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ABSTRACT

The primary focus of this research was to investigate

the possible influence of biological se~, specifically

the sex chromosomes and hormones, on level of cognitive

abilities and pattern of hemisphere specialization in

humans. Normal males,and females are known to differ

in le~el of cognitive abilities, with males typically

having a higher level of spatial ability than females,

and females achieving higher scores On tests of several

aspects of linguistic ability. A growing body of research

indicates that the sexes may also differ in degree of

hemisphere specialization, with males being more lateralized

than females. It has been suggested that degree of

he~isphere specialization for spatial and linguistic

processing may be related to the level of these cognitive

abilities. The specific hypothesis of this researc~

was that since the sexes differ in cognitive abilities

and perhaps in hemisphere specialization, then perhaps

the sex chromosomes and hormones may play a role in

determining patterns of neural organization and cognitive

abilities.

This hypothesis was explored by comparing a group

of eight Turner syn~rome subjects to normal control groups
I'

of both females and males. Turner syndrome individuals

were stu,died because they d'Q not have a normal second



X chromosome as do normal females or the Y. chromosome

of normal males. Thus they are genetically different

from both normal males and females. Nor do Turner

syndrome individuals have normal sex hor~one production.

Thus the possible role of these biological variables

could be studied. Howeve·r, on the basis of this syndrome

alone, the relative importance of these factors cannot be

disentangled. The study of Turner syndrome also allows

one to rule out environmental factors since Turner

syndrome individuals phenotypically resemble normal

females. Previous researcQ has indicated that TS

individuals have a defi~_~ in spatial ability compared

to normal females.

Male and female control subjects were matched

with the Turner syndrome subjects on aspects of both Verbal

and Performance IQ. Each group had a mean age of

approximately 17 years.

A battery of tests measuring spatial ability,

linguistic ability and hemisphere specialization was

administered to the eight subjects in each of the three

groups. A trend toward bilateral representation for

linguist~c processing was observed in the Turner syndrome

group. Right hemisphere specialization for the processing. .
of nonverbal stimuli appeared to be normal.

With regard to cognitive abilities, the Turner

syndrome subjects were found to perform at a normal level



on many tests such as a""Phonetic reading tes"'t, tests

of verbal intelli~ence, and tests of some aspects of

spatial ability, compared to normal males and females.

However, their performance was found to be deficient on

some aspects of a test of three-dimensional perception,

~ word recognition reading test, a written word fluency test

o.
and a coding or digit symbol test. I c is sugges,ted tha t

a common element required in the performance of these tests

on wh.ich Turner syndrome individuals we.re deficient may

be some aspects of visuospatial perception and memory

which become particularly deficient when there are time

constraints.

Given the cognitive dif~rence~ and the tendency

toward a difference- in hemisphere specialization between

the Turner syndrome and normal subjects, it is suggested

that either the lack of a second X chromosome or the lack

of normal sex hormones, or both, play a.role in determining

the level of cognitive abilities and pattern of hemisphere

specialization in normal humans. The e~idence fr~m this

and previous stu~s suggests that the absence of a

normal second X chr~rsome alone may underlie the differences

between Turner syndrome subjects and normal fem~les.

Some of the methodological problems encountered in
\

this type of research are also discussed.

I
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CHAPTER 1

INTRODUCTION

Throughout history, differences between the sexes

have been a subject of compelling interest to students of

human behaviour. One finds constant references to sex

differences in myths and proverbs detailing the behaviour

of males and females. For example, men are'believed to

be more aggressive, women more emotional; women are talkers

while men are doers. Such attempts to categorize behaviour

as typically male or female contain varying degrees of truth

but they are of interest in that they illustrate the ways

in which man has conceived of man, woman, and the differ~nce$

between them.

\
Originally the study or, more accurately, the

.
contemplation of human sex differences was predominantly

the domain of philosophers, poets and novelists. However,
~

r

since about the beginning of the twentieth century this

subject has come under more careful scrutiny by scientists

who, for the most part, have confirmed the prevailing

myths O~ biases, reporting that indeed males are more

aggress~ve and independent and females more passive and

emotional. It ha~ also commonly been assumed that sex

differences were biologically determined and this assumption

led to the notion that since males were considered to be
~

.biologically superior they must also be intellectually
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superior (Parlee, 1978). Later, with the advent of,

feminism, the prevailing theory was that sexually dimorphic

behaviour, outside the realm of reproduction, reflected

differences in child-rearing practices, cultural infl~ences

and expectations, and different environmental and

experiential factors. Recently, however, numerous and more

careful studies have geen reported which cast serious doubt

on the hypothesis that environmental factors are the only

ones.

Sex Differences in Cognitive Abilities

In the last few decades a considerable body of

research has accumulated indicating that the sexes do

indeed differ in cognitive- functioning. The two most

consistently reported findings are that ~irls perform

better than boys on some tests of verbal ability and that

boys perform better than girls on tests of visual-spatial

and mathematical abirity (for reviews see Eliot & FraIley,

1976; Harris, 1977; 1978; Maccoby, 1966; Maccoby & Jacklin,

l~74; Terman & Tyler, 1954).
.

It has been foun~ repeatedly that in early childhood

girls acquire the phonemes (basic sound units) of the

English language, ~peak their first word and begin putting

words 'toge the rat an ear lie r age than do boys. tn terms

of articulation, which requires precise motor control of

the vocal apparatus, girls begin to improve at a faster

rate than boys by three to four year~ of age. The early
,

. ;
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superiority of females on these aspects of language ability

persists for a time and then begins to decrease. This is

the reverse of what would be expected if environmental

factors were of prime importance in the development of

sex differences. Female superiority i~ other areas of

linguistic ability, however, persists at-least into adulthood.

,During the school years and beyond girls perform better

than boys on tests' of reading achievement, grammar, spelling

and word fluency.

N.ormal ·males and females differ much more markedly

in their ability to perform visual-spatial tasks involving

visualization, manipulation and recall of spatial

configurations. This difference has been found on a wide

variety of tests of spatial ability as measured by accuracy

or time. Unlik~ the sex difference in linguistic ability,

however, this difference often is not found in young children.

Male superiority tends to become evident at about~~O to 12

•
years of age and to persist throughout adulthood (for reviews

hee Eliot & FraIley 1976; Harris, 1978; Maccob3, 1966;

Maccoby & Jacklin, 1974; Terman & Tyler, i954). Studies

pattern.

typically find that males perform more accurately or more

rapidly th'an .females on a variety of tasks involving such
., .
skills as left-right orientation, a sense of direction and

recQgnizin.g a three-dim~ensional object from a two-dimensio'nal
"...)

On such t~sks only 20 to 25 percent

of normal females achi~e score~ equal to or higher than the
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average score for males.

One factor that may in some way be related to sex

differenc~s in cognitive abilities is a sex difference in

the rate of physical maturation. For example, on the

average, girls begin puberty 16 months earlier than

boys, and reach their maximum physical growth 38

months earlier (Nicolson & Hanley, 1953). It may be that

neurological development also proceeds at a faster or

different rate in girls than in boys. Such a difference,

if .it e~ists, could be related to the earlier onset of

some aspects of speech and language in girls compared to

boys. But boys catch up in some, but not all, areas of

linguistic ability. With regard to spatial ability,

however, once the sex dJfference has emerged, it persists

unchanged. Girls do not catch up. Therefore, if a sex

difference in rate of maturation is related to the sex

differences in cognitive abilities, the relationshi~must

be a very complex one.

Other ~actors that may affect a given individual's

performance and pattern of cognitive abilities are

envi~onmental factors. ~owever, differences in the way boys

and girls are brought up and treated and differences in the

environments that are created for them, also cannot account

for all the data. If these were they only factors involved,

>one would expect the magnitude of the sex differences in

cognitive abilities to increase with age rather'than to stay
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the same, as is the case with spatial ability, or to

decrease as is the case with some linguistic abilities.'
, J

Sex Differences in Neural Orgfnization

Recent research has uncovered sex differences in

biological or neurological variables w~ich pos~ibly may

underlie behavioural sex differences. Studies of

cerebral organization have shown that in the majority

of people, language is mediated primarily by the left

cerebral hemisphere and that spatial and nonverbal

ability 18 mediated primarily by the right hemisphere.

This evidence comes from studies of the behavioural and

cognitive deficits in individuals with lateralized brain

lesions (e.g. "Dimond & Beaumont, 1974; Heilman & Valenstein,

1979; Lansdell, 1962; Mountcastle, 1962; Penfield & Roberts,

1959) an~ individuals who have undergone cerebral

commissurotomy (severing of the neural fibres connecting

the two cerebral hemispheres) for relief of epileptic

seizures (e.g. Gazzaniga, 1970).

There are, however, problems involved in generalizing

from the ~tudy of neurologically abnormal individuals to

the functioning of the intact brain (for a detailed discussion

of this issue see Witelson, 1977). Fortunately techniques

have been developed which allow the study of cerebral

~ateralization in neurologically intact indiViduals.

The most widely used of these techniques involve the

examination of asymmetries in tests of perception. Such tests
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6 (
are based on the fact that information<~rriving at a sense

organ is initially transmitted primari1~ to the contralateral

hemisphere. These tests involve either simultaneous

or unilateral presentation of different stimuli to the

left- and right-sensory fields. Any difference in the

accuracy of perception of the stimuli presented to the

two sensory fields is thus inferred to mean that the

hemisphere contralateral to the more accurately perceived

field plays the major role in the processing of that

information. In the auditory modality the 'dichotic

listening procedure originally developed by Broadbent (1954)

was first noted by Kimurf (1961) to be a measure of

hemisphere specialization in normal adults. Since Kimura

first used this technique, similar tasks based on ~same

principle have been develo~ed for use in the visual

modality (Kimura, 1966; Levy and Reid, 1976) and the haptic

or active touch modality (Witelson, 1974). By varying

the stimuli and the difficulty of the task it is possible

to study hemisphere specialization for various types of

information processing and in different age groups.

Hemisphere specialization has also been studied

in neurologically intact individuals by testi.ng motoric asymmetr:ies and

electrophysiological responses to different stimuli (for a

review of s~ch studies in children see Witelson, 1977; and

ip adults Anderson, 1977; Donchin, Kutas & McCarthy. 1977).

r }'..~ ,










































































































































































































































