affect this work, i¢ would bHe
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g@igffﬁgné-‘)oét o
réhoegvpd "‘"t:!.'nfv huﬂd ate ﬁosL nérw;ﬁcnﬁly don:nant

,one way or the.otheﬁo Uhvic nuwte htgh rorielatvons
betwecn hand and foot are recorded5 the correlations
bctyeen hand and eye, hand and eérpreyc‘and gax, are
much less clearly demonstrable. ﬁore males (8%) thon
fgmales (5.9%) are left-honded writers, but some left-
handcd writers are not largely "1eft=handed" in that they
may have a right hond preference for almost all other

tasks but writing, while a not inconsiderable number of

right handed writers may be '"changed” left handers.

Handedness is not a discrete ability, but each
individual lies on a continuum between the eitremes of
hendedness, The individual may also shift along the
continuum depending upon which one or ones of a flemible
7

set of criteria is used to determine handadness at

that time,

/moett reminds us that, "This rzange (of haldeﬂpe 83)
ficient to account for the widely discranont
incidances roported in the likerature. Deviens such
os those of Bingler (958) aﬁé*ﬁ en cind de
Murieguerra (UGA) arply demonstfatcvthg confuslon o

]

controcy avidonce nnd opfnfon that cthonds studios o
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left=headedness” and she unamns tha%, "The use of
maasures of differcinces between the honds in skill
which are coniinuously distributed may make it easier

to avoid the pitfalls attending the treatment of right

[aR

and left 2s if they were discrete."

The physiological basis for handedness may be
genetically determined or predilected, but is also
obviously influenced to a greater or lesser extent
by environmental factors which may not be a regular
and constant force but ever changing and evolving,
thereby constantly changing the nature and magnitude
of their effect. The wesultant position of an individual
on a continuum joining the two extremes of handedness
is thereforc probably a combination of genetic
endovment, pavental influences, school and peer group
pressures and expectations, social prejudices, and

ergonomics in a complex culture.

It would appear, then, that one of the avéilable
handedness questionnairves would present the most
rccurste definition and measvre of hendednass, benring

. SIS

in miad the dnherent dangers of ¢ questiomnaira

compared to o nerformance tast.
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e,

The quantification so obtained must then be
compared to that established by other criteria to
verify wvhether or not theve is any meeningful

relationship between present and past works.
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it

Conparison of Handedness Questionnaires.

0f the many available tests of hand preference,
some are of the three dimensional practical tyne where
the subject is observed performing manual tasks, while

others are "paper and pencil" questionnaires,

This latter type, being the most suitable for easc
of accurate application to large numbers of subjects

were considered for use in this worke.

Among such questionnaires; two works appear to the
investigzator to be mot only easy to administer and
accurate to assess, but are widely used and therefore
wrell knowm to researchers in the field. These two are
tonett’s Hand Preference Questiomnaire (Anmett °70) and
the Edinburgh Handedness Inventory (Oldfield "71). On
enomination the tests appear to be quite similar as
they are comprised of a series of questions requiring
the subject to indicate which hand, if either, is
preferred for particular physical activities. Amnett’s
cuestionnaire consists of twelve questions, whilc
01d7ield’s has ten, seven of which are common to

e 1. . "
notin tasts.e
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"vL@nétt°s QQés;iqéﬁiat; diQiéediintéupﬁimérﬁjag&:
s;Co?éary_qQé§t50555;£0vwhiéh;{ﬁc;Subjg§i:réséqﬂdsfﬁiih
1“50?(f§t{rightlhqnd ﬁ?cfercnée)_{i97(fot}léfé?ﬁaﬁd »
pfcfcienéé) or °n? (fér either hand), ?r&m\tbéée
responses the degree of handedness is obtaiﬁedgiaﬁd.
scoring takes into account the differential weighting

of responses to the "primary’ and ®secondary’ questions.

Annett is quite adamant that handedness is not
discrete in two dichotomous poles, but is a place
somewhere on a continuum between the extremes where
very small proportions of the population reside. She
also believes that as there are only two main terms
(left and right) with which to categorise lateral
differconces, some of the problems concerning handedness
and cerebral dominance may have arisen from failuwre to
recognise and separate what she calls "mixed henders”

from consistent handers, both right and left,

Annétt likens speaking of 91eft? and "right’
handedness in the same light_as‘describing a person’s
hdiéht 25 being "tall? or %short. If these rewain
the only descriptive terms, then 1% i5 not possible

“a

to apprecicte the continuity of siza between thoms
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tanett’s questionnaire has enabled her to isolate no
less than twentye-three types of handedness, although
many of these are more concentual than practical
divisions. There remain, however, six quite practical

types of handedness which she groups as follows:e

CoRo Consistent right handexs.,
I.R. Inconsistent right handers.
rRvo Right ambidexters,

LoAo Lef¢ ambidexters.

I.L, Inconsistent left handers,
C.Lo Consistent left handers,

For most practical test-result applications,
fmnett concedes that even these six categories can be
condensed into only three; these being left, right,
and mixed hsnders, each category relating to the first

twvo, middle two, and last two groups correspondingly,

The measure gives a very detailed picture of a

1]

subjects?® hondedness, especiclly when all other focet
of the test, such as analys’s of the subjects, rasponse
individual questions, and consideration of skill ng
vell ac preference of hand, cve talien into sccount: but
the cusnitatotive oloaont of the resulis 1s somevhnt

vooue ond dlEflcnl ¢ to wonipulata statistienlls

o

]
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Cn the cther hond,; the L.H.I, by 0ldfield,
clthouch vary simdlow in its face formet and ian itis

ndzinistration, varies sign’ficantly in the wethod of

scoring the tests.

To cach of the questions, the subject is asked to
olace a plus () in a column headed "left? ox "righﬁ“
accordingly. Should no other but the preferred hand
ever be used for that taslk, two plus signs (-) are
placed in the appropriate colutm; and should neithesr
hand consistently dominate the other for that pavticular
tcsk, then a plus can be nlaced in both the "left!
cnd Yright® hand columns. TFrom these more quantative
responses, it is possible to calculate a numerical
"Laterality Cuotient' vhich varies from --100 which
indicates total right handedness to -100 which indicoates
total left hondedness, while scores cround zewo would

zeflect either complete ambidextrality or 2 degree of

rited haadedness,

Thin syster of "scoving® the results gives the
iavastigetor o mmerical representotion of the Cegres
07 Lrad asaca vhick con Do wsre ensily waninulzted

0

5 °
]

steniotienllyy while o ocern fadlividnal

Ao dogres ef

o~ oua

\a e 11 20 M oon ooyt ap~ Ve e it roye?
nrofile® on oeneh sunioe Yo osoenificoed,
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-

in a useful and timely compazison of t nﬂ g0
9

tegto, with o retect trial of both, Vellechkon ond

-

®75) found that the vetest relisbility of

w
[%]
fovd
4
o
~~

both tests was quite high, the Amnett test yielding o
lappa Coefficient of agrcement (Bveritt °68) of 0,80,
while the Bdinburgh Inventory showved a product
moment corrclation of 0,97, It is pointed outg, however
that direct comparison between the two taests is not
really too meaningful as slightly different methods of
agsessment were used, and the figuvre for the Edinbuxgh
Inventory is perhaps somewhat inflated due to
statistical reasons fotr computation., DIven so, the
figures remoin quite impressively high for a retest of
a '"paper and pencil’ type of questionmnaire, and neither

onc of the test seems superior to the other in terms

of reliability,

It has been reported (Barmsley ond Rabinovitch
5070) ghat becouse subjects often scem to perform in o
monner difierent or contvary to Che way in which thoy
veport that they behave, written questicmmaires ave
omawhat unveliable. The vetest coefficlenis of Doth

® n.0
K

tho Jomest rod the Ddinbursh Inventeny would not scon

Lo surhont this nolien, bu'y tha polat obeul moiy
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investigator to be wary of the responses given without
~ sole form of check béiﬁg uﬁdertéken (such as

~ observation of the taské being enacted) to.ensurc

that the validity of the responses is as high as

possibieo

In their comparison of the tests, lclMeekan and
Lishman found that each had its advantageé and
disadvantages. The Edinburgh Inventory gave a greater
spread of hand preference; possibly due to the
influence of the wording of the questions as Annett’s
questionnaire asks merely ‘'which hand do you use" -
which may direct the subject to answer "right" oz
"left" rather than give the response “either", while
the Edinburgh Inventory allows "if in any case you

*

ferent put < in both columns."

(o4
&

are really indi:

McMeekan and Tishman also poimt out that the
élloéation'of numerical sgoies-bnlé ¢dnéinuum, as .
with tﬁe Edinburgh inventoxy, might appeal ipzcertain
situations, particulariy vherg,thésé drta ﬁeed té'bé

corwalated to other data., The asctual method of

=

fmo

5COTS t i5

¥

ngg howaver, cbmas undex criiicismg fox
cuestioméble_vﬁn&her the placfng:of_two alus sigas in
onn coluinn oy Tand tb Lhn valfﬁ_assuméﬁfon thai

| 4."0

prica the swount of hoad nocofovence da indleated,
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vet this is how the total score is tabulated,
Secondly, 0ldfield gives equal weight to all questions
in deriving the eventual score, while there is no
empivical evidence for such equivalence. Annett

found it necessary to divide her cquestions inte
"primary" and "secondaxy" type, with the former
carrying more ''weight" in the scoring system than the

latter.

The Laterality Quotient produced by the Edinburgh
Inventory ought to be viewed as an arbitraxy score
rvather than a definitive interval of measurement - a
point conceded by Oldfield himself. The conclusion
of MclMeekan and Lishman®s work is that the two tests
have little to commend either above the other, the
main criterion of choice being, perhaps, the purpose

-

for which the test is to be used,

Accordingly, as the purpose of this work is to

consider the effects of handedness on spatial ability,

Lt 1s considered that the Edinburgh Handedness

Inventory may prove to be the more suitable test for

"me

this purpose. The numerical data provided by this

9,

test: are more suitabdle

h
Slo

ox statistical analysis, and

B

whila 4% is undensiood that The sceves obtained are
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in no way definitive, they do provide a means of
comparison between subjects which is at least stable,
The reported fact that the Inventory offers a wider
spread of handedness scores with fawer scores
bunched at either end and than with Annetts
Cuestionnaire may also prove a useful asset, for

in comparing one ability with another, the wider

the spread of the abilitles, the more delicate

becomes the measuring instrument,
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4o _ HANDEDNESS AND SPATIAL ABILITY.,

Academic Interest in Haondedness and Cerebral

Dominance,

Practical Interest in Relationship of Handedness

and Spatial Ability,

How Use of Atypical Subjects and Differing
Instruments can lead to Inaccuracy of Definition

of Relationship of Handedness to Spatial 2Ability,
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(.a.

4Thé onteTest i cl fy

:ﬂto ﬂccu*acy o, ouant f t1on anJ comaaljson of h;nﬂcdﬁcso,"

'*aﬂé the nroblems suuround1n° the dc ‘ition ﬂnd neaUU“cment

spat iaf-abilitiesg alonﬂ with the aou~ible sex effect

h

o

on such abilities is twofold,

First, the academic interest linked by studies of
lateral dominance and cerebral dominance and the possibility
of any causal connection, and secondly the practical
interest in terms of those who deal with subjects whose

handedness and abilities are importaent educationally,




77,

cademic Ynterest in Handedness ond Cerebwal Dominance,

In terms of ccademic pursuits, the aren of
b 9

snatial ability and handedness is particularly

interesting, for the wvork on laterel dominsnce has o

very direct snd relevant bearing on cerebrol domimaonce,
the study of the function of the two cerebral

hemispheres of the brain,

While the two hemispheres which comprise the
cerebral cortex appear symmetrical in that both contain
sensory, motor, visual ond auditory areas of function,
there are quite large differences between the
psychological functions of the two hemispheres, UMany
of these differences have been disclosed by surgical
severance of the corpus callosum in attemnts to
alleviate severe epileptic siezures in patients,

Cnce the hcmispheres have been so divided, there
remrins no neural communication between them and the
subjects of such separation demonstrate ''solite-brain”

serformances.

v

Aiter devising tests to consider how the cevedbral

hanispheres operate vhen sepozated; {(Spexvy 70,

Mebes and Spervwy °71) and as a zasuli of cxtensive

&
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research using splitebrained onimals, the functional
‘diffefences bf thé hemisoheres have been clarifioed |
and thé'basic pfinciplésrchn 5e-stated fairly simply&>
fhe left hgmispheré = often called the major .
ﬁéﬁisphere'é'which controls motox activiéies of_the
right side of the body also governs thé=m§jor part

of language usage, sequeﬁtial and anélytic activities,

and mathematical com?utationso

The righteminor-hemisphere comprehends and
responds only to simple language and mathematical
concepts. It does, however, appear to have a highly
developed spatial and pattern sense, and is superiox
to the left in geometrical and design function (Hilgaud
cnd Atkinson "75) and there is also evidence that the
right hemisphere is the centre for musical ability.

(Milnex °62) ond "artistic appreciation."

luch work has been directed towards refining
these somewhat crﬁde end unsonhisticated
compartmentations of cefebral functioning, but the
besie concept of lenguese bein§r¢ontrcd~in thc_léft

1

hemisphore while spatinl eoutwol Iu centved Zn the

font bes unually Deced wdheld (Cozzaalge 72, Oznstain 9720,
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Hilsord and Atkinson state "..the fact that right
hondedness is the norm for human beings is probably
connected with the occurrence of specch in the left
hemisphere. Some left-handed people have tﬁeir speach
areas in the right side of the brain, but indications
cre that most have the same dominant hemisphere (the

left) as risht-handed people."

This idea that left-handed subjects are less often
consistently lateralised in the areas of "speech
centre' location has been propounded, as has the concept
that familial left-handedness tends to indicate the
likelihood of right=hemispheric location of speech
function (Gilbert 74, Bryden °65), Sex differences
are also noted in cerebral lateralisation, females
being reported as being less often lateralised for
spatial abilities than males (McGlone and Kertesz '73,
Levy "72, KRimura "69)., It is as well to remember
vhen considering such evidence, that females may
demonstrate a greater degree of cross modal transfer
and use verbal mediation to complete traditiomally
non=verbal tasks than their nale counterparts
(0°Calleghan '77); and Bryden (°79) waxns that
ooome must alweys be scasitive € the fact that any

diflorences fourd wmry renrasent & Iferencen in stroteny

A4

ot

o a

cother than tvue differences in caredral owgenisation.
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S Eduﬂ nation ‘of such vorks’ghowq

:p;fﬁ"tily concerncd with the locatlon of the Spgéifi&d
“bLllt] within the cortex, and the;degreeibfywn -
1atérality it seems to present in onc sex or aﬁqéherg
or in subjects with a particular degree of iatéral
dominence. In a review of literature dealingKﬁith
such topographical differences in brain organisation,

lMarshall (“73) points out that many of the claims

made are, in fact, contradictory.

Two of the more evident theories will illustrate
the conflicting thoughts on this matter. The first
of these, commonly known as the Levy-Sperry Hypothesis
(Levy and Sperry °68) postulates that some degree of
bilateral representation for language skills will be
found in a substantial proportiom of left-hended
subjects. This right-homisphere component of
linguistic ability will, it is claimed, “interfere
with" visuo-spatial processing nommal to the right

aemisphexe and thereby déter these latter sKkills. In

contrast, richt-handed subjects ore c¢loimed to have a

o, . 4 1,

o
ity
o
=}

L ST | B
purer Teprasentd i

in ecach
Zoz vwalen ¢hat lecele is spaeinlised. Support fox

this hypothesins is offexad !

honisohere of thoe shills
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tooks mowm ko be wight hemisnheve dependent by loft-
hended subjects. This hynothesis con ouly be ac étrong
o its origincl assumption s_about the bi-laterality

ol le (“h nded subjects, ond CV1dence is that not

riore than 207 of le”tahaﬂae"ﬂ havc an “pproc1391e
degree of such laterality (Pratt, Warrington, Halliday
971) and in fact the majority of these squects
demonstrate normal 1eftwhemisphere language control,
The supporting evidence does not shoﬁ how homogeneous

the test groups were, and if the groups were "

diluted"
by mixed as well as pure left-handers, or by familial
as well as non-{amilial left-handers, then the
direction of the results could be distorted. Such a
distortion could cast doubt upon the validity of the
hypothesis until more control can be exercised over
the specified degree of heondedness of the subjects,
and also of the validity of the tests of visuo=spatial
ahility used.
Tﬁe alternative éheory o7 relationships bctveeﬁ

‘"”ormance and noted ceredral d§r1 nce is the
Dulfery-Cray HjWOChCSLN (Bu‘mcmwrand Ceay 072) which
ig 5gain framed‘in topozrannscel fashion, The
gontuistiomris thét males hova o relativeiy hflrgonnd

Tannesentation Fow vwisuoespnid-l feafiz o contoect to
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”cﬁ;ies who deﬂonstrate a rioze )037La§g1y lﬂL clised
structure 1nt9 left and vight hgﬁi phewe &oi vn“oal

and visuoesnatial abilities respectively, Bilaﬁérality
is then claimed to be the most”effective-mode»foi
spatial processing, and this provides an explanation

of the claimed male superiority in this domain, Data
to support this thgory are currently rather spavse, as
mony pertinent results from normal subjects are
infrequently analysed for sex differences., Turthermore,
the stated supeviority of males over females on such
taslts has been questiqned (Kimura °69, Mayo and

Bell °72, Bogen et al "72) and the evidence for
biologically determined sex differences in visuo-
spatial ability is far from conclusive., McGlone and
Davidson (°73) conclude that "...visual non-verbal
cerebral dominance may be more left-hemisphere
dependent in females tham in males", vhile their
results of work with left-handed subjects contrasts

with the "competition” theory of Levy, thereby failin

CQ

to support that particular hypothesis.

It is possible that the type of visuoespatial




_the.whole.are -of
f@éaSﬁremeQﬁfiﬁéE:hmen;sxaﬁd degfeé;dffléte;$1§;§

‘are c#iied'into question yet againJ: 

In general, the left-hemisphiere of thg?téiébellmn
séems to be the predominant processor"of-VétbélA
concepts;_while the right«hemisphere is predominantly
- the pro@éésingfcentre of visuo-spatial concepts.
Bakan ('69) and De Witt-and Averill ('76) suggest
that lateral eye ﬁovement of a subject dealing with
a problem is related to the functional specialisation
of the cerebral hemisphere, They noted that given
a spatial type of problem, subjects tend_to gaze
left (right hemisphere actuation) while they gazed
right (left hemisphere actuation) when tackling.
verbal problems. Although Weiten and Etaugh ('74)
and Kinsbourne (°74) upheld this theory, Croghan
("75) tends to dispute it, but concedEdﬂthg; right
gyeamévers were‘superi@t ﬁp left‘eyesgcvéféuat all
cognitive functioning - suggesting that the lefé

“hemisphere is dominant for high-level abstract thinking.

Hines and Martindale ('74) found that ‘induced

left=lodking enhanced periotmancg on éV$patia1
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°

relations test, and that females exhibit less
consistent spontaneous-latéral eye movement than
males;; This cquid berbebausé fpmaies are,lcsé x
,lateraiisedrfhan males for spaéﬁal érb#essési(coﬁtzary-
to‘therBufferyncray Hypothesi$)yér it'cquld also be
interpreted that females more often uée verbal
mediation to work in o “'spatial mode" - uéigg less

of a Gestalt gxésp and more of a verbal typéﬂof
analytical approach thereby acéouﬁﬁing for less
cOnsistency_in eye shift during the problem solving

process,

fnother method of assessing hemispheric function
is to measure Alpha rhythms emitted by each cerebral
hemisphere during specific brain tasks. Because
Alpha rhythms decrease as positive brain activity
increases, a lowering of Llpha rhythms is considered
to be an indication of incieased mental activity in
the COrrésponding hemisphereo Suéh a stu&y;has bé$n
undértaken by Butler and Glass (°74)‘who téstgd by
&oEoG;.Alpha~rhythﬁs in bothrhemi$phef¢$ du%iﬁérseveral
modes‘of cerebzalﬂfﬁnétioning ffom'oyes éinéed

“elanation to the computotion of nentol arithnexficsl

sl T2
Esd A

Fwoblens,  AL1 of thels sud ibited loumz

RIRTE Y AL - P el ra 2, % N rira 2 a . it o G ae
e iaCo MMl penivity dn the Laft howisdhewa,  Thals
conelucton i3 (hiat €ho Tofh Dwnidnsshers gyocinlisaes dn
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Planery (°79) supports this theory by his work
on children of various school grades, and aduits. He
found that on a tactile spatial task, the left hand
(right hemisphere) was significantly better. Although
he expresses concern that "Developmental research is
lacking in the area of non-=linguistic functioms aﬁd
functions that should be lateralised in the right
hemisphere"”, he concludes that his findings are
consistent with the hypothesis that hemispheric
asymmetry, at least for spatial abilities, develops
during middle childhood. The term "middle childhood"
could be interpreted from his results as being about
the age of 11 years, for his 5th graders (mean age
11=3) had stabilized in a significantly superior

pattern of left-hand performance,

It is tempting to supnose, then, thot if the
w70 halves of the brain nerform differently on
different tasks to give the well documented hemlspheric
asyrunetry, and the two sides of the body pexform
differently on differont tasks of skill and acuity
of eye, hand; foot and car a~s the lateral dominanca

iernturn indicates, then scmae conncction betueen tha
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;-
Paes
0

Clarke (°57) has mentioned the poseibility o

connection between the relotionship of the two

ot
L

hemispheﬁes of the brain and the dominanc of one hond,
She cites the work of Tilson vho bnlweved that fnﬂ"
o5 some anatomical ot phygsiol losical « ];f erence in
thé‘stfgcture and functidning of the hemisbherég
>reéu1ting in one or the other becoming dominant and
leading in turn to contra-lateral hand prefer encéo It
wvas believed that one hemisphere would prove to 5e
larper, heavier, be provided with a better blood sunply

end mony other absolute diffezcnces; o theory which

i7ilson “proved" by demonstzating that the right’

LN

hemisphere of a knowm lefi-handed acauaintance of his

was in fact heavicr on postemortem examination,

Carter=GSaltznan (°79) has traced the wecognition
of a relationship between hondednass and hemisnbere
sation fox cb~n°tivc'p:océsses Lo over a
contury ago. Broca (1865) she,ieports; neted that
<while almost all righﬁthndéd cphasics h#d sufféred
injury to the left hemisph¢;e .xéiuéivalyv 1Q-~nhrnagd
su0ﬂ@cts were more lilkeaely o 1ose’1in5u1°“3c canacity

en.d on . 0 iyl P k- ¢ 7w o <o PO P 7 .
after wizhi homdsphare lesions,  lloze vecon® worlhy

Lotravawy secems Lo chor £t vhile noovly oV

relod sehicers e LaTt baolanhore aupe

[ D] Doy T e e .
MU RAURE F N SRR IS DL R Rt ¢ T

o e, )
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of the left-handed population has this nattern. The
remajining third have either right hemispheric
superiority of billateval wepresentation of the

linguistic function (Milner, Branch and Nasmussen "6%),

It would appear, then, that while nearly all
right=handers héve "normal" hemispheric lateralisation
of cerebral functioning, not all left-handers are
opposite, Many left handers have the same lateralisatiom
as right handers, vhile familial left handedness is
more likely to be related to contras-lateral
snecialisation, The degree of specialisation difference
between males and females is undecided, as is the

actual mode of use made by differing subjects on the

same tasks,

Although it is mot within the scope of this worlk
to attempt to specify the degree of hemispherie
lateralisation, or to investigate the cerebral
sﬁrategies employed in tackling vroblems by different
subjcets, the results wmust be analysed with these
differences in mind., Vhile evidence abounds to showr
theot hemispheric asymmetry counists, and to demomsirate
the directions in which the verlous abilities lile

neve 18 Jasg enwhointy

47 ?
o

ahout the relaticashins hetueen

v



matter of some imoortance to establish vhether .07 not

such differenCcs‘in a major cognitive area éXist in

normal schoolchildren, at an important age

educationally, and within an ordinary school environment,
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_E'S?l I ’terest in Re]a i: -b‘_p' o_i' H.an,d.e,dn,éfg

end _Sp;{tial'eAbﬂgt_‘ ro, ,

'jfﬁe need thclarify’tBe current situati@n goes
further than the‘academi;'iﬁiexcétiinathé:matterg
important as this may be, It is neceséa§y to
,gg"eé ate the effects which may be perpetzated upon
pupils either overtly or covertly by teacher

expectations,

Educational practice, especially at the classroom
level, is primarily concerned with person to person
situations, and in such personal relationships

pectation and attitude can be a very subtle yet

important factor,

It is difficult to determine the factors which
influence the pedagogical and idealogical approaches
of.thg teacher in 2 classroom situation, but one
possibie-éuéhgfactéz would be what the teacher has
tﬁioggh training or~subsedueqt study, come to believe
:;bopt'his chaxgeﬁrfrcm reseaﬁcb o -from worlk ox
theorics ema nat g from wes arch on enucmnional natters,
The theoriea;evolveﬂ'obout lanuning stratesics, social
IJ»»VIQ%‘"uJ ‘v>14“0$¢JL ﬁyﬂchtﬂﬁri lucnee the

e

vey A vhich e ten el posenivec: Uls ook, Lilo volo
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~nd his pupils, and therc must be little doubt that
vhet is believed will be an equally strong deterninant, 
of behaviour as tha;'which is empirical. The balies
th#t léftmhandedness wves the ‘cause’ of zetnrded
learﬁing,or,bthei educationqlly_unsound'prgctices

may wéll‘have~becn a major factox iﬁiattémpts to

"~ eradicate leftvhandedness in éhildrenrby teachers in

the past.

The positive influence of teacher beliefs and
attitudes upon pupil performance has been well documented
by‘Roscﬁthal and Jacobson (°63) who diécovered that
randomly selected pupils "spurted" academically when
their teacher was led to expect such a spurt., Nothing
was altered in the children®s educstional programme
except the teacher’s attitude, and Rosenthal and
Jacobson speculate that "by what she said, by hov and
vhen she‘Saidritgvand by her facial ex'réSSions,
posthresg'and'béthépé hcr touch9>thé‘fQCCher»méfihavc
communicated to<the‘childrcn'pf:the éxperiﬁeﬁtal group
that spc-eﬁpcctqd improved,intellectualjpérformancoo”
By the same reésoning they also conclude that when
téqcheis have,a 1éﬁroginioﬁ o’ the éhildéénﬂs leomning

chility, ¢he children seldon azeced thesa cupectetiors,
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Two years later, a similar conclusion was dzawn
by Barker=Lumn (°70) in her work on strecming in
primary schools, Teacher attitudes, she reports,
scemed to be at least as important as the organisation
of the school to the childs academic and social
performance; and that "these influences (veferring to
teacher attitudes) operate strikingly on children of
average and below average ability." It would appear,
then, that simply changing the way in which the
tecacher perceives ;he pupils can affect their

noerformance in claoss,

Such percaeptions, whether based on facts or mere
presumptions9 can and do affect pupil performonce and
the observation of a pupil writing or pexfozming in 2o
monner indicating lcft-handedness could lead to a sct
of assumntions or preconcéptions of the notential
abilities (or lack of cbilitiecs) "associated" with
left handedness,

Should the overall cffecis of these cssumptions

&
o nazcentions prove to he beneficisl to the pupil -

2
e

of Zmproved nerformonce

re .;\._,
w Ao

fwio

as weeorted by Doscnthol ond Joeebson, = thon

dendbtliul 18 ooy ebjoctlons sreuld ised ox hawm he
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done. On the other hand if the assumptions or
pfeconceptions about handedness as related to other
cognitive abilitles are negative, then the results
could be quite damaging, In his study "Hightown
Crammax" (%70), Lacey relates several case history
incidents illustrating this point. In one perhaps
extreme but illuminating case, Lacey describes. an
incident of a maths teacher who asked a question of
one of the poorer pupils in the class; who gave a
wrong answer, The teacher railed at the child severely
for his mistake, and Lacey noted that the temnsion
generated by such an incident paralysed the child's
ability to think, rendering him incapable of
concentration andAthereby extacerbating the situation.
Several other similar instances are cited by Lacey,
showing how the confidence, self-esteen and performance
of the pupil can be shattered by the teacher's
perception of, reaction to and attitude towards him,
tThen considering spatial ebility, an important
area of cognitive functioning, there have been reporits
that rizht handed subjects are superior nerfowvmers
in such tashks (Levy '69, itiller ?71) vhich could lead
to adverse assumptions about the emnectad poerformonce
of laft henders., Convarsely, theve are worlis whlieh

hauded supozievity of spotisl Functionin

report ledt

o3

(Peterson and Lensky 974, llcCec °76) virich could lead

ko on opoosite symdrons,
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It is im?értant to determine which, if either,
of these hypotheses is correct, so that unfounded
assumptions acbout abilities can be refuted, thereby
preventing damaging expectations and attitundes from

developing,

It is believed that any attempt to so determine
must involve the use of a spatial test which carries
& heavy loading towards the spatial visualisation

Y"purest' representation

factor Vz, which is possibly the
of this form of menéal inagery, while atithe sama tine
ninimising thesc factors which may be demonstrably
sen=biased, It is also nccessary that the subjects

of the work should be a relevant sample of the
population ®vhich any results might be generalised,
in this case a sample of "normal” schoolchildren vhose
laterality has been detcrmined by the best available
method, and who have been minimally esposed to such
possibly effective but controlable factors as hormone
production cnd differential practice at spatially

orianted tasks.
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oy _the Use of Atypical Subjects and: Différing

Iﬁstrﬁments‘cagwlgad_to Inaccuracy of Definition of

Rélationéhip of Handedness to Spatialxﬂbiliﬁyo

Much of the information recorded about the effects
of handedness or performance on various manual and
cognitive tasks is of intexzest to educ,ationists9
among others, in their attémpts to understand and

benefit their pupils by the discovery and nurture of

- some inherent possibly latent talent, or céanst}y

by the eradication of erromeous preconceptions about

the student's personalitiesg abilities and prediletions,

This type of interest in psychological research
could be deemed to be 2 practical interest engendered
for the reasons stated, but much of the work undertohen
by researchers tends to be of a more clinical interest,
with no specific Locus of pxacticél implication
in{endedc Such 2 misematch of intentions between
reader and writé; could lead to déngcrouS‘aSSUmptions,
foxr the subjects used by researchers in theiv works
may not be typical of the subjects to vhom the weadex
wishes to apply the fiadings. JAa educationist, fov
exaoinple; may well be interested in the abilicies ox

potontial ohilivics of hin siudents vhao ron, fZor wonal
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o< a more accurate phrase, "nownal subjects", of

Taverage" abilities.

The practice of applying ox generaiising.findings
specific to ome population of subjects to a.different
population need hardly be denmounced here; vet some
of the population or samples of iﬂdividuéls used . by
many'researches can hardly be described as average or
normal, In some cases, the rescecarch is undertaken
using university undergraduates (often those engaged
on ‘psycholony couides) as apparcntly convénilent eaptive
subjeéts by the’experimenter;‘ tThile such subjects nay
woll be coavenient and indeed willing; they can hazdly
be described as average or typical for, by defimition,
university undergraduates are choseén as a result of
highly selective academic processes, 1t is5.quite
proﬁhblc that many such students have studied
nathematics and other non=Verb§lly‘biased subjects for
loﬁg periods of time and at gx§§§~déptho Su;haa study
nicht wéll artificatly inflate the spatial sco?es of

these subjects when given o spotial test.

Other atypicol subjects aze those used by clinical
rosecarchors when investigoting the functioning of the

cezobeldun, lMuch of this work has, by ncecessity, bacn




-964

conducted-on'brainﬁdamaged subjgctsg'or those on
whom'cerebral‘suxgery has been performed, mény of
these being the inmates of hospitals oy -other
institutions, It is allowed that thesc éubjects ey
vell be the best, or indeed only, available souvce
for this type of work, but it is doubtfﬁl whether the
responses given by.these subjects under these conditions
would be typical of a more *normal? populétion, it
remains uncertain wvhat effects may ensue from brain
damagg or sgrgical trauma in the way gf psychological
functioning, but it is a distinct possibility that
sCorg§ given by subjects vho have long beén
institutionalised may well be depressed by the
trivialising gffects of institutionalisation'(Money

and Mittenthal *70).

The final example of the use of subjects not
relevant to educational interpretation although not
i:rélevantvas such is the tendency to use édult subjects
rather then children in school. This may not seem such
an odd choice of subjects as the two previously cited

ramples, yet there is mo recson to suppose that
either laterality or spatial ability vemain unchanged
frem childhood. Agein it is arguable thet as . persons

]
A

grown to cdulthocd, they woy wndezco cocinl ox

occupational cipericnces wilich mo

soatial ability and theredy clter theisr zcsponse to

o]

spatial tashk,
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1t vpuld appear, then, that for the ceasons of
Tack of precise definition of vhat is being neasuved
under the broad umbrella temm of spotial ability allicd
to often questionable selection of criteria of
hendedness both of which terms then applied to
subjects not directly relevant to those in whom
readers of such work may well be interested, these

worlks may be considered inadequate.

It is typical that Levy (*69) found that left-
handers were inferior to right handers on "perférmance"
(visuo=5patia1) tests using postgraduate students
from Cal, Tech. whose “performance” tests wvere the

ToAeIoSs subtests, and vhose laterality was selfestyled,

Miller (*71) also used psychology students who
wvere given NoI.I.P, relations tests and whose

laterality was decided by observation of the hand used

L3}

or writing,

The worl: of lcGee (¥76) concluded that left
hended males were superior to right handed males by
testing 46 university psychologcy students on the

ny

Vental Tetatiens Test (Shepaud oand listzler '71), but
id ¢ legast detomine laterality by vsins el 04
¢id at least detowmine lateralily by wvsing lnaett's

iond preference quoestionacing.
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It may be possible from such brief cxanples to

realise that quite different criteria are used for

jSh

the selection of handers in the fizst pldce - ;ittle
account of the possible effects of mined bandc%s
seecms to have been considered; in all cases fﬁily
mature and very highly selected subjects were usedB
and the applied tests of spatial performance differ
quite widely in age, form and type. There is no
evidence to support the theory that these instruments
are measuring substantially the same ability in the
same subjects, so their conclusions conmot be used
to eitihier support or refute a specific hypothesis,
fuch work is now being done vhich, due to its

incompatability of standards and definitions; is not

assisting in the clarification of the overall picture,

o

vt is vefracting It into ever smaller frapgments.

[24
o



DESICN,
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:hc:fotr cuestions to be asked by this worl will be as

l"ﬂ :

olilousse

low accurate is the use of writing hand as a criterion

of hondedness in an objective sense?

It may be preéumcd that, due to the state of the art,
a specifically.designed and correctly appliedvdhd interpreted
hendednoss questionnaire might give the most accurate
availabdle assessment of hondedness; yet because nany past

worlis hnve not used such a criterion, comparison of such works

bacoties difficult,

This question is mecessary, therefore, because of the
diffexing critewia used - often simply the reported writing
hand - end considers whether the usc of writing hand Is 2
volid criterion of. hpnﬂedness by ashing vha L proportion of
1qft=hanﬁezs are found using cach criterion sepmateTy9 and
by finding vhat percentage of left headed writers cre found

to be left handed by the criterion of hendedness questionnaire,
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Ouestion 2.

‘Mot is the incidence of handedness in the present
sample, and how does this compare with the reported hondedness

from previous works?

This follows from the first cuestion, and considers
wvhat the present incidence of handedness is. Accurate
assessment of handedness will depend upon the use of children
vho, by nature of ghgir»age, have stabilised in their
hondedness, yet have been minimally effected by educational

and social influences,

{Then the validity of the use of writing hand has been
considercd as a handedness criterion, and the works from
the past placed in that perspective; then the comparison of
past works with the presemt work may be useable in the
attempts to défine vhethex or mot the incidence of handedness

s a stoble trait, or vhether changes in the proportion of

I

Teft handedness can be detected,
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uestion 3g
Mot is the relationship of sex to spatial ability

for all subjects?

This third question 1s concerned with the reported
male superiority on spatially oriented tasks, and asks vhether
there is a sex based difference in mean score and shape of
distribution of scores on a test of spatial ability which

does not involve the following complicationss

+ has been demonstrated Ifrequently ;hat the personality
trait of ?ield Dependernice can effect scx differences on
psychological tasks, snd the perceived sex role of the tash
can similarly be effective in this woy., The intention is
to control fow both of these factors by the use of a sgpatial
test wvhich is5 as for as possible devoid of £ield dependont

controlled items, ond which is considered to be neutral in

terms of perceived sex roleo

The children wvho are to be the subject of this wozl nust
be of cn &age vhich permits their ability to properly comply
with iactructions ond conplete the set tests, yet vhich will
e ]

mininise hoxuone production effects cnd the possibiligy of

differeat cducotional cimeriences,
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3
T e

his quqstion will also be posed for left and right
handed pupils separately, 8s well as for left and right handers
togethex, in order to determine whether any sex effect

found is specific to either left or right handed children.
Question 4o

That is the reclationship of handedness to spatial
ability a) for all subjects
b) for various ranges of handedness

¢) for cach sexr sencrately,

a) The contirols imposed for this part of the question
will be the same for the pupils and for the spatial
ability test as those mentioned in question 3 above,
and the handedness of the pupils will be determined

by the application of a reliable handedness gquestionnaire,

b) The correlations between handedness and spatiol
ability will be explored for differing ranges of
hondedness, This will be achieved by using a test of
handedness wvhich will allow varying degrees of handedness

1

to be identified, so that the spatial ability of more

and less definitely honded pupils con be caleulated,



¢) This soction of the cuestion deals with the
rolationship between handedness and spatiol ability
for azeh se separately, for yet again tho everepresent

p008ibility of sen=differences must be censidered.

In orvder that these questlons can be considered, the
pupils will be of an age at which thelr spatial ability and
their haondedness will be fully developed, yet at which the
well documented pre-adolescent "academic spurt” by femoles may
be minimal, &s will the gupilsf hormonal pxodquiqn r§te$é”

It 15 algo necessary, ingofar as 16 possible, that the pupils
should have unddrtaﬁem broadly similar cducotfondl experience,
and that neither scx nox handedness!gxoup will have been
subjected to specifically differentiated expcricncesyﬁhich
could be comstrued as "proctice” in the academic sense, Such

pupils will be those who arc in their finel year of primexy

education,

Jueﬂ considoring differences between left and right
handed groups al}'othcr pocsibly effective factors must be
canizollcd, sco for this puzpose tha pupils will be matchad in
paizs = onc wight handed pupil with one loft handad, of the same

"

¢ogree of handedancos, the some age, ond with sindlox
educatinnnl arazionec. The test used o asoess spatial abilicy
pust be devold of Ztoms whieh wmoy ha sciwebicsed, ead ¢he instrument

used to defino hondodnass muat ba expadle of locoting veryiag

daprees of hoadednosse
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c)

d)

INSTRUMENTS .

(i) Handedness Cuestionnaire.

(ii) Spatial Aﬁility Testo
SUBJECTS
PRAOCEDURE,

ANALYSIS.
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TNSTRUMENTS 5
(1)  Hondedness Guestionnaire.

For the rcasons stated earlier, namely the
reliability of the test, the spread of scores offered
and the gnhvenienée for statistical.ppzpqses of
qbﬁaining'a aumerical quotient for handedness, the
instrument chosen for definition of handedness is the

BoHoI, (Oldfield '70),

As Oldfield's work was applied to University
undergraduates, and the original text of the'quéstionnaire
contains vocabulary whichg ﬁhile sﬁitéd to Oldfield's
subjects may not be functionally legible to younger
or less linpuistically able punils, I decided to
clter the level of vocabulary used without loss of

neaning in the text.

This vorlk intends to use, as subjects, punils
of the highest age range in primery schools, that is
of cbout ten to cleven years of ace, and alse to usc

pupils from across the vhole ronge of mentdl ability.

such as “In these cases the paxt of the task, ox

object, for vhich hoad prelicroace is wanicd is indicated
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Figure 1

OLDFIZLD'S ORIGINAL QUISTIONNAIRE (1970)

izdical Rescarch Council Speech & Commnication Unit,
EDINBURGH UANDEDNESS INVENTORY

SUTNOME ococo0so0o0v0000600c0000000 Given Names cococoocoocococeccosoessocan

Date of Birth 0000600000000 0O0O Sex 0DCGOOOGOOODHOG

Zleose indicate youx prefeveﬁce in the use of honds in
the Tollowing-activities by putting -+ in the appropriate columm,
Uhere the pr eference is so strong that you would never try to
use the other hand unless aosolutely forced to, put <, If in
any case you are readily indifferent put < in both coluims,

. Somc of ‘the ct1v1t4cq require both ﬂaﬂduo_ ‘In these cases
the.nert of the tas.\9 or. object, for which hand sre feréﬁéa'iS‘”
wanted 48 in dicated in brackets, '
Please try to ansver 2ll the questions, and only lecve a
blank -if you have no axperience ot all of the. object. or’“~~ko

1 esr | urenr

o,

Throwing

[P ] -
& ucxsso:s

e rte’

5 Toothbrush

RN - o : PERSP N

D TeareTILS = o

eenaIET

¢ Taife (without fork)
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te column”

in‘bracketsﬂg or»éven,thegwotds "appiFepria

a9

may Loﬁdeﬁ the text illegible. (sce Fig. 1)r

In view of the unkaown nature ofrthe;@egﬁ when
applied to young children, and to the cht-thétrsome
of the wording of the text was to be changed, it was
Zeciéed'xkgt a pilot study Sﬁpﬁld be conducted to
note thégéfﬁicaéy of the test and to verify that the
t xf changes were suitably legible and ‘understandable
to thgrgﬁgyéten involved., Egrtﬁermo?g}ggg §QQ§:
sﬁ@éies_ﬁavﬁ indicated a possiblé‘COnﬁécﬁion.beﬁhccn
Fdn%ii;i.h;ﬁdccnc ss and” lbbcrﬂl dom;nance (Gi]be?t
°7¢9 Bryden 175) I decided to add to the questionnaize
at this design stagé, quesiions specific to the
hondedness of the subjects® perents, This info motion,

it was thought, moy shed some light on the incidence

any indication of

of "inherited” hondedness, and o

=
)

increased polarity 0f lefi=hendedness orong familiszl

Yol e=heonders,

This awended text questlionneize (Fig. 2) was

given to 27 children, 12 boys ond 15 gizls, all wembers

o
s
o
o
i
i
]
[
D
Egl
o

in a gendierural princyy school In

Moxin=Tlest Duzhom, ond all belireen 10 and 11 yeawns of

800s

)
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ATﬁésggéhildfen ﬁere therefoza memﬁé%s of,tﬁc_same class
~and froﬁ one;of the schoolé to be uégdfin'éhé‘hain-work,
‘b@?rdue to the tindag of the testvtﬁe gupils used in
'éhc pii§t study had transferred to secéﬁdatyfséthls to
be replaced By a different class of pupils who were

the subjects of the main worlks

In this way similar subjects were used in both
tﬁe pilot study and the main work, but weré not, in
fact, the same pupils, The results demonstrated that
despite the simplified text, of the 27 subjects only
VAVépmbleted'the qué§tibﬁﬂaiic in fﬁll'QQCOrdéqée'with
the.mganiné of-Eﬁe instrgétioﬁs; '6ne §§£standing
excmgie was the fact that, die ta.agpéréﬂt
misunderstanding of the instructions, many pupi1s had

9. 8

put a total of three "+’ sipgns in the columns for cach

activity instead of a maxinum of two.

'TWQ-Eurther problems'emerged from an analysis of
thé rcSu1t39 ona of these being reievant to-;he
clerity of the imstructions, the other not. The
£irst of these pfoblems CONCerns queétion number 10
on the questionmaire relating to the OPQQing of a boi,

~The instructions ashked “Thich hand do you usc to open
the 154 of a box's Ao this tosk is offen cceonnl’iched

by both hoads, ome holding the box while the other opens



tﬁe:lédg it 1s possible to mi%uﬁdeﬁééand-wﬁgéﬁ hand
1p?éferenée is being requested. Hév&ﬁg i%terpféted
the answers given (incorrectly) byr"commqn SQnsc"
interpretations, this particular question scémgd,to
indicate choice of hand contraxy to the obviously

predominant hand in 7 out of 25 cases (28%).

The second problém was that of the questions
about familial handedness. Many of these were left

unanswered, or in the case of the 'yes/no" choice,

both alternatives were deleted,

A logical conclusion of thése resulis was that
although the instructions of the questionnaire had
been simplified, some of the semantics had been lost,
for thexc appeared to be some confusion about, or rooi for
misinterpretation of, these instructions. The
instructions were re-uritten for a second triol
queationnéire, in an attempt to clarify the meaning
without complication of the kanguage used. The
opportunity was takon to re-phrase question 10 o male
clearer the divection of the hond usapge raquired. The
cuestions wera also separated by horizontal linaes

acwoss the questionnalire to enshle the £illing i

p

ond reading € the questionna’rd 4o ba accomrnlishad

with grootar faeility, Tho decislon weo tolen £o allow
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the questions about fawmilial handedness to. remain on
the questionpaire to determine whether any further

information could be elicited,

The revised questionnzcire (Fig. 3) was now
administered to 12 pupils, 3 girls and 9 boys, all of
vhom were of the same age as the original children and
wvere all in one class (although a different class to the
oriﬁinalichildren) in the same school as was used for

the first test,

All of the revised questfonnaires were completed
correctly; that is without apparent misunderstanding
of the instructions, for all guestions were answered

in the correct manner,

As a means of checking the test/retest reliability

of the cuestionnaire in this form vhen given to pupils

(7]

of this age, a retest.bf the same 12 subjects was
ﬁnderﬁékcn some - four mqgths aZftezr the fitét test,

The subjects weve given the sane medified questionnaize
and the sama instructions, and agaiﬁ the questionnaives
rere comdleted without problem o ambigﬁiéyo 0f the

24 zesnenses (12 subjects, 2 tests) oaly one showed

&

on ddication of ehange Ifréwn the predoninantg hord,

<
=
o
p.’
[al}
=
]
23
3
Q
=3
w
]
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I~
o)
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o
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questionnaize, and secmed to indicate that the
1atended meoning of question 10 (box opening) had now

been claxified.

The questions rclating to familial handedness were
all completed, although no method of'vcrifying the

accuracy of these responses was available to the tester,

Comparison of the test and retest questionnaires
showed that of the twelve subjects, only ﬁ@é comgleted
identical responses. Tyo noue ended with ideatica
handedness quotieﬁts Cue to making two “balencing”
clidrotions on the second Qucstiohnaires The #cmaining
eight pupils ended with diffcrent laterality quotients
on the second (retest) questionncire, In fact the
latezality quotient méaﬂ on the first test was 68,3,
vhich altered to 63,3 for the mean quoticnt of the

<!

retéstpra chanma of the.ﬂagnituﬂe of sone ulovofaiiﬁ
22 product mément COfxe}ation coefficient between éhe
tect and rekest scoras vas{calcﬁlated at 0,77, vhich
is significont at the 0,01 level. A "¢ test of
nificance showed no statistical AifSfczéace beoftkreen

“he test and retest scores,



'Wh%ié'the.correlationsvbetWeen test and. retest
scores ére~qui£e high9 it could be ccnsidéiﬁﬂ»as
mildly sﬁzprising that they are not higher'stillg for
when asked the same question about whigh hanﬁzqne
uses, it is not unexpected that one will elicit the
same answer = even if the questions aré posed four
months apart. This lack of perfeétion of fit between
the two sets of scores ought to serve as a timely
rveminder of the imperfection of such questioﬁnaires;
ond "of the danger of extrapolating too freely from

thelr results.

Because of the success attained by the second
modified questionnaize in i1ts legibility and clarity
ds displayed in the way subjects of the required age
and -ability range could make sensible and_xepqatgd
xésponses to the quégtfionsD it was decided'ég;utikise
this particuléi vezs§6n ofithe questionnaire without

further alteration,

It wvas also decidgd thaé,.as different instructions
piven to diffarent groups of subjects may lead to
d¢ifierent types of rosponéasp the instructiong on how
fo ccmmlete the questionncize should be vniferm. At

the some time, in cn atiterpt to ninfnisc the likelihood

oi Zalkse roporting of aciifnas, tho donsowr of which was
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, (1910)
cited by Barnsley and Rabinovitch&suqucts vere to be

asked to "act out" any of the actions about which
uncertainty pertained; and to carry out randeom
"spot checks" on subjects by noting their written
response to a particular question and then ask them

to perform it under observation.
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Table T

Tast-Netosct Results fox thé

Version of the Bl I, Used Here,

SUBJECT TEST T TEST II CHAHGS
NO, SCORE sconz OF SCOAR

1 60 80 120
2 90 470 -20
3 190 | 80 -10

4 70 150 =20
7 100 100 0

10 60 , 4.0 =20
11 _ 30 =80 0

60 <50 =10

12
EAT 46843 16343
.. ’ [+ ) o
seonn

Svhicets 7 and 1L cccorded identienl paifvs of

Y reTs Lokl PR Qe
svestionnizes.



3ecouse of its meeting the spatial criterie
stated abovéo its low reliance on verbal SEiiis and
commaratively short administration timé, (giygp the
oge end ability of the subjects), it w;s'décidcdfto

use Spatial Test I1 (Uatts) (Fige. &).

This particular test was specifically written for
children, and 1s stendardiscd for thclﬁgqfrange 10
years 7 months to 11 yeérs 6 monghs WHichrié nracisely
the age'xaﬁge of the Intended subjects of this wozls
The test was, however, unfamiliaxr to the authox who
would administer it. TFuxthermore, although the
working time of the test totals 26% minutes, each
section of the test allowrs the subjects to practico an
unmarlied response, and then ask questions to clarify
any wmisunderstandings they ney have, This "unworked"
portion of the test is not, of course, timed; yet
adds to the total administration time of the test.
Beeause the actual length of time engosed in
administering the test is importent from the peints
ol geining pormission from sehools to ¢engoge their

pupils for this awouat of time, and of the copcentmaiion

sprn of younger children added te the authous
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unfemiliarity of and lack of enperience in administering

this test, it was decided to cenduct a small nilot study,

Ten pupils weore selected from the same class of
the same school as used in the pilot study of the
handedness instrument, and were sclected by age
criterion alome, no othecr factor being considered, They
were, in fact the ten oldest pupils available im that
class, The ﬁest was adminisfcredjby the authoru
according to the manpal of instructions prévided with
the test, and the children were obseérved carefully
Gu:ing the working of the test, wh?le the néncwbrking
aspects of the test such os explanafibns and practices

were carefully timed,

As the written instructions of the test are few
ond simple, no severe problems should be encounterxed,
and this proved to be the case., Most of the instrﬂctibns
for the subjects are verbal, opening the pbssibility
of miscomprehension, but as plenty of opportuniﬁy is
civen in the test for explanation and the aslking end
ansirering of questions alons with o prretice test

(unrnarked) of cach subtest before the actual nezlked

fala
tado

errmples are worked, this possibility is mindweised,
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The test was completed by all pupils with no apparent
difficulties and as each subtest is relatively short,
the author could observe no limitation to correct.

comnletion of the work due to bovedom or laclt of

concentration span.

The time allowance for the aggregate of the sub-
tests is 26% minutes, but the explanation and practice

element swells this to approxtimately 44 minutes in total,

As stated, ﬁhis sﬁall pilot study detected no
probléms with the noture, material or completion of
the test, and the results obtoined; vhen siéndardised
revealed a spread of 94 to 140 with a mean of 116.2

S.D. 18.4,

Raw scores gave a meon of 55 for a2ll pupils; a2
neon of 50,2 for males and a mean of 59,8 for females.

(sec Table 2)

In his standardiséﬁgjn}:rials9 atts obtaincd mean
o scores ror boys and gizls of 37,9 and 34,6
rcsﬁééti?@lyo Tt will be noticed thot not only were
igher thon thote of
3 S‘(‘(‘._’ﬂ Towmar thae the

glzla, a revesscl of Uatts findings. Litile attention
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is paid to this apparent ancmaly, for only 10 pupils
were tested, and one or two unusual scores could
cause disproportionate distowvtion of the results, compaved

to the 1,754 subjects used by Watts,

Nevertheless the pilot study has confirmed the
test as being a viable instrument to use for the subjects

envisaged in this work.
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=]

Desults of Spatigl Ability Pilot Study,.

Female Subjects (n = 5)

Ras7 Scores Standardised Scores
88 140
28 94
31 100
90 140
62 121
m = 59,8 w = 119

lale Subjects (n = 5)

latr Scores Stendordised Scores
55 117
27 26
59 120
24 I
66 140
w = 50,2 n = 113.4
ALY SubJects (a = 10)

b}

- A .y =2 -
Dav Scovos Stondedined Scores

£

m = 55 o RLG.7
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NATIONAL FOUNDATION FOR EDUCATIONAL RESEARCH
IN ENGLAND AND WALES

THIS TEST IS COPYRIGHT

SPATIAL TEST 2

(THREE-DIMENSIONAL)
By
A. F. WATTS M.A., D.Lit.

with the assistance of

D. A. PIDGEON, B.Sc., and M. K. B. RICHARDS, M.A., M.Sc., Ph.D.

DO NOT TURN OVER OR OPEN THIS BOOK UNTIL YOU ARE TOLD TO DO SO

FILL IN THE FOLLOWING PARTICULARS:—

SURNAME ... e SURURTOTTRRURR
CHRISTIAN NAME(S) ..o SUUUTURROROO
NAME OF YOUR SCHOOL ... ..
YOURAGE ............... YEARS ... MONTHS

TO-DAY'SDATE .................................. DATE OF BIRTH ... .. SURUUUR NI

READ THE FOLLOWING CAREFULLY:—

Not to be filled in by the Scholar

PAGE {\}‘EM , SCORE I. Do not open this book until you are told to do so.
0s., .
= | 120 2. The fest is in sections. You will be told how much time is allowed -
for each section.
8 | 2140
12 | 41-50 | 3. When you come to the end of a page, FOLLOW THE INSTRUC-
3 | 5160 TIONS given at the bottom.
16 | 61-70 4. Each time you are told to stop, STOP WORKING AT ONCE.
17 | 71-80 5. Work as quickly and as carefully as you can.
20 | 81-100 6. [f when you try a question you find you cannot do it, DO NOT
ToraL WASTE TIME BUT GO ON TO THE NEXT.
Age | Years | Completed Months 7. Make any alterations in your answers CLEARLY.
Standardised | 8 ASK NO QUESTIONS AT ALL DURING THE TEST.
Score

9. If you should require another penci|,> put up your hand.
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PRACTICE TEST
MATCH BOX CORNERS

This match box has a black spot This is the same match box
on one corner. turned round.

The dotted lines show the edges out
of sight.

The same match box is shown turned round to three different positions. Where should the black spot
be now?

Put a black spot on to the correct corner on each box.

B D B
A A : ‘ C A = "'—h:i\.‘C
5 C B : ’D
N k177 @G
/G \/G H

Do NOT turn over until you are told to do so



Do NOT turn back to earlier pages



TEST | MATCH BOX CORNERS

Time allowed—3] mins.

Put a spot on the boxes so that all five boxes in each row have their spots on the same corner.

Do NOT turn over until you are told to do so



Do NOT turn back to earlier pages



PRACTICE TEST 2
SHAPES AND MODELS

: can be cut out and folded
This shape to look like this:

A can also be cut out and
This shape folded at the dotted line

to make this model:

Now look at these three shapes:

They can be cut out aﬁd folded to make the models X, Y, and Z below.
Put a letter on each shape to show which model can be made from it.

The first has been done for you.

Do NOT turn over until you are told to do seo



PUT A LETTER ON EACH SHAPE TO' SHOW: THE MODEL THAT CAN BE MADE FROM IT

TEST 2 SHAPES AND MODELS

Tlme allowed==1 0 mms

21
22
HEEE
IR
23
24
3l 37
25 ) .
T ! f
I | . z
S I ! 39 |
.”26 J 33 - ! ,
27 REL
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THESE ARE THE MODELS WHICH CAN BE MADE FROM THE SHAPES ON THE OPPOSITE
PAGE.

1%

N

AN &
o & =
A oa g <
© 8y =
e | @ <@

S

De NOT #urn over ljni'i you are told #o do so
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Do NOT turr back to earlier pages




PRACTICE TEST 3
SQUARE COMPLETION

A B Cc

N
A Y
AN
A Y
.
|

The figures shown under B and C are like pieces of a jig-saw puzzle. When put together, they make
the square under A. .

A B C

L AR Iy

Which of the five pieces under C has to be added to B to make the square A? It is number 3, so it
has been underlined. Notice that it has been turned round, but it still fits.

C

Ny ATAIE N

Here, number 4 fits, although it has been turned over this time.

Now do the three others below—underline the figure under C which when added to B will make the
square A. Remember, it might be turned round, or turned over, or both.

A

A =B/+, ] [57 : ES]
=m+b A @ 5

[Z+ 4AQF T b

Do NOT turn over until you are told to do so




TEST 3 SQUARE COMPLETION Tlme allbwéd=61} mins..
E THE FIGURE UND DTOB MAKE TH

mﬂwﬂmméu

ey ESS (RIS

-+ WA M

-\ DOl

=/ o L= -

= e A5

UV D

2o G [ oF

=Wﬁ>Wﬂd

Go s+ ghi'O T Th N'!'Pg



[ 2] 5 )
-3+ BV O] [ 0
I i L A A LN
Lol Ao e
-z+lvy oA [ ]
L e 2= M o
. =ZJ+(}4?:§@§
g N Z TN L
ISR ENSE NN
ﬂM%VUM

o NOT #ur until you are fold to do
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Do NOT turn back to earlier pages
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PRACTICE TEST 4
PAPER FOLDING

Here is a square

A It is folded in half. And then in half again.
B

The dotted lines show the folds.

Suppose you cut away a piece from the folded square B, it might look like this: {".- '
The shaded part is the cutaway part.

What would it look like if you unfolded the whole square again?
Like this:

Now look at this one.

When the folded square B has a piece cut off one side as shown by the shading, and it is then
unfolded again, it will look like . . . number 3. Therefore number 3 has been underlined.

A B

2

...
i
2

-
Nl

Now try this one. Underline the square on the right of B that gives you the answer.

A B

o 2 3 4

Do NOT turn over until you are told to do so

[ ——




16

TEST 4 PAPER FOLDING

Time ‘allowed——31 min

Underline 'rhe square on the right that looks. like’ ’rhe small squa e unfolded

62l
'
63t
'

¥
650 |
66L !
671 .
[}
68l
i
69l .
::,
701

aaaaaaaaa

aaaaaaa

n k 4

Z

,Si'rmghi’ On To The Nexi‘ Page |
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Do NOT turn back to earlier pages



73

74

75

76

77

/8

/9

80

Do NOT turn

AN
70N
N
N
~

A Y 1
A Y
,\’

.

N
\

4
4
Y
A
’ A Y
4 N
- s
s
/
N P \ ’ .
7 39
PN |¥Y 4 I
\
N /
PN v’ -’ .
N\ LAY

A Y

Al

PN
}’

over until you are told to do so —

17

Here the square A has been folded from CORNER TO CORNER to get the shape B. Underline
the square on the right that looks like ' B"* unfolded.

B
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PRACTICE TEST 5
BLOCK BUILDING

(.2.) (......)
How many of the block B are needed to build the large block A?

We should need two B's put ’rogefhér to make A, so the figure 2 has been put in the brackets

underneath B.

How many of block C should we need to build A? Put the answer in the brackets underneath.

(...} C._)

Here is another large block. Put in the brackets under each smaller block the number of that kind
needed to build the large one. '

Do NOT turn over unil y;u_ are told to do se



% TEST 5 BLOCK BUILDING fime allewed—s min.

How many of +he smaller blocks in- fhe rows below are needed +o build the larger one on the left?

/
ya

|

8l (... ) 82( ... ) 83( ... ) 84 (_..... )
85(....) 86(....) 87(....) 8&8(...)
v
89 (... ) 90(...... ) ol(__._. ) 92 (... )

L 976 98 ( ) se(..) 100(_)

LOOK OVER THIS PAGE UNTEL TBME IS &JP | -



MITHODS

b)  Subjects.



a9,

The subjects of this work wrere, ot the tine of the
vonl, 2ll wecelving fulle-time cducation in the achooln of
cno araca of one Loeal EBducatdon Authsrity sitvated In North
Fost Fazlond, vithia 2n avea of about ixrenty squaze irlles
ceoprising somieovuwal arzeas with centres of heovy ond sone
hier industry., The decision to use schools within one
geographical locality and within the same Local Zducation
Authority was taken in order to minimise regional differences,
and to maintain the homogenecity believed to exist in terms

of educational policy«ﬁithia one authority,

For recasons stated elsevhexe, the'pupils requiréd were
those who were, at the time of the tests, . as old as pdssible
without being subjected to secondary education, This natuzally
means those pupils in the upper classes of primary school
or, vhere the "tép" class contzins pupils of varying ages,

that scction of the class vwhich contains the oldesthupilso

All fourteen primary schools in this particular area
were contacted for permission to use their pupils as subjects,
and of the fourtecen only one school xefused to co-operzte
for reasons of re-organisation and ree-decoration at the time
of the tests, The thirteen schools used were of similar»
type, for vhile they renged in size from about four hundred

pupils to approximately one querter of that size, none could
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Tha cchesls theneelvas weno bronilly noonsy

2o Mthority, Jev he Aurhozingy

couparativaly onell cod contoins o lozge wojonity of soidde
rzurel schools of the type used in this worly as no loupoe arecs

of urbrnisoation enist witghia its bourdcrics,

From the thirteen schools used, the pumber of punils
of the zoruired age totclled 519, with females slightly
outnumbering the moles by 270 to 249,tcspcctivclyo The cge
ronge of pupils in the most senior classes or sections of
classes in the primary schools was between ten years eight
months and eleven years nine months with a mean age of eleven

years itwo months,

The ages for each sex was quite similar, proving to be
ranged fyom 10.8 to 11.9, mean age cleven years one mon;h
for males, and from 10,10 to 11,9, mcan age eleven years three
months for females; having chosen at the time of the—tests
to limit pupils by the criterion of having a date of birth

betwreen September lst, 1969 and August 3lst, 1970,

The handedness inventory was given to these 519 pupils,
all of whom were; at the time of the tests old enough o
comprehend and complete the tests, end yet young enough to be

minimally subjected to possible hormone production rate
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differances, cnd duc to the . sin inilewity of theiz eduéaﬁisna

o

armerionses vere nininnlly effccted bir dﬁfﬂo?‘ng legsen

contont ofgen cneountered in cecendary cducaltlon,

The zesults of all 519 pupils will be utilised to study

£

the Zivst two questions posed by this worl,

Some 59 of those 519 pupils (31 females and 28 males)
were found to be left-handed, using as 2 criteriena negotive

quotient on the handedness inventory,

As mentioned elsevhere, the pupils niust be controlled
for the factors of age, sex, handedness and educational
expericnce. This control was achieved by matching eacﬁ of the
left handed aupils discovered vith a :iéht handed pupil. The
pa1" vere 50: matched by £indi ng all the right handed childzren
vhose handedness quotieﬁt eractly corféspondsvto that of the
left handgr'(eXCept, of course, that the quotieﬁt be positive

nstead of ﬁegative) and from these, selecting the children who
are memoers of the same class as the left haﬁéed chiidq If
more than éne right hander fulfils. both of these cfitéfia,
then the right hander who is most nearly the saﬁe age as the

left handed one was selected,
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raecinzocel handednass quoticnts, belonged to tha serg clags

These 59 matched pairs will have their spatinl

ability scores utilised for the consideration of questions

three and four of this work.




METHODS

c) DProcedure,
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Tﬁe-thirteen schopls-ﬁséd in this ﬁork;wére'visitéd
withﬁn a period of three‘weeks by tﬁe authof:fo:’ﬁﬁe
administration of the handedﬂeSS’imventOfyo At eaeh school
visited-the pupiis were;separated from the normal classroom
environment, facilit§ being provided to use an émpty clagse"
room 0% hali‘spaceo Oﬁiy the author was piesent during thg
adhinistratibnvdf the test. The puéils Wefe given a copy dfv
the ﬁodified questionnaire which, for"cOnvehienge of»séﬁa:bting
tﬁe responses of eachfSéx, were printé&néﬁ.different colé@féd'
pépéréo.LBecaﬁse the two péper colours'aﬁgiiaﬁle t@;;ﬂe
author wéfe blue and"piﬁk9 the decision ﬁas*madé tb‘ﬁtilise , ,;\.‘
the somewhat sex;st conventlon of u51ng blue c0p1es for male ' "
5ch11dren and pink copies for femaleso It ishalieved that‘§uch,a
distribution would have no effect upon the nature of the
responses, for the questlonnaire were in all other respects
- identical and could. not be cons:dered as being a task “for
girls" or "for boys”; a later check :evgaled,that ve:yifgw
" of the children involVéd were awa:e,pf.theucbnven£i§h of

associating bLQe withideS,gnd'bink with girls,

The. pupils were'told that they were assisting the
aﬁthor to Stuqy handedne§§§>énd that‘no social not academiér
connotations would be incurred in the completion of the
questionnaire, nor were there any specifically right or wrong -

answerso
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e DSONTTAL thog #ha nroseduve here outlinald sheuld
Do Tolloved WINITILY, Wo daviitlons, howevor slishi,
f:on the oral iastructions ere pexnissiblc, Jloe, the

est care must be talen to cnsure thot the five sube
~are correctly timed, For this Hurnose it !

e

("D
necassary to ﬂaL, use of o wntch with o saconds hond

o)
ON NO ACCOUNT 1wsk a watch or clock trithout & seconds
hand be used, IF o stopewatch is used, its :c:uxucy
should f£irst be checked by comparing it with an
oxdinary watch with & seconds hond, as Qerious errors'
in timing sometimes occur when sLopnwatches are used,

Tt is desirable to hove o spoze watch in case of ceecidents,

The pupils must write their cnswers im PINCIL, The

supervisor should ensure thet cach child has two
sharpened pencils before the test begins. T it is
not possible to arrange for this, a supply of sg
pencils should be kept at hand in case any pupil should
breok his pencil during the test, No materials othe:
thon pencils should be nLovwdedo Pens, rulers, erasers,

cust NOT be used,

Tt is desirable that thewe be two invigilators to ecch
rocm, One of these, the supervisor,; should be ,
responsible for the timing of the sub-tests. He should
stand at the desk, facing the children, reading the
instructions as here outlined, and keeping time with
tsratch,  He should guard agoinst having his attention
¢istracted in any way whatever. The times allowed fo-
each sub-test are -short, and it is very easy to ovexlun
the allotted periods inadvertently.

iletor should patrol the room quietly,
p onsible for the prevention of copying

[N A

The second invig
He should be res
and for ensuring that the children follow the
instructions at thc foot o, each page, and turn over the
pages correctly,

contd,O
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ST 1300

vatively easy -

the :*T sc3v1‘ eoTonn thnt G
ano °c;roﬁ ef cepruese desiin, and an fan
‘ oo pesethla,  THAle tho tosih
being veorhed, tha coeond ! 1w"u;1'(o ghein’d Luoe
thet they srite the sasimrs “he covrtact »laees ~nd
in the corzect wny, Yhuo, if he zees that o ohi

using o veong LITHOD of
outL,
.;

_J

oot > fou ertnie, evessia
» inotead of underlining, Le sheeld correet the

.1d by pointing to the wouds in the instructions
',tae top of the p 5Co  APMNVE FROM THIS NO '

SSISTANCE (HILTHVER SHOULD B2 GIVTN NDURING THE ACTUAL
“o:vxmc OF THZ TEST. An opbortunity for ashiag
questions will be given ot the end of each Practice
Tests The suparvisor should- unswer these BRIUFLY I
THEY ADE RELIVINT. He should not a¥low himsel: to he
¢rovm into. a discussion, or to 7rolon~ the time taolen
to administer the teste

-\.:‘-4

a
[

~

There axe five subetest

_ ts, each preceded by a practice
test. The tining is as f£ollows: :
Test 1. Matéﬁ Box Corpers Page 5 3% minutes
Test 2. Shapes and lodels Pages 8 & 9 10 minutes
Test 3. Squave completion Paces 12 & 13 6% ninutes
Test 4, Paper folding Peges 16 & 17 3% minutes
Test 5. Block huilding Dage 20 3 wminutes

The total vorking time, including the time requise
Zor the practice tests is gpprowimately 45 minutes,
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vior Imovladne of the types of
cuestions likely to be asliad by the puplils, ond of tha
emotat of tine recuized to complete the trinls ond cuestion
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sesslons proved valuable in the siooth orzenisation of

the Hupils® time,



VETHONS

d) Analysis

(1)
(i1)

Handedness Cuestioansire.

Spatial Ability Teste




The rcsponses wecorded by coch pudil en the BilleZ.

waere converted imte a Latowzelity Quotiont os 0Lddfsld
termg 41t by the following method. ALl plus signs W2
in the "left" column are summed, as are all the plus

signs in the “right” column.

The quotient is then:oﬁtained by a§§¥ipat§on of

the formula

- o), 10,
Vamrey T T

Where R 1s the sum of respomses in the right column
and L is the sum of left column responses. Yhere 4L

zticeeds £R, the quotient will have a negative dimension.

The analysis of the handedness inventozy-also
reveéled that the question pé;tainingvtélpéténtal
handednéss~was-vegy poorly completed, ox in many cas§s;
waé left uncompleted. This was thought to be due to a
lack of specific knowledge of the handednessrof their
parcnts on the part of the children. Furthefmére due
Eo the belief that a considerable proportion of
children may well come from one parent famllies and
are therefore unable to respond to questions abot the

migsing parent; no particular pressuke was applied to

the children to complete this part of the questionnaize.



T cither cace, no weally usatul fafornoticn

could D2 clicifed fnoa the wesnouses siven, veadering
5 20 o 1€ ,

the opooxiuaity to Javestizatoe tho iqsfonen ond

Lalls

offcets of fomilind handedposs no Longer cvailsble,

L]

The data welevant to the Lataxclity Cuotient of
cach subject wera tabulated, as were the responses ©o
cuestion one of the inveatory rclevant to writing hrnd

used; the responses for cach sex being noted separately,

The first question to be posed by this work, the
comparisdn of criteria of handedness, can be considered
by computing the percentages of reéponses meeting each
criterion, and the incidence of handedness can be
discovered through the percentages of the sample in

each handedness classification,



The pespoases en the Spetial Post X1 wore mnslod

o il

in cecondonee with the marlifing koy oo ghe goniel

principlos laid doun im the meaual of fastructions,
hen thé mezking is totalled, a raw scoze for coeh

pupll is produced.

The raw scores So obtained are ;onVerﬁed‘to
standardised scoies using the cnnvqrsiéﬁ;ﬂablés provided
with the test. This standardisatibn ié'based upon the
criterion of age in yeaxs apd comnleted wonths of the
child at the time of taking the test; younger children,
being given a larger steondardiscd score than oldex
ones having the same raw score. In}faCt the age
advantage is quite small, vesulting in an advantape -of
only five morks between'thefgsés of 10 years 7 @Aﬁﬁhsi
and 11 yeaxs 6 months, ¢nd as ﬁﬁe age range 6%(§h§
present subjects is quite dmallgrthe'rcia§ive aﬁounts

of change in standazdising the scores is minimal,

Nevertheless, the rav score and stendardised score

for each pupil were recorded for each sex saparately.

The raw ond standardised scowes on the spatial

test for those 116 pupils so tested were appended to




their lsﬁefslifnyUQtiepteseeies;épg tabulated so that
the hsn@é&ness'seqfes and the spatlal test scores

werecrailable for each sek separately.

The thixd. questiong d~rected to se differences
on the spatial tasks9 wzll ‘be cons;dered by compaflson
,of the mean scores9 for each sex separately9 of the

spatial testa Checks will be made for the statxstzcal

31gn1f1cance of any differences found by the appllcatlon

of two-tailed °t° testss - Distributlon of scores will
be. éxamined graphlcally9 and double checked for :
'significant»dlfference USIBg,K tests,

The fOurtﬁ~quess§onfis eencerned with>éﬁe
relationships betweep spatial ability and'handedﬁess
for all subjects, for various degfées.o£ haﬁdedness,
and for eaeh-sex separatelyo The overall pattern'oé
correlation will be exam:ned gzaphically for linear
regression or homocendac;ty u51ng a scattergram -of

scores on the spatial test with handedness quq;;entso

The other relatianshiﬁs'willfﬁe examined using
Pearson°s product moment cor:eiatiqﬁﬁSOeffiéient i AN
the use of which in these eircumstencesfhas;been
jusﬁified by Hovlicek and Peterson (°7§§§'and the
statistical significance will be double cﬁééked by

T¢® tests.




How Accurate is Writiﬁg»ndjd as a Criterion
of Handedness. '

Current Incidence of Hondedness.

Seiz Differences in Spatial &bilityo
Relationship of Hendedness to Spatial Ability,
a) For ALl Subjecctse

b) For Varying Dégrces of Hrndedness,

¢) TFor Each Seiu,
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tha eng.or ey defined by this work is that Aclt hoadedacss
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Lo whe stove of mere Chnm elovan porecont of (ho ohildroy tastod,

and this figure sacas to wepresent on dacrense dn tho freilonce
of left hendodness since o decade ago, end o considezable
increnss over figures from tweaty=five years age. This
incronse could be because of an increase in the laft honded
population due to genetic factors, as uncovering of a larger
propowrtion of naturel lef¢ honders who were formexly repressed
into wight handedness by social pressures, 6r éimply the
increasing accuracy of determination of left hondedness. Tox
vhatever veason, it appears that left bcﬁdedness iq increasiag,
or th2 reported incidence of left handedness is increasing,

as acach successive work has discovered a larger percentage of

leZt handers within its sample,
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lofs hondnes nony to the ceatral oz "alied hendad” zona,

Tor mrles, it is noticeable thet the “very slighely
lefy hended" azeas of =1 to =19 ond =20 to 539 on EH.To
auotient arc occupicd by 10,7% and 14,27 rgspectivelyg while
the recinrocal "very slightly right handed" cxeas of 1 to =119
and 20 to -39 quotients show only 1.0% and 9.0% rcsnectively,
Tor femsles, the difference is even more marked, for the
lowest polarity classifications have 3.2% and 9,0% of left

handers, but the reciprocal right handed zones have only 0,47

and 2,97 of female pupils.

The overall pvofile of the distribution of the subjects
across the full continuum of quoticnts f£rom <100 to =100 can
be observed in the "all subjects" columm of Table 3., It is
obvious that the distribution of left handers across the
negative quotient sector is comparatively even, each class
being occupied by between 0.7% and 3% of all subjects, while
the right henders show progressively larger proportions of

subjects gathering towards the polarity extreme.



2 . oae ) . -~ e B e e o ‘o
ceonos Soou the Boll. X, Yor caca of asgiidl ivlon €he cesns
¢ coeh 1als of the auetiont eoabinuun owo dividal Joto “hioan

broad "bopds®, fuen 0 to plus or ninus 25 ranvesenting theso
subjects o demenstrate low polawity or considercbla wired
handedrness, The group within the classification of 26 to 50
con bo considered as 5eing moderately polar in their 1atc§élity9
viiile these who scoxe plus or minus 51 to 100 must be
considered definite in their polarity, having scored inm

enxcess of fiftye=percent of the possible cuotient score.

The graph demoastrates that meny more left handers axe
grouped towards thHe ceantral zone thon are wight hendews, wno
tend to be more definitely grouped towards the hich polavity

j O & (&) o

SCOTES.

s that left

o

The indicotion from this presentation
handers are "less left handed" thon risht honders are wight

hended;
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Tiouse 5, o cuash of the dncidence of himudedaesd ns a
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~ereani o of all )bjoavo 15 of inuchos, malowvent U Ducstlow

2 chous dhe fneidoncoe of handedno o "h00aY Tomeeg @
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resont the perconteose of Llofe ead tisht henlows vthin a

coup of subjecis fou’t rovecl the

Tho pictorial representation of the data (given ia moze
detarl 1o Table 4,2) shous that not only do left handers malko
up a smallex proportion of the subJects than right handc:" =
as ©o De eupected = but thot the sprecd of their polawity is
much more even. Dividing the polarity quotient continuunm

into quintiles, it will be found thot for left honders each

t-te

quintile is occupied by not less thon 0,7% end not movre ther
4,57 of the whole sample. The corresponding group 0% 1 igh’
hondexs, however, congregate in ever larger proportions

towards the extreme of polority. Loch progressive qunitile

from the central tendency contalins a larger proportion of

pupils rising steadily from 0.,9% to 40,9% of all pupils,



'1’3-9 [

e DR o - 2 - | / ’ 8 e
Sonn Mfowences in Spatial AbALlity,

Yoo thiszd question relowont vo thisc work is ~ddressed to the

relatlon of scen to spatinl ability,

Table 5.1 shows the mean raw scores of the children on
the spaticl ability test listed by scies. It .can be secn from
this trble thet fenales consistently outscored mcles, foxr ol
the subjccfs tested, and vhen considered as left ond richt

handers separately,

5 found are very small, and do not recch
9

3
=
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o
o
h
g
©
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e
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stetistical sipgnificance; and it would not be suggested that
femnles are consistently superiow to moles om spotial taoslhs,
but the often reported and fzcquenily cipected mcle supeviority

at such tasks is conspiciously absent,

Furthermore, this absence of any significant diffewences

between the sexes con be found throughout this work.

Ticure 9 demonstrates the similority in the distribution

off scowes on the spoticl ability test for meles and females,

n
L X7 test reveals no significont differcnce in the distribution,
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e fouzth and £2n2) cuoction posed By this ol Lo of
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lationsl:in of hoodadness to spotiel obiligr, ond io

arad upder throee suhscetions,

3]

The first of these is to e:omine the stated rdlo“‘01"“ )

fow all the pupilks of the test, the sccond is to

cnalyse this melcotionshis acvess voryine degrecs of
hendedness,; end the thivd will consider the velotionshin

for each seou seporately to deotermine ony inter-sci

differences,

Table 6,1 refers to the first of these throe
seections, namely the covzelation botieen hondednoss and

soatial ability, All the left honded pup:

thot is 2ll those vhose FoH.I qﬂo:icnt ool
a metched scmple of right handed (positiv
pupils wexre testad for spatial obility usiag Jpats

Test IT (Totts,)

As can he seon from Table 6.1 the coreclations Lotwmen

Rar

bendedness and spatial ability wore lorg lolt Hondewsd

corzelating about 10,05 whila =ficht headesc? cowsels



i "'.’ . P T L ey
we Just over 90,2, T weuld cppoear,
wadors may o wove oLlo At gpatlal
- . P - £ . o R wy B
tools Then left hondorns, but a ws olled T80 bonh

1% g o g L% PUSNE, s . . NG T e a2 ot - A e
chaws that the grown dlifexonces do moh aticin

of hendedness with spaticl obllizy betiroon left ond

wicht hended subjects.
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b "o sceond part of Cuentien & 1@
anclysis of the welatlensily Lotioay Loalolasas on
2 ’ & § e oy T c oA Ay ?‘««"- Py
apcticl obility ccoros val Gonuaan il itotelt

Table 6.2 shows the covzeleotions Daiosn Thotn.

two factors fov wmodeorately and moua errtironaly

0

childzren., Then the subject’s handednass is considerad

in progressively “cFinc oroups by remoVing £

i'!

om the
celeulations the lowest tUe“L” percent of quot ients,

there is no progzassive patiera of coczeleations inczecsoe.

The corwelations for wight handed pupils zemnin
quite comsistent at about +0,2 with the weeption of
the --80 to 100 quotient group, while the left handed
pupils® correlations were oll quite close to zero

cept for the =100 only group, Throughout, the
orrelations arc not significently different from the

Lypothesis that x will be greater than zero.

Using o broader coasideration of handedness (aZter
inpott) into three groups of extremc right henders,
axtzeme left handers and mized handers, agoian any

significant difference from the null hynothesis f£ails

to emerge.
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Table 0.3 fuwithew denoustrates that wo sipgnilfiicont

a8

diflaveonce axiste Lotueen ony two of ¢ess three grovnss

a ot a . . ¢
Such a peptern would deny coy thesty thet "puraw
hondodness do associcted with Diphar ancatinl obiiley,

Zor 1f this werme the case a progressivaly highexn

HOIN

coureletion should be evidencad as the low or misted

honders awve graduplly removed f£yom the sample,

A L)

& further check on eny possible lirecx ox none

linecar relationship across all the scores was prepared
on Firure 10 which agein demonstrates a lock of any

such covxelation,
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Produet Mowent Corvelation Coelficiont Y¢f
Seowas on BeleTe ond Stordnrdlicad SeoTas
Cpaticl Teot I (Iatna) by Tounne
Table 6.4 Males
F T ST R SIS LT TS P et R LS R e =
Subjocts Ty 0 Sige 5%
L/\Sll ’:’00082 N/S
]
Ripht Honded v0,32 N/S
FoHoI, Geore £0
Left Handed
’ =0,086 N/S
E I, Score 20
Table 6.6 Femcles
Subjccts 050 Sig. 5%
All 40,229 N/S
Nipht Handed . .
© 0,210 N/S
TeHols Score €0
Left Handed
0,272 N/S
FolloIe Score 70
L _ __‘H N, SO S e




159,

oeTniled "t Tosts of Stabistical Siend

Perforuance on Svcotial Tock ¥ (Tokio),

Subjects 1 Sig. 5%

Left=Honded Boys vs

Right=-Handed Boys

Table 6,7 Fomales

Subjects Sip. 5%

Left=Handed Girls vs
N/S

Right Handed Girls
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Table 6.4 shows the correlations detar foz

e
3
0

[=e

maless It is fpparent from this table that vhille
right handed males proved to have a higher corinlation
than left handed ones, none of the correlatioas
computed reached a level of statlstical significanca.
Table 6,5 olso domonstrates thet there is no

significont differcnce beteen the two subegroups of

male subjocts,

Table 6.6 shows that a similar picture emerges
for female subjects, for agein although the corrclations
overall axe a little higher than thoue of the meles, no
sipnificent difference from 2 null hynothesis emists,
Table'607 ogodn confirms lack of any diffevence between

the left and right honded subgroups of females,

Two conclusions emerge from these tabulated
results, The first of these is that even when considezed
as separate groups by sex, neither right nor left handevs

appear to enjoy an advantage over the other in tewmms of
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~§7 8 T3, " wnley o . oy
ilitye.  The seceond; nwerhonsg olvan worc

FE AN KPP . . 2 Ty e - P DU K IR
srouesting conclusicn, is Lhot aot only ds Che ool

secocied onle advantage ab opotlfal Loghs nlogiog Sooa
. . In ? . 2 - &8 8 va gy dad - PNy
the weseles, but tha moneinally hishor casticl scozes

o covrolations cene frveom the fownelasn, clthoush mot

nificant degres,

Thile it s pgronted thet with compardiively snsll

e

. .
gonce 1o

nabers of subjects statistical signif

o~

difficult to citein, nevertheless a cowmrelation

el
LN

Loz

1 ~

femnles in eiedss of 0.2 commared to that of wnles

at less theon 0.1 does mot lend cvidence o a mnle
superiority theory, for although dealing here with
correlations, it must be recognised that as each

group consists of pairs of subjects who are motched

hondedness cuotient, an increased correlation

cocfficient wust be closely csgsociated with increose

spatial score,

C

fox

R



b)
c)

a)

DISCUSSION OF 2NISULTS,

Comparison of Criteric,
Incidence of Haondedness.

Relationship between Spatial Ability and

Sax, all Subjects.
Spatial Ability and Handedness.

(i) ALl Subjects.
(ii) 1love and Less Lateralised Subjects.

(iii) By Sexes.
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In an attont to dotamaing vhothor ow wobh ven of
refeing hand is a weendngTul cvitoerion
of hondedness, the absolute laterolity as detarmnined

by the EoH.I. has beea compared to the hendedness ag

Getermined by the weported writing hand oaly.

This question is importent in order to deternine
hotr heavily it is possible ox prudent to rely upon
f£igures produced by paétvwbtks which have uscd w:iting
hand or reported writine hand only as a handedness
criterion. Despite the compleitity of the question of
handedness, and bearing in mind the fact that hondedness
is not dichotomous, there seems to be good correspondence
between handedness as defined by the criterion of

positive or negative quotient and handedness as

defined by obserxvation of writing hond,

Although the fit is not pexfect, as might be
expected at first thought it is certainly high enoucgh
to make use of past works viable for comparisen with
works using a more specific criterion., These findings
have nore recently been supported by the worl: of

noszliowski Smelbacker and Sacks (°32) vho have
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“eonsldored the zeported use off hend ond pozforunpce

i > o ny - ;" A e cin 8 4 2 4 7,
In 509 yonr olds, They concslude that veltling fo fhe
“ . ts s 4 7 oy Fed - < . 3 - ca e - o
noct sfogle dnder of sell assasend jorfiomusnen at

.
this asce

Unfortunately there still rzomdins o number of

vorlis the crxiteria of which are unstated - simply

L1

reporting that "leftchandexs” performed in a certain



Tneidanen off llandadansn,

The pictuwe fraacd by those wocunlis wemnodlg
hepdednoss incidenca is that neaely 11,50 of tested
subjacts ware left homded using tho T.H.E, as ¢

cuze, Slightly pove givls thom beys were found fo

be leofe handed (11,69 to 11.2%).

Due to the coafimmation, dis CUSqu elsevhere,

i‘h

thot criteria from other worlis axe sti] justifichly

uscnble for comporison with the presont work, a
progressive evolution of reported hondednass com be

disecczned,

In 1957 Margaret Qlagae daclaved that she hed
found 8% of males but only 6% of femsles left hended,
her criterion being writiag hand used. She also défiﬁeé
2.46% of her populdtion as "irue left handers" -
criterion unspecificd. Milles (”73) found 45 of thﬂ
populatién to be "true left handers”, but szain no
criterion for this dnduction is offewred. The prescnt
work, using a criterion of handedness quotient =100

to he absolute left handedness, disclosed only 1.5%

of subjects in that position.
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Jvaott (P70) using her aquestionndizae as o sriterion,

aieh 3% ot the "lefi entrean”, Aloo fa 1070 0La7iald
hls BoHo.E, which found 107 of nolca ond

5590 of ferales to be left honded - that io with ¢
letorality quotiont less than zowe as a criterion, Of

all subjects tested, he found 7.4% of his subjoeects to

be left honded by thils definition,

Comparigsen of these past worlks wigh the praésent
results scems to indicate 2 small but noticeable and
progressive increase in the reported use of the left
hand. The reasons for such an increase, if tvue
increase there be, arc not immediately apparent, It
is possible that relaxation of some of the social
constraints which once repressed left handedness is

£
i

responsible for 'uncovering® a largor number of natuzal
left handers. There is also the possibility that left
nandedness is indeed on the increase perhaps through
some genetic basis., Should this be the case, then a
matter of some importance could be looming, for society
in general, from preconceptions to ergonomics still
scams ill prepared for the fact that perhaps one person

in cight (ond this figure may be increasing) perfoums

"the wrong way round,"
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Tho elosoificetfeon of hanlednass Into mortor bonds
0f Loveowelity auotients proval Go bo vovecling, fev it

shist dn the elagsos aeavenl o thr ecatesl

zero or "mired honded” zonc, thera sxe proportisnely

many more left thon vight hamders. Yt 43 elocy thrn
ench hend ot the cmiuines
of thc contiauum cre culte sindlar (13,57 teo ?7OS$ L3ft
to right vesprctively), there ave proporticnately mzay

more lcoft handers than tight heonders in tha g scouwing

cuortiles. Tt scems that, in general, left handers are

lass left hended thon right headors awe wight honded,

or this

=N

There appesrs to be no simple enpleanation

-
¢

obscrvation, but if left handers perform a relatively
larger aumber or proportion of asctivities with thalr

zight hend than zight honders deo with thoir left hands,

g

7.

than seveoral alternatives fow wiy this m

2t be could
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One of these would be social in nature; the
prassurces of social constvainis and norms may well leead
to the habit of performing contra=hendedly on a numben

necific tasks, such as the use of knife and fork
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fnother constraint vhich may lead left hander:

el

53
i
e

adent a comparatively lawge propowtion of wmishe heonded
cetivitios is that of czgonouics, lHeny cimeunsirens
cnd dmplenents in modern secicty slmply do not take
account of handedness, and left haaded peonle ane faced
with having to adapt, perhaps f{rom quite caxly age, to

perfoxming these tasls ox using these impleacnts as

vight handers do.

& third possibility is that cercbral owrganisation

may effect the direction and magnitude of hand uses

It has been noted that while almost all right hended
subjects have "normal’ hemispheric lateralisation of
cerebral functioning, not all left handers are opposite,
for many left handers have the scme type of lateralisation
as right handers (Milnexr, Bronch ond Rasmussen 64)
and this variance of cerebral lateralisation may be

effective upon the various tasks used to measure

handedness,

A more specific theowy of the cause of left
handedness is propounded by Ashton (°82) who suggests
thot left haondedness results from a combination of
genotype, bizth ciperience and maternal eczamnle: and
believes that hondedness is determined by genetic and

envivonmental factors in en appromimate watio of 107

to 90% wespectively.
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Ta a lavge mejonicy of studling Yﬂj&ﬂ;(ﬂﬁjljbé
spotlal performenece fow sex diflcizmens, vning aro sheta
to cutporrfoma fomnlos at sueh tasks, Tho fnel remnins,
hotrever, that vhea a large number of such worlis are
studiad, the diffexense in perfovisnce seans to shlit

in direction and magnitude and it is the ceontention

of the present work that such chifts, oxr indced the actual

‘iffereénces noted may be the product of the &ge of the

subjects tested and the neture and content of the tasts

themselves,

The results of this worlk refute the widely accepted
theory that boys perfowxm botter ot spatial tasks then
cirls, for no statistically sipnificant differences
could be found, Indecd girls scored slightly higher
then boys on the spatial task, having a mean raw score

of 50,3, compared to the boys mean raw score of 46,8,
Girls also veryvslightiy outperformed their male
countexrparts wﬁgn each hendedness group was considered
separately; for among right handers, girls scoved better
than boys by 53.1 to 49,0 (mean raw scores) ond émdng

. 1

left henders the female suﬂerzorlty showed again with

scores of 47.6 o 44,7 respectively,
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Lilthough there is no statilsticelly sisnificcat
tifference to these fipgures, thewe is sound indication
that moles do not demomstrate superior spotial ability,
a conclusion also veached by Villorgta. et al ("81) in
a cownarisean of the spatial abilities of males and
females aged about 13 years, for they also found no
significant differences in spotial performonce between
the séxes:of their subjects. As comparative numbers of
cach sex of the subjects wes very close (48 to 52)
and as the subjects were matched as carefully as possible
to minimise possible extraneous affective factoxs, it
is suggested that the remaxlkable lack of male
superiority found by this work is due to one of, or

a combination of, the following three factors,

The first of these is the age of the subjects,
which was chosen specifically to avoid, as far as possible,
maturation and hormonal effects, At;the age testéé
(mean age 11 yeafs 2 months), the well documented
differences in maturational rate, with girls usually
demonstrating superior intellectual performance, will
have lost most if not all of the effect usually reported,
for it would seem that by the age of the present Subjects
roles have caught up on the maturational spurt of

their female covntérparts. At the same time, however,
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to hovmoacl productilon in adolescent rdlas chould hin

3
=
=5
B
=
o
"3
«d
Lid
O
<
2
:—‘
o

s

The second of the factors montiondd, xé'that oL the
tyoe of cducation undergone by the subjdcts. At Ui
tiﬁc of testing, none of the subjects, male or feuele,
had been subjccted to any educational citperiences whéch
differed significantly from the others. Boys have not,
at this stage of their educetion in this specific
system,. had discwim Lovy e oeriences in such ccadenic
arcas as geometry, s»atial or practical skills oﬁ
other emperiences which could be dizectly contributable

to "practice" in a spatial sense; or even to zny subject

moterial which could be perceived as male wole oriened.

=3

he importance of this factor hbs been sugnasted by
Tucy (*79) in finding a signi icont improvement i
spatial relations tasks by utudente of 9 - 12 yv“"s old

who had been directed in spatial tasks over o con*“ol

group who had not,

The third fector and, it is supgested, possibly
the most influentiel, is the nature of the items in
the spatial test used in this worlt. Bocause none of
these items is of o type which velies upon pattcewra

&

recognition, cubaedded fipzures, or other material valch
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alvars superior ot itens which voquise :s"“d

Indopondonce for thels corvectenpleticn, the clisminctlon
of this foctor may well be solely responsible feox thin
disappéaxance of mnlt supciiority on the spaticl test

used in the pwesent vorks

03 o

ais is, of course, & speculation vhich is in

=

need of verification by further worlk in this directlon,

crhaps much of the presently confusing situation
regarding male versus female performance on such tasks
could be clarified by a closer and more thorough

investigation of this spccific facuoxa




Dagpite the resulis of inhy oth SR ag e
wvorlza in this eraen whilch denonstzcie differsncnn

of poxfoinonee ¢t gpotinl togks beiiraen TVMt and
bieets, this worl could detect no

such differences.

In fact right headed subjects wexo founrd to
have 2 slightly higher mean score on the spyatial
task (51.1) thon left henders (46,.1), but the

diffevrence does not veach statistical significance.

hile it is admitted that the numbers of subjects
involved (51 of each, left ond right honded) may
be smcller than would be desirable for the sefe
postulation of a generalisatlon, it is also
necessayy to remember that some of the worlks which
claim to find such differcnces have done so with

even fewer subjects.

In this work it is believed that the
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subjects as left or right handed

~

has been very carcfully done, as the definition wos
not weliont upon observed writing hend alone, but

subject poirs were watched Zox dopree of handedness.
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Thz susoestion is also offencd thot the

Ly iytnil AL pan e
doticl obilicy wos

‘or neasurinn
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ingioumont used
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celocted to coafomm o thao cloozeat (nlluitien

of the critenia of spaticl ability, discussed

elscuhere; cnd that by apnlication of

eazaful
analysis the cnergent sicture 18 as clear ag can
be obtained at the prescnt tine using the available

a

parameters of definit

There is no evidence to suggest thot there
is any measgrable difference in performance on a
spatial taslk performed by nmormal schoolchildren of
ten to twelve wvears of age, between left zond zisht
handed subjects. Scme studies seem to indicate
that, due to cercbrol location and composition of
abilities, cerebral dominance of ome sort or.
aﬂqéhcr vhich is usually associated with the overt
signs of lateral ddmlngnce carries with it a
predilection to perform beotter at spatial tasks,
or those noneverbal tasks usually assoéiated with
one cerebral hemisphere as being the procecsing

centre for those tasks,
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vhe vorlz of Peterson wad Leaghy (U74), fox
sxemleoy, fovadd a dispropovtinately lorpe auahew

1cfit handed subjeeto ian oa a:c;atcctnrml e
end thot these left hemders pezicwmnad botter on o
spatial moze task thon their vight banded colleanues.
Their conclusion was, broadly, thst right

11

herisphere "goes with" left handedness and high

levels of spatial ability, If this is the case,
then the more left handed a subject is,(gﬁe better
should be his score on & sPatiél task, and therefore
the correlation betwecn a spatial task scorve end

a laterality quotient should increase towards the

negative end of the laterelity continuum,

On the other hand, alternative theories such
as that of Levy and Sperry ('68) susgest that left
handers have to process spatial information crosse
modally, while right honders have a "purer”
representation of spatial processing in the
cerebellum, This would allow a reversal of
Peterson and Lansky's c:tpectotions = that a spatial
task scorc and loterality quotiemt coxrelation
should increase towards the positive end of the

laterality continuum,
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In {oct, the results of this worl: can uphold

>othesis, fov the conrelaiions botrean

< 2 rynn -
paltbor hyr

loterality quoticat and spatinl gdchk neoze wove
wnlformly low across the whole coatiawn, Swrom

cemplete right hondedross o complote left

E

”

handedness. The zight honders did, in fJact,

score slightly higher in this respect, but the
overall figure is low, and not sigmificently

diffcrent to the correlations of left handers,




Ag aicennsed cloathore,

1. @

tends not o Bo o discwete and waicue abilisy,

but o scoovhot fluid and ofien wimed sot of
abilivles or prediloctions vhich, for cenvinicnee
of labelling, is usuclly zefcrwed to by its wajor
constituénto A person labellcd "left honded” noy
‘be go called because he either writes with his
Icft hond, or becausc he performs & majority of
common tasks with his left hend. This lobel
éonveniently forgets or aisrﬁgaxds the fact that
he may perfoxrm a significoat minority of other
tagks with his right hcnd, eye ox foot, and that
his "ceorebral make up" may not be as right
hemisphere dominent as suggested,

Then, to this unknowm quantity is added the
imperfoctly undorstood PTocessas of cerebrel
‘processing of psyCﬁQmotér infc:matﬁong the resultant
performance of an individual on a specific task
is not easily predicted,

s

So for, for the purposes of this work "left

handed" has beer used to refer to thase suljocts

whose lateralfty quetient on the IDilleX. %s less
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roforved to thesc with a nenltive lotownlity
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quotiant., As 1t ig undazsitond thnt oneh of Kiuos

of dograc of hendednass, the vosulis wane prepazad
te eromimc the correlations of spatial "abilicy
and handedmess for both the less loterxalised and
ever nore exclusively loteralised subjecis
availoble, To this end, correlagions were prepared
for the entire right and left handed groups, and
these correlations were compaved with the

corxelations of progressively moxre polarised subjects,

This was achieved by removing the 20% of coch
hand nearest to the central zewo position on the
laterality continuum, and then calculating a
new spatial task = laterality corxelatioho
Eventually the cxtremes of each pole was checlied
by computing the correlations of +-100 and =100

laterality subjects only.

If being more polar im handedness combines
with a superior performance om a spatial tach, then
the correlations should increasc in Hazaitude

towards one or both of the polar enxtremes of the

continuum,




Tle vork of Peterson and Longtyy vould

sumodict an Improvemoat of spoticl chilisy Cotands

Ph

ative pole, vhile Che Lavy-Cno

IS

ey moethonls

vould have the oppoesite to he the case. In fcet

tho resules of this work would uphold neither of

these ewpectations, for the correlation rote was
almost unilowily low, with & very slight imﬁfovcmant

of scores for right handers over lefs; but therc

is no upswing of improvenent of spatial scores

towards either pole,

A careful analysis of the zesults vill, indeed,
revecl a slight increase of correlation among the
=100 laterality subjects, but due to the very small

%

sample size (n = 7) it is dangerous to assume thot

this may be more than 2 '"freak® result,

Nevertheless it would be beneficial aﬁdﬂ
interesting to vevxify this resultg for the possibility
exists, no matter how remote, that some affective
factor is at work hexe, Omne such factoer could
be familial left handedness, for the reseazch has
shown that children of left handed parents tend
to be more positively lateralised ¢hin AVETATL, and
that they more oiten process sgatial_imfbxmiﬁiOm

by contraelateral methods which nay hove some
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to suppori the theory that elther right or luui h.ncoo

subjects are spaticlly superior to their corresponding onposiics.

Lt the cge tested (neen age 11.2 yedrs) there wos also
no cvidence of differonce betireen the scies, and it is beliceved
that thic is due to teét vnterinl free of sen-bicsed items
ead the fact that the subjects were young cnough not to nave
undergone either possibly cffective hommonsl éha,gcs9 or
discriminatory cducational euperiences,

The same conclusions have recently been reached Dy
Bagnare ond Simion (*82) wno coaclude “sex differences ave

more infrequent than common, and most sex differences have not

been replicated"”,

The lack of detectable spatial superiority found hexe

foz cither sex or between people of different handedness carvies

imnlications for four areas

o) Theorics of the brain.

b)  Assessiment design.
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