


A Model for Personality

Edited by H.J. Eysenck

With Contributions by

H.J. Eysenck M.W. Eysenck D.W. Fulker
J.Gray A.B.Levey I.Martin G.E.Powell
R. M. Stelmack G.Wilson

With 75 Figures

Springer-Verlag Berlin Heidelberg New York 1981



Editor

Professor Hans J. Eysenck
Department of Psychology
Institute of Psychiatry

De Crespigny Park, Denmark Hill
London SES5 8AF, England

ISBN-13:978-3-642-67785-4 e-ISBN-13:978-3-642-67783-0
DOI: 10.1007/978-3-642-67783-0

Library of Congress Cataloging in Publication Data

Main entry under title: A Model for personality. Bibliography: p. Includes index.
1. Personality. I. Eysenck, Hans Jurgen, 1916— BF698.M595 155.2 80-28149
ISBN-13:978-3-642-67785-4 (U.S.)

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically those of translation, reprinting, re-use of illustrations, broadcasting, reproduction by
photocopying, machine or similar means, and storage in data banks. Under § 54 of the German Copyright
Law where copies are made for other than private use a fee is payable to ““Verwertungsgesellschaft Wort”,
Munich.

(© Springer-Verlag Berlin Heidelberg 1981
Softcover reprint of the hardcover 1st edition 1981

The use of general descriptive names, trade marks, etc. in this publication, even if the former are not especially
identified, is not to be taken as a sign that such names, as understood by the Trade Marks and Merchandise
Marks Act, may accordingly by used freely by anyone.

2125/3140-543210



Contents

Introduction (H.J. Eysenck) . . . . . . . . . . . . ... ... ... XI
1 General Features of the Model (H.J. Eysenck) . . . . . . . . . . .. 1
1.1 Models and Explanations . . . . . . . . . . . . ... . .. 1
1.2 The Development of a Paradigm . . . . . . . . . . . .. .. 6
1.3 Theory Making: Correlational and Experimental Psychology . . . 13
1.4.1 Theory Testing: Constraints and Complications . . . . . . 20
1.4.2 Theory Testing: Some Sources of Error . . . . . . . . . 27
2 The Psychophysiology of Extraversion and Neuroticism (R.M. Stelmack) . 38
2.1 Introduction . . . . . . . . . . ..o 38
2.2 The Physiological Basis of Extraversion . . . . . . . . . . . . 39
2.3 Extraversion and Electrocortical Activity . . . . . . . . . . . . 40
2.4 Extraversion and Cortical Evoked Potentials . . . . . . . . . . 43
2.5 Extraversion and the Orienting Reaction . . . . . . . . . . .. 45
2.5.1 Stimulus Characteristics . . . . . . . . . . . . . . .. 50
2.5.2 Subject Selection . . . . . . . . . ... ... 51
2.5.3 Measures of Electrodermal Recording . . . . . . . . . . 52
2.54 Conclusions . . . . . . . . . .. ..o 53
2.6 Extraversion and Pupillary Response . . . . . . . . . . . .. 53
2.7 The Interaction of Extraversion and Neuroticism . . . . . . . . 55
.2.7.1 Neuroticism and Stress . . . . . . . . . . . . . . ... 57
2.7.2 Normal and Patient Populations . . . . . . . . . . . .. 57
2.7.3 Neuroticism and Emotional Response Patterning . . . . . 58
28 Conclusions . . . . . . .. oL 60
3 A Survey of the Effects of Brain Lesions upon Personality (G.E. Powell) . 65
3.1 Introduction . . . . . . . . . . .. ... 65
3.2 The Brain-Damaged Personality . . . . . . . . . . . . . .. 65
3.3 Laterality of Lesion and Personality . . . . . . . . . . . . .. 67
3.4 Frontal Lesions and Personality . . . . . . . . . .. .. .. 69
3.5 Cingulate Gyrus Lesions . . . . . . . . . . . . . .. .... 71
3.6 Amygdala Lesions and Violence . . . . . . . . . .. .. .. 72
3.7 Hypothalamic Lesions, Aggression and Sex . . . . . . . . . . 73
3.8 Thalamic Lesions . . . . . . . . . . . . . . . . ... ... 74
3.9 Temporal Lobe Lesions and Personality . . . . . . . . . . .. 74
3.10 Brain-Stem Arousal Systems and Personality . . . . . . . . . . 76
3.11 Individual Differences in Response to Cortical Stimulants and
Depressants . . . . . . . . . . ... oL oo 77
3.12 Personality Processes . . . . . . . . . . . . .. ... ... 82

3.13 Brain and Personality: A Synopsis . . . . . . . . . . . . .. 83



VI Contents

4 The Genetic and Environmental Architecture of Psychoticism, Extraversion
and Neuwroticism (D.W. Fulker) . . . . . . . . . . . . ... ...
4.1 Introduction . . . . . . . . . . . ...
4.2 The Biometrical Approach . . . . . . . . . . . ... .. ..

4.2.1 Basic Model . . . . . . . . .. .. ...

4.2.2 Estimation of Parameters in the Model Using MZ and DZ

Twins . . . . .. Lo

4.3 Empirical Studies . . . . . . . . . . . ... ... L.

4.3.1 Older Studies . . . . . . . . . . . . . .. ... ...
4.3.2 Studies Involving the EPQ and Similar Questionnaires

44 Conclusion . . . . . . . .. Lo e

5 Personality and Conditioning (A.B. Levey and 1. Martin)

5.1 Introduction . . . . . . . . . . ... ...
5.2 Basic Issues: The Major Theories . . . . . . . . . . . . . ..
5.2.1 Pavlovian Typology . . . . . . . . . . . . . . . ...
5.2.2 Modifications of the Pavlovian System . . . . . . . . . .
5.2.3 The Personality Theory of Eysenck . . . . . . . . . . .
5.2.4 The Drive Theory of Spence . . . . . . . . . . . . ..
5.2.5 Gray’s Reformulation of the Eysenck Theory . . . . . . .
5.2.6 Summary . . . . . .. .. ...

5.3 Basic Issues: The Period of Aufkldrung . . . . . . . . . . ..
53.1 Summary . . . . .. L. L.

5.4 Newer Perspectives: Determinants of Responding . . . . . . . .
5.4.1 Studies Including Personality . . . . . . . . . . . . ..
5.4.2 Studies Excluding Personality . . . . . . . . . . . . ..
5.4.3 Summary . . . . . .. L Lo e

5.5 New Perspectives: Recent Extensions . . . . . . . . . . . ..
5.5.1 Substantive Areas . . . . . . . . . . . . . . ... ..
5.5.1.1 Conditioning in Infancy . . . . . . . . . . . ..

5.5.1.2 Response Topography . . . . . . . . . . . . ..

5.5.1.3 Extinction . . . . . . . . . . . . ... .. ..

5.5.1.4 Attitude and Evaluative Conditioning . . . . . . .

5.5.2 Theoretical Issues . . . . . . . . . . . . . . .. ...
5.5.2.1 V-Form and C-Form Responding . . . . . . . . .

5.5.2.2 Psychoticism as a Dimension of Personality . . . .

5523 Cognition . . . . . . . . ...

5.5.2.4 Conditionability . . . . . . . . . . ... ...

5.6 Conditioning and Personality . . . . . . . . . . . .. . ...

6 Learning, Memory and Personality (M.W. Eysenck) . . . . . . . . .
6.1 Introduction . . . . . . . . . . .. ... .. ...,
6.2 Basic Theoretical Constructs . . . . . . . . . . . . . . . ..

6.2.1 Attention: Selectivity and Intensity . . . . . . . . . . . .
6.2.2 Working Memory . . . . . . . . . . . . . .. .. ..
6.2.3 Summary . . . . . . . . ... ..o
6.3 Effects of Anxiety on Learning and Memory . . . . . . . . . .
6.3.1 Spence and Spence (1966) . . . . . . . . . . . . . ...
6.3.2 Anxiety: Cognitive Factors . . . . . . . . . . . . . ..
6.3.3 Working-Memory Capacity . . . . . . . . . . . . . ..



Contents VII

6.3.4 Levels of Processing and Elaboration of Encoding . . . . . 180
6.3.5 Towards a Theory of Anxiety . . . . . . . . . . . . .. 183
6.3.6 Success and Failure . . . . . . . .. ... ... ... 190
6.4 Effects of Introversion — Extraversion on Learning and Memory . 192
6.4.1 Interrelationship Between Introversion — Extraversion and
Anxiety . . . .. ..o oo 192
6.4.2 Introversion — Extraversion: Reward and Punishment . . . 193
6.4.3 Cortical Arousal . . . . . . . . . . . . ... ... .. 194
6.4.4 Retention Interval . . . . . . . . . . . . . ... ... 195
6.4.5 Distraction . . . . . . . . . . . .. ... 197
6.4.6 Task Difficulty . . . . . . . . . . . . .. ... ... 198
6.4.7 Retrieval: Speed and Power . . . . . . . . . .. . ... 199
6.4.8 Summary and Conclusions . . . . . . . . . . . . . .. 203
7 Personality and Social Behaviour (G.D.Wilson) . . . . . . . . . .. 210
7.1 Introduction . . . . . . . . . . . . . ... 210
7.2 Affiliation and Personal Space . . . . . . . . . . .. .. .. 210
7.3 Birth Order . . . . . . . . . . . . . 211
7.4 Group Interaction and Social Skills . . . . . . . . . . . . .. 211
7.5 Speech Patterns . . . . . . . . . . .. ... 213
7.6 Expressive Behaviour and Person Perception . . . . . . . . . . 213
7.7 Expressive Control . . . . . . . . . . . . .. .. ... 215
7.8 Field Dependence . . . . . . . . . . . . . ... ... ... 216
7.9 Suggestibility . . . . . . . . ..o 216
7.10 Conflict Handling . . . . . . . . . . . . . .. . ... ... 218
7.11 Attraction . . . . . . . . L ... 219
7.12 Sexual Behaviour . . . . . . . . . .. ..o Lo 220
7.13 Attitudes and Values . . . . . . . . . . . ..o oL 223
7.14 Recreational Interests . . . . . . . . . . . . . . ... .. 225
7.15 Occupational Choice and Aptitude . . . . . . . . . . . . .. 226
7.16 Industrial Performance . . . . . . . . . . . . . . . .. .. 227
7.17 Academic Aptitude and Achievement . . . . . . . . . . . . . 228
7.18 Mental Health . . . . . . . . . . .. ... ... ..... 229
7.19 Psychotherapy . . . . . . . . . . . . ... 231
7.20 Drug Use and Abuse . . . . . . . . . . . ... . ... .. 231
7.21 Crime and Delinquency . . . . . . . . . . . . . . . . ... 233
7.22 Cross-National Differences . . . . . . . . . . . . . ... .. 236
7.23 Conclusions . . . . . . . . . ... oo 239
8 A Critique of Eysenck’s Theory of Personality (J.A. Gray). . . . . . . 246
8.1 Introduction . . . . . . . . . . .. ... ... .. ... 246
8.2 Personality Description . . . . . . . . . . . .. ... ... 247
8.3 Biological Explanation . . . . . . . . . .. .. ... ... 252
8.4 An Alternative Theory . . . . . . . . . . . . . ... ... 260
8.5 Coda 1: Strength of the Nervous System . . . . . . . . . . .. 271
8.6 Coda2: Psychoticism . . . . . . . . . .. ... e ... 272
Epilogue (H.J. Eysenck) . . . . . . . . . . . . . . . ... .... 277

Subject Index . . . . . . . . . . . .. ..o 283



List of Contributors

Professor Hans J. Eysenck

Department of Psychology, Institute of Psychiatry
De Crespigny Park, Denmark Hill

London SES 8AF, England

Dr. Michael W. Eysenck

Department of Psychology, Birkbeck College
Malet Street

London W.C.1, England

Dr. D.W. Fulker

Institute of Psychiatry, University of London
De Crespigny Park, Denmark Hill

London SES5 8AF, England

Dr. Jeffrey A. Gray

Institute of Experimental Psychology
University of Oxford

1, South Parks Road

Oxford, England

Dr. Archibald B. Levey

Department of Psychology, Institute of Psychiatry
De Crespigny Park, Denmark Hill

London SES 8AF, England

Dr. Irene Martin

Department of Psychology, Institute of Psychiatry
De Crespigny Park, Denmark Hill

London SES 8AF, England

Dr. Graham E. Powell
Department of Clinical Psychology
Institute of Psychiatry

De Crespigny Park, Denmark Hill
London SE5 8AF, England



X List of Contributors

Professor Robert Michael Stelmack
University of Ottawa, School of Psychology
Ottawa, Ontario KIN 6NS35, Canada

Dr. Glenn Wilson

Department of Psychology, Institute of Psychiatry
De Crespigny Park, Denmark Hill

London SES 8AF, England



Introduction

H.J. Eysenck

This book is not an introduction to personality research, it is not a textbook,
and above all it is not a model of personality. The title, A Model for Personality,
was chosen on purpose to indicate that we are here concerned with a discussion
of how models in this field ought to be constructed, what their functions were,
and whether such models or paradigms could with advantage be produced at
this stage of development. One particular aspect of personality, extraversion—
introversion (E), has been chosen to exemplify the desiderata which emerge from
such a discussion. It is not suggested that personality and E are synonymous
— merely that this particular dimension is perhaps better known than any other,
has had more experimental work done on it than any other and has acquired
a better theoretical substructure, and more links with genetics and physiology,
than any other. Hence it seems most likely to serve as an example of how
a satisfactory model of personality might ultimately be constructed, i.e. by analogy
with E. Other dimensions of personality, such as neuroticism—stability or psychotic-
ism—superego functioning, are mentioned in the discussion, but only when they
overlap or interrelate with E. ’

The book uses E as an example to illustrate the way in which a model
of personality can be constructed, but it is in no way a summary of all that
is known about E. Instead of reviewing the huge experimental literature which
has grown up around this concept, a task which is becoming every day more
and more impossible, we have concentrated on a few key issues, and given
a thorough discussion of those important areas on which E has impinged —
psychophysiology, conditioning, memory and learning, social behaviour and the
like. These areas are important for an empirical definition of E, for an understand-
ing of its construct validity and for a causal analysis of its theoretical underpin-
nings. Of particular importance in this connection is the chapter on heredity,
which links psychological variables with underlying physiological and anatomical
ones.

The book is informed by an underlying belief that personality is a fundamental
concept in psychology, and that no experimental or applied psychology can
flourish which does not incorporate concepts related to personality, such as
traits, aptitudes, attitudes, etc. Psychology always deals with people, and people
are above all else individuals, i.e. they behave differently in identical situations.
Hence all laws based on regularities of behaviour have to be modified by reference
to those aspects of human nature which produce differences, and the development
of laws governing the interactions of these individual differences with the observed
generalities is a vital component of a scientific psychology. In the past, the
‘experimental’ psychologists have tended to go their own way, leaving the task
of bringing order into the field of individual differences to psychometrists, person-
ologists and others interested in classification, correlations and nosology. Con-
versely, those interested in individual differences and personality have tended to
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disregard the concepts and laws of experimental psychology, and have tried
to construct a science of personality in disregard of what had been accomplished
in the broader area. I believe that both sides were fundamentally wrong in
trying to go their own way; only by working together are they likely to build
up a proper science of psychology, theoretically thriving and practically useful.

It is for this reason that I believe that the model for personality here offered
is of importance for the development of psychology. It demonstrates, on the
one hand, that experimental psychology cannot do without taking individual
differences into account; by doing this it throws away a vital part of the total
experimental variance and unduly enlarges the error variance, which in psychology
is usually already much too large. And on the other hand it demonstrates that
by using concepts and methods of experimental psychology, those interested
in personality and individual differences can acquire important conceptual tools
for constructing a theoretical system which can link the two fields, which can
enable them to make testable predictions, and which alone makes possible the
establishment of a proper causal theory of personality. These are important
possibilities, and in trying to establish the fact that they are based on firm
empirical evidence I venture to suggest that if what I have just said can be
justified, then we are indeed here dealing with a model for personality, a model
which is worthy of being extended to other areas of personality.

The contributors to this book have been selected on the basis of their expertise
in the various fields represented, and their contribution to these fields; they
have all been admonished to be critical as well as constructive in their comments
and conclusions. Like all scientific theories, that linking E to cortical arousal
encounters many anomalies; this book attempts to stress the existence of anoma-
lies as much as the apparent successes of the theory. As Claude Bernard once
said, scientific concepts are not right or wrong; they are useful or useless. If
the concepts employed herein are found useful — and I believe that few readers
will dispute this — then we may hope that further work will clarify the apparent
anomalies and extend the theory to areas hitherto not considered in sufficient
detail. Indeed, the existence of anomalies proves that a theory is in fact scientific:
only unfalsifiable theories are without such anomalies, and unfalsifiable theories
are by definition outside the scientific pale. This does not mean that we should
be proud of such anomalies, and cherish them forever. We should make every
effort to clarify the issues, look at different parameters, and try in every way
to see if the apparent anomalies cannot be made to conform to our theories;
or else we may have to modify our theories in order to incorporate the anomalies.
All this is part of the problem-solving aspect of normal science, as Kuhn has
emphasized ; the tremendous growth of interest in this paradigm, and the equally
notable increase in research effort devoted to such extension and clarification
suggest that the next few years will see a considerable improvement in these
aspects of the theory which are still a little hazy. Perhaps the next edition of
this book will contain the answer to many puzzles which are still with us at
the time of writing; until then we can only present the theory, warts and all,
as it stands at the moment. Readers interested in finding promising research
projects will find plenty in the following pages; the theory is by no means
finished, even in its major outlines. Nothing would give me greater satisfaction
than to find that the book had stimulated keen and eager young scientists to
test and if possible disprove some of the hypotheses here discussed; this is the
greatest success that a scientific theory can have.



Chapter 1

General Features of the Model

H.J. Eysenck

1.1 Models and Explanations

The problem dealt with in this book was raised
in a classical query over 2000 years ago by
Theophrastus, in his book Characters, written
when he was 99 years old: “Why is it that
while all Greece lies under the same sky and
all the Greeks are educated alike, yet we all
have characters differently constituted?”” Indi-
viduality in human beings is so pronounced,
and variability so common, that many have de-
spaired of finding any scientific basis for con-
structing a model of personality; Allport (1937)
has given a clear discussion of the many prob-
lems raised. The ancient Greeks suggested an
answer in terms of traits and types; the theory
of the four temperaments which they put for-
ward has lasted longer than perhaps any other
psychological theory, but of course it is open
to many criticisms. Can modern psychology do
any better?

A glance at recent textbooks does not suggest
any very confident affirmative answer (e.g. Hall
and Lindzey 1957; London and Exner 1978;
Mahrer 1970). What we find is a long list of
different theorists, putting forward entirely dif-
ferent views and hypotheses, using entirely dif-
ferent measures, and even types of measures;
this is a far cry from the sort of paradigm that
we are told characterizes science (Kuhn 1962).
There is not even sufficient agreement for a
revolutionary to rebel against; all there seems
to be is a multitude of approaches in search
of a unifying principle. The prevailing mood
seems to be one of excessive eclecticism; in the
words of Feyerabend (1975), “ Anything goes”.
There is indeed an honoured and honourable
meaning to the term, eclecticism; it denotes an
attitude of impartiality, a refusal to become
committed too readily and prematurely, a desire

to examine all sides of a problem and to review
all the evidence, even where it seems to go
counter to one’s cherished theories. But it may
also mean an easy acceptance of all types of
view, good, bad and indifferent; a refusal to
exert one’s critical faculties or to pass judgments
on the adequacy or otherwise of theories and
experiments apparently supporting or disprov-
ing these theories ; a lazy recognition that there
is some good in all theories and a fatalistic
acceptance of the rules of the caucus race —
all have won, and all must have prizes! It is
the latter type of eclecticism which is so preva-
lent in this field, and it is an attitude that is
fatal to a proper scientific study of any topic.

The resulting mood of disenchantment seems
all-pervasive. If we cannot judge objectively be-
tween rival theories, then clearly we shall never
achieve the status of a science; if we refuse
to elaborate criteria for accepting or rejecting
theories, then the achievement of a paradigm
in Kuhn’s sense becomes impossible. I shall at-
tempt, in this first chapter, to suggest criteria
which may be useful in judging scientific models
of personality; the rest of the book will be de-
voted to a review of the literature concerning
a particular model, with special reference to
the manner in which the model stands up to
scrutiny, using these criteria. I believe that it
is possible to decide between competing alterna-
tions along the usual lines of scientific investiga-
tion, and that a paradigm does exist even in
this complex and difficult field — imperfect and
incomplete, but viable and promising. It is
hoped that the contents of the following
chapters will enable readers to judge the correct-
ness or otherwise of this statement for them-
selves.

What is that we seek when we study personali-
ty? What do we mean we seek for an explana-
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tion (Craik 1952) of observed individual differ-
ences or try to construct a model (Hesse 1966)
to help us visualize the complex of explanations
contained in a theory? Essentially, we search
for concepts (Jammer 1954, 1957) which will
help us reduce the infinitude of observed events
to a small number of variables tied together
by rules or laws; ideally, these concepts and
laws should enable us to predict future events
and to understand (postdict) past events. Expla-
nations must not be too broad; it is not enough
to say that a person’s conduct is the product
of his heredity and his past experiences. We
must clearly specify much more closely the laws
of heredity in question (is there dominance, as-
sortive mating, epistasis ; how much of the phe-
notypic variation is explained by additive genet-
ic variance; etc.), and we must state precisely
and unambiguously just what environmental
events produce just what types of behaviour.
But above all we need intervening variables,
concepts of the nature of traits, types, abilities,
attitudes and what not else that is measurable
and can be used to characterize a given person.

Such an approach is often called nomothetic
and contrasted with a different, idiographic ap-
proach. The latter is literary rather than scientif-
ic, intra-individual rather than inter-individual,
geisteswissenschaftlich rather -than naturwissen-
schaftlich; typical of this approach are existen-
tialist schools, phenomenologists and many
types of dynamic psychology. It is not our pur-
pose here to discuss or criticize the idiographic
approach or to point out the non-scientific na-
ture of such theories as the Freudian or Jung-
ian; this task has been undertaken by others
(Popper 1959; Lakatos and Musgrave 1970;
Suppe 1974) more versed in the philosophy of
science; Eysenck and Wilson (1973) may also
be consulted. What we have attempted in this
book is the construction of a scientific model
of personality, using the term ‘scientific’ in its
classical sense. Admittedly the ‘demarcation’
dispute, i.e. the question of how precisely to
separate science from non-science, is by no
means settled, but there is much agreement on
many essential elements (Suppe 1974; Lakatos
1976), even though some maverick philoso-
phers, such as Feyerabend (1975), still believe
the whole endeavour to be misplaced.

There are three main contestants in the ring;
Baconian inductionism, the verification princi-
ple of the Vienna school and the falsification
principle of Popper. It has always seemed to
me that all three principles have a positive con-
tribution to make and that they are complemen-
tary rather than exclusive. In particular, it seems
to me that we must see these principles as rele-
vant at different stages in the development of
a scientific theory. Figure 1.1 illustrates this
view. At an early stage of development, we are
reduced to fact-collecting on the basis of vague
hunches, serendipitous discoveries of unfore-
seen regularities and inductive generalizations.
When sufficient data have been collected along
these lines, we are in the position of being able
to put forward hypotheses of relatively small
compass, and now the emphasis shifts to verifi-
cation; unless we can verify these hypotheses,
at least within the confines of certain parameter
values, it is unlikely that they will be pursued
further or interest other scientists. Given that
this stage is successfully passed, we enter the
realm of theory-making proper, and now falsifi-
cation becomes the most important aspect of
our experimental work. When a given theory
is firmly established, it becomes a scientific law,
and now the paradigm has become settled ; only
a revolution, sparked off by the accumulation
of anomalous findings, and the emergence of
an alternative theory, will dethrone such a
theory. Thus what constitutes a scientific ap-
proach will depend on the degree of develop-
ment of a particular field; too rigorous a de-
mand at too early a stage may well prevent
the proper development of a discipline from
ever taking place, just as too lenient a require-
ment at a later stage of development will pre-
vent the discipline from growing up and assum-
ing its rightful place.

I would suggest that the theory here devel-
oped is entering into the third stage, i.e. theory-
making proper; this is the stage where the no-
tion of the paradigm becomes appropriate. Such
a view may be criticized as unduly optimistic;
readers will have an opportunity to study the
evidence for themselves and thus answer the
question by the use of their own criteria. I
would merely venture to suggest that the answer
has important implications for the future devel-



Fig. 1.1. Demarcation theories of science: A
unified point of view

opment of research in the field of personality.
It has become almost a joke to see the prolifera-
tion of concepts and tests in the personality
field; Buros (1970) reviews hundreds if not
thousands in his compendium, and of the mak-
ing of further tests there is no end. Unless we
are to end up in mindless eclecticism we must
at least attempt to reach some sort of consensus
on criteria and, if possible, on concepts ; without
such agreement the psychology of personality
will never reach the status of a science.

The development of the model here advocat-
ed, in its historical context, is briefly discussed
in the next section; as already mentioned, it
embodies the Greek concepts of traits and
types, and as .these concepts have themselves
recently been criticized as inappropriate (Mis-
chel 1968, 1977), it may be useful here to discuss
briefly the major characteristics of these con-
cepts and the main answers to the criticisms
made of them. A more detailed review of the
topic has appeared elsewhere (Eysenck and
Eysenck 1980). The essence of the criticism
was put forward most forcefully many years
ago by Thorndike (1903), when he stated
that “there are no broad, general traits of per-
sonality, no general and consistent forms of
conduct which, if they existed, would make for
consistency of behaviour and stability of per-
sonality, but only independent and specific
stimulus-response bonds or habits.”” In opposi-
tion, it is maintained that the following eight
statements of the state-trait position are sup-
ported by so much evidence that they can be
regarded as definitely established:

1) Individuals differ with respect to their loca-
tion on important semi-permanent personal-
ity dispositions, known as ‘traits’.

Falsification

Verification -

Observation

Models and Explanations 3

Alternative _

theory

induction

T T T
Hunch Hypothesis Theory Law

2) Personality traits can be identified by means
of correlational (factor analytical) studies.

3) Personality traits are importantly deter-
mined by hereditary factors.

4) Personality traits are measurable by means
of questionnaire data.

5) The interactive influence of traits and situa-
tions produces transient internal conditions,
known as ‘states’.

6) Personality states are measurable by means
of questionnaire data.

7) Traits and states are intervening variables
or mediating variables that are useful in ex-
plaining individual differences in behaviour
to the extent that they are incorporated into
an appropriate theoretical framework.

8) The relationship between traits or states and
behaviour is typically indirect, being affect-
ed or ‘moderated’ by the interactions that
exist among traits, states and other salient
factors.

The essential point here is that the concept
of ‘trait” demands consistency of conduct,
whereas Thorndike’s and Mischel’s view seems
to be that such consistency is largely missing.
There was much discussion of this point in the
’30s and °40s, and a large literature grew up
in this connection, starting with the important
work of Hartshorne and May (1928, 1929) and
Hartshorne and Shuttleworth (1930). All this
work has been extensively reviewed by Eysenck
(1970a), and the conclusion was that con-
sistency rather than inconsistency was the order
of the day — even in those studies which at
first sight seemed to come to opposite conclu-
sion, like the Hartshorne, May and Shuttle-
worth experiments. Mischel (1969) clearly dis-
agrees, when he writes:
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I am more and more convinced, however, hope-
fully by data as well as on theoretical grounds, that
the observed inconsitency so regularly found in stud-
ies of noncognitive personality dimensions often re-
flects the state of nature and not merely the noise
of measurement.

The basis for this assertion was the partial
review of the relevant literature by Mischel
(1968), from which he concluded that measures
of consistency in personality rarely produced
correlations as high as 0.30.

There are many criticisms of this conclu-
sion (Eysenck and Eysenck 1980); here we
shall only mention briefly some of the main
ones.

(1) Limited and unreliable data-sampling vi-
tiates many studies. Epstein (1977) showed that
consistency of moods was only 0.20 when com-
puted on a data-base of 2 days, but rose to
0.88 when a longer data-base was used. (2) Lim-
ited and unreliable tests. The Hartshorne, May
and Shuttleworth studies found correlations of
0.2 or thereabouts between individual objective
classroom tests; these rose to respectable
heights when combined into batteries of 9 indi-
vidual tests, giving predictive accuracies of 0.5
to 0.6 against teachers’ ratings of honesty. (3)
Poor and unreliable criteria. Predictions are lim-
ited in accuracy by the reliability of the criteri-
on; criteria, even in cognitive fields, are often
grossly unreliable (Hartog and Rhodes 1936),
and even more so in the personality field. All
these factors produce ‘noise’, and measure-
ments must be corrected for attenuation before
conclusions can be drawn. (4) If personality
variables account for only 9% of the variance,
situations only account for 10% (Sarason et al.
1975). If one adopts very stringent criteria for
the minimal percentage of the variance that a
factor must account for in order to warrant
further consideration, then there is danger that
researchers will discover that no factors at all
are sufficiently important to consider! (5)
‘Moderator’ variables (Wallach 1962) are im-
portant in personality research, but Mischel dis-
regards them as reducing the generality of the
trait approach; yet if the situation is complex
enough to demand moderator variables to ac-
count for this complexity, we cannot avoid us-
ing them. (6) Mischel averéges consistency coef-

ficients over good and bad, successful and un-
successful studies; this is meaningless. If one
good, carefully researched study based on rea-
sonable theoretical predictions gives a con-
sistency of 0.8, this is not negated because an-
other scruffy, poorly designed study based on
no theoretical foundations gives a consistency
of 0.0! (7) Consistency may involve more than
one factor; thus antisocial behaviour correlates
positively with psychoticism, neuroticism and
extraversion in children (Eysenck 1977a). Each
factor by itself only contributes a relatively
small amount of variance, but in sum they make
prediction possible with a much greater degree
of accuracy. (8) Interaction between personality
and situation accounts for a respectable addi-
tional amount of variance; such interaction is
largely discounted by Mischel, but must realisti-
cally be taken into account (Magnusson and
Endler 1977). Interaction typically accounts for
another 20% of some of the variance; to make
this possible, personality must be a consistent
variable (Bowers 1973; Sarason et al. 1975).
These and other criticisms of Mischel’s posi-
tion, given in more detail elsewhere (Eysenck
1970a; Eysenck and Eysenck 1980), re-
duce the force of its impact. He is right, of
course, in applying his critical mind to the cus-
tomary type of personality research, in which
some multiphasic questionnaire, often chosen
more or less at random (MMPI, CPI, 16 PF),
is applied to a population which is also given
some other test, or which is rated or measured
on some behavioural or experimental variable,
without any theoretical expectation of what
might be found. Of the resulting 20 correlations,
1 is almost certain to be ‘significant’ by chance,
and with luck some of the observed correlations
may be reasonably high. However, these multi-
phasic scales usually only measure a much
smaller number of underlying variables; thus
Nichols and Schnell (1963) have shown that
the CPI measures essentially only two variables
(neuroticism and extraversion, to use our
terms), and Reynolds and Nichols (1977) have
shown that these two variables carry the full
burden of prediction, with the specific variance
of the original scales contributing nothing. This
sort of situation again makes Mischel’s type
of averaging meaningless; if the CPI predicts



some type of behaviour, then the resulting coef-
ficient of correlation would be divided by the
total number of scales used, and the outcome
would be very different depending on whether
we chose the number of CPI scales as the de-
nominator, or the two scales which carry the
whole burden of predictive validity.

The position here taken would seem to derive
some support from the consensus of opinion
in Magnusson and Endler’s (1977) book, but
it may be necessary to look in detail at the
alternative view to Mischel’s which they offer
in their advocacy of ‘interactional psychology’
They argue that

Within traditional personality psychology, it is
possible to distinguish among three conceptions of
molar individual behavior: the trait model, the psy-
chodynamic model, and the situationism model. The
trait model and the psychodynamic model... have
in common their stress on person factors as the main
determinants of behavior.... Situationism, in con-
trast, examines the environment to find the important
factors that determine the behaviors of individuals.
Research within this model has aimed at finding
general laws for behavioral reactions as functions
of the kind and intensity of external stimulation.

Magnusson and Endler go on to state that
on the basis of some empirical research of their
own

A fourth model, called an interactionist model,
has been formulated. A basic element in this model
is the focus on the ongoing multidirectional interac-
tion between an individual and his or her envoron-
ment, especially the situations in which behavior
occurs. Persons and situations are regarded as in-
dispensably linked to one another during the process
of interaction. Neither the person factors nor the
situation factors per se determine behavior in isola-
tion; it is determined by inseparable person by situa-
tion interactions.

This view has an immediate intuitive appeal,
but the alternatives are unreal and incorrectly
perceived and presented.

‘Person theories’ have never been suggested
as being independent of situations; the very
names of the traits often researched (suggestibil-
ity, sociability, impulsiveness, conditionability,
vigilance) explicitly contain mention of the situ-
ations suitable for evoking and measuring these
hypothetical traits. A vigilance situation could
never be used to measure conditioning, suggest-
ibility or sociability; similarly a typical condi-
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tioning situation could never be used to measure
suggestibility or sociability. Thus ‘person theo-
ries’ automatically include an interactionist-
type implication of suitable situations for mea-
surement and evocation in the statement of the
traits involved. Similarly it would be to misrep-
resent Mischel to state that he completely rejects
individual differences in his ‘situationist
theory’; he simply regards variance due to indi-
vidual differences as unlikely to equal impor-
tance of situational variables. In a very real
sense both Mischel and ‘person theorists’ are
interactionists; they can be differentiated by
their position along a continuum at the ex-
tremes of which lie the positions of Thorndike
(who really seems to have held the views attri-
buted by Magnusson and Endler to ‘situation-
ists’), and those of some hypothetical but non-
existent ‘person theorists’ who completely dis-
regarded the importance of situations. Such a
positioh would be meaningless and self-contra-
dictory, and in reality modern  person theorists’
and ‘situation theorists’ are much closer togeth-
er somewhere in the middle of the hypothetical
continuum, differing in a quantitative, but not
a qualitative, manner. Thus Magnusson and
Endler are not advocating a third possibility,
but are simply recognizing the same inevitable
conjunction of person and situation as produc-
ing behaviour which person theorists and situa-
tion theorists also recognize. The quarrel, if
there is one, is about the general size of the
contribution by person and situation factors,
and this question is by its nature unanswerable,
depending on the precise details of the experi-
ment, and varying in dependence on the extreme
nature of the situation, the variance in personal-
ity type, the measures used, the value of the
theories tested and many other factors. The
whole debate is largely semantic; it would never
occur to physicists to ask whether predictions
about the behaviour of elements or alloys de-
pended more on their atomic constitution or
the external influences (changes in temperature,
pressure, electrolysis, etc.) to which they were
exposed. They would rightly regard the whole
question as meaningless; clearly some form of
interactionism is implied in the very definition
of physical change, as it is in relation to human
behaviour.
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Ultimately, of course, the argument as it ap-
plies to the concepts used in this book must
be settled by reference to the experiments em-
ploying these concepts; the most important
studies have been reprinted in book form else-
where (Eysenck 1970b, 1976a). These books
cover a much wider field than that covered in
this volume; the literature has grown so enor-
mously in recent years that no complete cover-
age would be possible, and consequently we
have concentrated on a few fields where suffi-
cient material was available to make reasoned
judgment possible. Consistency should be
looked at not only in the psychometric sense
adopted by Mischel; much more important in
our view is the consistency between theoretical
prediction and experimental verification. It is
with this latter type of consistency that we shall
be dealing in the main; the psychometric inter-
pretation will be dealt with only in passing.

What is the nature of the theory here dis-
cussed ? We shall only state very briefly the out-
lines and main tenets of the theory, partly be-
cause it has been stated at much greater length
elsewhere (Eysenck 1967 ; Eysenck and Eysenck
1969, 1976), and partly because relevant parts
will be restated by individual authors in this
book at the appropriate place. Essentially the
theory asserts that human personality can be
described in terms of traits, such as sociability,
impulsiveness, activity, worrysomeness, care-
freeness, etc. which are intercorrelated and form
higher-order ‘superfactors’. The three main su-
perfactors have been variously named by differ-
ent investigators, but will here be called E (ex-
traversion—introversion), N (neuroticism-stabil-
ity) and P (psychoticism-superego). These fac-
tors, or others remarkably similar to them, have
been found over and over again in many differ-
ent studies (Royce 1973), and may even be
isolated in animals (Chamove etal. 1972;
Broadhurst 1975). These factors have a strong
genetic basis (Eysenck 1976b), and psychophys-
iological theories have been elaborated, linking
E with the reticulo-cortical arousal loop, N with
the limbic system (visceral brain) and P with
the androgen hormone system (Eysenck 1967;
Eysenck and Eysenck 1976). These factors make
possible predictions in the experimental, social,
educational, psychiatric, criminological and

other fields (Eysenck 1976a; Eysenck and Wil-
son 1978 ; Eysenck and Rachman 1965 ; Eysenck
1977b). There are specific hypotheses, such as
that the reticulo-cortical arousal loop is not in-
dependent of the limbic system, so that any
activation of the latter will be shown up in the
heightened arousal consequent in the former,
whereas there is no reciprocal relation of this
kind (Eysenck 1967). Pharmacological agents
affect behaviour in predictable ways, depending
on the personality type involved (Broadhurst
1978), and so does brain damage (Eysenck
1967). The range of possible predictions is there-
fore very wide, and verification or disproof of
the theory can be looked for in many different
directions. This book will be concerned largely
with a review of the strictly experimental litera-
ture in psychophysiology, conditioning, learn-
ing and memory, brain damage and drug ef-
fects, but one chapter has been devoted to the
broader social field.

1.2 The Development of a Paradigm

A paradigm may be expected to have a develop-
mental history; even though it may have arisen
in one man’s brain, nevertheless it must have
had precursors, and after its birth must go
through many stages before being widely ac-
cepted. So with the model here discussed. I be-
lieve that an adequate understanding of the
problems in this field, and the attempted solu-
tions as well, is impossible without some knowl-
edge of the history and development of the psy-
chological theories of personality. There are
roughly speaking 12 periods of development,
each associated with an outstanding personality
whose work marked a definite advance; it may
be useful if these 12 advances are defined in
some detail. It is often said that psychology
has a long past, but a short history; this is
equally true of the study of personality. The
moment when intuitive understanding, philoso-
phical speculation and clinical intuition, which
constituted the past, gave way to experimental
study, psychological theory and psychometric



analysis can be defined more easily here then
in most other areas of psychology; the turning-
point is associated with the extremely original
and fundamental work of a man whose very
name is probably unknown to most psycholo-
gists, even those who are actively working in
the field of personality study. This man was
the Dutch philosopher and psychologist G.
Heymans (1857-1930),.who published his views
and results in book form in 1929 but who had
written his fundamental papers (with E. Wiers-
ma and H. Brugmans, Heymans and Wiersma
1906-1909) some 20 years earlier. We shall see
in a minute just why it is he, rather than others
who are more often named and who are better
known to English-speaking psychologists, who
may be said to mark the transition point from
unscientific past to scientific history.

(1) The story begins — if the human search
for an understanding of personality, individual
differences, temperamental pecularities and
other deviations from the strictly average sort
of behaviour can in any real sense be said to
have a ‘beginning’ — with Galen, a Greek physi-
cian who lived in the second century A.D. and
who is widely credited with the enunciation of
the doctrine of the four temperaments. The no-
tions of the melancholic, the choleric, the san-
guine and the phlegmatic, shorn of the associat-
ed theory of the ‘“humours’ which were believed
to cause their striking differences, have passed
into every-day language, and the man in the
street still uses these phrases in characterizing
certain ‘types’ of behaviour. As we shall see,
the theory of extraversion—introversion is inti-
mately connected with this ancient theory, ridic-
ulous only to those who do not realize that
it embodies a large slice of -excellent clinical
observation, without which it would never have
been accepted or have lasted longer than any
other psychological theory. This is not the place
to go into the vexed question of Galen’s origi-
nality in this respect, or to discuss possible prior
claims of Hippocrates and others; I am not
sufficiently expert to discuss these questions,
and for the purposes of this book they are not
of too great importance. The reader interested
in the early development of these theories may
with confidence turn to A.A. Roback’s Psychol-
ogy of Character (1927).
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(2) The second chapter of our story opens
with the contribution made by the great Ger-
man philosopher and scientist Immanuel Kant
in his book on Anthropologie, which was a kind
of text-book of psychology and in which he
brought the doctrine of the four temperaments
up-to-date, popularized it and made it accept-
able to philosophers, physicians, theologians
and other learned men concerned with human
personality. Eysenck and Eysenck (1969) have
translated his descriptions of the traits charac-
terizing the four temperaments and have drawn
attention to the close relationship between these
descriptions and the results of modern factor-
analytic work in this field; they also point out
that the main difference between his views and
more modern ones lies in his categorical concep-
tion of “types’ as being unchangeable and pure.
A person belongs to one of these four groups;
he cannot change his position, and there are
no intermediate degrees. This notion of ‘types’
has been rightly criticized by modern American
writers, but unfortunately they ascribe such
views to more recent writers than Kant — writers
who in fact do not hold them, like Jung and
Kretschmer.

(3) Modern typology parts company with
Kant in this respect, and the person who took
this important step of translating categorical
types into continuous dimensions, and who thus
marks our third epoch, was none other than
W. Wundt (1874). His contribution has been
discussed elsewhere (Eysenck 1964), and there-
fore little need be said here other than that
he pointed out that cholerics and sanguinics
both shared the characteristic of being change-
able, while phlegmatics and melancholics were
unchangeable; substitute ‘extravert’ and ‘intro-
vert’ for changeable and unchangeable, and our
modern theory (in its descriptive aspects) is
born. Add that he considered a second dimen-
sion (emotionality — nowadays often labelled
neuroticism or instability) to be formed by the
two emotional temperaments, i.e. the choleric
and the melancholic, as opposed to the other
two, which were considered by him unemotion-
al, and you have a two-dimensional description,
continuously variable, of personality, very
much as it is given by recent writings of Cattell,
Guilford or the present writer (see Fig. 1.2).
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Wundt, like Heymans, is seldom if ever men-
tioned by English-speaking writers on personal-
ity, in spite of his very important contribution.
(Ebbinghaus, too, wrote along rather similar
lines.)

(4) The fourth great contribution comes from
O. Gross (1902, 1909), a Viennese physician,
who attempted to give a physiological basis to
the personality dimension of extraversion-in-
troversion (not then so called, of course; Gross
wrote at the beginning of the present century).
He conceptualized mental and emotional pro-
cesses in terms of a primary function, subserv-
ing sensation and perception, and a secondary
function, which subserved the perserveration of
primary processes; individuals differed accord-
ing to the length of the secondary process —
introverts had a long, extraverts a short, second-
ary process. He showed in fascinating detail
how this conception (which tied up with the
newly proclaimed theories of perseveration of
the memory trace, by Miiller and Pilzecker)
could be used to account for the personality
traits of the two types posited. His physiology
is of course entirely speculative, as he himself
recognized ; it is fascinating to see how he (and
later on MacDougall 1929) tried to invent some-
thing akin to the Ascending Reticular Activat-

ality. (According to Wundt 1874)

ing System, and how both succeeded in describ-
ing (by deduction from behaviour) something
which at that time was far beyond the ken of
physiologists and neurologists. Truly, if the
reticular formation had not been discovered,
it had certainly been invented by psychologists
anticipating later developments.

(5) We come now to the fifth epoch, and
to G. Heymans and his colleagues. His contri-
bution is threefold, and in each of his innova-
tions he anticipated a large and important area
of research (Heymans 1908; Heymans and
Wiersma 1906, 1907, 1908, 1909):

(a) Psychometric. Heymans was the first per-
son to realize the importance of quantifying
the implicit relationships between traits which
had served earlier writers; where they simply
observed and noted subjectively ‘what goes with
what’ (in Spearman’s phrase), he suggested the
use of correlational methods, and worked out
a very crude and elementary, but nevertheless
useful, He also
worked out methods of grouping such correla-
tions, thus in essence anticipating factor analy-
sis. He was not a gifted mathematician, and
curiously enough rejected product-moment cor-
relation coefficients for quite the wrong reasons,
but he did have an intuitive understanding of

coefficient of association.



the logical requirements of mathematical analy-
sis, and pioneered what are now widely used
methods.

(b) Experimental. He was perhaps the first
person to realize that observation of every-day
behaviour is not sufficient to build a science
of personality on, and he carried out experimen-
tal studies to measure individual differences in
behaviour; these are perhaps the first truly to
deserve the name of ‘experiments in personali-
ty’ — Galton’s studies, to take but one example
that seems to disprove this generalization, were
not experimental in the laboratory sense.

(c) Hypothetico-deductive method. He realized
that science is intimately tied to the use of the
hypothetico-deductive method, except perhaps
in its first, tentative steps, and he linked the
theories of Gross with his psychometric work
and his experiments into a nomological net-
work, to use a term which would have been
new to him, but the implications of which were
apparent in his work. These three major contri-
butions entitle him to be called the father of
experimental personality research ; unfortunate-
ly, his writings are widely dispersed and do not
lend themselves to detailed exposition, but a
description, with quotations, of his work has
been given in The Structure of Human Personali-
ty (Eysenck 1970a).

(6) The next claimant for a place in our com-
pany of immortals is C.G. Jung (1933), whose
contribution to personality study is often misin-
terpreted. C. Spearman, in his classic Abilities
of Man (1927), sums up the work of Heymans,
Wiersma and Brugmans by saying: ““So far as
scientific status is concerned, this Dutch work
stands upon a very high plane. In it mere causal
observations — shown over and over again to
be grossly misleading — are replaced by most
careful and systematic investigations.” He goes
on to characterize Jung with equal insight:
“Ideas substantially the same as those men-
tioned above re-appeared not long afterwards
in the work of Jung. But the arduous scientific
research of his predecessors ... now gives way
to attractive literary embellishment.” Jung is
often credited with giving a long list of other
writers who preceded him in delineating his
types of extraversion and introversion; it is in-
teresting that although these types are so very
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similar to Heymans’ carefully researched strong
and weak secondary function types, yet Hey-
mans is never mentioned — in spite of the fact
that much of his work was published in German
and must have been familiar to Jung. If Jung’s
descriptions are not original, neither is his use
of the terms extraversion and introversion;
these had been used in European writings for
several hundred years before him. His main
claim to originality must be his suggestion that
extraversion was linked with the hysterical
group of neurotic disorders, introversion with
the psychasthenic group (dysthymia — anxiety,
reactive depression, phobias, obsessive-compul-
sive disorders). There appears to be some truth
in this observation, and while neurotic typology
must be credited to Janet rather than to Jung,
nevertheless the identification with normal per-
sonality types is important in the historical de-
velopment of the concept (Eysenck 1947).

(7) Related to Jung in that his main concern
was with the abnormal counterparts of normal
personality types was E. Kretschmer (1948), but
his main contribution did not lie in his identifi-
cation of extraversion (‘cyclothymia’) with
manic-depressive insanity and introversion
(‘schizothymia’) with schizophrenia (Jung too
had thought of schizophrenia as being linked
with introversion). The evidence does not sug-
gest that schizophrenia does in fact have such
a link; such a generalization would not now
be acceptable — although it must of course be
realized that the term ‘schizophrenia’ means
many things to many people, and that its use
in modern Anglo-American psychiatry may not
be identical with its use in German-speaking
circles 50 years ago. However that may be,
Kretschmer’s continuing fame rests on his in-
sistence on the importance of constitutional fac-
tors, and on his insight into the relationship
between leptomorphic bodybuild and introver-
sion. (See also his American disciple, Sheldon
1940, 1942). While again the evidence regarding
bodybuild and insanity, on which he insisted
so strongly, is at best inconclusive, there seems
to be no doubt that in the normal field at least
a relationship of the kind postulated by him
exists — although much weaker than he (and
Sheldon, who took up his system with minor
modifications) believed. Correlations of 0.4 or
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thereabouts are the most that can be expected
when the elementary errors in conducting such
experiments which disfigure his and even more
Sheldon’s work are rectified (Eysenck 1970a).
(Both Kretschmer and Sheldon contaminated
their judgement of temperament and of diagno-
sis by having knowledge of the bodybuild of
the subjects in their studies; this contamination
produced unacceptably high correlations often
exceeding the reliabilities of the ratings in-
volved! Furthermore, Kretschmer took little
trouble to partial of the effects of age; later
work has shown this to be essential.) But consti-
tutional factors are important, as we shall see,
and Kretschmer was the first to insist on their
importance.

(8) The pace now quickens, and our epochs
begin to overlap. After Jung, the next great
writer to be noted is perhaps C. Spearman, the
founder of the London School — a ‘school to
end schools’, as he once put it, in an attempt
to crystallize his belief that the method of factor
analysis, which he introduced into psychology,
was capable of substituting objective, quantita-
tive fact for subjective, intuitive belief. Through
his students (Webb, Garnett and Oates) and
his collaborators and successors (notably Burt,
Stephenson and Cattell) he exerted a profound
influence, and while history remembers him
more for his work in intelligence measurement,
we must note here that he was the first to dem-
onstrate the existence of the two factors, strictly
defined and measured, of emotionality-neuroti-
cism (‘w’ in his terminology) and of extraver-
sion—introversion (‘c’ in his terminology). He
also tried to elaborate experimental tests of per-
severation, with which to measure these person-
ality traits; these were unsuccessful, possibly
because he and his students were thinking in
terms of psychometric group tests, not in terms
of experimental laboratory examinations, given
to one person at a time. Whatever the defects
of his work, viewed from the vantage point of
hindsight, his contribution, substantive and
methodological, was crucial in transplanting the
Dutch work into English soil (Eysenck 1970a).

(9) The contribution of our ninth great figure,
J.P. Guilford, can best be understood in terms
of the problem which he set out to solve. Briefly,
the situation may be summarized by saying that

the success of the Woodworth Neuroticism
Questionnaire, and the appearance of the Eng-
lish translation of Jung’s book, inspired many
psychologists in the U.S.A. to produce ques-
tionnaires of neuroticism and introversion re-
spectively. The largely subjective method used
for picking out items and combining them in
an essentially arbitrary fashion guaranteed that
these ‘measuring instruments’ measured noth-
ing in particular, and when it was found that
neuroticism inventories intercorrelated only
about 0.3 with each other, while neuroticism
and introversion inventories showed correla-
tions of equal size, it was concluded that this
whole approach had been a failure (Vernon
1938). The bitter taste of this failure survived
for a long time, without the realization that
it was not due to any faults in theoretical con-
ceptualization or in the principle of question-
naire construction, but rather to inadequacies
in the make-up of these particular question-
naires. It is easy to see this now, but at the
time many psychologists vowed never again to
use personality inventories and never again to
think in terms of introversion—-extraversion; in
many cases this vow survived the Second World
War and is only slowly losing its compulsive
force. Guilford’s great contribution was the re-
alization that the intercorrelations between
inventory items, and the factor analysis of these
intercorrelations, constitute indispensable steps
in the isolation of stable personality factors and
the construction of suitable questionnaires.

Guilford also contributed experimental stud-
ies which at the time were outstanding examples
of the laboratory approach to personality study.
If the findings were largely negative, this was
perhaps inevitable at the particular stage of de-
velopment reached at that time by both person-
ality theory and experimental psychology (Guil-
ford et al. 1976).

(10) Our tenth author is the Russian writer
B.M. Teplov, who has taken up Pavlovian
teaching with respect to the ‘strong’ and ‘weak’
nervous system, and has built upon this an im-
pressive series of experimental studies of indi-
vidual differences, ably recounted in English by
J. Gray (1964). It has always seemed to me
that Teplov’s ‘weak nervous system’ is analo-
gous to the introverted type, his ‘strong nervous



system’ to the extraverted type; hence his inclu-
sion in this list. A lengthy discussion of the
points of similarity and difference between the
two typologies is included in this book, so no
more needs to be said on this point. It may
be worth while, however, to point out the nov-
elty and interest of many of the techniques
pioneered by the Russian workers. The stereo-
typed choice by Western psychologists of such
obviously poor measuring instruments as the
Rorschach or the M.M.P.I. when called upon
to investigate personality traits is put to shame
by the inventive genius of the Moscow group.
Perhaps only Cattell escapes this censure on
our side of the fence, because he, too, has at-
tempted (with considerable success) to break
out of the bear-hug of tradition. The Russian
work, too, has its weaknesses, of course, and
these may loom larger to psychometric readers
than its strengths; but Teplov’s successors are
taking great strides to eliminate these weak-
nesses and the immediate future may benefit
greatly from cross-fertilization.

(I1) We are now nearing the present day,
and the work of our next exponent is still very
much in progress. (Guilford, too, is of course
still active at the time of writing, but his interest
has shifted to the study of cognitive dimensions
and originality.) R.B. Cattell has transferred the
traditions of the London School to American
soil, and has combined exceptional mastery of
statistical techniques of mulﬁple factor analysis
with large-scale empirical studies employing rat-
ings and self-ratings, and objective, experimen-
tal and physiological measurements of the most
varied groups. This work goes well beyond the
confines of our interests here, but it should be
noted that in all his groups the two factors
(usually extracted as higher-order factors de-
rived from the intercorrelations between ob-
lique primary factors) of extraversion—introver-
sion and neuroticism (called ‘anxiety’ by him)
emerge more clearly and strongly than any
others (Cattell and Kline 1977). Since Cattell
is undoubtedly the foremost living exponent of
the factor-analytic approach, constant verifica-
tion of the fundamental descriptive hypothesis
on which much of the material in this book
is based is most valuable and welcome, and
the large area of factual agreement between
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him, Guilford, and the present writer on this
point has been documented in great detail else-
where (Eysenck and Eysenck 1969).

(12) Last, least, and only after much hesita-
tion the writer would place his own contribu-
tion. In essence, what he has tried to do has
been a continuation of the threefold approach
of the Dutch school, as adapted by Spearman
and turned by him into a characteristic of the
London school. Our psychometric work has
been summarized extensively, with much new
material, in The Description and Measurement
of Personality (Eysenck and Eysenck 1969). Our
experimental work has been similarly summa-
rized in The Dynamics of Anxiety and Hysteria
(Eysenck 1957) and later papers and writings.
Our hypothetico-deductive approach can best
be studied in The Biological Basis of Personality
(Eysenck 1967), in which an attempt is made
to deduce extravert-introvert differences in be-

“haviour, both social and in the laboratory, in

terms of differences in cortical arousal, mediat-
ed by the reticular formation. The success of
these efforts is still too doubtful, and the work
itself too recent, to comment on it in any detail;
the reader will be able to judge for himself after
perusal of the material in this volume.

Careful reading of documents straddling 2000
years of historical development have given rise
to some general impressions which may be use-
ful to newcomers to this field. In the first place,
there is a strong feeling of historical continuity.
Galen’s and Kant’s observations do not strike
the modern observer as ridiculous and out-
moded ; our own work may be more extensive,
better controlled and statistically more defensi-
ble, but it is recognizably a development of
ideas mooted all these centuries ago. Gross’s
and Heymans’ speculations about physiological
mechanism have little factual substratum, but
they are not out of line with what we now know
about the structure of the cortico-reticular arou-
sal loop and its functioning. Spearman’s and
Guilford’s early factorial studies are now very
out-dated, but modern methods, aided by com-
puters, do not give results essentially different
from theirs. In fact, what we recognize through-
out this historical development is the usual sci-
entific progress, slow, step by step, brick by
brick, until finally we arrive, almost by stealth,
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at a splendid, well-built usable structure. So
many hands have made their contribution that
it becomes difficult to say: he built it. All those
who contributed have built it, although some
have made a bigger contribution than others.

In the second place, there is a feeling that
for a long time contributions were made by
single people, or at best small groups; others
were slow to take up the contributions made.
Heymans’ work has been followed up in Hol-
land, and later in South Africa, but is hardly
known elsewhere ; even the recent work of Cat-
tell is carried out mostly by his students and
fellow-workers, not by the general body of re-
search students. This position is slowly chang-
ing; gradually a more general approach is being
elaborated in which theories are being tested
in different laboratories all over the world.

A third point which may be important is that
personality study is beginning to cease to be
the prerogative of a small set of psychologists
who happen to be interested in individual differ-
ences, while the great body of experimental and
theoretical psychologists goes its own way, pro-
foundly unmoved by whatever may be going
on in this small corner. If extraverts and intro-
verts differ in their habitual arousal level, as
well as in their sensory thresholds, orienting
reactions, adaptation rates, E.E.G., EM.G,,
and G.S.R. response patterns, rates of condi-
tioning, perceptual after-effects, and a thousand
and one psychological and physiological mea-
sures, then it ceases to be practical for the exper-
imentalist to proclaim his disinterest in ‘ person-
ality’ and relegate individual differences to the
error term in his analysis of variance; interac-
tion terms, embodying personality in the form
of extravert—introvert differences, become ex-
tremely important and should be extracted from
any well-planned study, even when personality
differences are not the main point of interest.
I have discussed this point at some length else-
where (Eysenck 1969) and will not insist on
it here at any greater length. It is my impression
that the lesson is gradually being learned, and
that more and more hardbitten experimentalists
are taking individual differences into account.

It is unfortunate in this connection that the
terms extraversion and introversion are in many
people’s minds linked so closely with the puta-

tive father of this personality typology, C.G.
Jung. From the point of view of scientific study,
his contribution has been largely a negative one;
by allowing his mystical notions to overshadow
the empirical, observational data he has done
his best to remove the concept of personality
type from the realm of scientific discourse. His
extremely complex system, involving four ‘ func-
tions’ arranged in contrasting pairs, all of which
can be extraverted or introverted, and which
compensate each other in a complex manner
in which conscious extraversion may be linked
with unconscious introversion, has not found
much favour with even his more devoted follow-
ers; as he once pointed out when questioned
on whether a given person was extraverted or
introverted: ‘In the last analysis I decide who
is an extravert and who is an introvert!” This
splendid assertion of faith mirrors Goering’s
famous statement when someone pointed out
that his personal favourite, Luftwaffe General
Milch was in fact Jewish: ‘I decide who is a
Jew!’, but it proves somewhat less attractive
to scientists who are attempting to construct
a universal, objective science of personality
structure and measurement. Psychologists will
have to learn the plain historical fact that the
personality types of extraversion and introver-
sion owe very little to Jung, and the sooner
this message reaches psychological textbooks
the better.

It is interesting that the first appearance of
the term ‘extraversion’ in an English dictionary,
appropriately enough, is in Dr. Johnson’s Dic-
tionary of the English Language, which appeared
in 1755; it does not tell us very much, however,
as he defines it as ‘the act of throwing out:
the state of being thrown out.” J.A.H. Murray,
in the Oxford Dictionary of 1897, quotes G.
Coles (1692-1732) as having used the term in
a rather more modern sense — ‘a turning of
one’s thoughts upon outward objects’. M.E.
Lazarus, in his book Love versus Marriage,
which was published in 1852 in New York,
speaks of ‘introversion, the turning inward of
the being to act against himself.... The habit
of introverted thoughts has very morbid tenden-
cies and incapacitates us from appreciating the
real values and beauties that surround us.’” And
in 1899, W.D. Whitney in his Century Dictio-
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nary defined introversion as ‘ the act of introvert-
ing, or the state of being introverted; turning
or directing inward, physical or mental’. Thus
the terms themselves were current long before
Jung’s book appeared, and they were used with
a meaning not too dissimilar to that which they
have now assumed — which is very different
from that they assume in Jung’s psychology!

This is inevitably a very brief and summary
sketch, but it will give the reader a feeling for
the historical roots of our present-day concepts
in this field, as well as illustrating the manifold
influences which have been brought to bear on
it. The development of the concept of extraver-
sion has the aspects of a typical paradigm,
growing in extent, in rigour, in sophistication,
in acceptability, but without losing its original
meaning and identity. Galen and Kant would
have recognized our present-day concept as
having grown out of their own observations
and theorizing; so would Wundt and Gross,
Heymans and McDougall. This link with histo-
ry is important in a science which thrives on
fads which are here today and gone tomorrow;
not thus are paradigms created!

1.3 Theory Making: Correlational
and Experimental Psychology

The general theory dealt with in this book has
two separate but intertwined strands, the first
descriptive, and based on factor analytic argu-
ments and demonstrations, the second causal,
and based on experimental tests of deductions
from the theory. Both aspects have generated
large numbers of empirical studies; Buros’
Eighth Mental Measurements Yearbook lists
over 700 studies using just one of the Eysenck
questionnaires, and on the Department files
there are some 5000 reprints relevant to the
theory. However, there are many questions at-
taching to the attempts made to support or dis-
prove aspects of the theory, and it seemed im-
portant to discuss some of these questions in
this section. We shall deal with both descriptive
and causal theories, but before going into de-
tails it may be useful to discuss briefly the posi-

tion taken here concerning what Cronbach
(1957) has called the two disciplines of scientific
psychology. The term refers to correlational
studies, concerned with individual differences,
and experimental studies, concerned with gener-
al laws. Cronbach makes the point that these
two disciplines have in the past had little to
do with each other, but that without active co-
operation between them no scientific psychol-
ogy is possible; the two disciplines complement
each other and each needs the support of the
other. This view has been strongly endorsed
by the present author (Eysenck 1967), who
makes two major points.

The first point is that correlational psychol-
ogy cannot in the nature of things come up
with objective, universally agreed dimensions
or categories; there are innumerable, mathe-
matically equivalent ways of rotating factors,
for instance, and no statistical magic key (not
even simple structure) can close the door on
alternative solutions. Psychological theories
generate correlational studies (and sometimes
the other way round); these studies can refine
and partly disprove the original theories, lead-
ing to further and better correlational studies;
the process is infinite, but it also hides an infi-
nite regress. Alternative solutions and rotations
are in principle, and usually in practice, not
only possible but also appeal to different peo-
ple. Factors shade into each other, as do con-
cepts; there are no clear-cut dividing lines. Even
the distinction between first-order, second-
order and higher-order factors is relative to the
selection of original items or tests; there is no
fundamental hierarchy determining the level of
different concepts once and for all. The failure
of factor analysts to come up with an agreed
solution to the problem of what and how many
primary factors is a case in point; if a method
is as objective as adherents often claim, then
in the 50 years since its inception one would
have expected a more apparent consensus! The
final factors never completely escape the shad-
ow of the initial selection of items or tests, or
the selection of methods of extraction and rota-
tion (Eysenck and Eysenck 1969). Even in the
much better researched field of intelligence,
there are still controversies about the need for
a general factor (g), with some psychologists,
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like Guilford for instance, preferring a solution
solely in terms of a large number of primary
factors. (Guilford’s solution is in my view not
reconcilable with the data he himself has pro-
vided, but the general preference of many
American psychologists for some solution elim-
inating g cannot be so easily dismessed — Ey-
senck 1979a).

The crucial failure in all this work is of course
the lack of any causal hypotheses ; purely corre-
lational studies are inevitably circular, and only
the incorporation of measures external to the
circle, and linked with theories concerning the
causation of the factors hypothesized, can take
us outside the circulus vitiosus. It is for this
reason that I have laid such emphasis on theo-
ries linking arousal, as a reticular formation
- neocortex loop, with extraversion-introver-
sion; if it is feasible to deduce all the observed
phenomena from such an hypothesis, and pre-
dict others, not yet observed, then clearly we
have left behind the difficulties associated with
a purely correlational approach. The contribu-
tion here of experimental psychology is vital
in that it provides us with the concepts in terms
of which to phrase such causal theories; the
concept of arousal derives from laboratory
studies of experimental psychologists and physi-
ologists, although early theoreticians like Gross
were already searching for some such concept
as implied by their observational data. It is of
course not impossible that the crucial concept
identifying the causal element might be generat-
ed independently of experimental psychology,
but the probability of this happening is not per-
haps very high.

It should perhaps be said at this point that
in asserting that correlational psychology has
need of concepts and methods of experimental
psychology, there is no attempt to downgrade
the importance and value of correlational stud-
ies and multivariate analyses (Cattell 1966). Ex-
perimentalists in the narrow sense often look
down with scorn on the users of correlational
methods, considering this in some sense as an
inferior method to that of functional analysis;
this is a curious misconception. Even in physics
it is becoming realized that statistical concepts
and methods are fundamental for any but the
grossest action sequences under investigation,

sequences embodying millions and trillions of
separate entities, and even there fundamental
discoveries owe their existence to the simple
observation of correlations. The discovery of
Hubble’s Law for instance, which is absolutely
fundamental to modern cosmology, is based on
the observation of a correlation observed by
him between the distance and velocity of reces-
sion from the earth of different galaxies. In spite
of some still persisting doubts as to whether
the Doppler effect which is used in this correla-
tion is of truly cosmological significance, no
physicist would doubt the importance of Hub-
ble’s work, in spite of its reliance on the de-
spised correlation coefficient.

However,‘it would be wrong to think of the
relation between correlational and experimental
psychology as consisting entirely in contribu-
tions made by the latter to the former; as re-
marked before, the relation is one of comple-
mentariness, and our second point therefore is
that in most cases experimental psychology can-
not function properly without reliance on the
results of correlational psychology. The reason
is simply that psychology studies the behaviour
of organisms, and these organisms react differ-
entially to identical stimuli. The differences ob-
served may be merely quantitative, e.g. that
some of Pavlov’s dogs condition very quickly
and strongly, others very slowly and weakly;
this by itself would be of the utmost importance
to any theory of conditioning, or to its applica-
tion to social functioning. Often, however, the
differences are qualitative, i.e. some people (e.g.
introverts) react in ways that are the exact oppo-
site to that in which other people (e.g. extra-
verts) react. When this happens, disregard of
such personality differences by the experimental
psychologist will lead to the variance due to
them being accumulated in the error term,
which is thus typically swollen out of all recog-
nition, until it swamps (as it too frequently
does) all the main effects variance.

One example must suffice to illustrate this
effect ; others will be found throughout the rest
of the book. Since Urbantschitsch’s (1883) orig-
inal work on intersensory facilitation, there has
been a considerable body of experimentation
indicating that the stimulation of one sensory
receptor can facilitate the perception of stimuli
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in some other sensory area, presumably through
an increase in the arousal level. However, many
of the results reported have been quite divergent
and contradictory, and no generally tenable
conclusions have emerged. Recent work has
been concerned with the parameters involved
in this effect, such as the intensity of the hetero-
modal stimulus, but there has been an almost
complete lack of concern with personality dif-
ferences, and most writers have concluded that
the effect can be either facilitatory or inhibitory
(or presumably non-existent), a conclusion rem-
iniscent of much of what passes as experimental
psychology, and completely unenlightening.
Shigehisa and Symons (1973a, b; Shigehisa
et al. 1973) used the personality dimension of
extraversion—introversion to reconcile apparent
contradictions.

Their argument proceeds on the basis of two
assumptions. The first makes use of the well-
knowninverted U relation between drive (arous-
al) and performance; this is similar to Pavlov’s
two laws of strength (an increase in stimulation
will produce an increase in response) and trans-
marginal inhibition (beyond a certain point, fur-
ther increases in stimulation will produce in-
creasing inhibition to protect the neurons
against possible damage). Thus the first stage
postulates that as heterosensory stimulation in-
creases from a very low level, there will at first
be facilitation of the perception of stimuli in
the other modality, but that after an optimal
point is reached, there will be inhibition. There
is much evidence in the literature for some such
generalization, but we now come to the crucial
second stage of the argument, which states that
introverts, having higher levels of arousal to
begin with, will reach this optimal stage sooner
than ambiverts, and these will reach it earlier
than extraverts, who start out with a particular-
ly low level of arousal. This is a perfectly clear
prediction, which was tested by submitting ten
extraverts, ten ambiverts and ten introverts to
an experiment in which auditory thresholds
were measured under conditions in which illu-
mination was varied in intensity in ten stages.
The predicted effect is shown in Fig. 1.3, and
perusal of the original paper will show that the
results were precisely as anticipated. The phe-
nomenon was capable of replication, and the
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Fig. 1.3. Predicted change in auditory thresholds
of introverts, ambiverts and extraverts with change
in the intensity of ambient illumination

procedure could be reversed, i.e. varying audito-
ry stimulation while measuring visual thresh-
olds, with equal results. The study shows clearly
that only by designing the experiment with both
experimental parameters (intensity of stimuli)
and personality parameters (extraversion—intro-
version) in mind, as well as a usable theory
of the regression of the phenomenon on arousal
can we hope to achieve reproducible, mean-
ingful results. As I have tried to argue else-
where, and have illustrated with many exam-
ples, this is the usual kind of result when experi-
mentalists take seriously their duty to look at
the nature of the organism studied, as well as
the parameters of the experimental situation
(Eysenck 1976a). Arousal is such an important
variable in most psychological experiments that
it may be said almost axiomatically that there
can be few studies in experimental psychology
which would not benefit by having the extraver-
sion—introversion dimension controlled and
used as either a main effect or more frequently
as responsible for an interaction effect (Eysenck
1967).

In using personality variables in this interac-
tive and integrative fashion, however, there are
many problems and difficulties which it may
be useful to mention and briefly discuss at this
point. The first has already been mentioned,
namely the prevalence of curvilinear regressions
as far as arousal (and hence extraversion-intro-
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Fig. 1.4. Mean AEP (averaged evoked potential) amplitude for low and high disinhibition scorers (introverts
and extraverts) at different levels of stimulus intensity. (After Zuckerman et al. 1974)

version) is concerned. The large literature on
the Yerkes—Dodson law, the Pavlovian laws of
strength and transmarginal inhibiton, and the
inverted-U function shows the great and almost
universal tendency for increases in responses
as a function of increases in stimulation to be
self-limiting. Figure 1.4 shows the results of an
experiment using the AEP (averaged evoked po-
tential) as a function of intensity of visual stimu-
lation ; there are five levels of stimulus intensity,
and the personality variable measured was ‘dis-
inhibition’, which is correlated with extraver-
sion. It will be seen that as in the Shigeshisa
studies, there is a linear regression in the high
disinhibition (extraverted) group, and a curvi-
linear regression in the low disinhibition (intro-
verted) group; quite probably the linear regres-
sion would turn down too if the intensity were
increased by another factor of 2.

Corcoran (1965) has put forward several ar-
guments to indicate the usefulness of the curvi-
linear relationship and its correlation with ex-
traversion—introversion for experimental stud-
ies. He states, quite rightly, that the inverted-U
relationship has been used rather loosely, in
that some (e.g. Hebb 1955; Malmo 1959 ; Duffy
1949) have used the relation as an aid to theory,
while others (e.g. Freeman 1940; Courts 1942;
Schlosberg 1954; Stennett 1957) have found
that the relation fits their data. As he points
out, “the assumption is, however, loose and

ill-defined since with a U-function direct predic-
tion of the value on one axis from knowledge
of the other is not always possible.” This diffi-
culty arises from the fact that on such a curve,
for any given value of performance except the
optimal there will be two possible values of
arousal, so that although level of performance
is predictable given level of arousal, level of
arousal cannot be ascertained merely from
knowledge of performance. As Fig. 1.5 shows,
this ambiguity can be resolved, however, by ex-
perimentally increasing or decreasing arousal
level; the direction of change of performance
will then indicate the location of the subject
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Fig. 1.5. Performance level Y,, Y5 would result from
arousal levels X, or X;. Given values Y,, Y; it
is possible to determine whether arousal level is at
X, or X3 by manipulating level of arousal and not-
ing directional change in performance. (After Cor-
coran 1965)



Theory Making: Correlational and Experimental Psychology

=
|

Performance ——=

H
Arousal ————=

Fig. 1.6. Groups L and H both perform at h, L
By manipulating level of arousal it is possible to
determine which group is at H and which at L.
(After Corcoran 1965)

on the abscissa. In a similar fashion, the posi-
tion of two groups differing in personality (e.g.
extraverts and introverts) on a performance
variable can be identical, but their shift in per-
formance when arousal level is increased or de-
creased will provide predictable shifts in perfor-
mance. Figure 1.6 illustrates this contingency,
and Corcoran provides experimental evidence
to illustrate the use of personality variables in
this manner. Other illustrations, using drugs,
will be given in later chapters.

A similar argument is put forward by Frith
(1967), who tested critical flicker fusion perfor-
mance under conditions of quiet (low arousal)
and noise (high arousal), predicting improve-
ment under the noisy conditions for extraverts,
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and no change or decrement for introverts. Fig-
ure 1.7 illustrates his prediction, and the experi-
mental results were in line with expectation.
The percentage of correct responses from quiet
to noisy conditions rose from 52.64 to 58.56
for the extraverts, but remained almost identical
for the introverts (53.12 as opposed to 53.16).

So far we have dealt with a curvilinear rela-
tion between drive or arousal, on the one hand,
and performance on the other. There can be
little doubt about the reality of such a curvilin-
ear relation, but its causes are still unclear.
There are numerous theories, ranging from Pav-
lov’s notion of protective inhibition, i.e. inhibi-
tion (presumably on the receptor side) which
protects the cortical neurons from overstimula-
tion, to Easterbrooks’ notion of concentration
of attention, accompanied by decrement in non-
central perception and attention. Some of these
theories will be referred to in later chapters,
but it may be suggested that no firm theory
has arisen to account for all instances of curvi-
linear regression, and that probably no single
theory exists in this field; different responses
may be subject to different laws in this respect,
requiring a separate theory for each class of
responses. It is unfortunate that so little seems
to have been done to clarify this issue; the prob-
lem has been with us for long enough!

To complicate the picture even further, we
have two additional but different types of curvi-
linear regression, implicating extraversion—in-
troversion through the mediating variable,
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Fig. 1.8. Relation between level of sensory input and

Eysenck 1963)

arousal. The first of these regressions involves
hedonic tone, rather than performance; Fig. 1.8
illustrates the hypothesis, first stated by Ey-
senck (1963). The hypothesis states, in the first
place, that just as there is an optimal level of
arousal for performance, so there is an optimal
level of arousal for subjective feelings of con-
tentment, happiness or generally preferred he-
donic tone. This level is intermediate between
low arousal, such as might accompany sensory
deprivation, and too high arousal, such as might
accompany painful sensory stimulation. This
hypothesis, originally introduced in a slightly
different form by Wundt (1874) is illustrated
in Fig. 1.8 by the solid curved line ; it is modified
by the additional hypothesis that extraverts and
introverts will show an optimum level of hedon-
ic tone at points O.L, and O.L.g, displaced
from the general average optimum level O.L.p
of the population towards the lower and higher
stimulation-arousal ends of the abscissa respec-
tively. It follows from this hypothesis that at
points A and B, where the hedonic tone is indif-
ferent for the average (ambivert) person, intro-
verts and extraverts will have respectively nega-
tive and positive hedonic feelings. It also follows
that extraverts will have higher pain thresholds

High
(Pain)

hedonic tone as a function of personality. (After

(e.g. Shiomi 1978), while introverts will find
sensory deprivation easier to bear (Eysenck
1967). Both these predictions have been shown
to be experimentally verifiable (Eysenck 1976a).

This hypothesis is clearly different from that
linking arousal and performance, but it should
be noted that it is quite possible that hedonic
tone itself will influence performance, in the
sense that performance itself, by changing a per-
son’s arousal level, will become a positive or
a negative reinforcement, and hence produce
motivation either to continue or discontinue the
performance of the act in question. Conversely,
performance, by affecting the arousal level, may
lead to actions which may change the arousal
level; thus Ashton et al. (1972) have shown that
under boring work conditions (under-arousal)
people will smoke more than under moderately
arousing conditions ; similarly, they will smoke
under difficult work conditions (over-arousal)
more than under moderately arousing condi-
tions. (Smoking has arousing or tranquilizing
effects, depending on dosage — Eysenck 1979b.)

These interactions should always be borne
in mind when planning experiments in this field,
or analysing experimental results. Thus Tranel
(1961) studied 20 introverts and 20 extraverts



Theory Making: Correlational and Experimental Psychology 19

under conditions of perceptual isolation and
found that “as a group extraverts tolerated the
isolation conditions significantly better than in-
troverts in terms of time spent in the room.”
This result is completely contrary to what was
expected. However, Tranel also discovered the
reasons for this apparent failure. Subjects had
been instructed to lie quietly on their couch,
to estimate the time every half hour and not
to go to sleep. “In general, the extraverts
reacted by ignoring the instructions ... while
the introverts reacted by adhering rigidly to in-
structions.” As Tranel reports, ‘extraverts
largely ignored the instructions to lie quietly.
They moved about quite freely and this move-
ment was part of their coping behavior. In other
words, extraverts resorted to a form of self-
stimulation in the form of tapping, moving, or
exploration of the surroundings. They seemed
to be much more concerned with devising ways
to endure the situation than with following the
instructions.” This may be interpreted as nega-
tive hedonic tone, much stronger in extraverts
than introverts in this situation, motivating ex-
traverts to increase arousal level by going
counter to the instructions. The strong motiva-
tional properties of hedonic tone must therefore
always be borne in mind in experiments involv-
ing arousal.

An alternative hypothesis to the one illustrat-
ed in Fig. 1.8 is of course that extraverts and
introverts differ with respect to the optimal level
of arousal, with extraverts preferring a higher
level than introverts. The available evidence,
though not sufficient to establish the original
hypothesis as definitively superior, does not
suggest that this alternative hypothesis is prefer-
able. An experiment to test these two hypothe-
ses against each other would be necessary before
coming to any final decision, and no such exper-
iment has thus far been reported. It is of course
not impossible that both hypotheses may be
true and complementary, rather than antagonis-
tic; extraverts may prefer a higher level of arous-
al, as well as being chronically low on arousal,
as compared with introverts. However, while
there is much evidence, as we shall see, for the
latter statement, there is none for the former,
and provisionally, therefore, we shall retain the
original hypothesis.

A final possibility which must be considered
is related to the concept of ‘arousal potential’
introduced by Berlyne (1974). This may be said
to denote what he calls ‘collative’ properties
of stimuli, but has probably a much wider appli-
cation to all types of stimuli which produce
arousal or disarousal; such stimuli may be
called external sources of arousal potential. In-
ternal sources of arousal potential are such per-
sonality factors as may be related to arousal,
i.e. primarily extraversion-introversion. The
question which now arises is whether there is
a linear relation between arousal potential and
arousal, accompanied by a curvilinear relation
between arousal and performance, or whether
there is already a curvilinear relation between
arousal potential and arousal, which might, in
Pavlov’s phrase, protect the organism against
too high an arousal. If this were true, then the
observed inverse-U relation between arousal
and performance might in part be an artefact
due to lower arousal being produced by higher
arousal potential conditions in the descending
limb of the U-shaped relation between arousal
potential and arousal.

This rather confusing hypothesis is illustrated
in Fig. 1.9 (Eysenck and O’Connor 1979),
which related arousal potential to a direct mea-
sure of arousal, namely the CNV (contingent
negative variation on the EEG). The arousal
potential in this case was constituted by internal

CNV.

Arousal potential

Fig. 1.9. Contingent negative variation (a measure
of cortical arousal) as a function of arousal poten-
tial. Internal sources of arousal potential — extraver-
sion and introversion. External sources of arousal
potential — RS (real smoking) as opposed to SS
(sham smoking)
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factors (extraversion vs introversion), and an
external factor (sham smoking vs real smoking,
with the latter constituting the arousal-increas-
ing factor). The figure shows the theoretical pre-
diction ; compared with the sham smoking con-
dition, which shows extraverts having lower
arousal than introverts, real smoking produces
a shift upwards for the extraverts, but a shift
downwards for the introverts. The outcome of
the experiment, which will be described in more
detail in a later chapter, was in line with predic-
tion; thus there seems to be some truth in the
hypothesis linking arousal potential to actual
arousal in a curvilinear fashion.

The notion of these several and distinct curvi-
linear relations between arousal, arousal poten-
tial, performance and hedonic tone is confusing,
but if reality is complex it serves no useful pur-
pose to pretend otherwise, and the evidence for
all the relationships observed is quite strong.
Further research into all of them is obviously
required, as is further work on the relation ob-
taining between these curvilinear relations and
personality. However, there is one supremely
important consequence that follows from this
discussion, and it is that theories linking person-
ality with performance must always specify the
parameters under which the relationship is to be
tested. Clearly, if curvilinear relationships are
the rule rather than the exception, then correla-
tions between a given personality trait (e.g. ex-
traversion) and a given type of performance
may be positive or negative, depending on the
part of the U-shaped curve linking the two.
There is so much evidence concerning this point
(e.g. Eysenck 1967, 1976 a), which will be raised
again and again in the course of this book,
that experimentalists can have no excuse for
disregarding it in designing their experiments
or interpreting their findings. The Shigehisa
et al. experiments already described are a clear
example; for low intensities of visual stimula-
tion the relation between introversion and audi-
tory threshold is the opposite to that which
can be observed at higher intensities. Another
example is the work of Eysenck and Levey
(1972) on eye-blink conditioning with strong
and weak UCS; the correlation with introver-
sion is positive for weak stimuli, negative for
strong stimuli, as predicted. 4 personality theory

cannot be regarded as acceptable unless it pre-
dicts the parameter values under which certain
relations are to be found. Such predictions may
not always be quantitative prior to investiga-
tions of the precise point at which the optimal
levels on a given curvilinear relationship are
to be found, but at least some relative predic-
tions should always be possible, phrased per-
haps in terms of more or less, stronger or
weaker. Many alleged failures of the theory dis-
cussed in this book have been produced by the
experimenter’s failures to take seriously the re-
quirements of the theory to specify parameter
values; in the absence of such statements the
results of experiments are not interpretable.

The outcome of this section is thus that
theory making in the personality field cannot
proceed without taking into account the con-
cepts of experimental psychology (such as arous-
al) and the findings of experimental psychol-
ogy (such as the inverted-U relation between
arousal/drive and performance). Conversely,
the findings of correlational psychology in the
personality field are directly relevant to the test-
ing of theories in the experimental field, and
the inclusion of such directly relevant personali-
ty variables (e.g. extraversion-introversion) is
not just permissible, but mandatory. Theories
should combine personality and experimental
variables in making predictions, and should pay
particular attention to the specification of the
parameter values expected to produce a given
type of interaction; without such specification,
theories cannot properly be said to be supported
or disproved. There are many other difficulties
and problems in making proper predictions and
testing personality theories; some of these will
be discussed in the next section. But these, al-
though important, are less fundamental than
the problem posed by the specification of pa-
rameter values, particularly the intensity and
duration of stimuli.

1.4.1 Theory Testing: Constraints
and Complications

Given that our theory has been stated in a test-
able form, we are still faced with a number
of problems, some of which are part of the
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philosophy of science and are common to all
models, others of which are more specific to
the particular model under consideration. We
shall deal briefly with the more general prob-
lems, then in greater detail with the more specif-
ic ones.

Both verificationist and falsificationist theo-
ries in the scientific ‘demarcation’ dispute al-
ready alluded to in the first section have given
rise to difficulties. We can verify a particular
deduction from a particular theory, but this is
clearly not enough to verify the theory as such;
many other deductions could have been made,
and some of these might have disproved the
theory. A theory, accordingly, can never be
proved to be right, and as Popper has pointed
out, all theories in fact are likely to be proved
wrong in the end. Falsification of a theory is
also difficult, however, because a theory is al-
ways only one of two or more premises in a
logical argument; if the deduction is falsified,
it could always be because the other premise(s)
involved are wrong, rather than the theory in
question. Both these possibilities must be borne
in mind when considering the evidence for and
against a given theory.

As an example, consider Eysenck’s theory re-
lating extraversion to pursuit-rotor reminis-
cence (Eysenck and Frith 1977). Accepting the
Hullian notion of dissipation of inhibition as
an explanation of the phenomenon, it was ar-
gued that extraverts, generating more inhibition,
should show greater reminiscence. During a
prolonged effort to verify this deduction and
quantify the theory, in the course of which over
50 separate experiments were carried out and
reported, there was overwhelming support for
the superiority of extraverts in pursuit rotor
reminiscence; yet the theory was in fact false,
as could be shown quite clearly when another
deduction was tested, namely that differences
in reminiscence between extraverts and intro-
verts should be apparent pre-rest, with rest re-
storing equality of performance. What was
found was the opposite: differences appeared
post-rest, with equal performance pre-rest! Ap-
parently the Hullian formulation was in error,
and an alternative theory, relying on consolida-
tion of the memory trace and differential strate-
gies was adopted and found more satisfactory.

We thus have a syllogism in which the Hul-
lian theory of inhibition is the major premise,
the Eysenck theory of extravert-introvert differ-
ences in arousal-inhibition the minor one; the
deduction depends on both being true. In fact,
the major premise is almost certainly not true
(at least in connection with the phenomena here
considered), and accordingly one would have
expected the deduction to be falsified — which
might have led to the erroneous conclusion that
it was the minor premise which was in fact
incorrect! By sheer accident it proved possible
to substitute a quite different theory in lieu of
the major premise, which, in combination with
the minor premise, generated an identical pre-
diction. But by the same token, we may also
be in error in accepting this verification as proof
of the correctness of the major premise, the
minor premise or both; another, as yet unconsi-
dered, theory might explain the observed facts
equally well or better. Thus neither verification
nor falsification of single deductions should be
taken too seriously, particularly when there is
little detailed knowledge about such vexed ques-
tions as suitable parameter values. We expect
anomalies in all scientific theories, even the
most useful and widely accepted; Newtonian
gravitation theory was never free of embarras-
sing anomalies of this kind (Suppe 1974) Psy-
chologists are perhaps too ready to discard theo-
ries which show such anomalies, and to expect
perfection where more realistic physicists and
chemists would prefer having a reasonable
theory containing inconsistencies and anomalies
to having no theory at all. When a theory is
successful in ‘explaining” and predicting a wide
range of phenomena, it is usually considered
better practice to look for errors in subsidiary
theories providing parts of the scaffolding of
additional premises needed for prediction,
rather than to abandon the theory altogether.

Even so, testing a scientific theory can pro-
ceed at many different levels, and it is important
to realize the kind of support given to a theory
when deductions at these different levels are
tested and verified. Deductions can be looked
at as lying on a continuum ranging from direct
and close to indirect and remote. The hypothe-
sis that extraverts would have more eye contact
with an interviewer than introverts is an obvi-
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ous, common sense deduction from the major
premise that extraverts are more sociable (Which
is perhaps more a definition than a premise),
and the additional one that sociable people
would have more eye contact than unsociable
people — a minor premise which could of course
be wrong. If the prediction turns out to be
wrong, we would almost certainly reject the mi-
nor premise; consequently from the point of
view of testing the major premise, failure is not
crucial and success not very informative.

This prediction would seem to test nothing
more than the descriptive aspect of the person-
ality theory, although Zajonc (1965) has linked
social behaviour with arousal, a connection
which makes it possible to deduce the positive
search for social contact of the extravert from
his low arousal. Clearly much more direct de-
ductions from the causal theory can be made
by testing the arousal level of extraverts and
introverts in carefully designed situations, using
EEG, CNV or other similar measures widely
accepted as indexing different states of arousal.
Such tests of the theory are described in detail
in another chapter, and they constitute perhaps
the clearest and most direct tests of the causal
hypothesis of extraversion—introversion. Failure
on one of these tests might be argued away
as being due to the erroneous inclusion of this
test among the measures of arousal, or the
faulty selection of too stimulating or too little
stimulating testing conditions; more general
failure of the deductions would effectively put
the theory out of court. This type of test is
therefore of particular importance in assessing
the success or failure of a theory.

The prediction that introverts should form
conditioned responses better and more quickly
than extraverts (under conditions of low intensi-
ty UCS) is of interest, because it is known (or
strongly suspected) that conditioning is facilitat-
ed by higharousal,; if introverts show high arous-
al (which is an important part of the theory)
then the conclusion should follow. Failure
could be blamed on the hypothesis linking arous-
al with conditioning, but this hypothesis is
pretty firmly established, and the failure of the
test to confirm the original theory would re-
dound more to the discredit of the personality
postulate than to that of the conditioning-arous-

al theory. Vigilance (Mackie 1977) is probably
as closely linked with arousal as is conditioning,
and the relation between introversion and vigi-
lance is firmly established (Eysenck 1967).
Predictions in the field of memory are more
indirect than those relating to conditioning, in
part because of the much more complex nature
of human memory, and as a partial consequence
of this, because of the intrusion of additional
hypotheses whose status is not very clear. Thus
Howarth and Eysenck (1968) based their predic-
tion of the differential recall of extraverts and
introverts, with the former showing forgetting
over time, and the latter showing reminiscence,
on Walker’s theorem, according to which con-
solidation of the memory trace, while it is going
on, inhibits recall. The prediction was success-
ful, thus apparently validating both the person-
ality theory and Walker’s theorem, but one
would clearly feel more sure of the affirmative
nature of the outcome for personality theory
if Walker’s theorem had been more firmly es-
tablished in advance of the experiment. A later
chapter discusses these points more thoroughly.
Least certain, and most doubtful, are of
course predictions in the social field generally,
e.g. the prediction that antisocial behaviour
would be correlated with extraversion, psychot-
icism and neuroticism (Eysenck 1977a). Other
predictions in this field concern neurotic behav-
iour (Eysenck and Rachman 1965), sexual be-
haviour (Eysenck 1976c), and social attitudes
and ideologies (Eysenck and Wilson 1978). In
all these fields the logical chain from premises
to conclusions is so long and complex that er-
rors are perhaps inevitable and failures of pre-
diction not unexpected; it is surprising that so
many of these predictions have in actual fact
stood up to empirical testing. Brody (1972),
after stating that he believes that a “fully ade-
quate scientific theory of personality which we
do not as yet have will be similar in many re-
spects to Eysenck’s theory”, continues with
some pertinent criticisms, particularly related
to predictions in the social field. ““First, and
perhaps most critically, the theory is not invari-
ably in accord with empirical findings. Second,
deductions from the theory often involve ad
hoc assumptions and do not invariably rigor-
ously follow from the central assumptions of
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the theory. Finally, the theory appears to deal
most precisely and extensively with biologically
relevant behaviours. However, there is insuffi-
cient attention to the social aspects of behavior
and there is a failure to deal in an equally thor-
ough and sophisticated way with the socializa-
tion process.” Our last chapter reviews the pre-
dictions of the theory in the social field and
some of the results of testing these predictions;
Brody’s criticisms will probably be seen as well
taken.

There are of course good reasons why devel-
opments have been along these lines, rather
than others. Particularly important among the
reasons for concentrating on biological factors,
to the partial disregard of social ones, has been
the general Zeitgeist which showed an opposite
trend ; it seemed important to emphasize biolog-
ical factors, in the secure knowledge that most
other research workers in the field would con-
centrate their efforts on social factors. Man is
of course a bio-social organism, and both social
and biological factors must be taken into ac-
count in any rational model of man; neverthe-
less, biological factors are so fundamental and
were so disregarded, that concentration on them
seemed not unreasonable. In any case, the con-
ditioning model constructed to account for
much of criminal and neurotic conduct does
contain cognitive elements; as Pavlov always
insisted, the second signalling system is a vital
part of his theoretical construct. As he pointed
out, “owing to the entire preceding life of the
human adult a word is connected with all the
external and internal stimuli coming to the cere-
bral hemispheres, signals all of them, replaces
all of them and can, therefore, evoke all the
actions and reactions of the organism which
these stimuli produce.” This view was strongly
endorsed by Platonov (1959), whose original
and important researches into the second sig-
nalling system have been rather disregarded in
the Western world. Also, recent work by Martin
and Levey (1978) on evaluative conditioning
suggests that the principles of conditioning can
with advantage be extended to social fields
where previously purely cognitive theories pre-
dominated.

Again, the development of cognitive and
other theories on the social side has been disap-

pointing, to say the least; they are not in a
proper state to be incorporated within a model
which claims to have some degree of scientific
status. Allport (1975) has recently given a suc-
cinct, critical but not unjust review of cognitive
theories ; this is his conclusion: The field, he
says, is characterized by *‘an uncritical, or selec-
tive, or frankly cavalier attitude to experimental
data; a pervasive atmosphere of special plead-
ing; a curious parochialism in acknowledging
even the existence of other workers, and other
approaches, to the phenomena under discus-
sion; interpretation of data relying on multiple,
arbitrary choice-points; and underlying all else
the near vacuum of theoretical structure within
which to interrelate different sets of experimen-
tal results, or to direct the search for significant
new phenomena.” These are strong words, but
they do not seem unjust when viewed against
the background of the cognitive theories pro-
duced in such profusion.

When all is said and done, however, it must
remain obvious that the application of the mod-
el of personality here developed to social activi-
ties in the larger sense is hazardous because
of the length of the chain of reasoning involved,
and because of the multiplicity of influences
which determine social action. The application
of the model to antisocial conduct (Eysenck
1977a), for instance, makes predictions which
are verified best with children and adolescents;
it does work also with incarcerated adults, but
the reasons for incarceration are many, and so
are the effects of incarceration; thus we have
a much more complicated situation in which
personality factors making for antisocial behav-
iour only form a part of the total background.
Many prisoners are inadequate, rather than
antisocial; they are less likely to fall into the
same personality pattern as other offenders
whose crimes testify to their antisocial nature.
Prison may make inmates more introverted in
their behaviour; thus the very act of incarcera-
tion may reflect back on the personality factors
involved. In some cases offenders were under
the impression that their answers to the person-
ality questionnaire might be instrumental in
procuring earlier parole, or other advantages;
high lie scores and low neuroticism scores testify
to this, but of course under these circumstances
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the results become meaningless. When all these
difficulties are borne in mind, and only the bet-
ter studies taken into account, the agreement
between model and fact is not too poor. Person-
ality is always only one of many influences which
determine complex social phenomena, and
hence correlations are unlikely to be very high;
consistency of direction is all that may reasona-
bly be expected.

So far we have dealt with problems in the
verification or falsification of predictions made
from the model which are real, in the sense
that the questions raised are meanigful and have
an answer, even though that answer may be
difficult to produce. There are also questions
and problems which are unreal, although this
has not prevented many psychologists from
raising them or from criticizing the model in
terms of the putative answers given to these
questions. Two questions in particular have
been raised many times and discussed as if they
had a meaningful answer. The two questions
most frequently asked regarding extraversion,
both of which lack any scientific meaning, are
these: “Is extraversion—introversion a unitary
dimension?”’, and “Is extraversion—-introversion
independent of adjustment?” (Carrigan 1960.)
Consider what is implied in asking these ques-
tions. Philosophers make a clear distinction be-
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tween concepts and things; questions about ex-
istence and relationships can be meaningfully
asked of things, but not of concepts. We can
ask: “Is this a table or a pig?” and expect
to receive a meaningful answer. But concepts
are entirely different; they form part of a theo-
retical network which defines their coordinates
and renders them useful or useless, in varying
degrees. To ask whether extraversion—introver-
sion is independent of adjustment is to ask
whether extraversion—introversion correlates
with neuroticism, in terms of our theory. But
such a question presupposes that there is in
nature, somewhere, a thing called extraversion—
introversion, and another thing, called neuroti-
cism, and that we are able to look upon these
God-given things and confidently make asser-
tions about the existence or otherwise of certain
observable relations between them. But this is
surely quite untrue of psychological (or physical
or chemical) concepts; these do not have an
existence independent of the theory of which
they form a part, and hence this type of question
cannot be asked about them.

Consider Fig. 1.10, which shows the relative
position of six extraversion and six neuroticism
questions in a two-factor framework (Eysenck
1970a). Clearly these two dimensions are inde-
pendent; does this mean that we can answer
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Carrigan’s question about independence in the
affimative? Surely not, unless we accept that
the dimensions in question are completely and
solely defined in terms of these two sets of six
questions! Suppose we were to add two ques-
tions concerning impulsiveness and risk-taking,
both of which would have loadings on both
E and N, administer the new questionnaire to
a new group of subjects and reanalyse the new
set of data. We would now have the choice
of retaining simple structure, and obtaining ob-
lique axes, thus giving us correlated E and N
factors; or of retaining orthogonal axes, and
allow the two new questions to lie in the first
quandrant, separate from both our factors, and
having loadings on both. By a suitable choice
of additional questions we could make the cor-
relation between E and N assume almost any
value between +0.2 and —0.2; clearly there
is a good deal of subjectivity involved in the
whole process, and a question about the real
state of affairs is meaningless. We can construct
scales of E and N which possess the desired
quality of independence, or we can construct
scales of E and N which are positively or nega-
tively correlated; thus the question we are deal-
ing withreally involves properties which we desire
our scale to have, rather than properties which
some concept existing independently of human
thoughts, desires, and aims may have — some
immaterial Ding an sich, which in the nature
of things we could never comprehend.

The same is true of the question concerning
unitariness. We can make up inventories ap-
proaching unitariness (i.e. giving rise to matri-
ces of rank 1, or apporaching this rank), or
we can make up inventories which have a much
higher rank ; this is a subjective decision. Clear-
ly, if we conceive of E and N as super-factors,
emerging from the intercorrelations between
primary factors, then our inventory will only
give rise to matrices of rank 1 if we are careful
to select for our inventory only a single question
from each of the many primaries that generate
E or N; even Spearman was quite clear on this
point (which arises with equal clarity in relation
to the concept of intelligence — Eysenck 1979a).

It may be answered that by allowing so much
room for subjectivity, we are abjuring science,
and that a scientific approach must be entirely

objective. This is a major misconception, un-
fourtunately widespread among social scientists
who have little acquaintance with the proce-
dures used by physicists in constructing measur-
ing instruments or defining concepts. I have
elsewhere given an extended example from the
field of temperature measurement to illustrate
this point (Eysenck 1979a). Consider two mea-
suring devices, a resistance thermometer and
an ordinary mercury-in-glass thermometer.
Even in the classical ice-point to boiling-water
point range these do not give identical readings,
and as every text-book of physics makes clear,
the choice between the different readings is ar-
bitrary. Outside this narrow range differences
between different methods of measurement be-
come much more pronounced, yet the choice
still remains subjective. Should we be expected
to be more objective in this respect than are
the physicists?

Even within the simple field of liquid-in-glass
measurement of temperature, differences in re-
sults arise. To take but one example, if we com-
pared water thermometers with mercury ther-
mometers, we would find that in rising from
freezing point to 4° C, mercury would expand,
water contract! In actual fact, the liquids most
widely chosen (Mercury and alcohol) were se-
lected in part because they fit in best with the
kinetic theory of heat, which predicts that the
final temperature reading of a fluid obtained
by mixing similar fluids of masses m; and m,
at the initial temperatures t, and t, should be:

m;t,+m,t,
= m; +m,
The linseed oil thermometer was discarded be-
cause measurements made with this instrument
did not tally with the predictions made by the
kinetic theory ; mercury and alcohol thermome-
ters do tally. Thus the choice of a measuring
instrument is in part based on its agreement
with theory; the same is true of psychological
measurement. If the theory says that extraver-
sion and neuroticism are independent, then a
measuring instrument will be constructed and
chosen which will give independent readings for
the two concepts (if possible); if extraversion—
introversion is conceived as a super-factor made
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up of a set of traits or primaries, then the inven-
tory resulting will either be multidimensional
(superfactor) or unindimensional (containing
only one item from each primary), depending
on the choice of the experimenter. To ask
whether the concepts are really independent or
unidimensional is scientifically as meaningless
as to ask whether the temperature indicated by
the mercury or the resistance thermometer is
the real temperature; the use of the term real
in this connection implies an independent ex-
istence which can be asserted of things (al-
though even there philosophers would enter
many caveats), but not of concepts. For these
reasons we have not discussed the large litera-
ture which has accumulated around these ques-
tions ; the facts there presented answer questions
about the relations between measuring instru-
ments constructed by different psychologist,
and administered to different populations, they
are not relevant to any theoretical problem that
can be answered.

An illustration of the hollowness of terms
like ‘unitary’ in this connection is furnished
by Eysenck’s (1956) analysis of Guilford’s alleg-
edly unitary scale for the measurement of so-
cial shyness (S). The hypothesis tested was that
there were essentially two sorts of social shy-
ness, one connected with introversion (I don’t
care much to be with other people), and the
other connected with neuroticism (I am afraid
of other people). Factorial analysis showed
clearly that the allegedly unitary scale broke
up into two orthogonal parts, which correlated
quite highly with E and N respectively, and
contained items whose content indicated con-
formity with the hypothesis. This study indi-
cates that the questions raised by Carrigan can
be phrased in a meaningful manner by suggest-
ing alternative hypotheses concerning a particu-
lar inventory or concept. It indicates that while
there is an element of subjectivity involved in
the construction of a quetionnaire or other mea-
suring instrument, there are also objective con-
straints which are on the whole much more
powerful. It would be impossible to construct
an inventory of E and N which bore any rela-
tion to the concepts of the model and which
produced very high positive or negative correla-
tions between the two scores.

Similarly, it would be very difficult to con-
struct an inventory of this kind which failed
to produce the two factors of E and N, relatively
independent of each other; in fact, even when
there is no intention of doing so, the simple
inclusion of large numbers of personality ques-
tions pretty well ensures the emergence of these
factors (Eysenck and Eysenck 1969; see particu-
larly the reanalysis by Eysenck 1978b, of a
study by Browne and Howarth 1977). This fact
also speaks powerfully against the attempts of
some psychologists to restructure the personali-
ty field around axes rotated through 45°, such
as suggested by Gray and Claridge; these at-
tempts will be discussed in some detail in the
final chapter. What is clear is that in all the
numerous analyses conducted during the past
50 years, many of them not at all concerned
with E and N as major personality factors at
their inception have nevertheless ended up with
factors identical in nature to these, although
sometimes differently named (Royce 1973).
None has ended up with the 45° rotated factors,
suggesting that if we start with a random sample
of items, or with a quota sample of the total
universe (like Cattell), then their intercorrela-
tions will define areas of clustering correspond-
ing to E and N. This is an empirical finding,
just as is the finding of a ‘positive manifold’
among the correlations between cognitive test
(Eysenck 1979a).

Having said all this, it remains to be stressed
that there are meaningful questions that can
be asked about E, N and the contributory pri-
mary factors. It is meaningful to ask questions
about the factorial complexity of sets of items
included in popular or technical definitions of
traits like ‘impulsiveness’ or ‘sociability’, or
‘sensation-seeking’, or their position in the fac-
torial space defined by the superfactors (e.g.
Zuckerman et al. 1978; Eysenck and Eysenck
to be published). It is equally meaningful to
enquire to what extent the observed correlations
between impulsiveness and sociability, which
are basic to the concept of ‘extraversion’, are
due to genetic or environmental factors (Eaves
and Eysenck 1975); this and similar problems
are dealt with in some detail in a later chapter.
It is also meaningful and indeed important to
ask to what extent the major superfactors or
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dimensions of personality found in Western
countries are replicable in studies carried out
in countries behind the Iron Curtain, or in non-
Western industrialized countries like Japan, or
in third-world countries like India and Nigeria.
All these cultures have been investigated, with
very positive results (e.g. Lojk et al., in press);
identical factors emerge in all these widely dif-
ferent cultures. It is with soluble problems of
this kind that scientists should be concerned
(Medawar 1968), rather than with attempts to
answer questions that are outside the realm of
science altogether (Eysenck 1977b).

1.4.2 Theory Testing:
Some Sources of Error

One major source of error in testing the theory
of extraversion (or indeed any theory of person-
ality) is to treat the concept in question in isola-
tion and to disregard the fact that it is likely
to interact with other personality concepts and,
indeed, with ability concepts as well. Not all
extraverts are likely to behave in an identical
fashion, regardless of whether they are bright
or dull, neurotic or stable; the interaction with
these other dimensions of personality may be
crucial in mediating a successful prediction.
Consider a very simple example. In my original
formulation of the personality theory of anti-
social activity, I suggested that fundamental to
this type of conduct would be a lack of positive
conditioning mediating socialization processes,
and that these would be produced more readily
in the introvert than the extravert, because of
the greater arousal in the former, producing
stronger and quicker conditioning (Eysenck
1977a and earlier references given there). I
also suggested that neuroticism would act as
a powerful drive, multiplying the established
habits of socialized or anitsocial conduct in the
manner suggested by Hull. The prediction was
therefore made that it would be the high
E-high N subjects who would be predisposed
to antisocial conduct, as compared particularly
with the low E-low N subjects, but also partly
with subjects in the other two quadrants.

In spite of this explicit prediction, most inves-
tigators who tested this prediction simply com-

pared extraverts with introverts, leaving out of
account completely the N dimension. Results
were mixed when this was done, but certainly
the outcome cannot be considered very positive
as far as the prediction is concerned. Burgess
(1972) has recently reanalysed some of the pub-
lished data, using N as a moderator variable
as demanded by the original theory, and has
shown that when this is done all the data in-
volved give positive results. It seems clear that
reliance on only one single dimension when
theory predicts interaction between several di-
mensions may generate a false impression of
failure.

Consider another example, taken from the
field of expressive movements (Wallach and
Gahm 1960; Wallach and Thomas 1963). They
subdivided their population in terms of neuroti-
cism (anxiety) and introversion—extraversion,
and measured an area filled with doodling as
a measure of graphic constriction and expansi-
veness. Eysenck (1967) has reviewed evidence
to suggest that the high N group would be in
a state of higher stress than the low N group,
leading to extraverts high on N having constric-
tive scores, extraverts low on N having expan-
sive scores, while introverts would reverse this
relation. The actual figures bear out this predic-
tion, as shown in Fig. 1.11. Clearly no predic-
tion of any meaningfulness is possible on the
basis of E alone; both E and N come into the
prediction, and both have to be measured and
used to produce a meaningful result.

A third, rather more complex illustration
comes from work on eyeblink conditioning; a
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Fig. 1.11. Expansiveness as a function of neuroticism
and extraversion-introversion. (After Wallach and
Gahm 1960)
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more detailed treatment of the problems raised
will be given in a later chapter. Spence originat-
ed work on the relationship between personality
and eyeblink conditioning, suggesting that anxi-
ety (as measured by the Taylor MAS) should
correlate positively with speed of conditioning,
in view of Hull’s additive law of drive; several
studies from his laboratory verified this predic-
tion. Kimble and others, however, working at
Duke and elsewhere, failed to replicate these
studies. Eysenck predicted that introversion,
rather than neuroticism, would be found to cor-
relate with speed of conditioning, in view of
the higher arousal level of introverts; he also
provided a number of studies verifying his hy-
pothesis, and demonstrating an absence of cor-
relation of conditioning with N. Spence pub-
lished another study, again finding positive cor-
relations between conditioning and anxiety, but
none with introversion. Thus we would appear
to have here a complete set of contradictory
results, impossible to disentangle. Yet attention
to the interaction of N and E would seem to
make the apparent disagreement perfectly law-
ful and predictable.

Kimble noted that the Spence studies were
done under very anxiety-provoking conditions,
thus producing varying degrees of emotional
responses in persons differing in N; his own
work, and that of Eysenck, provided conditions
lacking in these anxiety-provoking aspects. As
a consequence we may be able to explain the
apparent failure of Kimble and Eysenck to rep-
licate Spence’s results in terms of experimental
conditions; where conditions are not anxiety-
provoking, differences in N will not be able
to affect performance. Spence’s failure to dis-
cover correlations between conditioning and in-
troversion follow from Eysenck’s postulate that
high degrees of anxiety or emotional response
inevitably affect cortical arousal level, both di-
rectly and indirectly (i.e. through the reticular
formation); thus the anxiety produced by
Spence’s experimental set-up would wash out
individual differences in cortical arousal and
eliminate correlations with introversion (Ey-
senck 1967). When we note further that the
MAS is a dual measure incorporating both N
and introversion (in varying degrees; correla-
tions are higher with neuroticism than with in-

troversion), we have a reasonable explanation
of all the observed phenomena. The predicted
correlation between introversion and condition-
ing only holds when (a) the UCS is reasonably
low in intensity, and (b) conditions are such
as to evoke only small degrees of anxiety. These
conditions of testing can be derived from the
general theory, and are not ad hoc; failure to
adhere to them will inevitably reduce or elimi-
nate the predicted correlation, and may in fact
turn them in the opposite direction, i.e. when
Pavlov’s law of transmarginal inhibition comes
into play. Individual differences in N cannot
be left out of account when making predictions
in relation to E, unless conditions of testing
are such as to assure that emotional reactions
to the total situation are minimal.

It is unfortunate that conditions of testing
have attracted so little attention among person-
ality theorists and research workers; it may be
said that such lack of attention could easily
be fatal to any hopes of producing replicable
results in this field. Some of these conditions
are fairly obvious, such as the anxiety-provok-
ing nature of the situation into which subjects
are placed (although until Kimble pointed out
this feature in Spence’s laboratory it had not
been remarked upon by any of the psychologists
who took part in the debate concerning the
failure to replicate his results) ; others are much
more obscure, and seldom attended to. One
such condition, here chosen as an example, is
time of day when testing is carried out; the
relevance of circadian rhythms to test perfor-
mance, and their interaction with personality,
has been demonstrated with particular clarity
by the Cambridge group (Colquhoun 1971).

Figure 1.12 shows the body temperature
rhythms of introverts and extraverts respective-
ly (Blake 1967), and Fig. 1.13 shows a similar
diagram giving alertness ratings of introverts
and extraverts. It will be seen that for both
measures (which might be regarded as indirect
indices of cortical arousal) introverts have high-
er scores in the morning, extraverts in the even-
ing; in other words, introverts are larks, extra-
verts owls, to use the terms frequently employed
in the vernacular. (Similar differences are found
in diurnal variations in pain — Folkard et al.
1976.) Many studies have shown performance
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Fig. 1.12. Body temperature rhythms of introverts and extraverts. (After Blake 1967)
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differences corresponding to these changes in
body temperature and alertness; typical are two
studies by Colquhoun (1960) and Colquhoun
and Corcoran (1964). In the former, using a
vigilance task, he found introverts to score bet-
ter than extraverts in the morning, worse in
the afternoon. In the latter, using a task requir-
ing the cancelling of letters in a piece of English
prose, he obtained similar results (cf. Fig. 1.14).

Time of day

Blake (1971), reporting a number of addition-
al experiments, summarized his results as fol-
lows: “Taken altogether, the results described
in this chapter therefore favour the view (1)
that introverts have higher arousal levels than
extraverts in the morning, (2) that there is a
general increase in level of arousal in both
“types” throughout the day, (3) that the level
of arousal increases at a greater rate in extra-
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Fig. 1.14. Mean output of extraverted and intro-
verted subjects at different times of day. (After Col-
quohoun and Corcoran 1964)

verts than in introverts, with the result that (4)
when an additional arousing factor is added
to the task situation the level of arousal in extra-
verts may be post-optimal for performance later
in the day. Changes in temperature during the
day mirror the performances of introverts and
extraverts quite neatly under ‘“normal” condi-
tions, and could therefore ... be considered a
reasonably valid indicant of variations in arous-
al, and in resultant levels of efficiency, in both
types. However, because of the ““inverted-U”
relationship between performance and arousal
it can now be seen that the use of temperature
as a simple predictor of actual behaviour will,
in certain circumstances, be misleading ... The
value of temperature as a direct index of perfor-
mance efficiency is limited to conditions in
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Fig. 1.15. Mean output scores of extraverted and
introverted subjects in different social situations.
(After Colquhoun and Corcoran 1964)

which arousal does not exceed the optimal level
for the particular task under investigation.”
Among the conditions studied by Colquhoun
and Corcoran (1964) which produced increases
in arousal differentially for extraverts and intro-
verts was testing in isolation or in groups;
Fig. 1.15 shows results of testing in the morning
under these two types of condition. The inter-
pretation favoured by Colquhoun would be that
under isolated conditions introverts are near op-
timum arousal, extraverts well below that level;
under group testing conditions introverts would
be pushed beyond this optimum on to the de-
scending arm of the inverted-U relationship,
while extraverts would be pushed up the ascend-
ing arm. The work of Zajonc (1965) lends sup-
port to the hypothesis that group testing (or
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indeed the presence of other human beings at
all) produces increases in arousal.

In addition to isolation vs group testing,
other manipulations of the environment that
have been used include white noise and drugs.
As an example of the latter type of modifica-
tion, consider the work of Revelle et al. (1980)
on the use of caffeine in relation to per-
formance on a verbal achievement task. (The
data were clearest in relation to the impulsive-
ness component of extraversion, and hence the
discussion is restricted to this aspect of their
work.) The major finding of the study was that
low impulsives were hindered and high impul-
sives were helped by caffeine in the morning
of the first day of testing, but that this pattern
was reversed in the evening. Revelle et al.
(1980) argued that this result could be ac-
counted for by means of the following as-
sumptions: (a) caffeine increases arousal level;
(b) there is a time of day effect (or circadian
rhythm) in arousal; (c) there is a phase differ-
ence of several hours between introverts and
extraverts in this circadian rhythm, with intro-
verts reaching their peak arousal level before
extraverts; (d) there is a curvilinear inverted-U
relationship between the level of arousal and
performance. This interpretation, while it agrees
with some of the literature mentioned above,
suffers from various serious faults which have
been pointed out in detail by M.W. Eysenck
and Folkard (1980); we shall not here
repeat their criticisms, but simply mention
the fact that there are still many problems in
the interpretation of circadian rhythm data in
so far as they relate to performance data. This
does not of course invalidate the major point
made here, namely that attention to time-of-day
effects in designing and interpreting psychologi-
cal experiments involving personality is manda-
tory; the facts regarding the existence of interre-
lations between personality, performance and
time of day are not in dispute. What is arguable
is the applicability of some very simple hypothe-
sis to explain all of these data.

Circadian rhythm effects have obvious links
with imposed changes on these rhythms, such
as occur in night-shift work, spring and autumn
daylight time changes and jet lag. Such changes
should be easier to impose on extraverts than

on introverts, either using Wundt’s notion of
extraverts being more ‘changeable’, or else the
simple view that extraverts, being less easily
conditioned, should extinguish the conditioning
experiences which linked their circadian
rhythms to specific internal experiences of time
change more easily. The evidence certainly fa-
vours such a view; Colquhoun and Folkard
(1978), Folkard et al. (1979), Monk and Aplin
(1980) and Monk and Folkard (1976) have
found consistent evidence for the hypothesis
that extraverts more easily adjust to these types
of changes. Some of the correlations reported
are quite impressive, and clearly the effect is
of considerable importance.

The two sources of error in testing predictions
from the arousal theory of personality already
mentioned (treating E in isolation from other
major dimensions of personality, and disregard-
ing conditions of testing, such as circadian
rhythm effects) are fairly general and might ap-
ply to other dimensions of personality and the
testing of theories regarding them also; the
same is true of the third source of error which
we propose to discuss in relation to a particular
hypothesis involving figural after-effects. The
error consists in applying inappropriate statisti-
cal tests (in this case test-retest reliability mea-
sures) to the data obtained and drawing conclu-
sions from these data which are unjustified. It
is unusual for psychologists to think very much
about the conditions which must be observed
if such tests are to be applicable to a given
body of data, and hence errors may often be
made which are not obvious to experimenter
or reader. I have chosen for discussion a partic-
ular example, largely because the evidence re-
garding it is extensive, and also because the
amount of research originally rejected because
of such errors of interpretation was very large;
other examples could have been given.

The story begins with Eysenck’s suggestion
that individual differences in kinaesthetic after-
effects could be used as an index of personality,
particularly extraversion (Eysenck 1955); exper-
imental studies were reported showing reliable
differences in such after-effects between intro-
verted and extraverted neurotics. Broadbent
(1961) and others replicated the study, with vary-
ing amounts of success, but it was not until
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the large-scale research efforts of Petrie (1967)
that what became known as stimulus intensity
modulation attracted much attention. As can
be deduced from our Fig. 1.8, introverts would
augment the impact of external stimulation, ex-
traverts would reduce it; Petrie used the KAE
(Kinaesthetic After-Effect) test, in a modified
form, to measure these properties of stimulus
intensity modulation, and succeeded in produc-
ing a large amount of evidence, relating to many
areas such as pain perception, criminality and
smoking behaviour. In all this work highly sig-
nificant correlations were found in the direction
predicted fromextraversion—introversion (arous-
al) theory, although as we shall note presently
some negative findings were also reported
(Barnes 1976). Zuckerman et al. (1974) extend-
ed the theory to psychophysiological measures,
i.e. the average evoked potential.

Gradually the favourable climate of opinion
changed with the discovery that repeat reliabili-
ty of the KAE test was poor (Morgan and Hil-
gard 1972), and more recent writers have tended
to dismiss all this work as practically worthless,
on the basis that totally unreliable tests cannot
produce valid information (e.g. Weintraub et al.
1973). As Baker et al. (1976) note, “recently,
the literature of KAE has taken a sharp turn.
The current consensus is that (a) KAE lacks
test-retest reliability..., (b) KAE shows only
marginal, if any, validity, and (c) use of these
KAE scores as an index of stable individual
differences should be discontinued.” (p. 2.)
Baker et al. take up this critical view of the
KAE and attempt to demonstrate that it is com-
pletely mistaken. “In challenging this current
consensus, we argue that (a) first-session KAE
is valid ; (b) poor retest reliability simply reflects
later-session bias; (c) hence, multisession stud-
ies should not be used to assess validity without
taking this bias into account. Those recent stud-
ies which failed to support KAE validity were
each multisession in design. If our bias conten-
tion is correct, these studies should be ignored,
and the claim of intermittent validity is thus
rebutted.” (p. 1.)

Barker et al. have taken this criticism beyond
a merely verbal and conceptual argument; they
have demonstrated that lack of reliability is in-
deed due to persisting effects on later sessions

of earlier experiences, invalidating multisession
scores, and they have reanalysed published and
apparently unsuccessful replication studies.
They summarize their results of these reanalyses
as follows: ““Reanalysis of the most recent mul-
tisession, nonsupportive validity study indicates
(a) Session 1 validity, (b) later-session bias, and
(c) later-session validity when multisession
scores are combined to avoid bias. Thus, KAE
validly measures personality.” (p. 1.) As they
point out, ““‘the major import of this study is
not in the particular findings of validity and
bias but rather in terms of its implications for
the area of KAE individual differences re-
search ; it destroys the logical and empirical ba-
sis for the current critical consensus which has
consigned the KAE measure to oblivion as a
measure of individual differences.... In conclu-
sion, the original excitement and interest which
many psychologists showed in the KAE task
and the stimulus intensity modulation hypothe-
sis after the early supportive studies seems fully
justified.”

We would go even further than this and argue
that what has happened here is not unusual
in personality research, namely the rejection of
a perfectly good theory, leading to interesting
and fruitful results, on the basis of negative
findings based on methodology and analysis
which do not take into account the actual
theory under examination and hence lead to
apparently negative findings. These findings are
then used to discredit the theory for which they
are in fact irrelevant. Taken together with the
frequent lack of attention to parameter value
requirements of a given theory, so that parame-
ters are chosen for the testing of a theory which
are not in accord with the predictions of that
theory, this leads to failure to replicate, a failure
which is not due to faults in the theory under
investigation, but rather to lack of attention
on the part of the investigator to the dictates
of the theory in question. Psychology is not
in possession of so many good theories that
it can afford to reject such theories on the basis
of work which pays scant attention to the actual
requirements of such theories.

It might be said in extenuation that those
who doubted the validity of the KAE as a mea-
sure of extraversion did so on the excellent
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grounds that a test having low reliability cannot
have high validity. This is only true under quite
circumscribed conditions, and clearly these con-
ditions did not apply (and were never shown
to apply) to the KAE test. But even more com-
pelling is another argument, which should have
acted as a warning to critics — if a test is valid,
it cannot be unreliable! The strong support
which Petrie’s early studies, as well as those
of others, gave to the theory suggests very
strongly that the measures used (i.e. first-session
KAE scores) cannot have been unreliable; had
they been so unreliable, positive results could
not have been obtained. Thus it may be suggest-
ed that critics inverted the proper argument,
leaving out of account the demonstrated success
of the method as used by Petrie and arguing
from the failure of the changed method used
by them. Quite generally, failure to replicate
(usually with many changes in experimental
procedure, population studied, methods of
analysis, etc.) is taken as a sign that the original
research was faulty in some respect and does
not deserve further attention. It might equally
well be taken to mean that the failure is due
to certain aspects of the replication study and
that it is incumbent on the experimenter to ex-
plore the differences between the two studies
in order to clarify the situation. Failure to repli-
cate may often mean just that — a failure on
the part of the experimenter to properly repli-
cate the major features of the original study
and thus an implied responsibility to account
for this failure. Too frequently do psychologists
in particular neglect this responsibility and as-
sume that by failing to replicate somebody
else’s work they have thrown doubt on that
work, when in reality they may only have
thrown doubt on their own competence. A sci-
entist replicating another scientist’s work has
an explicit and implicit responsibility to pay
attention to all aspects of the older work and
of the theory informing it; changing parameters
at will, and disregarding important aspects of
design and analysis, are only likely to mislead
and make it impossible to evaluate the true con-
tribution of the original or the replication study.

In looking at the possible sources of error
in testing theories in the personality field, it
may be useful to consider the alternatives in

terms of Fisher’s notion of Type 1 and Type
2 errors. It is possible to accept theories too
readily on the basis of apparently favourable
results which only test few and possibly atypical
deductions from the theory, or which are not
in fact rigorously deducible from the theory at
all. It is equally possible to reject theories on
the basis of apparently unfavourable results
where the failure of the experiments in question
to give positive results is due, not to defects
of the theory, but to errors in the minor pre-
mises of the syllogism used to make the predic-
tion, to assumptions about the tests used which
are in fact erroneous, or to failure to take into
account the whole of the theory to be tested,
including the deductions about parameter val-
ues contained in it. It is the point of this section
to point out that errors of this second type
are more frequent in modern psychology than
errors of the first type; there are many ways
in which predictions can be falsified without
involving the failure of the theory in question.
Research workers should always be on the look-
out for this type of error which, in the early
stages of theory development, is the more se-
rious. It is when a theory has been extensively
tested that scientists become more aware of the
finer details to be taken into account, and it
is then that errors of the first type become more
unacceptable.

I would not like what I have said to be misin-
terpreted as advocating that we should relax
our standards of rigour; quite on the contrary.
What I am suggesting is that these rigorous
standards should be applied not only to experi-
ments favourable to theories and hypotheses
under investigation, but also to the critiscism
made of them theoretically and the invalidation
based on experimental studies and ‘failures to
replicate’. We should always ask whether such
invalidation really follows from strict adherence
to the dictates of the theory, or whether perhaps
the alleged disproof rests on more shaky foun-
dations. It may be noted that Newton’s Princi-
pia Mathematica was widely criticized and re-
jected by the French physicists for a long time
because of lack of rigour in the mathematics
(a lack of rigour which was not abolished until
150 years later, by Cauchy in his Cours d’Ana-
lyse) and because of the numerous anomalies
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which appeared on the observational side. All
scientific theories are beset by anomalies (Pop-
per 1959); it is only in psychology that the ex-
istence of such anomalies is regarded as justifi-
cation for abandoning an otherwise respectable
theory. This is carrying rigour to extremes and
must ultimately be destructive; no paradigm
can be built up under such a regime. Scientific
theories should be abandoned only when a bet-
ter theory is available, not when anomalies
arise. Scientific rigour is obviously necessary
if we are to avoid errors of the first kind, but
it must be kept within limits by fear of making
errors of the second kind. There is a fine balance
between extremes which is often difficult to
maintain, but vital for success in building up a
science of psychology.

References

Allport DA (1975) The state of cognitive psycho-
logy. Q J Exp Psychol 27:141-152

Allport GW (1937) Personality. Constable, London

Ashton H, Savage RD, Telford R, Thompson JW,
Watson DW (1972) The effects of cigarette smok-
ing on the response to stress in a driving simula-
tor. Br J Pharmacol 45:546-556

Baker AH, Mishara BL, Kostin IW, Parker L (1976)
Kinesthetic after-effect and personality: A case
study of issues involved in construct validation.
J Pers Soc Psychol 34:1-13

Barnes GE (1976) Individual differences in perceptu-
al reactance: A review of the stimulus intensity
modulation individual difference dimension. Can
Psychol Rev 17:29-52

Berlyne DG (1974) Studies in the new experimental
aesthetics. Wiley, London

Blake MJF (1967) Relationship between circadian
rhythm of body temperature and introversion-ex-
traversion. Nature 215:896-897

Blake MJF (1971) Temperament and time of day.
In: Colquhoun WP (ed) Biological rhythms and
human performance. Academic Press London,
p 108-148

Bowen KS (1973) Situationism in psychology: An
analysis and a critique. Psychol Rev 80:307-336

Broadbent DE (1961) Psychophysical methods and
individual differences in the kinesthetic figural
after-effect. J Psychol 52:97-104

Broadhurst PL (1975) The Maudsley reactive and
nonreactive strains of rats: A survey. Behav Genet
5:299-319

Broadhurst PL (1978) Drugs and the inheritance
of behavior. Plenum Press New York

Brody N (1972) Personality. Academic Press, Lon-
don

Browne JA, Howarth E (1977) A comprehensive
factor analysis of personality questionnaire items:
A test of twenty putative factor hypotheses. Multi-
var Behav Res 12:399-427

Burgess PK (1972) Eysenck’s theory of criminality:
A new approach. Br J Criminol 12:74-82

Buros DK (ed) (1970) Personality tests and devices.
Gryphon, Highland Park

Carrigan PM (1960) Extraversion-introversion as a
dimension of personality: a reappraisal. Psychol
Bull 57:329-360

Cattell R (ed) (1966) Handbook of multivariate ex-
perimental psychology. McNally, Chicago

Cattell RB, Kline P (1977) The scientific analysis
of personality and motivation. Academic Press
London

Chamove AS, Eysenck HJ, Harlow HI (1972) Per-
sonality in monkeys: Factor analysis of rhesus
social behaviour. Q J Exp Psychol 24:496-504

Colquhoun WP (1960) Temperament, inspection ef-
ficiency and time of day. Ergonomics 3:377-378

Colquhoun WP (1971) Biological rhythms and hu-
man performance. Academic Press, London

Colquhoun WP, Corcoran DWJ (1964) The effects
of time of day and social isolation on the relation-
ship between temperament and performance. Br
J Soc Clin Psychol 3:226-231

Colquhoun WP, Folkard S (1978) Personality differ-
ences in body-temperature rhythm and the relation
to its adjustment to nightwork. Ergonomics
21:811-817

Corcoran DWJ (1965) Personality and the inverted-
U relation. Br J Psychol 56:267-273

Courts FA (1942) Relationship between muscular
tension and performance. Psychol Bull 39:347-
367

Craik KJW (1952) The nature of explanation. Uni-
versity Press, Cambridge

Cronbach LJ (1957) The two disciplines of scientific
psychology. Am Psychol 12:671-684

Duffy E (1949) A systematic framework for the de-
scription of personality. J Abnorm Soc Psychol
44:175-190

Eaves L, Eysenck HJ (1975) The nature of extraver-
sion: A genetical analysis. J Pers Soc Psychol
32:102-112

Epstein S (1977) Traits are alive and well. In: Mag-
nusson D, Endler NS (eds) Personality at the
crossroads. Erlbaum, Hilldale p. 214-229

Eysenck HJ (1947) The dimensions of personality.
Routledge & Kegan Paul, London

Eysenck HJ (1955) Cortical inhibition, figural after-
effect, and the theory of personality. J Abnorm
Soc Psychol 51:94-106

Eysenck HJ (1956) The questionnaire measurement
of neuroticism and extraversion. Riv Psicol
50:113-140

Eysenck HJ (1957) The dynamics of anxiety and
hysteria. Routledge & Paul, London



Eysenck HJ (ed) (1963) Experiments with drugs. Per-
gamon, London

Eysenck HJ (1964) Principles and methods of per-
sonality description, classification and diagnosis.
Br J Psychol 55:284-294

Eysenck HJ (1967) The biological basis of personali-
ty. Thomas, Springfield

Eysenck HJ (1970a) The structure of human person-
ality. Methuen, London

Eysenck HJ (ed) (1970b) Readings in extraversion-
introversion, 3 vols. Staples, London

Eysenck HJ (1976a) The measurement of personali-
ty. Medical & Technical Publishers, Lancaster
p 143-181

Eysenck HJ (1976b) Genetic factors in personality
development. In: Kaplan AR (ed) Human behav-
ior genetics. Thomas, Springfield p 198-229

Eysenck HJ (1976¢) Sex and personality. Open
Books, London

Eysenck HJ (1977a) Crime and personality, 3rd edn.
Routledge & Paul, London

Eysenck HJ (1977b) Personality and factor analysis:
A reply to Guilford. Psychol Bull 84:405-411

Eysenck HJ (1978a) Personality and learning. In:
Murray-Smith S (ed) Melbourne studies in educa-
tion. University Press, Melbourne

Eysenck HJ (1978b) Superfactors P, E and N in
a comprehensive factor space. Multivar Behav
Res 13:475-482

Eysenck HJ (1979a) The structure and measurement
of intelligence. Springer, London

Eysenck HJ (1979b) The causes and effects of smok-
ing. Smith, London

Eysenck HJ, Eysenck SBG (1969) The description
and measurement of 'personality. Routledge &
Paul, London

Eysenck HJ, Eysenck SBG (1976) Psycholoticism
as a dimension of personality. Hodder & Stought-
on, London

Eysenck HJ, Frith CD (1977) Reminiscence, motiva-
tion and personality. Plenum Press, London

Eysenck HJ, Levey A (1972) Conditioning, introver-
sion-extraversion and the strength of the nervous
system. In: Nebylitsyn, VD, Gray JA (eds) Bio-
logical bases of individual behavior. Academic
Press, London p 206-220

Eysenck HJ, O’Connor K (1979) Smoking, arousal
and personality. In: Remond J, Izard C (eds)
Electrophysiological effects of nicotine. Elsevier/
North-Holland

Eysenck HJ, Rachman S (1965) The causes and
cures of neurosis. Routledge & Paul, London

Eysenck HJ, Wilson GD (1973) The experimental
study of Freudian theories. Methuen, London

Eysenck HJ, Wilson G (eds) (1978) The psychologi-
cal basis of ideology. Medical & Technical Pub-
lishers, Lancaster

Eysenck MW, Eysenck HJ (1980) Mischel and the
concept of personality. Br J Psychol 71:191-204

Eysenck SBG, Eysenck HJ (1978) Impulsiveness and
venturesomeness : their position in a dimensional

References 35

system of personality description. Psychological
Reports 43:1247-1255

Eysenck MW, Fokard S (1980) Personality, time of
day, and caffeine: some theoretical and conceptual
problems in Revelle et al. J Exp Psychol [Gen]
109:32-41

Feyerabend D (1975) Against method. NLB, Lon-
don

Folkard S (1975) The nature of diurnal variations
in performance and their implications for
shift work studies. In: Colquhoun P, Folkard
S, Knauth P, Rutenkranz J (eds) Experimental
studies of shift work. Westdeutscher Verlag
Opladen

Folkard S, Glynn CJ, Lloyd JW (1976) Diurnal vari-
ation and individual differences in the perception
of intractable pain. J Psychosom Res 20:289-301
p 143-156

Folkard S, Monk TH, Lobban MC (1979) Towards
a predictive test of adjustment to shift work. Er-
gonomics

Freeman GL (1940) The relation between perfor-
mance level and bodily activity level. J Psychol
26:602-608

Frith CD (1967) The interaction of noise and per-
sonality with critical fusion performance. Br J
Pers 50:127-131

Gray JA (1964) Pavlov’s typology. Pergamon Press,
Oxford

Gross O (1902) Die zerebrale Sekundarfunktion.
Leipzig

Gross O (1909) Uber Psychopathologische Minder-
wertigkeiten. Leipzig

Guilford JS, Zimmerman WS, Guilford JP (1976)
The Guilford-Zimmerman temperament survey
handbook. Edits Publishers, San Diego

Hall CS, Lindzey G (1957) Theories of personality.
Wiley, London

Hartog P, Rhodes EC (1936) An examination of
examinations. Macmillan, London

Hartshorne H, May MA (1928) Studies in deceit.
Macmillan, New York

Hartshorne H, May MA (1979) Studies in service
and self-control. Macmillan, New York

Hartshorne H, Shuttleworth FK (1930) Studies in
the organization of character. Macmillan, New
York

Hebb DO (1955) Drives and the CNS (Conceptual
nervous system.) Psychol Rev 62:243-254

Hesse MB (1966) Models and analogies in science.
University Press, Notre Dame

Heymans G (1908) Uber einige psychische Korrela-
tionen. Z Angew Psychol 1:313-381

Heymans G (1929) Inleiding tot de speziale psycho-
logie. Bohn, Harlem

Heymans G, Wiersma E (1906-1909) Beitrage zur
speziellen Psychologie auf Grund einer Massenun-
tersuchung. Z Psychol 42:81-127 (1906); 43:321-
373 (1906); 45:1-42 (1907); 46:321-333 (1908);
49:414-439 (1908); 51:1-72 (1909)

Howarth E, Eysenck HJ (1968) Extraversion, arous-



36  General Features of the Model

al, and paired associate recall. J Exp Res Pers
3:114-116

Jammer M (1954) Concepts of space. Harvard Uni-
versity Press, Cambridge

Jammer M (1957) Concepts of force. Harvard Uni-
versity Press, Cambridge

Jung CG (1933) Psychological types. Harcourt, New
York

Kant I (1912-1918) Anthropologie in pragmatischer
Hinsicht. In: Werke, vol IV. Lassiver, Berlin

Kretschmer E (1948) Korperbau Charakter. Sprin-
ger, Berlin Goéttingen Heidelberg

Kuhn TS (1962) The structure of scientific revolu-
tions. University of Chicago Press, Chicago

Lakatos I (1976) Proofs and refutations. University
Press, Cambridge

Lakatos I, Musgrave AE (eds) (1970) Criticism and
the growth of knowledge. University Press, Cam-
bridge

Lojk L, Eysenck SBG, Eysenck HJ (to be published)
National differences in personality: Yugoslavia
and England. Br J Psychol

London H, Exner J (eds) (1978) Dimensions of per-
sonality. Wiley, London

MacDougall W (1929) The chemical theory of tem-
perament applied to introversion and extraver-
sion. J Abnorm Soc Psychol 24:293-309

Mackie RR (ed) (1977) Vigilance. Plenum London

Magnusson D, Endler NS (1977) Interaction psy-
chology: Current issues and future prospects. In:
Magnusson D, Endler NS (eds) Personality at the
crossroads. Erlbaum, Hillsdale p 183-195

Mahrer AR (ed) (1970) New approaches to person-
ality classification. Columbia University Press,
New York

Malmo RB (1959) Activation: A neuropsychological
dimension. Psychol Rev 66:367-386

Martin I, Levey’AB (1978) Evaluative conditioning.
Adv Behav Res Ther 1:57-101

Medawar PB (1968) The art of the soluble. Wild-
wood House, London

Mischel W (1968) Personality and assessment. Wi-
ley, London

Mischel W (1969) Continuity and change in person-
ality. Am Psychol 24:1012-1018

Mischel W (1977) The interaction of person and
situation. In: Magnusson D, Endler NS (eds) Per-
sonality at the crossroads: Current issues in inter-
national psychology. Erlbaum, Hillsdale 358-374

Monk TH, Aplin LC (1980) Spring and autumn day-
light saving time changes: Studies of adjustment
in sleep timing, mood, and efficiency. Ergonomics

Monk TH, Folkard S (1976) Adjusting to the
changes to and from daylight saving time. Nature
261:688-689

Morgan A, Hilgard E (1972) The lack of retest relia-
bility for individual differences in the kinesthetic
after-effect. Educ Psychol Meas 32:871-878

Nichols RC, Schnell RR (1963) Factor scales for
the California psychological inventory. J Consult
Psychol 27:228-235

Petrie A (1967) Individuality in pain and suffering.
Chicago University Press, Chicago

Platonov K (1959) The word as a physiological and
therapeutic factor. Foreign Languages Publishing
House, Moscow

Popper KR (1959) The logic of scientific discovery.
Hutchinson, London

Revelle W, Humphreys MS, Simon L, Gilliland K
(1980) The interactive effects of personality, time
of day, and caffeine: a test of the arousal model.
J Exp Psychol [Gen] 109:1-31

Reynolds CH, Nichols RC (1977) Factor scales of
the C.P.I.: Do they capture the valid variance?
Educ Psychol Meas 37:907-915

Roback AA (1927) The psychology of character.
Paul, London

Royce JR (1973) The conceptual framework for a
multi-factor theory of individuality. In: Royce JR
(ed) Multivariate analysis and psychological
theory. Academic Press, London

Sarason IG, Smith RE, Diener E (1975) Personality
research: Components of variance attributale to
the person and the situation. J Pers Soc Psychol
32:199-204

Schlosberg HS (1954) Three dimensions of emotion.
Psychol Rev 61:81-85

Sheldon WH (1940) The varieties of human phys-
ique. Harper, New York

Sheldon WH (1942) The varieties of temperament.
Harper, New York

Shigehisa T, Symons JR (1973 a) Effects of intensity
of visual stimulation on auditory sensitivity in
relation to personality. Br J Psychol 64:205-213

Shigehisa T, Symons JR (1973 b) Reliability of audi-
tory responses under increasing intensity of visual
stimulation in relation to personality. Br J Psychol
64:375-381

Shigehisa DMJ, Shigehisa T, Symons JR (1973) Ef-
fects of intensity of auditory stimulation on pho-
topic visual sensitivity in relation to personality.
Jpn Psychol Res 15:164-172

Shiomi K (1978) Relations of pain threshold and
pain tolerance in cold water with scores on
Maudsley personality inventory and manifest anx-
iety scale. Percept Mot Skills 47:1155-1158

Spearman C (1972) Abilities of man. Macmillan,
London

Stennett RG (1957) Performance level and level of
arousal. J Exp Psychol 54:54-61

Suppe F (ed) (1974) The structure of scientific theo-
ries. University of Illionois Press, London

Tranel NN (1961) The effects of perceptual isolation
on introverts and extraverts. Ph D Thesis, Wash-
ington State University

Urbantschitsch V (1883) Uber den EinfluB von Tri-
geminus-Reizen auf die Sinnesempfindungen ins-
besondere auf den Gesichtssinn. Arch Ges. Physi -
ol 30:129-175

Vernon PE (1938) The assessment of psychological
qualities by verbal methods. H.M. Stationery Of-
fice, London



Wallach MA (1962) Active-analytical vs. passive-
global cognitive functioning. In: Messick S, Ross
J (eds) Measurement in personality and cognition.
Wiley, New York

Wallach MA, Gahm RC (1960) Personality func-
tions of graphic constriction and expansiveness.
J Pers 28:79-88

Wallach MA, Thomas HI (1963) Graphic constric-
tion and expansiveness as a function of induced
social isolation and social interaction: experimen-
tal manipulations and personality effects. J Pers
31:491-509

Weintraub D, Herzog T (1973) The kinesthetic after-
effect. Ritual versus requisites. Am J Psychol
86:407-423

References 37

Weintraub D, Green G, Herzog T (1973) Kinesthetic
aftereffects day by day: Trends, task features, reli-
able individual differences. Am J Psychol 86:827-
844

Wundt WM (1874) Grundziige der physiologischen
Psychologie. Engelmann, Leipzig

Zajonc RB (1965) Social facilitation.
149:269-274

Zuckerman M, Murtaugh T, Siegel J (1974) Sensa-
tion seeking and cortical augmenting-reducing.
Psychophysiology 11:535-542

Zuckerman M, Eysenck SBG, Eysenck HJ (1978)
Sensation seeking in England and America:
Cross-cultural, age, and sex comparisons. J Con-
sult Psychol 46:139-149

Science



Chapter 2

The Psychophysiology of Extraversion and Neuroticism

Robert M. Stelmack

2.1 Introduction

The personality dimensions of extraversion and
neuroticism, which are defined at the descriptive
level of Eysenck’s system, have been linked to
constructs at an explanatory level which are
common to hypothetical deductive models in
perception, learning, motivation, memory and
emotion. As a comprehensive personality sys-
tem, it is commendable for the attempt to relate
personability dimensions to the biological foun-
dations of individual differences in those funda-
mental psychological processes. The excitation-
inhibition hypothesis which was proposed by
Eysenck in 1957 referred in particular to the
hypothetical constructs of excitation and inhibi-
tion which were drawn from those concepts as
they were employed by Pavlov (1927) and Hull
(1943). Excitation and inhibition were con-
ceived as hypothetical neural processes upon
which the acquisition and extinction of behav-
iour depended. If introverts were characterized
by higher levels of cortical excitability and lower
levels of cortical inhibition than extraverts, they
would be expected to display enhanced sensitivi-
ty and efficiency in the processing of sensory
stimulation and in conditioning. It was also pro-
posed that such constitutional dispositions may
account for individual differences in the social
and psychiatric behaviour of introverts and ex-
traverts. The excitation-inhibition hypothesis
provoked a good deal of controversy, much of
it still unresolved, but the proposal served an
important discipline-bridging function and pro-
vided a useful and necessary framework for the
exploration of the foundations of individual dif-
ferences in extraversion and neuroticism.

In the 1967 publication of the Biological Basis
of Personality, Eysenck outlined more specific

neural terms for the excitation-inhibition hy-
pothesis by drawing on developments in physio-
logical psychology Gellhorn and Loofbourrow
1963; MacLean 1958, 1960; Samuels 1959;
Routtenberg 1966), which led to the proposal
of a two level arousal system to account for
individual differences in extraversion and neu-
roticism. In this proposal, the extraversion di-
mension was identified with differences in levels
of activity primarily in the corticoreticular loop,
which modulates cortical excitation and inhibi-
tion, with introverts characterized by increased
levels of activity. Neuroticism, defined as an
emotional stability-instability dimension, was
linked with differences in level of activity pri-
marily in the limbic system. This proposal,
which is an extension of the excitation-inhibi-
tion hypothesis rather than a revision, has car-
ried earlier contradictions and controversy with
it and in addition has provoked some contro-
versy on its own terms (cf. Koriat et al. 1973;
O’Gorman 1974). This chapter begins with a
brief outline of the position presented in the
Biological Basis of Personality on which the hy-
pothesis linking individual differences in extra-
version to differences in level of corticoreticular
activity was founded. The issues and evidence
offered since that time by psychophysiological
research addressing that hypothesis are consid-
ered in an attempt to clarify the basis of dispar-
ate findings and to develop promising research
directions. The problematic issue of the physio-
logical basis for the interaction of E and N
is considered on similar grounds. Since these
questions have been explored primarily with
electrocortical and electrodermal techniques,
the review emphasizes those procedures; pupil-
lometric measures are briefly mentioned.



2.2 The Physiological Basis
of Extraversion

Moruzzi and Magoun (1949) provided the first
evidence which identified behavioural arousal
with a distinct neural structure when they dem-
onstrated that electrical stimulation of parts of
the brain stem reticular formation elicited a gen-
eral activation pattern in the cortical EEG.
When individuals who are resting in a relaxed,
quiet state are asked to pay attention to an
event or are alerted by a novel change in the
environment, the pattern of their EEG activity
changes from a slow, synchronized pattern to
a fast, desynchronized pattern. Since the time
of that discovery, 30 years ago, activity in the
ascending reticular activating system (ARAS)
has been considered to play an important role
in wakefulness, alertness, vigilance and in the
regulation of sensory input.

The ARAS is located in the brain stem reticu-
lar formation, the central gray core of the brain

The Physiological Basis of Extraversion 39

stem, and is composed of a lattice-work of short
nerve cells that are encompassed by the classic
sensory pathways, the specific thalamic projec-
tion system. Collaterals from the ascending sen-
sory pathways excite cells of the ARAS, which
then relay the excitation to widely dispersed
sites in the cerebral cortex. This cortical arousal
is reflected in the EEG desynchronization. The
ARAS also innervates the diffuse thalamic pro-
jection system, synchronizing excitation be-
tween the thalamus and cortex. It is thought
that this reticulo-thalamo-cortical activity con-
stitutes a state of enhanced sensitivity and atten-
tion to subsequent excitation from direct senso-
ry pathways and other cortical sources (Linds-
ley 1970). Eysenck (1967) has suggested that
individual differences in this corticoreticular ac-
tivity may favour the enhanced perceptual sensi-
tivity and vigilance of introverts and facilitate
their conditioning. (See Fig. 2.1).

The descending branch of the reticular forma-
tion, the reticulospinal tract, also has important
motor functions. By exercising excitatory and

Fig. 2.1. Interaction of reticular formation, visceral brain and cortex. (After Eysenck 1967)
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inhibitory control over muscular stretch re-
flexes, the brain stem reticular formation regu-
lates muscle tone and postural adjustments that
are also implicated in states of attention, arous-
al and emotion. In this regard, it should be
noted that the hypothalamus and other limbic
structures do not innervate the spinal cord di-
rectly. Rather, input from the limbic system
is projected to the midbrain reticular formation
where interactions involving input from the as-
cending sensory pathways and other brain
centres take place. The corticoreticular system
is not an isolated system: it overlaps with sys-
tems serving autonomic functions, including the
limbic system. In general, it seems clear that
the reticular formation is implicated in the initi-
ation and maintenance of motivation, emotion
and conditioning by way of excitatory and in-
hibitory control of autonomic and postural ad-
justments and by way of cortical coordination
of activity serving attention, arousal and orient-
ing behaviour.

The physiology of the reticular formation
outlined here admittedly understates the com-
plexity of that system and does not consider
the uncertainties and debates attending the ex-
ploration of the neurophysiological substrates
of attention and arousal. This sketch, however,
may adequately convey the context within which
the hypothesis that introverts are characterized
by greater levels of cortical arousal than extra-
vertshasbeenconsidered in the psychophysiolog-
ical research reviewed here. It is also appropriate
to note at this point that there is a rather large
speculative leap required to take one from the
neurophysiology of the reticular system to the
human behaviours which the reticular system
is thought to serve. There have been a number
of demonstrations with animal preparations
which have helped to bridge this gap by showing
the direct influence of reticular activation on
performance measures. With monkeys, for ex-
ample, moderate levels of electrical stimulation
of the midbrain reticular formation have been
shown to facilitate optimal performance in reac-
tion time tasks (Fuster and Uyeda 1962). Stimu-
lation above the optimal level and stimulation
at other sites did not show the facilitative ef-
fects. Recordings from electrodes implanted in
the midbrain reticular formation have also indi-

cated that optimal performance in reaction time
tasks are preceded by moderate levels of reticu-
lar activity (Goodman 1968). The psychophys-
iological research reported here, which provides
indirect evidence of differences in levels of corti-
coreticular activity, can also contribute to the
neurophysiology of behaviour in general and
the biological basis of individual differences in
particular.

2.3 Extraversion and Electrocortical
Activity

For the most part, the rationale for the research
cited in this section was based on the hypothesis
that introverts are characterized by higher levels
of cortical arousal than extraverts (Eysenck
1967) and from attempts to replicate the report
by Savage (1964), where this hypothesis was
confirmed with EEG measures. Subsequently,
there have been numerous attempts to test the
hypothesis of increased levels of cortical activity
for introverts by employing EEG indices of
cortical arousal, with high levels of arousal in
the waking state described by low amplitude,
high frequency activity in the alpha frequency
range of 8-13 Hz. The outcome of reports pub-
lished since 1967 presents a collage of incon-
sistencies and contradictions. Reports identify-
ing increased levels of cortical arousal with in-
troversion have been presented by Gale et al.
(1969), Marton (1972), Morris and Gale (1974)
and Frigon (1976). Failures to support the hy-
pothesis have been cited by Fenton and Scotton
(1967), Gale et al. (1971), Winter et al. (1972)
and Becker-Carus (1971). The contrary hypoth-
esis indicating high levels of arousal for extra-
verts has been reported by Broadhurst and
Glass (1969) and Gale et al. (1972). A good
deal of the inconsistency in these findings ap-
pears to stem from differences in recording and
scoring methods and in the subject selection
and preparation procedures. Many of these
studies have been reviewed by Gale (1973); to
some extent, his review spares one the necessity
of detailing the differences which mark the stud-
ies cited.



The difficulties in comparing and evaluating
the outcomes of the studies reviewed may be
underscored by pointing out that these studies
are virtually idiosyncratic in their electrode
placements and in the methods of reducing the
EEG data and defining indices of alpha activity.
Similarly, the task demands on the subject vary
from reclining in a semi-somnolent state with
eyes closed to procedures where the subject sits
upright and performs difficult arithmetic prob-
lems. Strictly speaking, any one of these differ-
ences preempts the possibility of replicating re-
sults. Sex differences within the subject classifi-
cations were not controlled in a number of the
studies reported. Broadhurst and Glass (1969)
and Winter et al. (1972) comment on the possi-
ble role that sex differences contribute to their
results, but the extent to which these sex differ-
ences confound EEG effects due to extraversion
was not certain. Sex differences are not regarded
in the mixed samples employed by Gale et al.
(1969), Marton (1972), Becker-Carus (1971) and
Morris and Gale (1974).

Several of these studies have other limitations
which diminish the strength of their findings.
Hand scoring techniques, which are vulnerable
to experimenter error, have been employed by
Becker-Carus (1971), Fenton and Scotton
(1967) and in treating part of the data in the
work by Broadhurst and Glass (1969). Only
Fenton and Scotton report reliability data for
their measures, but as Gale (1973) has pointed
out, their presentation of the stimuli was contin-
gent on presence of alpha activity during the
experiment. As a result, individual differences
may be confounded by differences in the promi-
nence of alpha activity to visual inspection, dif-
ferences in rate of presentation of stimuli and
differences in the duration of the experiment.
Frigon (1976) does not report filter frequency
ranges nor his scoring criteria for distinguishing
alpha activity. His analysis of the EEG appears
to depend solely on visual inspection.

The study by Becker-Carus (1971) appears
to have been particularly beset with difficulties,
as almost 50% of his 36 subjects were not in-
cluded in the statistical analysis of the data for
technical reasons. In addition, Becker-Carus
employed a German translation of the MPI
(Brengelmann and Brengelmann 1960) in the

Extraversion and Electrocortical Activity 41

classification of subjects. While there may be
some reservations regarding the construct valid-
ity of this instrument, it is the omission of an
adequate description of score distributions
which limits the assessment of the relationship
between personality variables and EEG activity.
These same complaints apply to Marton (1972),
who also used the Brengelmann and Brengel-
mann translation.

Both of the studies which report higher levels
of cortical arousal in extraverts reveal some
problems in the classification of subjects.
Broadhurst and Glass (1969) noted that the
classification of extraversion and neuroticism
into high and low groups resulted in four groups
of unequal size, but the number of subjects as-
signed to each group was not indicated and
the degree of precision in evaluating each treat-
ment effectively is uncertain, especially with the
small samples involved. Gale et al. (1972) indi-
cated that the distribution of extraversion scores
in a relatively small sample of 20 subjects tended
to favour scores in the extraverted range. It
should also be noted that the principal aim of
this study was to consider the effects of time
of day on EEG arousal indices and that the
increased arousal was observed only during an
early morning session. From their discussion
of results it is clear that the authors did not
place much confidence in their findings.

The study conducted by Gale etal. (1971)
is exemplary for the way in which subjects were
selected and classified, for the double blind pro-
cedures adopted for recording and scoring their
data and for the meticulous techniques applied
in reducing and analysing their data. High and
low extreme scorers on the neuroticism dimen-
sion were classified according to high, middle
and low extraversion scores to form six groups
of ten subjects each. No differences between
introverts and extraverts were observed, a result
which signalled a failure to replicate their earlier
report (Gale et al. 1969). Apart from technical
improvements, the principle distinction between
the two studies is in the degree of attention
or arousal induced by the instructions to the
subjects. In the former study, subjects were in-
structed to either open or close their eyes ten
times in alternate 2-min intervals; in the latter
study, subjects were instructed to close their
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eyes and relax while 65-dB tones of 5-s duration
were presented every 2 min. Subjects were re-
clining in both experiments. Their data indicat-
ed that conditions in the first experiment elicited
higher arousal levels overall. The authors also
suggested that higher levels of arousal in intro-
verts are observed under conditions which in-
duce moderate levels of arousal (Gale 1973).

The study by Winter et al. (1972) reports a
failure to replicate their earlier findings of high-
er levels of arousal for extraverts. The experi-
ment involved eyes open and eyes shut (low
arousal) and solving arithmetic problems with
eyes open and eyes shut (high arousal). The
temporal effects of these conditions were not
considered. The authors indicate that under the
eyes open, mental arithmetic condition, *the
neurotic extravert showed higher cortical arous-
al than the neurotic introvert, while the stable
introvert showed higher cortical arousal than
the stable extravert.” (p. 47). The significance
of this effect was not indicated by post-hoc sta-
tistical analysis, however, and the graphic pres-
entation of this interaction is not entirely con-
vincing.

The relationship of imagery and extraversion
to EEG alpha abundance was investigated in
the study by Morris and Gale (1974). Subjects
viewed a series of words presented on slides
(5-s duration each) and then were instructed
to shut their eyes and to allow images associated
with the words to form. The statistical analyses
were based on the mean alpha abundance for
each subject averaged across the different condi-
tions defined in the procedure and are thus con-
founded in the analysis. The significant positive
correlation between alpha abundance and extra-
version, indicating high levels of cortical arousal
in introverts, endorses the previous findings by
Gale et al. (1969).

The study by Frigon (1976) was a complicat-
ed project investigating the congruence of the
extraversion dimension with the dimension of
strength of the nervous system from the Russian
typology of the nervous system (cf. Gray 1964).
His procedures described conditions designed
to determine habituation, conditioning, differ-
ential conditioning, the establishment of a con-
ditioned response baseline and extinction with
reinforcement. Differences between introverts

and extraverts were obtained only in the latter
condition. This paradigm consisted of 48 CS-
UCS pairings (70-dB tone with pictorial slides)
with interstimulus intervals of 4-5s. Analysis
of CR magnitude, i.e. the mean duration of
alpha blocking during the presentation of the
CS alone on four blocks of three successive
test trials, indicated greater cortical arousal for
introverts. The principle drawback of this pro-
ject pertains to the uncertainty of the recording
and scoring procedures mentioned previously.
Perhaps the most appropriate conclusion
which can be drawn from this survey is that
the demonstration of higher levels of cortical
activity for introverts using EEG measures of
arousal remains equivocal. The most adequate
study (Coles et al. 1971) did not confirm the
hypothesis. The conditions under which their
recordings were taken, however, were designed
to induce low levels of arousal. Studies which
have obtained higher levels of arousal in intro-
verts could be described as having conditions
which induced moderate levels of arousal as
Gale (1973) has suggested. This observation,
however, should be viewed as a suggestion to
guide future research rather than a generaliza-
tion. Even within those studies supporting the
hypothesis, conditions cannot be described as
‘moderate’ with confidence. Marton (1972), for
example, employed ‘weak’ low frequency tones
in an habituation paradigm. Although intensity
level was not reported, one may be inclined
to interpret the ‘weak signals’ as a condition
which would induce low levels of arousal. Simi-
larly, the study by Gale et al. (1969) had the
subject reclining while opening and closing his
eyes. One is hard pressed to describe this condi-
tion as inducing moderate levels of arousal. On
the other hand, the stable introverts who
showed higher levels of cortical arousal than
stable extraverts in the study by Winter et al.
(1972) were engaged in solving mental arithme-
tic problems with their eyes open, a condition
which can be described as inducing higher levels
of arousal. It is only with a great deal of opti-
mism, then, that one could state that introverts
show higher levels of EEG activity under condi-
tions of moderate arousal. Nevertheless, one
must concede that the general direction of the
results of these inquiries is towards higher levels



of cortical activity for introverts under condi-
tions intermediate between semi-somnolence
and stressful.

2.4 Extraversion and Cortical Evoked
Potentials

The technique of averaging cortical potentials
which are evoked by specific stimulation per-
mits the investigation of stimulus related corti-
cal activity that is difficult to distinguish in the
ongoing EEG activity. In general, increases in
intensity of stimulation are reflected in in-
creased evoked potential amplitude. Indeed,
evoked potential amplitude and intensity have
been found to be related by power functions
similar to those obtained by psychophysical
measures for visual, auditory and somatic sen-
sory modalities (Regan 1972). While the con-
gruence of the relation between intensity and
evoked potential amplitude and the relation be-
tween intensity and sensory magnitude has been
shown, the degree of correspondence between
evoked potential measurement and estimates of
sensory magnitude is still rather unclear. It is
clear, however, that averaged evoked potentials
provide a useful technique for investigating sen-
sory information processing. Enhanced evoked
potential amplitudes are also thought to reflect
increased levels of attention (cf. Néaitinen
1975). If evoked potential measures can serve
as reliable indices of sensory sensitivity and at-
tention, they would seem to be appropriate
techniques for exploring the psychophysiologi-
cal basis of differences in sensory sensitivity
(Smith 1968 ; Stelmack and Campbell 1974 ; Sid-
dle etal. 1969) and vigilance (Krupski et al.
1971; Harkins and Geen 1975) between intro-
verts and extraverts.

Increased levels of cortical activity for intro-
verts inferred from the somatosensory evoked
response have been reported by Shagass and
Schwartz (1965), but attempts to replicate this
finding have been unsuccessful (Haseth et al.
1969 ; Burgess 1973). In these cases, correcting
for individual differences in sensitivity by apply-
ing different levels of stimulus intensity accord-
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ing to the subject’s absolute threshold to somat-
ic stimulation may have precluded the observa-

- tion of individual differences in evoked re-

sponse. Although a direct relationship between
somatosensory evoked response and subjective
sensitivity has not been confirmed, it is apparent
that correcting individual differences in percep-
tual sensitivity by applying different stimulus
intensities to different individuals would con-
found the effects of personality differences on
the evoked potential amplitude.

Significant negative correlations between ex-
traversion and amplitude of the evoked re-
sponse to 1000-Hz, 60-dB tones have been ob-
served by Hendrickson (1973). Negative find-
ings, however, were reported by Rust (1975)
in an elaborate but unsuccessful attempt to rep-
licate the previous results. In his first study,
the auditory evoked response (AER) to 1000-Hz
tones at 95 dB were recorded from 84 subjects.
In the second case, the AER to 95, 75 and
55-dB tones were recorded from 212 subjects.
Of the more than 100 correlations noted, posi-
tive correlations between extraversion and the
latency of the negative peak at 100 ms and the
peak to trough amplitude from that same point
during the 75-dB condition were the only signif-
icant results observed and these effects were
in the opposite direction to those reported by
Hendrickson (1973).

Stelmack et al. (1977) have reported that in-
troverts obtained greater amplitude of the AER
than extraverts with low frequency stimulation
(500 Hz) at 55 dB for one group of 30 subjects
and 80 dB for another group of 30 subjects (see
Fig. 2.2). No differences between groups were
observed with high frequency (8 kHz) stimula-
tion. The level of attention required for the sub-
ject was enhanced with instructions to count
the series of alternating high and low frequency
tones. This requirement may be contrasted with
conditions in the study by Rust (1975), where
subjects received a train of stimuli at a single
frequency every 33s. Stelmack etal. (1977)
argue that the determination of differences be-
tween introverts and extraverts may have been
facilitated by employing low frequency auditory
stimulation. It has been demonstrated that
inter-individual variability of the AER is greater
at low frequencies than at higher frequencies
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Fig. 2.2. Typical auditory evoked response for introvert, middle and extravert subjects for high (8.0 kHz)
and low (0.5 kHz) frequency tones at 80-dB intensity. (After Stelmack et al. 1977)

(Davis and Zerlin 1966 ; Rothman 1970). In any
case, only further research can determine the
efficacy of the conditions under which these
positive results have been observed.

An intriguing result bearing on extraversion
and individual differences in the level of central
excitatory and inhibitory activity was observed
during an investigation of the effects of stimu-
lant and depressant drugs on magnitude of
contingent negative variation (CNV) (Ashton
etal. 1974). The CNV is a negative baseline

shift in the EEG which develops prior to an
expected stimulus (Walter etal. 1964); this
event related cortical activity is also considered
to be a useful indicator of attention and arousal
functions (Tecce 1972). Ashton et al. reported
that extraversion and the rate of nicotine intake
was correlated with percentage change in CNV
magnitude, a result which indicated that the
rate of nicotine intake in extraverted smokers
was slower and perhaps associated with a stimu-
lant effect, while in introverted smokers the rate



was faster and associated with a depressant ef-
fect. It was also speculated that ““introverts and
extraverts appear to select doses of nicotine
when smoking in order to obtain respectively
the depressant and stimulant effects needed to
offset their innate cortical disposition.” (p. 68).

A somewhat similar effect was reported by
Janssen et al. (1978), with introverts showing
a significantly lower mean CNV amplitude dur-
ing exposure to white noise than without white
noise. Both of the CNV studies cited here were
primarily concerned with the effects of depres-
sant and stimulant drugs on the CNV; the dif-
ferential effect of stimulant and depressant
drugs on groups differing on degree of extraver-
sion was ancillary to their principal purpose.
It is clear, however, that the CNV may provide
a useful tool for exploring individual differences
in extraversion, perhaps within the context of
the orienting reaction (Weerts and Lang 1973,
Loveless and Sanford 1974) or the distraction-
arousal hypothesis (Tecce 1974) since both of
these paradigms bear directly on attention and
vigilance.

2.5 Extraversion and the Orienting
Reaction

Pavlov (1927) observed that behavioural arous-
al accompanied the first few presentations of
the conditioned stimulus, behaviour which sug-
gested that the organism was orienting to
change in the environment; it was also indicated
that this orienting reaction (OR) may be an
important precursor of the conditioning pro-
cess. Research on this mechanism, particularly
in the West, was virtually neglected until the
publication in English of Sokolov’s Perception
and the Conditioned Reflex in 1963. This work,
in which Sokolov proposed his model of the
orienting reaction, has had a considerable im-
pact on Western psychophysiology, an influ-
ence which extends to the psychophysiology of
individual differences in extraversion and neu-
roticism (O’Gorman 1977).

In Sokolov’s model, characteristics of stimu-
lus input such as intensity, frequency and dura-
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tion are said to be stored in a neuronal model.
An OR would be elicited when the neuronal
model of current and previous stimulation do
not match; habituation is said to occur on sub-
sequent presentation of the stimulus when a
match is made. The components of the OR sys-
tem are somatic, (including movements of the
body, head and eyes towards the stimulus) au-
tonomic (including increases in skin conduc-
tance, cephalic vasodilation, digital vasocon-
striction, heart rate deceleration, momentary
cessation of respiration and pupillary dilation)
and central (including EEG desynchronization).
It is generally agreed that in the basic chain
of events leading to an OR (cf. Lynn 1966)
cortical excitatory impulses contingent on
changes in sensory stimulation and impulses via
collaterals from the ascending sensory tracts im-
pinge on the reticular formation, which in turn
activates the hypothalamic sites that initiate the
autonomic components of the OR. With repeti-
tious sensory stimulation, cortical inhibitory
impulses impinge on the collaterals that trans-
mit impulses from the ascending sensory tracts
to the reticular formation, whereby the auton-
omic response diminishes and habituation oc-
curs.

As the title of Sokolov’s work declares, the
functional significance of the OR is to facilitate
the selection and analysis of stimulation. Al-
though there has been considerable work devot-
ed to defining the stimulus parameters which
maintain the elicitation and habituation of the
OR (cf. Graham 1973), the facilitative effects
of the OR on sensory processing remain to be
clarified and the role of the OR in conditioning
constitutes an issue which remains to be decided
(cf. Stern and Walrath 1977). It is in this uncer-
tain context that those who would exploit the
OR paradigm to explicate the psychophysiology
of extraversion boldly tread.

Sokolov’s model provided a conceptual
framework and delineated a number of psycho-
physiological indices for investigating funda-
mental psychological processes such as sensitivi-
ty, attention and conditioning, making this
model a particularly attractive one for exploring
individual differences in extraversion. Because
of the central role which cortical exitatory and
inhibitory activity plays in the elicitation and
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habituation of the OR, inferences regarding lev-
els of corticoreticular activity can be made by
observing the level of autonomic activity in re-
sponse to repetitious sensory stimulation, with
higher levels of activity evident in greater re-
sponse amplitude and less habituation. Such
considerations have made the manipulation of
the orienting reaction, in particular habituation
of the electrodermal OR, a popular strategy
to test the validity of the hypothesis linking
introversion with increased levels of corticoreti-
cular activity.

There is a good deal of consistency in the
electrodermal OR studies which consider indi-
vidual differences in extraversion, although
even within those studies which endorse Ey-
senck’s hypothesis the consensus is complicated.
Evidence which is consistent with the hypothesis
of greater cortical arousal for introverts has
been noted by Mangan and O’Gorman (1969),
Crider and Lunn (1971), Wigglesworth and
Smith (1976), Smith and Wigglesworth (1978),
Stelmack et al. (1979), Gange et al. (1979), Niel-
sen and Petersen (1976), Fowles etal. (1977)
and Desjardin (1976). Negative findings have
been reported by Coles et al. (1971), Siddle
(1971), Sadler etal. (1971), Krupski et al.
(1971), Bohlin (1972), Koriat et al. (1973), Feij
and Orlebeke (1974), Bartol and Martin (1974)
and Mangan (1974).

This count, however, does not stand alone;
the credibility of the effect rests on the adequacy
of the experiments and in replications. In addi-
tion, the failures to support the hypothesis must
be accounted for as well as the successes. Such
an analysis is facilitated by two extensive re-
views which have been recently published. In
an analysis of OR habituation and the auto-
nomic nervous system, Graham (1973) has re-
viewed the effect of stimulus parameters on the
habituation of autonomic response measures,
and O’Gorman (1977) has reviewed the role
of individual differences in habituation.

The strongest case among those studies re-
porting significant positive results would seem
to rest with several authors who have reported a
series of investigative studies exploring the con-
ditions under which significant differences be-
tween introverts and extraverts may reliably
emerge. It may be appropriate to begin with

studies by Mangan and O’Gorman (1969) and
Mangan (1974), who were among the first to
investigate directly the apparent similarities be-
tween the extraversion dimension and the
strength-sensitivity dimension in the neo-Pavlo-
vian typology of nervous system properties (cf.
Gray 1964 ; Eysenck 1967 ; Nebylitsyn and Gray
1972).

Eysenck (1967) drew attention to similarities
between introverts and the weak nervous system
type on the basis of such characteristics as rela-
tively low sensory threshold, low thresholds of
arousal, low thresholds of transmarginal inhibi-
tion (response decrement at high intensity) and
persistent orienting reflexes. Mangan and
O’Gorman note, however, that habituation of
the OR is regarded as an index of the property,
dynamism of inhibition, which is considered to
be orthogonal to the strength-sensitivity dimen-
sion (Nebylitsyn 1972). In their first study, they
argued that weak nervous system subjects, who
seem to be similar to introverts (Eysenck 1967),
should have greater initial OR magnitude than
strong nervous system subjects. They also ex-
plored the possibility that rate of OR extinction
(dynamism of inhibition) was linked with extra-
version. Their results show that extraverts dis-
played larger initial amplitude electrodermal re-
sponses to moderate intensity tones. This find-
ing is contrary to the expectations of Eysenck’s
hypothesis. A second result reported, however,
notes that introverts habituated less than the
extraverts when subjects had moderate neuroti-
cism scores and low frequency stimulation was
employed. While this study is methodologically
sound in most respects, the description of the
electrodermal response measures in arbitrary
units rather than absolute values limits the anal-
ysis and makes comparisons with other reports
difficult. The second study (Mangan 1974) was
an ambitious attempt to explore personality,
cognitive and psychophysiological parameters
of classical appetitive GSR conditioning. This
study did not replicate any of the findings of
their previous work but the initial amplitude
to tactual stimulation was positively correlated
with extraversion. Some uncertainty in the anal-
ysis of this report is introduced by the omission
of statistical summaries of the electrodermal re-
sponse and extraversion score distributions.



Since repeated testing of the same subjects can
also introduce a source of error in electrodermal
responding (cf. Bishop and Kimmel 1973), some
question remains concerning the temporal ef-
fects of the ten sessions in which all 21 subjects
participated. The larger initial amplitude re-
sponses for extraverts observed in these reports
is unique among the electrodermal studies re-
viewed here.

In the first of two studies, Wigglesworth and
Smith (1976) selected 90 subjects to form a ma-
trix of high, middle and low extraversion and
neuroticism groups with five male and five fe-
male subjects in each group. At the end of 30
tone presentations in the habituation series, in-
troverts showed larger response amplitudes
than extraverts to the stimulus tone following
the interposition of a novel 500-Hz tone (see
Fig. 2.3). This dishabituation effect (cf. O’Gor-
man 1974) was evident for introverts but not
for extraverts. No significant differences in
trials to criterion habituation rate were ob-
served, but the introvert group showed signifi-
cantly larger initial response amplitudes than
extraverts at the 80-dB intensity level, while ex-
traverts showed significantly larger initial re-
sponse amplitudes than introverts at the 100-dB
intensity level. This reversal was interpreted by
identifying the extraversion dimension with the
Russian dimension of strength of the nervous
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Fig. 2.3. Dishabituation response amplitude as a
function of extraversion. (After Wigglesworth and
Smith 1976)
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system (Gray 1964, Eysenck 1967) with intro-
verts, the weak nervous system type, reaching
the level of transmarginal inhibition (response
decrement) at lower levels of stimulus intensity
than extraverts. Their second study was essen-
tially similar to the first, with an additional
60-dB condition introduced. The dishabituation
effect was replicated. In this case, however, no
significant differences between introverts and
extraverts were observed with the initial ampli-
tude measures. It was found, however, that ex-
traverts habituated more rapidly than introverts
at the 100-dB intensity level. While greater elec-
trodermal activity of introverts is the most con-
sistent result reported in both experiments, the
effect was observed with different response mea-
sures and under different conditions. This dis-
parity, which is not an atypical finding, suggests
that the relationship between extraversion and
electrodermal response is complex and may
emerge only under specific conditions.

Fowles et al. (1977) conducted a series of four
experiments which departed from the OR para-
digm employed in the majority of studies cited
here by reporting only skin conductance level
rather than skin conductance responses. While
the experimental manipulations are compatible
with OR studies, the OR, which is indexed by
an increase in conductance from the onset of
stimulation, is not considered, In all four of
the studies reported by Fowles et al. (1977), be-
tween groups designs were employed involving
two levels of extraversion, auditory stimulus
intensity and task difficulty as the independent
variables. Subjects were classified with the ego
control scale (EC-5M and F) and ego resiliency
scale (ER-S) which are the first two orthogonal
factors of the MMPI and which have been iden-
tified as independent extraversion and neuroti-
cism dimensions that are significantly correlated
with the EPI scales (Wakefield et al. 1974). In
the first experiment, 80 male and female sub-
jects were categorized into extraversion and in-
troversion groups on the basis of extreme scores
on the extraversion scale. Following a difficult
paired associate learning task, extraverts were
observed to have a higher skin conductance lev-
el than introverts during 20 presentations of
1000-Hz, 103-dB tones. This result was replicat-
ed in a second study employing 40 subjects.
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Fig. 2.4. Pre-stimulus
skin conductance
level for introverts
and extraverts during
83-dB and 103-dB
tone presentations
following easy (post
non-stress) and
difficult (post-stress)
tasks. (After Fowles
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No differences were evident between extraver-
sion groups with tones at 103-dB intensity fol-
lowing an easy paired associate task, nor with
tones at 83-dB intensity following either the dif-
ficult or easy task. In effect, the greater respon-
siveness of extraverts was evident only during
the high intensity condition following a difficult
task (see Fig. 3.4).

In a third similar experiment, 120 female sub-
jects, classified into high, middle and low extra-
version with neuroticism scores restricted to the
middle range, were treated as before, but no
learning task was given prior to the presentation
of the tones. The higher skin conductance level
of the introvert group was apparent during the
presentation of tones at 83-dB intensity but no
differences were evident at 103-dB intensity, i.e.
the greater responsiveness of introverts emerged
in a non-stress, moderate intensity condition.
In a fourth experiment, female subjects were
classified on the basis of extreme scores on both
the extraversion and neuroticism dimensions.
Tone presentations were made at 75-dB and

et al. 1977)
103dB

100-dB intensity levels and the experiment was
repeated with the same subjects. In both ses-
sions, introverts revealed higher skin conduc-
tance levels during initial tone presentations at
75-dB intensity, replicating the effects observed
in their third experiment. These results were
seen to be consistent with the view that the
extraversion dimension and the dimension of
strength of the nervous system were congruent
(Gray 1974 ; Eysenck 1967), with the introverts
showing “greater responsiveness at low stimu-
lus intensities and the decline in responsiveness
at high stimulus intensities as a result of trans-
marginal inhibition (p. 142).” These conclu-
sions are also in agreement with the first study
of Wigglesworth and Smith (1976). More im-
portantly, this series of experiments would seem
to constitute a convincing demonstration of
higher skin conductance levels for introverts at
moderate intensity levels (75 and 83 dB). One
reservation which ought to be considered, per-
haps, is the use of the MMPI in the classifica-
tion of subjects. While there would seem to



be good arguments favouring the identity of
the scales employed with the EPI dimensions,
their application to Eysenck’s hypothesis is nev-
ertheless indirect.

In a series of experiments which attempted
to consider the rapprochement between Ey-
senck’s system and the Russian typology of the
nervous system, Stelmack et al. (1979) reported
that the introverts showed less habituation
than extraverts to chromatic stimuli as evi-
denced by cardiac, skin resistance response
and vasomotor indices of the OR. Intro-
verts displayed more electrodermal and vaso-
motor ORs than extraverts to red, blue, and
grey stimuli and more cardiac ORs to the blue
stimulus. Extraverts displayed more cardiac
ORs to red than introverts. In an independent
experiment employing the same 30 female stu-
dent nurses as subjects, introverts again dis-
played more ORs than extraverts to visually
presented neutral and affective words with the
electrodermal and vasomotor indices of the OR.
The psychophysiological measures taken in
these studies were rather coarsely analyzed with
only trials to criterion habituation reported for
the three measures. Tonic levels were not indi-
cated, and the extent to which responses are
independent of initial levels is not evident. The
distribution of the electrodermal responses were
also badly skewed. The confidence in this exper-
iment rests mainly on the observation of more
persistent electrodermal and vasomotor ORs
for the same group of introverts on two differ-
ent occasions. In a third experiment using an
independent sample of 60 female subjects, the
greater number of electrodermal ORs to chro-
matic stimuli for introverts was replicated. In-
troverts also obtained greater initial amplitude
of the skin conductance response. This experi-
ment would appear to be adequate in most re-
spects and would support the hypothesis of
higher levels of cortical arousal for introverts.

In an unpublished inquiry into the effect of
meaning on habituation of the OR conducted
in the Ottawa laboratory by Desjardins (1976),
extraversion was significantly and inversely re-
lated to two separate estimates of spontaneous
skin conductance and to skin conductance level.
The stimulation procedure involved visual pres-
entation of words differing in concreteness—ab-
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stractness and associative—connotative linguistic
meaning to a sample of 96 women. Correlations
based on the average electrodermal response
across the four word conditions indicated a sig-
nificant negative relationship between extraver-
sion and skin conductance level. A significant
negative correlation between extraversion and
the number of spontaneous SCRs during the
resting period prior to habituation trials was
also observed. Similarly, a negative correlation
between extraversion and the number of SCRs
during the 30 interstimulus intervals was noted.
The study would appear to be technically cor-
rect and would endorse Eysenck’s hypothesis.

Of the remaining studies which report signifi-
cant correlations between extraversion and elec-
trodermal activity, the report by Crider and
Lunn (1971) is commendable. They reported
significant negative correlations between the ex-
traversion factor of the MMPI and the habitua-
tion rate and number of spontaneous fluctua-
tions of the skin potential response to 1300-Hz,
90-dB tones. Nielsen and Petersen (1976), re-
cording the skin resistance response to auditory
stimulation, reported significant negative corre-
lations between extraversion and number of
spontaneous fluctuations as well as the number,
amplitude and recovery of the orienting reac-
tion. Their habituation series was atypical in
that it comprised a random series of 60-dB
white noise stimuli and 70-dB, 200-Hz pure
tones. There are also questions which may be
raised in light of the omission of minor details
in their report. For example, it is not clear
whether their OR amplitude measure, defined
as a decrease in resistance from stimulus onset
divided by skin resistance level, refers to the
amplitude of the initial response or to the aver-
age of the habituations series. Overall, however,
the study appears to have been carefully execut-
ed.

Krupski et al. (1971) examined electrodermal
and personality correlates of auditory vigilance
performance. Higher levels of cortical arousal
have been hypothesized as determinants of the
introverts’ superior performance in vigilance
tasks, perceptual sensitivity and conditioning,
but there have been few studies which have test-
ed the hypothesis directly by recording psycho-
physiological measures and performance mea-



50  The Psychophysiology of Extraversion and Neuroticism

sures concurrently. The approach taken by
Krupski et al. (1971) is notable. Vigilance per-
formance, quantified as the number of reports
of signals where signals did not occur (false
alarms) was positively related to extraversion
and negatively related to the electrodermal re-
sponse amplitude of the first stimulus presented
and to the average amplitude for all points
where a signal appeared and was detected. No
significant correlation between extraversion and
electrodermal response was reported. The omis-
sion of a summary or statistical statement of
the electrodermal data and the distribution of
extraversion scores limits the analysis of the
adequacy of this experiment. In a more recent
report employing the same strategy (Gange
1979), introverts were observed to
display more electrodermal responses to sig-

et al.

nal stimuli, and to trial markers in a visual
vigilance task. Introverts also displayed more
spontaneous responses both during the vigi-
lance task and during an observation condition
in which they were asked to pay attention to
the visual display but not to detect signals. No
difference in nonspecific responses were ob-
served in a condition where subjects were asked
simply to sit in the room with no visual display
presented. Heart rate levels during all three con-
ditions were also higher for introverts than ex-
traverts. The experiment demonstrates the con-
comittance of arousal indices and superior vigi-
lance performance of introverts.

An analysis of the reports reviewed offer a
number of possible conditions which may influ-
ence the differentiation of introverts and extra-
verts with electrodermal measures. Differences
in stimulus parameters and modalities, subject
selection procedures and choice of response
measurement seem to merit consideration.

2.5.1 Stimulus Characteristics

The measurement of the electrodermal OR to
auditory stimulation has been the method of
choice for the majority of studies investigating
the relationship between extraversion and the
OR. The most consistent observation in these
studies is that the application of 1000-Hz, 60—
75-dB tones typically fail to differentiate intro-

verts and extraverts (Mangan and O’Gorman
1969; Coles etal. 1971; Siddle 1971; Sadler
et al. 1971; Koriat et al. 1973; Feij and Orle-
becke 1974; Mangan 1974). In the second study
by Mangan and O’Gorman (1969) and in the
report by Nielsen and Petersen (1976) where
significant effects were reported, the stimulus
intensity was in the 60-70-dB range but low
frequency tones were employed (380 Hz and
200 Hz respectively). As noted in the previous
section, there is evidence that inter-individual
variability of the auditory evoked response is
greater under low frequency conditions. Similar
effects have not been demonstrated with electro-
dermal activity, however, and indeed there
seems to have been no recent systematic investi-
gation of the effects of frequency on OR elicita-
tion or habituation. (Also note that differences
in absolute sensitivity have been observed only
under low frequency conditions. Smith 1968;
Stelmack and Campbell 1974). The Nielsen and
Petersen habituation training trials also con-
tained an additional level of complexity in ran-
domizing the presentation of two sounds, a ma-
nipulation which could conceivably raise the
level of interest or arousal value of the condi-
tion.

Greater electrodermal responsiveness for in-
troverts has been observed in studies employing
auditory stimulation in the 75-90-dB range
(Crider and Lunn 1971; Wigglesworth and
Smith 1976; Fowles et al. 1977). Bohlin (1972)
also employed 1000-Hz tones in this intensity
range (80 dB) but failed to observe differences
between introverts and extraverts. The experi-
mental procedure was designed to induce sleep
during a habituation procedure. The monoto-
nous stimulation procedures described clearly
differ in arousal potential from those studies
employing similar levels of intensity.

There is a lack of consistency among those
studies which have employed tones at the 100-
dB intensity level. Fowles et al. (1977) observed
greater skin conductance levels for extraverts
when the habituation series was preceded by
a stressful arithmetic task but not under non-
stressful conditions. Wigglesworth and Smith
(1976) found that extraverts presented larger
initial response amplitudes than introverts at
this high intensity level and under minimally



stressful conditions. This effect did not replicate
in a subsequent study (Smith and Wigglesworth
1978), where in fact extraverts were again ob-
served to habituate more rapidly than introverts
and to give smaller responses to a novel test
stimulus following habituation trials and the
subsequent standard stimulus.

Several of the studies employing visual
stimulation have observed significant effects.
Verbal stimuli were employed by Stelmack et al.
(1979) and Desjardins (1976). Differences be-
tween introverts and extraverts were also ob-
served by Gange et al. (to be published)
during a visual vigilance task. Stelmack et al.
(1979) and Bartol and Martin (1974) employed
chromatic stimuli. In the latter case, initial
amplitude differences failed to reach acceptable
confidence levels (p 0.10) but the direction
of differences was consistent with the greater
electrodermal responsiveness of introverts ob-
served in the other reports employing visual
stimulation.

It appears that conditions which favour dif-
ferentiating between extraversion groups with
the electrodermal measures of the OR can be
described as moderately arousing, a consider-
ation which may serve as a rough guide in the
selection of stimulus conditions. From among
the stimulus conditions in the studies reviewed
here, low frequency tones in the 75-90-dB inten-
sity range and visual stimuli provide the base
from which such an inquiry would commence.
A precise definition of what constitutes a mod-
erately arousing stimulus has not been stated.
One criterion for a precise definition of a mod-
erate stimulus condition may refer to that point
on a stimulus dimension which maximizes indi-
vidual differences in autonomic response. This
case is analogous to the situation in the con-
struction of achievement tests, where it is items
(rather than stimuli) of moderate difficulty level
(rather than arousal level) which increases dis-
criminative power.

2.5.2 Subject Selection

Extraneous subject characteristics are also
thought to contribute to inconsistencies of re-
sults observed in psychophysiological research
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generally and the psychophysiology of extra-
version particularly (Averill 1974; O’Gorman
1974). It would appear, however, that subject
factors such as age (Surwillo 1965, 1969 ; Surwil-
lo and Quilter 1965) and sex (Kimmel and Kim-
mel 1965; Purohit 1966), which are known to
contribute to the between subject variability of
electrodermal measures, can be ruled out as fac-
tors which confound differences between intro-
verts and extraverts. Of the four studies which
employed mixed samples, Bartol and Martin
(1974), Wigglesworth and Smith (1976), Fowles
et al. (1977) and Smith and Wigglesworth (1978)
obtained positive effects, while only Bohlin
(1972) did not. Virtually all of the studies re-
viewed drew their subjects from undergraduate
programmes and the ages of subjects ranged
from 19 to 35 years of age. The inadequate
description of score distributions along the ex-
traversion dimension was a characteristic of sev-
eral reports which failed to support Eysenck’s
hypothesis. (Siddle 1971; Koriat etal. 1973;
Feij and Orlebecke 1974; Mangan 1974). Since
the magnitude and the extent of variation of
extraversion scores is omitted, one cannot deter-
mine whether a full range of scores along the
extraversion dimension was represented or
whether the sample was skewed or restricted
to the middle range of scores.

The notion of autonomic response specificity
advanced by a number of authors (Malmo and
Shagass 1949; Lacey and Lacey 1958; Engel
1972; Sersen et al. 1978) is another subject char-
acteristic which contributes to between subject
variability and may be particularly relevant to
studies relating extraversion differences to dif-
ferences in autonomic response. Despite the evi-
dent tendency of individuals to demonstrate a
preferred or ‘stereotyped’ autonomic response
even to moderate stressors, featuring a compo-
nent measure of autonomic activity rather than
a holistic response of this system, there were
few studies designed to accomodate that princi-
ple. Some insight into the effects of this individ-
ual response specificity, wherein some individ-
uals are disposed to blush in a moderately arous-
ing situation, while others perspire or palpi-
tate, is gained in the study of Stelmack et al.
(1979) in the habituation to neutral and af-
fective words where multiple autonomic mea-
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sures were recorded. As indicated by a standard
multiple regression analysis, the conjoint influ-
ence or cardiac, electrodermal and vasomotor
OR components accounted for 54% of the vari-
ation in extraversion (multiple r — 0.73) while
no single component accounted for more than
24 per cent. A mechanism of the kind implied
by the notion of autonomic response sterotype
can account for such an increase in prediction
and suggests that consideration of the individu-
al autonomic response preference of subjects
merits deliberate attention and that the applica-
tion of multiple autonomic measurements may
be worthwhile. The question which must be
considered is whether the electrodermal re-
sponse, by itself, is an adequate index of level
of activity in the corticoreticular system, partic-
ularly as it applies to individual differences in
extraversion, given the prospect that the be-
tween subject variability of specific autonomic
systems may be idiosyncratic to some extent.
Other studies recording from more than one
autonomic system concurrently (Koriat et al.
1973; Feij and Orlebeke 1974) did not assess
the conjoint effect of electrodermal and cardiac
measures in the prediction of individual differ-
ences in extraversion, and the question remains
quite speculative.

2.5.3 Measures of Electrodermal
Recording

The several measures which are derived from
electrodermal recording can be generally de-
scribed in terms of tonic levels and phasic re-
sponses or changes from tonic levels. The prin-
cipal determinant of tonic levels of electroder-
mal activity is thought to be the number of
active sweat glands (Montagu and Coles 1966;
Edelberg 1972), and this activity is considered
to be a good index of general arousal level (Mal-
mo 1959; Raskin 1973). Differences related to
fast and slow recovery rate of phasic responses
suggest a complexity of physiological determi-
nants that involve at least two different mecha-
nisms. This complexity extends to the psycho-
logical significance of phasic responses as well.
Responses elicited by specific stimulation have

been variously employed as indices of anxiety,
arousal, attention and orienting; responses elic-
ited spontaneously in the absence of specific
stimulation have been frequently interpreted as
an index of altertness (Raskin 1973). Further
differentiation among the measures depends on
the recording technique or circuitry employed
and the type of transformations applied to these
measures (Prokasy and Raskin 1972, 1973). The
significance of these measures and the appro-
priateness of the transformations have given rise
to the lively debates that have marked the pro-
gress of electrodermal measurement. Although
these issues are implicated in the results report-
ed here, for the most part, their consideration
is beyond the scope of this chapter.

Significant differences between introverts and
extraverts have been observed with both tonic
and phasic measures, with differences in phasic
response measures more frequently noted. With
regard to response measurement, there is no
apparent basis on which studies which endorse
Eysenck’s hypothesis can be differentiated from
those which do not. It may be interesting to
note, however, that the significant differences
between introverts observed by Smith and
Wigglesworth (1978) failed to emerge when a
range correction transformation was applied to
skin conductance response scores. With the
range correction procedure, each score is ex-
pressed as a ratio of the maximum response
of which the subject is capable. It has been
argued that this transformation, which attenu-
ates the dependence of phasic responses on ton-
ic levels, reduces residual error variance and
sharpens the contrast between treatment condi-
tions (Lykken 1972). As Montagu and Coles
(1966) have stated, ““if an experiment has been
designed to compare the responsiveness to a
standard stimulus of two groups differing in
arousal level, the use of a unit of measurement
that has been selected because it is independent
of background level may defeat the object of
the investigation (p. 264).” The appropriateness
of range correction procedures for studies of
individual differences in psychophysiological re-
sponse remains an issue which has not been
satisfactorily resolved and consequently the
range correction procedure should be applied
warily rather than ritually.



Among the studies which differentiate be-
tween introverts and extraverts with electroder-
mal measures, Fowles et al. (1977) have demon-
strated high skin conductance levels for intro-
verts in a series of four independent experi-
ments. Desjardin (1976) also reports higher skin
conductance levels for introverts, while Niel-
sen and Petersen (1976), Stelmack et al. (1979)
and Gange et al. (1979) report no differ-
ences. Mangan and O’Gorman (1969), Crider
and Lunn (1971), Smith and Wigglesworth
(1978), Stelmack et al. (1979) and Gange et al.
(1979) state that introverts showed greater
numbers of phasic responses to repetitive stimu-
lation. Since each of these authors employed
recording techniques or transformations which
were different in some way from those em-
ployed by the others, the strength of concur-
rence for the effect is somewhat constrained.
Crider and Lunn (1971), Nielsen and Petersen
(1976), Desjardins (1976), and Gange et al.
(1979) observed that introverts displayed
greater numbers of spontaneous electromal
fluctuations than extraverts. In this case, Crider
and Lunn recorded skin potentials, Desjardin
employed a constant voltage circuit, Nielsen
and Petersen (1976) and Gange et al. (1979) em-
ployed constant current circuits and trans-
formed their scores to conductance units; be-
cause of these differences the consensus is once
again constrained. Introverts have also obtained
greater OR amplitudes than extraverts. For
Wigglesworth and Smith (1976) the amplitude
differences were observed to the initial stim-
ulus and to the standard training stimulus
which followed a novel stimulus at the end of
a training series (1976; 1978); Stelmack et al.
(1979) also observed greater amplitudes to the
initial stimulus for introverts, while Nielsen and
Petersen indicated greater average amplitude
across the series of training stimuli. Mangan
and O’Gorman (1969) observed greater initial
amplitude for the extraverts.

While the robustness of electrodermal mea-
surement can be invoked to account for the
emergence of the effect despite idiosyncracies
and minor disparities in the recording tech-
niques, the inconsistency between different au-
thors, and in some cases with the same authors,
using the same techniques and transformations
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is nevertheless perplexing. Recent attempts to
standardize electrodermal measurement (Lyk-
ken and Venables 1971), the widespread en-
dorsement of constant voltage circuitry and the
expression of response measures in conductance
units should ultimately help to resolve the dis-
crepancies. Some convergence of these results,
however, may be seen in the light of the frequent
finding that the number of spontaneous re-
sponses is related to trials to criterion habitua-
tion rate and sometimes to higher tonic levels
(cf. Bull and Gale 1973; Siddle and Heron 1976;
Smith and Wigglesworth 1978).

2.5.4 Conclusions

Differences in electrodermal activity between
introverts and extraverts have been demon-
strated with both simple auditory stimuli of
moderate intensity and visual stimulation and
usually under non-stress conditions where more
than passive participation is required. Electro-
dermal activity is typically greater for introverts
than extraverts. Differences in phasic response,
in particular, with introverts showing more per-
sistent electrodermal responses to repetitive
stimulation, has been the effect most frequently
observed and concurs with O’Gorman’s (1977)
conclusion that extraversion is related to elec-
trodermal habituation. The cautious optimism
which O’Gorman (1977) expressed regarding
the relation of extraversion and electrodermal
habituation is supported by the additional work
which has appeared since the publication of his
review. There is also some evidence that intro-
verts demonstrate higher skin conductance lev-
els and greater frequency of nonspecific re-
sponses than extraverts. These observations im-
ply differences in basic arousal processes and
suggest that the effect is not exclusively stimulus
bound.

2.6 Extraversion and Pupillary Response

Pupillometrics is a relatively recent develop-
ment in psychophysiological measurement that
promises to be an effective technique for study-
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ing psychosensory functions (Hess 1972). The
iris muscle that circumscribes the pupillary ap-
erture is reciprocally innervated by the auto-
nomic nervous system, and the effects of this
system are particularly dominant in the pupilla-
ry light reflex. With the onset of a light stimulus,
activity of primarily parasympathetic origin can
be inferred from an initial rapid constriction
phase that is then moderated by increasing sym-
pathetic opposition, while the rapid redilation
at the offset of the stimulus signals parasympa-
thetic relaxation followed by slower redilation
that is due to peripheral sympathetic activity
(Lowenstein and Loewenfeld 1969). Under con-
ditions that do not elicit the pupillary light re-
flex, such as tonic pupil size prior to stimula-
tion, inferences of general level of autonomic
arousal can be made; and changes in other sen-
sory modalities, such as auditory stimulation,
yield sympathetic effects (pupillary dilation)
which can also be understood in terms of an
OR model. The studies which follow have ap-
proached the question of individual differences
in psychophysiological response between extra-
version groups using the pupillometric methods
described above.

Holmes (1967) employed a white adapting
light to achieve maximum constriction and then
measured the extent of dilation from photo-
graphs taken at intervals of 5, 10 and 15 s after
the offset of the light. Subjects were then classi-
fied into extreme groups of eight fast and eight
slow dilators (one SD from the mean) on the
basis of their mean proportion of dilation ob-
served at those intervals relative to maximum
dilation. It was then noted that the fast dilators
had significantly higher extraversion scores on
the Maudsley Personality Inventory. By a similar
procedure, subjects were classified into extreme
groups of eight fast and eight slow constrictors
from photographs taken at 1-, 2- and 3-sec in-
tervals following the onset of a light stimulus.
The fast constrictors were noted to have lower
extraversion scores than the slow constrictors,
results which were interpreted to be indicative
of relatively greater amounts of acetylcholine
at cholinergic synapses for introverts and which
were linked to the introverts’ greater awareness
of their environment and more rapid condition-
ing.

In a recent paper, Frith (1977) investigated
the effects of auditory stimulation on pupil size
and the pupillary light reflex for 33 male sub-
jects who were administered by Eysenck Person-
ality Questionnaire (Eysenck and Eysenck 1975).
The pupil was photographed on 16 mm film
at three frames per second during two sequences
of conditions consisting of no stimulation, a
green light flash, a 100-ms, 95-dB tone, a 6-s,
95-dB tone and a 6-s, dB tone with the light
flash. High scores on the impulsivity scale (a
subfactor of the extraversion dimension) were
significantly correlated with smaller pupil size
during the no-stimulation condition and with
less extensive constriction during the two condi-
tions which elicited the pupillary light reflex,
suggesting that the more impulsive subjects
were less aroused and less reactive than less
impulsive subjects.

Effects which were independent of the pupil-
lary light reflex and which perhaps were more
sensitive to cognitive influences have been re-
ported by Stelmack and Mandelzys (1975). The
pupillary response to auditorily presented neu-
tral, affective and taboo words was recorded
to 33 male subjects classified with the EPI into
three groups of high, middle and low extraver-
sion and equivalent in moderate neuroticism.
A television monitoring system was employed
that provided a continuous graphic record of
pupillary activity. Introverts showed a signifi-
cantly greater increase in pupil size (dilation)
from pre-stimulus levels than the extravert and
middle groups, particularly in response to the
taboo words. This effect can be described as
an OR. Pre-stimulus pupil size was also greater
for the introvert group, indicating that they
maintained a higher level of arousal throughout
the entire experiment (see Fig. 2.5). The design
of the experiment did not permit one to deter-
mine whether the differences in pre-stimulus
levels between groups were due to differences
in initial level of arousal or to stressful effects
generalized throughout the experiment. It is
clear, however, that the introverts were more
reactive.

Owing to the marked differences in recording,
scoring and stimulus conditions, coupled with
the absence of replications, the few inferences
which can be drawn from these pupillometric
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studies must be entertained with some caution.
Nevertheless, one’s attention may be directed
to some consistency in the observations which
are reported. The introvert’s larger tonic pupil
size prior to stimulation (Frith 1977; Stelmack
and Mandelzys 1975) would support the associ-
ation of introversion with higher levels of corti-
cal arousal. The less intensive pupillary con-
striction during the pupillary light reflex for
extraverts (Holmes 1967; Frith 1977) cannot
be interpreted unequivocally. Although intro-
verts can be seen as more reactive, the pupillary
light reflex can be inhibited under stress or high-
er arousal levels (Plouffe and Stelmack (1979),
since the dependence of the pupillary light reflex
on pre-stimulus levels was not assessed, the am-
biguity cannot be resolved.

I I
Stimulus Post -stimulus

2.7 The Interaction of Extraversion
and Neuroticism

An important issue relevant to the ontogenesis
of neuroticism that has been considered in sev-
eral of the reports reviewed concerns the ques-
tion whether the psychometric independence of
extraversion and neuroticism which has been
established is paralled by similarly distinct phys-
iological processes, as Eysenck (1967) proposed.
This issue, which is attended by a good deal
of ambiguity and confusion, emerges from the
finding that some psychophysiological measures
correlate with both neuroticism and extraver-
sion. Claridge and his associates (Claridge et al.
1963), after considering individual differences
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in sedation threshold, spiral after-effects and
blood pressure, were among the first to question
this notion of independent neurological dimen-
sions. For EEG indices of cortical arousal, neu-
roticism has been related to both higher levels
of arousal (Winter et al. 1972) and lower levels
of arousal (Coles et al. 1971). With those excep-
tions, neuroticism has not been related to EEG
indices of cortical arousal in cases where the
psychometric independence of extraversion and
neuroticism has been established. A number of
authors, however, have reported significant,
and usually positive, relationships between neu-
roticism and electrodermal activity (Mangan
and O’Gorman 1969; Siddle 1971; Coles et al.
1971; Fried et al. 1967, Sadler et al. 1971; Niel-
sen and Petersen 1976; Mangan 1974). On the
other hand, no differences in electrodermal ac-
tivity between groups differing in neuroticism
were reported by Kelly and Martin (1969), Kor-
iat etal. (1973), Wigglesworth and Smith
(1976), Desjardins (1976), Fowles et al. (1977),
Stelmack et al. (1979) and Smith and Wiggles-
worth (1978).

The psychometric independence of extraver-
sion and neuroticism in studies reporting a sig-
nificant relationship between neuroticism and
electrodermal response has been less certain
than in the case with studies reporting a signifi-
cant relationship between introversion and elec-
trodermal response. Sadler et al. (1971) classi-
fied their 40 subjects into four groups * by split-
ting the distributions of extraversion and neu-
roticism scores at the means of this sample
(p. 34)”, after the psychophysiological re-
sponses had been recorded. It would be very
fortuitous if that method of classification re-
sulted in four groups of equal number without
some misclassification. With Fried et al. (1967),
extraversion was not considered in the classifi-
cation of their subjects, and the extent of the
interaction of the two dimensions cannot be
identified. While Coles et al. (1971) report a
negative correlation of —0.09 between extraver-
sion and neuroticism for their population of
131 subjects to whom the test was administered,
the extent of correlation between extraversion
and neuroticism for the 60 subjects from whom
the electrodermal responses were recorded is
not — an omission determined by the exclusion

of subjects scoring in the middle range on the
neuroticism dimension (and which also inflates
the difference). For Siddle (1971), extraversion
and neuroticism are negligibly correlated, but
score distributions are not described. With
Mangan (1974), extraversion and neuroticism
are correlated (r—0.26) and score distributions
are not described.

Notwithstanding the reservations regarding
the psychometric independence of extraversion
and neuroticism, analysis of the data of studies
reporting significant relationships between neu-
roticism and electrodermal activity reveal a
good deal of confusion. Initial OR amplitude
was negatively related to neuroticism for Man-
gan and O’Gorman (1969) and Mangan (1974)
and positively related to neuroticism for Siddle
(1971). Longer habituation rates were obtained
by high neuroticism subjects in the study by Coles
et al. (1971) and Nielsen and Petersen (1971);
on the other hand, longer habituation rates were
obtained by low neuroticism subjects in the
study by Fried et al. (1967). Sadler et al. (1971)
report only a lower number of responses for
high neuroticism subjects, while on the con-
trary, Nielsen and Petersen report a greater
number of spontaneous responses for high neu-
roticism subjects. On the strength of technical
merit, the least equivocal effect would seem to
be the less habituation of high neuroticism
scorers noted by Coles et al. (1971) and Nielsen
and Petersen (1976).

It should also be considered that in several
ways the studies cited here are tangential to
Eysenck’s proposal relating neuroticism and
differences in autonomic activation. Eysenck
(1967) takes the view that neuroticism is charac-
terized by individual differences in emotional
responsiveness, excitability and agitation. The
autonomic activation concomitant with the
emotional expressions of fear, anger and dis-
tress, which characterize neurotic states, con-
trasts with the relatively low levels of autonomic
activity which may be implicated in differences
in sensitivity, attention and specific cases of
conditioning between introverts and extraverts.
It can be argued that it is only under stressful
conditions, where strong emotions are elicited
or high levels of arousal are induced, that domi-
nant differences in autonomic activation would
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be implicated. With the exception of Kelly and
Martin (1969) and a specific condition with
Nielsen and Petersen (1976), the studies cited
were conducted under conditions which could
be described as inducing low or moderate levels
of arousal and consequently do not provide a
direct test of the hypothesis.

2.7.1 Neuroticism and Stress

Psychophysiological research bearing on the hy-
pothesized differences in cortical arousal be-
tween extraverts and introverts has been facili-
tated by the research interest in the OR and
habituation where psychophysiological tech-
niques have been employed in the attempt to
elaborate basic perceptual and learning pro-
cesses. The demonstration of differences in au-
tonomic activation along the neuroticism di-
mension has proven to be more difficult and,
in fact, few attempts have been made. Because
of the significance of establishing the determi-
nants of introverted (phobias, anxiety reaction)
and extraverted (psychopathy, hysteria) neuro-
sis, it is worthwile to consider research issues
on this problem which can contribute to the
psychophysiology of neuroticism. Specifically,
attention will be drawn to the distinction of
the neuroticism trait as it is manifested in nor-
mal and patient populations and to the consid-
eration of neuroticism in the context of emo-
tional response patterning.

2.7.2 Normal and Patient Populations

Eysenck (1967) has suggested that behavioural
differences between high and low neuroticism
subjects may be interpreted ‘in terms of differ-
ential thresholds for hypothalamic activity
(p. 237)’ and in particular to differences in re-
sponsivity of the sympathetic nervous system
‘with high neuroticism scores associated with
greater responsivity’. This suggestion can be
considered by exposing subjects from normal
populations to stressful stimuli or stressful con-
ditions of varying intensity. A second sugges-
tion with different implications is derived from
the discussion of differences between corticore-

ticular arousal and automonic activation (Ey-
senck 1967, p 235), where it is stated that for
individuals who have frequently experienced
strong emotions for long periods of time, the
distinction between activation and corticoretic-
ular arousal may not apply; for these individu-
als “quite mild stimuli are emotionally activat-
ing (p 233)”. This suggestion can be considered
by comparing normal control subjects with sub-

. jects from patient populations under moderate

or low levels of stimulation.

This distinction may be considered with the
study of Kelly and Martin (1969), who reported
significant differences between patient and con-
trol groups differing in degree of neuroticism
for tonic levels of heart rate, blood pressure
and blood flow during a non-stressful control
period, a result consistent with expectations of
high sympathetic activity for high neuroticism
subjects who have experienced chronic or reac-
tive anxiety states. No differences in these mea-
sures were evident during a stressful mental
arithmetic task, a result interpreted as a failure
to support the hypothesis that neurotic patients
demonstrate over-reactivity of the autonomic
nervous system in response to stressful stimuli.
Thefailuretodifferentiate between groups during
the stressful task would seem to be ceiling effect.
A review of similar studies employing anxiety-
neurotic patients (Lader 1969) also suggested
that patient groups are generally autonomically
less reactive than controls and draws attention
to the possible limiting of responsiveness due
to initially raised pre-stimulus levels in patient
groups. On balance, however, the attempts to
differentiate anxiety patients from control pop-
ulations with electrodermal measures has not
been impressive (Stern and Janes 1973).

Among the studies employing stressful condi-
tions with non-psychiatric subjects, Nielsen and
Petersen (1976) observed significant positive cor-
relations between neuroticism and habituation
to a 105-dB unconditioned stimulus in a classi-
cal conditioning paradigm and between neuroti-
cism and the number of spontaneous fluctua-
tions throughout a series of manipulations
which included a 105-dB habituation series. In
a recent study, Plouffe and Stelmack (1979) re-
corded the pupillary light reflex for low, moder-
ate and high neuroticism subjects under control,
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stress (induced by the cold pressor test) and
fatigue conditions. The only effect observed was
a negative correlation between neuroticism and
extent of redilation to the offset of a light stimu-
lus during the post-stress condition, an effect
with reflected greater sympathetic fatigue of the
pupillary light reflex. Katkin (1975), in review-
ing his own work on individual differences in
electrodermal response and manifest anxiety in
normal subjects, has observed that under high
stress conditions (threat of shock) no differences
between groups emerge, but that under moder-
ate levels of stress (mild ego involving threat)
subjects with higher trait anxiety showed greater
increase in number of electrodermal responses
than subjects with lower trait anxiety scores.
These reviews suggest that successful differen-
tiation between high and low neuroticism sub-
jects may not only depend on selecting stressors
which achieve maximum between subject vari-
ability of response without ceiling effects but also
distinguishing the neuroticism trait as it is mani-
fested in normal or patient populations.

2.7.3 Neuroticism and Emotional
Response Patterning

The emotional stability—instability described by
the neuroticism dimension has been linked sole-
ly to autonomic activity. The perplexing com-
plexity of emotional behaviour has been over-
simplified, and the considerable difficulties in-
volved in identifying fundamental patterns of
emotional expression and their psychophysio-
logical concomitants have been avoided. The
behaviours encompassed within the extraver-
sion and neuroticism classification, such as dys-
thymia and psychopathy, may be explicated by
consideration of specific emotional response
patterns or systems rather than emotional be-
haviour in general (cf. Izard 1972).

This direction has been advanced by Gray
(1973), who has proposed a modification of Ey-
senck’s (1967) position. The strength of Gray’s
proposal rests in the development of a model
of emotions which was derived from an analysis
of learning theory and physiological psychol-
ogy. An attempt was then made to explain dif-
ferences in extraversion and neuroticism from

the model. Gray identifies introversion with be-
havioural inhibition or fear in response to sig-
nals of either punishment or frustrative non-
reward which are mediated by a system linking
the orbital frontal cortex, the hippocampus, the
medial septal area and the ascending reticular
activating system. Extraversion is identified
with approach behaviour in response to signals
of reward which are mediated by a system link-
ing the septal area, medial forebrain bundle and
medial hypothalamus. Neuroticism is depicted
as a dimension of increasing sensitivity to both
reward and punishment. In this view, introver-
sion and extraversion are served by functionally
distinct emotion systems, while neuroticism is
determined by both (see Fig. 2.6). Gray’s modi-
fication addresses two fundamental features of
Eysenck’s (1967) proposal. Eysenck’s hypothe-
sis that introverts are more easily conditioned
than extraverts is replaced by the hypothesis
that introverts are more susceptible than extra-
verts to threats of punishment and signals of
frustrative non-reward. Secondly, the hypothe-
sis that individual differences in neuroticism are
related to individual differences in the limbic
system is articulated by specifying two function-
ally distinct limbic subsystems on which differ-
ences in degree of neuroticism may depend.
Gray’s proposal outlines a cogent neurologi-
cal substrate for emotional behaviour that pro-
vides a useful context for exploring individual
differences in extraversion and neuroticism. By
extension from animal experiments surveyed in
the development of his model of emotional be-
haviour, learning paradigms are specified that
can be appropriate for testing the hypotheses
outlined. There are additional implications for
the psychophysiology of extraversion and neu-
roticism which can be considered. The salient
stimuli for differentiating introverts and extra-
verts are those which have aversive characteris-
tics. In the studies cited in this review, Stelmack
etal. (1979) observed that introverts showed
less electrodermal and vasomotor habituation
than extraverts to taboo words. In a more con-
vincing demonstration, Stelmack and Man-
delzys (1975) reported that introverts gave
greater pupillary dilation to auditory taboo
words than extraverts. Both these studies sup-
port Gray’s hypothesis of greater susceptibility
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rate of increase in susceptibil-
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and reward respectively. (Af-
ter Gray 1973)
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to aversive stimulation for introverts. Neuroti-
cism was not implicated, because the scores
were restricted to the middle range. Mangan
(1974) noted a significant negative correlation
between neuroticism and the electrodermal am-
plitude to erotic nude pictures, which were em-
ployed as the unconditioned stimulus in a classi-
cal appetitive conditioning paradigm. Correla-
tions with extraversion were positive but did
not reach the 5% confidence level. The results
are consistent with expectations from Gray’s
model in as much as subjects low on neuroti-
cism and high on extraversion showed greater
responsivity to the appetitive stimulus. In a nov-
el preparation, Mangan’s (1974) data indicated
that low neuroticism and high extraversion
scores were also associated with greater initial
electrodermal amplitude to a tactile stimulus,
a puff of warm air, applied near the subject’s
navel. If, as it may be presumed, this delightful
procedure is considered an appetitive stimulus,
the effect is consistent with Gray’s hypothesis.

The shift from Eysenck’s (1967) emphasis on
autonomic nervous system activity and hypo-

thalamic regulation to the limbic structures,
which Gray (1973) proposes as the biological
basis of extraversion and neuroticism, places
a different perspective on the autonomic re-
sponse measures that have been employed to
test Eysenck’s hypothesis relating neuroticism
and emotional activation. Basically, the physio-
logical sites that effectively control autonomic
response measures are less immediately relevant
to the physiological basis of extraversion and
neuroticism. This view, coupled with the innoc-
uous levels of stimulation typically employed,
may account to some extent for the relatively
small amount of variation in extraversion ac-
counted for by autonomic response measures.
The demonstrations of greater responsiveness
for introverts with electrodermal and electro-
cortical measures are not easily reconciled with
Gray’s hypothesis relating introversion and sus-
ceptibility to punishment. With few exceptions,
explicit aversive stimulus values are not appar-
ent in those cases, but it can be argued that
the conditions of ‘moderate intensity’ under
which differences between extraverts and intro-
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verts emerge is so vaguely stated that an aver-
sive component may be encompassed. One
would be hard pressed to describe as aversive
the stimulation employed in demonstrations of
differences in absolute sensitivity (Smith 1968;
Siddle etal. 1969; Stelmack and Campbell
1974) and vigilance (Harkins and Geen 1975;
Gange et al. 1979). It may be implied from
Gray’s view, however, that introverts are more
sensitive to the implicit ‘signals of punishment’
which may be imposed with the task demands
and social context of the experiment. The issue
is whether a hypothesis of sensitivity to signals
of punishment can account for the range of
behaviours on which introverts and extraverts
differ or whether a more general hypothesis of
sensitivity (excitation) must be maintained.
That this issue is more apparent than real is
suggested by the fact that differences in ARAS
activity which presumably account for the intro-
verts enhanced psychophysiological response to
moderate levels of stimulation is accommodated
in Gray’s proposed physiological determinants
of extraversion.

There is some merit in applying the distinc-
tions in emotional response pattern which Gray
proposes to the elaboration of the physiological
basis of neuroticism within the extraversion and
neuroticism framework at the present time.
While fear and anxiety can be seen to predomi-
nate in the emotional response repertoire of in-
troverts high in neuroticism, anger can be con-
ceived as predominant in the emotional re-
sponse repertoire of extraverts high in neuroti-
cism. The identification of introverted neurotics
with the traditional psychiatric classification of
anxiety, phobias and obsession-compulsion has
been considered (Eysenck 1967), and such psy-
chophysiological data as is available (Gray
1972 ; Mathews 1971) and as cited in this review
does not contradict the identification of fear
as a predominant emotion of introverted neu-
rotics, though the notion has yet to be put to
an adequate test. In this respect, fear may be
distinguished with psychophysiological tech-
niques by increased blood flow to the striate
muscles, as Kelly and Martin (1969) observed
with the forearm blood flow of high anxiety
patients, and by cephalic vasoconstriction (Hare
1973) and cardiac acceleration (Klorman et al.

1977) to phobic stimuli. The application of such
psychophysiological procedures may facilitate
the resolution of this question.

The identification of extraverted neurotics
with psychopathy has been controversial (cf.
Passingham 1972). The distinction between pri-
mary and secondary psychopathy (cf. Hare
1970) can be explored by linking the former
to the psychoticism dimension of the Eysenck
Personality Questionnaire (Eysenck and Ey-
senck 1975) and by linking secondary psycho-
pathy to high extraversion and high neuroticism
scores. Since these scales have only recently
been made available, there has been little oppor-
tunity to employ them in psychophysiological
research applications. Although the psycho-
physiology of psychopaths in prison popula-
tions has often reflected the confusing difficul-
ties in adequately classifying subjects, psycho-
paths have displayed lower amplitude electro-
dermal activity than controls under rather se-
vere conditions, such as anticipating painful
stimulation (Hare 1973). Under similar condi-
tions, psychopaths have shown greater heart
rate acceleration to a CS and greater decelera-
tion immediately prior to stimulation (Hare and
Craigen 1974) — a pattern which may reflect
physiological concomitants of fear. The devel-
opment of such speculations which consider
neuroticism in terms of differences in emotional
response patterning merit consideration for the
advancement of the psychophysiology of neu-
roticism.

2.8 Conclusions

The enhanced responsiveness to stimulation of
introverted subjects has been demonstrated with
a wide range of electrophysiological techniques,
with the most consistent effects observed with
electrodermal measures. The effects are typi-
cally observed under conditions which can be
described as moderately arousing and are con-
sistent with effects that can be ascribed to indi-
vidual differences in level of corticoreticular ac-
tivity. On the strength of these observations,
proposals relating extraversion to differences in



corticoreticular activity cannot easily be dis-
missed.

Under the conditions employed in the studies
reviewed, correlations between neuroticism and
psychophysiological responsiveness have not
been reported with sufficient consistency to per-
mit inferences of the physiological determi-
nants. In the designs of those experiments, the
psychometric independence of extraversion and
neuroticism is often uncertain, obscuring the
assessment of the interaction with psychophys-
iological measures. It is doubtful that the low
or moderate stressors applied in most of these
studies are sufficiently stressful to provide an
adequate test of Eysenck’s hypothesis linking
neuroticism with emotional activation.

Analysis of the available evidence, as well
as work with patient groups, illustrates the diffi-
culty in defining stimulus conditions that are
sufficiently stressful to elicit individual differ-
ences in activation without obtaining ceiling ef-
fects. A clear distinction between the neuroti-
cism trait as it is manifested in normal or patient
populations would seem to be in order, since
the effects of the neuroticism trait expressed
in patient groups may be confounded by the
enduring effects of stressful life experiences. Ex-
plication of the psychophysiology of neuroti-
cism may be advanced by considering neuroti-
cism in terms of differences in emotional re-
sponse patterning, with a predisposition of fear
and anxiety predominant in the emotional re-
sponse repertoire of introverted neurotics and
a predisposition to anger predominant in the
emotional response repertoire of extraverted
neurotics.

References

Ashton H, Millman JE, Telford R, Thompson JW
(1974) The effect of caffeine, nitrazepam and ciga-
rette smoking on the contingent negative variation
in man. Electroencephalogr Clin Neurophysiol
37:59-71

Bartol CR, Martin RB (1974) Preference of com-
plexity as a function of neuroticism, extraversion
and amplitude of orienting response. Percept Mot
Skills 38:1155-1160

References 61

Becker-Carus C (1971) Relationships between EEG,
personality and vigilance. Electroencephalogr
Clin Neurophysiol 30:519-526

Bishop PD, Kimmel HD (1973) Retention of habitu-
ation and conditioning. J Exp Psychol 6:300-306

Bohlin G (1972) Susceptibility to sleep during a ha-
bituation procedure as related to individual diffe-
rences. J Exp Res Pers 6:248-254

Broadhurst A, Glass A (1969) Relationship of per-
sonality measures to the alpha rhythm of the elec-
tro-encephalogram. Br J Psychiatry 115:199-204

Burgess LS (1973) Extraversion: Recovery from the
effects of somatosensory stimulation. PhD disser-
tation, University of Ottawa

Bull RHC, Gale MA (1973) The reliability and inter-
relationships between various measures of electro-
dermal activity. J Exp Res Pers 6:300-306

Claridge GS, Wawman RJ, Davies MH (1963) Seda-
tion threshold, autonomic lability and excitation-
inhibition theory of personality. Br J Psychiatry
109:548-552

Coles MGH, Gale A, Kline P (1971) Personality
and habituation of the orienting reaction: Tonic
and response measures of electrodermal activity.
Psychophysiology 8:54-63

Crider A, Lunn R (1971) Electrodermal lability as
a personality dimension. J Exp Res Pers 5:145-
150

Davis H, Zerlin S (1966) Acoustic relations of the
human vertex potential. J Acoust Soc Am 39:109-
116

Desjardins EC (1976) The effects of denotative and
connotative linguistic meaning and word con-
creteness on the habituation of the skin conduc-
tance response: Extraversion and neuroticism as
subject variables. PhD dissertation, University of
Ottawa

Edelberg R (1972) The electrodermal system. In:
Greenfield NS, Sternbach RA (eds) Handbook
of Psychophysiology. Holt Rinehart & Winston,
New York, Holt pp 248-364

Engel BT (1972) Response specificity. In: Greenfield
NS, Sternbach RA (eds) Handbook of Psycho-
physiology. Holt Rinehart & Winston, New York
pp 571-576

Eysenck HJ (1957) The dynamics of anxiety and
hysteria. Routledge & Paul, London

Eysenck HJ (1967) The biological basis of personali-
ty. Thomas, Springfield, Ill.

Eysenck SBG, Eysenck HJ (1975) Manual of the
Eysenck personality questionnaire. Hodder &
Stoughton, London

Feij JA, Orlebeke JF (1974) Spiral after-effect dura-
tion as a correlate of impulsiveness. J Res Pers
8:189-197

Fenton GW, Scotton L (1967) Personality and the
alpha rhythm. Br J Psychiatry. 113:1283-1289

Fowles DC, Roberts R, Nagel K (1977) The influ-
ence of introversion/extraversion on the skin con-
ductance response to stress and stimulus intensity.
J Res Pers 11:129-146



62  The Psychophysiology of Extraversion and Neuroticism

Fried R, Freedman M, Welch L (1967) High and
low anxiety and GSR adaptation. Psychon Sci
9:635-636

Frigon J (1976) Extraversion, neuroticism and
strength of the nervous system. Br J Psychology
61:467-474

Frith CD (1977) Habituation of the pupil size and
light responses to sound. Paper presented at APA
meetings, San Francisco

Fuster JM, Uyeda AA (1962) Facilitation of ta-
chistoscopic performance by stimulation of mid-
brain tegmental points in the monkey. Exp Neurol
6:384-406

Gale A (1973) The psychophysiology of individual
differences: Studies of extraversion and the EEG.
In: Kline P (ed) New approaches in psychological
measurement. Wiley, New York pp 211-256

Gale A, Coles M, Blaydon J (1969) Extraversion—
introversion and the EEG. Br J Psychol 60:209-
223

Gale A, Coles M, Kline P, Penfold V (1971) Extra-
version—introversion, neuroticism, and the EEG.
Basal and response measures during habituation
of the orienting response. Br J Psychol 62:533-
543

Gale A, Harpham B, Lucas B (1972) Time of day
and the EEG: Some negative results. Psychon Sci
28:269-271

Gange JJ, Geen RG, Harkins SG (1979) Autonomic
differences between extravert and introverts during
vigilance. Psychophysiology 16:392-397

Gellhorn E, Loofbourrow GN (1963) Emotions and
emotional disorders. Harper, New York

Goodman SJ (1968) Visuo-motor reaction times and
brain stem multiple-unit activity. Exp Neurol
22:367-378

Graham FK (1973) Habituation and dishabitation
of responses innervated by the autonomic nervous
system. In: Peeke HVS, Herz MJ (eds) Habitua-
tion, vol 1. Academic Press, London pp 163-218

Gray JA (1964) Pavlov’s typology. Pergamon, Ox-
ford

Gray JA (1972) The psychophysiological nature of
introversion-extraversion: A modification of Ey-
senck’s theory. In: Nebylitsyn VD, Gray JA (eds)
Biological bases of individual behaviour. Academ-
ic Press, New York pp 182-205

Gray JA (1973) Causal theories of personality and
how to test them. in: Royce JR (ed) Multivariate
analysis and psychological theory. Academic
Press, London pp 409-463

Haseth K, Shagass C, Straumanis JJ (1969) Percep-
tual and personality correlates of EEG and
evoked response measures. Biol Psychiatry 1:49-
60

Hare RD (1970) Psychopathy. Wiley, New York

Hare RD (1973) Orienting and defensive responses
to visual stimuli. Psychophysiology 10:453-464

Hare RD, Craigen D (1974) Psychopathy and physi-
ological activity in a mixed-motive game situation.
Psychophysiology 11:197-206

Harkins S, Geen RG (1975) Discriminability and
criterion differences between extraverts and intro-
verts during vigilance. J Res Pers 9:335-340

Hendrickson DE (1973) An examination of individ-
ual differences in cortical evoked response. PhD
Dissertation, University of London

Hess EH (1972) Pupillometrics: A method of study-
ing mental, emotional and sensory processes. In:
Greenfield NS, Sternbach RA (eds) Handbook
of Psychophysiology. Holt Rinehart & Winston,
New York pp 491-534

Holmes DS (1967) Pupillary response, conditioning
and personality. J Pers Soc Psychol 5:98-103

Hull CL (1943) Principles of behaviour. Appleton
New York

Izard CE (1972) Patterns of emotions. Academic
Press, New York

Janssen RHC, Mattie H, Plooij-van Gorsel PC,
Werre PF (1978) The effects of a depressant and
a stimulant drug on the contingent negative varia-
tion. Biol Psychol 6:209-218

Katkin ES (1975) Electrodermal lability: A psycho-
physiological analysis of individual differences in
response to stress. In: Sarason IG, Speilberger
CD (eds) Stress and anxiety, vol 2. Wiley, New
York pp 141-176

Kelly D, Martin I (1969) Autonomic reactivity, eye-
lid conditioning and their relationship to neu-
roticism and extraversion. Behav Res Ther 7:233-
244

Kimmel HD, Kimmel E (1965) Sex differences in
adaptation of the GSR under repeated applica-
tions of a visual stimulus. J Exp Psychol 70:536-
537

Klorman R, Weissberg RP, Wiesenfeld AR (1977)
Individual differences in fear and autonomic reac-
tions to affective stimulations. Psychophysiology
14:45-51

Koriat A, Averill JR, Malmstrom EJ (1973) Individ-
ual differences in habituation: Some methodologi-
cal and conceptual issues. J Res Pers 7:88-101

Krupski A, Raskin DC, Bakan P (1971) Physiologi-
cal and personality correlates of commission er-
rors in an auditory vigilance task. Psychophysiol-
ogy 8:304-311

Lacey JI, Lacey BC (1958) Verification and extension
of the principle of autonomic response-stereotype.
Am J Psychol 71:50-73

Lader MH (1969) Psychophysiological aspects of
anxiety. In: Lader MH (ed) Studies of anxiety.
Ashford, Kent; Headley Bros pp 53-61

Lindsley DB (1970) The role of nonspecific reticulo-
thalamo-cortical systems in emotion. In:Black P
(ed) Physiological correlates of emotion. Academ-
ic Press, New York

Loveless NE, Sanford AJ (1974) Slow potential cor-
relates of preparatory set. Biol Psychol 1:303-314

Lowenstein O, Loewenfeld IE (1969) The pupil. In:
Davson H (ed) The eye, 2nd ed, vol 3. Academic
Press, New York pp 225-337

Lykken DT (1972) Range correction applied to heart



rate and to GSR data. Psychophysiology 9:373-
379

Lykken DR, Venables PH (1971) Direct measure-
ment of skin conductance: A proposal for stan-
dardization. Psychophysiology 8:656-671

Lynn R (1966) Attention, arousal and the orienta-
tion reaction. Pergamon, NewYork

MacLean PD (1958) Contrasting functions of limbic
and neocortical systems of the brain and their rele-
vance to psychophysiological aspects of medicine.
Am J Med 25:611-626

MacLeanPD (1960) Psychosomatics. In: Field J, Ma-
goun HW, Hall VE (eds) Handbook of physiolo-
gy. American Physiological Society, Washington
pp 1723-1744

Malmo RB (1959) Activation: A neurophysiological
dimension. Psychol Rev 8:367-386

Malmo RB, Shagass C (1949) Physiologic study of
symptom mechanisms in psychiatric patients
under stress. Psychosom Med 11:25-29

Mangan GL (1974) Personality and conditioning:
Some personality, cognitive and psychophysiolog-
ical parameters of classical appetitive (sexual)
GSR conditioning. Pavlovian J Biol Psychol
9:125-135

Mangan GL, O’Gorman JG (1969) Initial amplitude
and rate of habituation of orienting reaction in
relation to extraversion and neuroticism. J Exp
Res Pers 3:275-282

Marton ML (1972) The theory of individual differ-
ences in neo-behaviourism and in the typology
of higher nervous activity. In: Nebylitsyn VD,
Gray JA (eds) Biological bases of individual be-
haviour. Academic Press, New York pp 221-235

Mathews A (1971) Psychophysiological approaches
to the investigation of desensitization and related
procedures. Psychol Bull 76:73-91

Montagu JD, Coles EM (1966) Mechanism and
measurement of the galvanic skin response. Psy-
chol Bull 65:261-277

Morris PE, Gale A (1974) A correlational study
of variables related to imagery. Percept Mot Skills
38:659-665

Moruzzi G, Magoun HW (1949) Brain stem reticu-
lar formation and activation of the EEG. Elec-
troencephalogr Clin Neurophysiol 1:455-473

Nadtdnen R (1975) Selective attention and evoked
potentials in humans. A critical review. Biol Psy-
chol 2:237-307

Nebylitsyn VA (1972) Fundamental properties of
the human nervous system. Plenum Press, New
York

Nebylitsyn VD, Gray JA (eds) Biological bases of
individual behaviour. Academic Press, New York

Nielsen TC, Petersen KE (1976) Electrodermal cor-
relates of extraversion, trait anxiety and schizo-
phrenism. Scand J Psychol 17:73-80

O’Gorman JG (1974) A comment on Koriat, Averill
and Malmstrom’s ““Individual differences in ha-
bituation”. J Res Pers 8:198-202

O’Gorman J (1977) Individual differences in habitu-

References 63

ation of human physiological responses: A review
of theory, method and findings in the study of
personality correlates in non-clinical populations.
Biol Psychol 5:257-318

Passingham RE (1972) Crime and Personality: A
review of Eysenck’s theory. In: Nebylitsyn VD,
Gray JA (eds), Biological bases of individual be-
haviour. Academic Press, New York p 342-371

Pavlov IP (1927) Conditioned reflexes. Oxford, Lon-
don

Plouffe L, Stelmack RM (1979) Neuroticism and the
effect of stress on the pupillary light reflex.
Percep Mot Skills

Prokasy WF, Raskin DC (eds) (1973) Electrodermal
activity in psychological research. Academic
Press, New York

Purohit AP (1966) Personality variables, sex differ-
ences, GSR responsiveness and GSR condition-
ing. J Exp Res Pers 1:166-173

Raskin DC (1973) Attention and arousal. In: Pro-
kasy WF, Raskin DC (eds) Electrodermal activity
in psychological research. Academic Press, New
York

Regan D (1972) Evoked potentials in psychology,
sensory physiology and clinical medicine. Chap-
man & Hall, London

Rothman HH (1970) Effects of high frequencies and
intersubject variability on the auditory evoked
cortical response. J Acoust Soc Am 47:569-573

Routtenberg A (1966) Neural mechanisms of sleep:
Changing view of reticular formation function.
Psychol Rev 73:481-499

Rust J (1975) Cortical evoked potential, personality,
and intelligence. J Comp Physiol Psychol
89:1220-1226

Sadler TG, Mefferd RB, Houck RL (1971) The in-
teraction of extraversion and neuroticism in ori-
enting response habituation. Psychophysiology,
8:312-318

Samuels J (1959) Reticular mechanisms and behav-
iour. Psychol Bull 56:1-25

Savage RD (1964) Electro-cerebral activity, extra-
version and neuroticism. Br J Psychiatry 110:98-
110

Sersen EA, Clausen J, Lidsky A (1978) Autonomic
specificity and stereotypy revisited. Psychophysiol-
ogy 15:60-67

Shagass C, Schwartz M (1965) Age, personality and
somato-sensory evoked responses. Science
148:1359-1361

Siddle DAT (1971) The orienting response and dis-
traction. Aust J Psychol 23:261-265

Siddle DAT, Heron A (1976) Reliability of electro-
dermal habituation measures under two condi-
tions of stimulus intensity. J Res Pers 10:195-200

Siddle DAT, Morrish RB, White KD, Mangan GL
(1969) Relation of visual sensitivity to extraver-
sion. J Exp Res Pers 3:264-267

Smith BD, Wigglesworth MJ (1978) Extraversion
and neuroticism in orienting reflex dishabituation.
J Res Pers 12:284-296



64  The Psychophysiology of Extraversion and Neuroticism

Smith SL (1968) Extraversion and sensory threshold.
Psychophysiology 5:296-297

Sokolov EN (1963) Perception and the conditioned
reflex. Pergamon, London

Stelmack RM, Campbell KB (1974) Extraversion
and auditory sensitivity to high and low fre-
quency. Percept Mot Skills 38:875-879

Stelmack RM, Mandelzys N (1975) Extraversion and
pupillary response to affective and taboo words.
Psychophysiology 12:536-540

Stelmack RM, Achorn E, Michaud A (1977) Extra-
version and individual differences in auditory
evoked response. Psychophysiology 14:368-374

Stelmack RM, Bourgeois RP, Chain JYC, Pickard
CW (1979) Extraversion and the orienting reaction
habituation rate to visual stimuli. J Res Pers
13:49-58

Stern John A, Janes CL (1973) Personality and Psy-
chopathology. In: Prokasy WF, Raskin DC (eds)
Electrodermal activity in psychological research.
Academic Press, New York pp 283-346

Stern JA, Walrath LC (1977) Orienting responses
and conditioning of electrodermal responses. Psy-
chophysiology 14:334

Surwillo WW (1965) Level of skin potential in
healthy males and the influence of age. J Gerontol
20:519-521

Surwillo WW (1969) Statistical distribution of volar

skin potential level in attention and the effects
of age. Psychophysiology 6:13-16

Surwillo WW, Quilter RE (1965) The relation of
frequency of spontaneous skin potential responses
to vigilance and age. Psychophysiology 1:272-276

Tecce JJ (1972) Contingent negative variation
(CNYV) and psychological processes in man. Psy-
chol Bull 77:73-108

Wakefield JA, Yom BL, Bradley PE, Doughtie EB,
Cox JA, Kraft TA (1974) Eysenck’s personality
dimensions: A model for the MMPI. Br J Soc
Clin Psychol 13:413-420

Walter WG, Cooper R, Aldridge VJ, McCallum
WC, Winter AL (1964) Contingent negative varia-
tion: An electric sign of sensorimotor association
and expectancy in the human brain. Nature
203:380-384

Weerts TC, Lang PJ (1973) The effects of eye fixa-
tion and stimulus and response location on the
contingent negative variation (CNV). Biol Psychol
1:1-19

Wigglesworth MJ, Smith BD (1976) Habituation
and dishabituation of the electrodermal orienting
reflex in relation to extraversion and neuroticism.
J Res Pers 10:437-445

Winter K, Broadhurst A, Glass A (1972) Neuroti-
cism, extraversion and EEG amplitude. J Exp Res
Pers 6:44-51



Chapter 3

A Survey of the Effects of Brain Lesions

upon Personality

Graham E. Powell

3.1 Introduction

There are two reasons, above and beyond the
purely academic ones, why clinical neuropsy-
chologists should concern themselves with the
relationship between brain and personality. The
first is that up to 80% of adults who suffer
brain injury are likely to suffer personality dete-
rioration or some psychiatric disability (see
Lishman 1968). Therefore personality disorders
should be thought of as just as important (de-
fined in terms of frequency) as the more com-
monly assessed and studied disabilities relating
to language, memory, motor, visual and intel-
lectual functions. The second reason why the
analysis of brain and personality relationships
is important is that whereas deliberate lesions
are virtually never made to alter, say, language
or memory functions, deliberate lesions in the
form of ““psycho”-surgery are made to alter
personality. It is somewhat paradoxical that
such intentional lesions are made according to
a brain-personality model that is far weaker
and less developed than the equivalent models
for language and memory and so on. The onus
is therefore upon the clinical neuropsychologist,
who should be the member of the surgical team
best equipped to conceptualize and measure
personality, to provide the data on brain-per-
sonality models and to elaborate the model in
such a way as to encourage more fruitful re-
search.

It can be seen that both of these reasons are
practical — they have the well-being of the pa-
tient at heart. In the first place the aim is to
assess some of the subtle personality changes
that accrue from brain assault, so that rehabili-
tation can be better planned and the patient
and his family helped in coping with any prob-

lems the personality change may engender. The
second implied clinical aim, in the field of psy-
cho-surgery, is to better understand the overall
effects of specific operations, so as to improve
the pre-operative evaluation of gains and costs
and to assist in the refinement and modification
of surgical procedures.

In this chapter, some of the evidence relating
personality to the brain will be reviewed and
it is hoped that certain key questions will be
framed that will indicate profitable directions
in which brain-personality research might pro-
ceed.

3.2 The Brain-Damaged Personality

There is no such entity as ‘the’ brain-damaged
personality, in the same way as there is no such
thing as the epileptic personality (Rutter 1977)
or the aphasic personality (Lezak 1976).

In reality, very few studies have looked at
personality changes attendant upon brain inju-
ry, and fewer still have done so with any degree
of refinement. The lack of proper measures of
personality and reliance upon clinical observa-
tion and ‘typical’ case reports has tended to
perpetuate the stereotype of the brain-damaged
individual and to obscure nearly all of the de-
tails of what must be a very complex relation-
ship between brain and personality. As an ex-
ample, Roberts (1976) studied the sequelae of
closed head injuries in 359 cases who had been
amnesic or unconscious for at least a week.
Personality was apparently assessed on a single,
simple scale but no actual figures are given.
Yet Roberts comes up from somewhere with
the orthodox stereotyped view that the pattern
is one of ‘frontal euphoria, disinhibition or
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anergia, which was usually associated with in-
tense irritiability [sic].’

However, such studies in spite of all their
inadequacies manage to make one of the most
basic points absolutely clear: brain damage
does have an effect upon personality and per-
sonal functioning. Russell and Smith (1961), for
example, show that in 661 cases of closed head
injury 56% suffered from anxiety and depres-
sion; Logue et al. (1968) in 79 cases of cerebral
aneurysm found that 42% underwent a person-
ality change as observed by their relatives; and
Storey (1967) showed that in 261 cases of sub-
arachnoid haemorrhage 55% suffered a psy-
chiatric effect.

It can be argued that personality change is
not a direct consequence of the physical injury,
that there is no ‘hard’ link between a particular
piece of neural tissue and personality — the alter-
native view being that the personality change
is a psychological reaction to the physical or
neurological impairment following injury.
There is much to said for this view, for it is
obviously reasonable to suggest that physical
impairment can have such effects. A nice exam-
ple is to be found in the work of Pratt and
McKenzie (1958). They cite 12 cases in which
a disturbance -of balance due to vestibular dis-
orders (vertigo) accounted for the presenting
symptom of anxiety. As the disorder was treat-
ed, so anxiety abated. There are several possible
explanations of this. The most appealing psy-
chologically is that we are used to associating
feelings of dizziness, unsteadiness and faintness
with extreme anxiety, so that when these inter-
nal states are experienced they are interpreted
as anxiety regardless of the true cause, which
in these cases was unknown to them.

The handicap-mediation hypothesis is there-
fore accepted as one aspect of brain-personality
linkage. But it is not the whole story, for it
will be shown as we go along that individuals
with very similar physical deficits can suffer dif-
ferent personality changes dependent upon the
exact site of lesioning — we can control for hand-
icap and still get effects upon personality, and,
of course, the situation arises many times where
lesions with no apparent physical consequence
may have a profound impact upon the individu-
al’s personality processes.

To return to concrete findings, there are a
few very general trends that relate non-specific
damage (i.e. damage considered irrespective of
its localization) to personality change. One can
formulate a simple mass-action principle to de-
scribe these trends, which has been dubbed the
damagedness hypothesis (Powell 1979). It is that
the more damage there is to the brain, the more
damage there is to personality. The direction
of change in personality is not specified, for
it seems that in whatever direction personality
does move (i.e. up or down on any particular
scale) the change is always likely to be detrimen-
tal to the functioning of the individual.

Evidence for a crude mass-action effect comes
from various sources, the first being those stud-
ies that examine the link between the extent
of brain injury and psychiatric breakdown.
Here, we have to assume some kind of relation-
ship between personality breakdown and psy-
chiatric breakdown, but this seems a reasonable
assumption given that a good personality both
protects the individual from psychiatric illness
and promotes rapid and permanent recovery
from the illness (Mayer-Gross et al. 1969). A
fine example of such studies comes from
Lishman (1968), who followed up 670 cases of
penetration head wounds and categorized each
as exhibiting either (a) no psychiatric disability
(n=93), or (b) mild psychiatric disability (n=
433) or (c) severe psychiatric disability (n=144).
Psychiatric disability was defined quite widely
by Lishman to include almost any psychological
change detrimental to the social and personal
functioning of the individual.

The relationship between disability and de-
gree of damage is given in Table 3.1. It can
be seen that the more damage there is, the
greater the disability. It is a relationship that
stands independent of pure intellectual loss
which can be seen by the effects of partialling
out intellectual loss (which Lishman also as-
sessed). For example, the correlation between
depth of penetration and disability is 0.26 (p<
0.01), which remains high and significant even
with intellectual loss statistically partialled out,
ie. 1'1'2)3=0.20, p<001

A second source of evidence for the damaged-
ness or mass-action hypothesis comes from re-
search into the epilepsies, where it seems that



Table 3.1. Relation between measures of damage
and psychiatric disability (Lishman 1968)

n Psychiatric disability

Nil Mild Severe

Depth of penetration

<3cm 219 25%  65%  10%
>3 cm 373 9% 66% 25%
To ventricles 78 6% 59% 35%
Total brain tissue destroyed

Grade 1 52 54% 33% 13%
Grade 2 224 26% 35% 39%
Grade 3 66 10% 17% 73%
Grade 4 3 - 33% 67%
Post-traumatic amnesia

<1lh 329 19% 69% 12%
<7 days 131 13% 63% 24%
>7 days 210 7% 59% 34%

bilateral lesions have a more disruptive effect
on personality than do unilateral lesions. For
example, Meier and French (1965) gave the
MMPI to 53 psychomotor epileptics to find that
the bilateral subgroup had distinctly elevated
scores in comparison with the unilateral sub-
group. As a second example, Flor-Henry
(1969 a, b, 1973) shows that epileptics with a
bilateral focus are three times more likely to
become psychotic than are epileptics with a uni-
lateral focus. As a last brief example, Rutter
(1977; Rutter et al. 1970) shows that neurotic
and antisocial disturbances in brain-lesioned
children are significantly greater with bilateral
than unilateral lesions.

The analysis of cognitive changes in tumor
cases provides the third source of evidence for
the mass-action idea. Hécaen (1964) in a study
of 439 tumour cases, shows that the presence
of raised intracranial pressure (which indicates
more widespread cortical dysfunction) is a sig-
nificant predictor of confusional and deteriorat-
ed states and, to a somewhat lesser extent, of
disturbances to mood and character. For exam-
ple, if papilloedema is taken as the index of
cranial hypertension, then 38.4% of mesodien-
cephalic tumour cases with papilloedema have
character disorders, whereas only 8.5% of
mesodiencephalic cases without papilloedema
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have similar mood and character disturbances.
This trend is also found in subtentorial tumour
cases and in cortical tumour cases (excluding
temporal and frontal cortex cases).

At this point we might consider whether brain
damage ever improves the patient’s personality.
In fact, Logue et al. (1968) found 11 cases of
a series of 79 aneurysm patients whose relatives
saw an improvement in personality, and Storey
(1967) described 13 ‘improved’ personality
cases (as rated by spouse) of 261 haemorrhage
patients. The type of improvement seems to be
the same in both instances: less tense, anxious
and irritable, less fussy and overmeticulous.
These data seem to run contrary to the dam-
agedness hypothesis, but really they do not ap-
ply to a discussion of generalized brain damage,
as there was a distinct pattern to the site of
lesioning in these cases. With Storey et al., the
improved cases all had an anterior aneurysm,
and Storey’s cases mainly had haemorrhaging
of the anterior communicating artery. In other
words, these patients had undergone an invol-
untary frontal leucotomy which has quite spe-
cific effects concerning the reduction of negative
feelings, as described above and as will be dis-
cussed in full later.

Overall, we can conclude that the presence
of brain damage per se may not indicate a par-
ticular type of personality change, but does pre-
dict a non-specific breakdown of personality
liable to be detrimental to the personal and
social functioning of the patient. Having made
this very general statement, we can now begin
to refine the picture by moving from the topic
of general damagedness to a consideration of
site of lesion.

3.3 Laterality of Lesion and Personality

There is some suggestion in the literature that
left lesions have a more severe impact upon
the personal functioning of the individual than
do right lesions. This is particularly evident in
some of the data presented by Flor-Henry
(1969a, 1973). He looked at the side of the
lesion in 50 psychotic epileptics to find that of
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the 28 who had unilateral lesions, 19 were left
cases and only 9 were right cases. This ratio
was compared with that obtained from
38 matched control (i.e. non-psychotic) epilep-
tics in which the left:right ratio was 13:25. The
resultant y? is significant at beyond the 0.01
level.

A trend in the same direction has also been
found by Lishman (1968) in his study of pene-
tration wounds. In Table 3.2 it can be seen that
left cases seem to be over-represented in the
severely psychiatrically disabled category. How-
ever, the result falls short of statistical signifi-
cant (y*>=1.82).

These hints of more severe disruption of per-
sonal functioning after left lesions — which
might be accounted for by disturbances to the
regulatory functions of language — may apply
only to adults rather than children, in whom
hemispheric specialization is less clear cut.
Shaffer et al. (1975) examined 98 children who
had received depressed compound fractures and
who had suffered visible damage to the cortex.
The children were all rated on a scale completed
by teachers which describes neurotic, antisocial
and age-inappropriate behaviours. They gener-
ally scored in an elevated manner on this scale
when compared to a normal sample (e.g. Rutter
et al. 1970), which is in line with the previous
discussion on the generally detrimental effects
of brain damage. But when results were ana-
lysed according to laterality of lesion (Table 3.3)
there were no significant findings.

Turning from the severity of left vs. right
sequelae, it may be further noted that left and
right lesions can give rise to differing types of
personality dysfunction. For example, Louks
et al. (1976) gave the MMPI to 15 left and
15 right matched cases. They ascertained for
each subject the neurotic index (hysteria plus
psychasthenia) and the psychotic index (lie
scale plus paranoia plus schizophrenia) to yield
an overall index of P-N. This index was higher
in the left group than the right group (61.5
vs. 38.1, t=2.17, p <0.05), even though the
groups did not differ in their intellectual, lan-
guage, memory or motor problems as measured
by the Reitan-Halstead impairment rating.

This indication that left lesions give rise to
impairment in thinking or logical processing

Table 3.2. Laterality of lesion and psychiatric dis-
ability (Lishman 1968; 1977)

Psychiatric disability

Nil Mild Severe

No. with unilateral lesions 71 92 108
% having left lesion 51% 56%  62%
% having right lesion 49% 44%  38%

Table 3.3. Mean scores on teacher’s questionnaire®

Lobe Laterality

Left Right
Frontal 8.23 8.22
Temporal 6.37 6.57
Parieto-occipital 10.00 7.50

?  Laterality, lobe and laterality X lobe effects are
NS on two-way analysis of variance.

Table 3.4. Laterality and type of psychosis (Flor-
Henry 1969)

Manic- Mixed Confu- Schizo-
depres- sional phre-
sive nic
Right 44% 18% 11% 9.5%
Left 22% 36% 44.5% 43%
Bilateral 33% 46% 44.5% 47.5%
2=4.4;p<0.05

whereas right lesions influence affective pro-
cesses finds support elsewhere. Lishman (1968)
describes how after left penetration wounds
changes are primarily intellectual (intellectual,
dysphasic and memory changes), but after right
lesions more personality-related problems
accrue — such as depression; irritability, facile
behaviour, apathy or ‘frontal lobe syndrome’
effects. Similarly, Flor-Henry (1969 a) finds that
confusional and schizophrenic states are more
common after left lesions whereas manic-de-
pressive disorders are more common after right
lesions (see Table 3.4).

These findings cause trouble for those brain-
related theories of personality that do not differ-
entiate the brain into two distinct hemispheres.
For example, Eysenck’s (1957, 1967) theory



which concerns a loop between the cortex and
the ascending reticular arousal system (ARAS)
does not distinguish between left and right cor-
tex. Nor does a related theory of Gray (1970,
1972), and nor do the Russian school (e.g. Tep-
lov 1964) who consider general properties of
the cortex, such as Strength and Mobility, with-
out considering, say, left-right differences in
strength and mobility. This lack of consider-
ation of such a basic property of the brain (i.e.
left vs. right) means that all three models men-
tioned fall short of being true neuropsychologi-
cal models of personality. These models will
be returned to as more evidence is presented.

Having discussed generalized damage and the
issue of lateralization, the effects of lesions to
more explicitly defined sites can now be re-
viewed.

3.4 Frontal Lesions and Personality

Several authors have stated fairly persuasively
that frontal lesions precipitate an increase in
extraversion (Willett 1960; Blakemore 1967,
Eysenck 1967; Gray 1970). An excellent review
of the evidence as gained from the effects of
frontal lobotomies and leucotomies has been
presented by Passingham (1970), who casts
doubts upon this proposition, as does a further
review by Powell (1979). Evidence for and
against the frontal-extraversion hypothesis
comes from various sources: research with the
MMPI, observations on changes in sexuality,
studies using an extraversion questionnaire
scale and research using standardized perfor-
mance tests.

Investigations using the MMPI consistently
show that frontal lesioning leads to a decrease
in the experiencing of negative mood states (i.e.
depression, fear and anxiety) as assessed partic-
ularly by the depression scale (D) and the
psychasthenia scale (Pt). Significant findings in
this direction come from Anderson and Harvik
(1950), Vidor (1951), and Walsh (1977), all of
whom found a reduction in D and Pt in frontals.
Clearly, this looks much more like a change
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in emotionality (and perhaps neuroticism) than
in extraversion.

As for the sexuality research, rumour has it
that patients become sexually disinhibited after
frontal lesions, which is potentially related to
the fact that extraverts have more frequent and
varied sexual experiences. This supposition has
not been confirmed in studies by Post et al.
(1968), Miller (1954) or Pippard (1955). The
Kinsey sexual interview has even been given
to patients before and after frontal topectomy,
by Freeman (1973). Of the 64 patients only 10
took more interest in sex after the operation,
and precisely 10 took less interest.

Research with the extraversion questionnaire
scale is slightly more positive, given some inter-
esting data supplied in a brief report by Smith
et al. (1977). Here, 31 cases were assessed prior
to the pre-frontal leucotomy and 30 months af-
terwards. There was markedly significant
change in the target variables, for anxiety and
depression as measured by the Hamilton and
Beck scales reduced, as did the patients’ neuroti-
cism scores (at the 0.001 level). As for extraver-
sion, this increased from a mean of 6.5 to 10.3
(p<0.005).

It has been argued elsewhere (Powell 1979)
that much of this increase in E scores could
be due to the statistical regression to the mean
effect, since Smith et al.’s subject formed an
extremely introverted group (i.e. mean E of 6.5).
But analysis of data kindly provided by S.B.G.
Eysenck runs contrary to this explanation. The
test-retest data on 260 subjects (213 male) were
examined and the information extracted for all
subjects who had an initial E score of nine or
less. The test and retest means for these subjects
(n=20) are given in Table 3.5. It is evident that
although there is a clear-cut regression to the

Table 3.5. Test and retest means on extraversion for
subjects (n=20) initially scoring 9 or less

Mean SD
Test 7.0 2.28
Retest 9.1 4.76
Difference Scores +2.1 4.36
No. of Ss showing increase in E 14
No. of Ss showing no change in E 2
No. of Ss showing decrease in E 4




70 A Survey of the Effects of Brain Lesions upon Personality

mean of 2.1 points, this is only half of the change
found in Smith’s study. This suggests, then, that
there is a ‘real’ rise in extraversion after frontal
leucotomy that needs explanation.

However, two other studies do not find such
support for the frontal-extraversion hypothesis.
First, Levinson and Meyer (1965) administered
the Maudseley Personality Inventory to
179 frontal cases to find a mean E score of
24.34, which is not above the published norm
of 24.91. Of these cases, 29 had both pre- and
post-tests, and the slight trend for a rise in E
(16.3 to 18.2) was not statistically significant.
Second, Kelly et al. (1966) gave the MPI to
40 modified leucotomy cases pre- and post-
operatively, to find once again that a slight
trend towards a rise in E of 15.4 to 17.2 was
not significant.

It has been suggested by Eysenck (1979, per-
sonal communication) that these last two trends
in the direction of the extraversion—frontal hy-
pothesis should be looked upon favourably in
spite of their lack of significance, because of
the nature of the items on the extraversion scale.
The argument is that extravert items concern
long-term habits, so that responses to these
questions are based upon ingrained self-percep-
tions not easily shifted by any changes that
might have occurred over the previous few
months. This would be in contrast, say, to items
on the neuroticism scale that often concern
mood states — and here we are used to moods
going up and down and going through good
periods and bad periods. There are two prob-
lems with this explanation of the small changes
in extraversion found by the Levinson and the
Kelly studies. First, the explanation must pre-
dict that test-retest reliability on the neuroticism
scale is lower than on the extraversion scale.
There is no evidence for this, since in the manu-
al to the Eysenck Personality Questionnaire
(Eysenck HJ, Eysenck SBG 1975) the one
month test-retest reliability for E is 0.89 and
for N is 0.86. This difference of 0.03, with a
sample size of 257, does not approach signifi-
cance. Second, Smith et al. (1977) did obtain
a significant change in extraversion, so why
should not the Levinson and Meyer studies?

Passingham (1970) discusses these and other
studies in greater detail and reaches the conclu-

sion that frontal operation evidence does
not provide support the extraversion hypo-
thesis.

The final area relevant to this hypothesis con-
cerns two studies that look at changes in cogni-
tive performance after frontal operations. Tow
(1955) and Petrie (1952) both claim that post-
operative changes are in the direction of more
extraverted performance. The implication is
that the change has been mediated by a change
in extraversion, but a more parsimonious expla-
nation is that there has been a simple perfor-
mance decrement due to loss of cortical process-
ing facilities since the changes are all in a deteri-
oration direction — there are reductions in full
scale 1Q, verbal IQ, vocabulary, matrices,
mazes, word fluency, word similarity, object
sorting, persistence, accuracy on letter cancella-
tion and on tracing. There seems no reason
to invoke the concept of extraversion, which
there might have been if the patient’s perfor-
mance could have been shown to improve under
those conditions that favour the extravert rather
than the introvert.

The aspect of personality that does seem to
change after frontal operations and lesions is
not, then, extraversion, but emotionality, as ex-
pressed by anxiety, fearfulness, depression and
neuroticism. This is also the case after acciden-
tal frontal lesions (see Logue et al. 1968). More
precisely, these terms reflect negative mood
states, since research into any changes in the
experiencing of positive mood states such as
contentment, happiness, love and so on has not
been forthcoming. This is a serious obstacle to
our full understanding of the nature of the
change in the pattern of emotional responding.

At a more theoretical level these data furnish
virtually no support for Eysenck’s model of the
neural basis of extraversion — in which a frontal
lesion should disrupt the cortical-ARAS loop
whose activity level determines the level of ex-
traversion. Nor for Gray’s model — in which
the frontal region is the highest level-controlling
factor in an ARAS-medial septal area-hippo-
campal loop whose activity once again deter-
mines extraversion (although there is good sup-
port for Gray’s ideas regarding this negative
feedback loop’s relation to neuroticism (see
Gray 1970).



3.5 Cingulate Gyrus Lesions

The structural aim of the cingulectomy or
cingulotomy operation is to sever the fibres
linking the frontal lobes to the limbic system
and to disrupt Papez’s circuit, (see Fig. 3.1) in
which the cingulate gyrus is taken to be the
projection area for emotions, in the same way
that the occipital lobes are the projection area
for the visual modality (Papez 1937). The thera-
peutic aim is, as with frontal operations, to re-
duce the experience of negative emotions — fear,
anxiety, guilt, depression and pain.

Results presented by Mitchell-Heggs et al.
(1976), and shown in Table 3.6, are typical of
the area. They studied 66 cases (23 men and
43 women, mean age of 38 years) mainly of ob-
sessional neurosis (n=27), chronic anxiety (15),
depression (9) and schizophrenia (7). A stereo-
taxic freezing technique was used, with bilateral
lesions to the cingulate gyrus and the lower
medial quadrant (lesions were also occasionally
made to the genu of the corpus callosum).

A satisfactory improvement rate of between
70% and 90% was claimed for the operation,
quite remarkable given that the patients had
been chronically ill for an average of 11 years.
It can be seen from the Table that this improve-
ment rate is part of an overall pattern of positive
change occurring mainly within 6 weeks of the
operation and apparently non-specific with re-
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Table 3.6. Mean psychometric values before and
6 weeks and 16 months after limbic leucotomy (n=
57) (Mitchell-Heggs et al. 1976)

Temporal
lobe

Fig. 3.1. Diagrammatic representation
of the Papez’s circuit

Pre 6 wks 16 months p Pre
vs 16
mths
MPI
Neuroticism 33.8 242 238 0.001
Extraversion 14.4 16.7 16.7 NS
Depression
Beck 255 17.2 153 0.001
Hamilton 226 106 128 0.001
Anxiety
Taylor 322 242 223 0.001
Hamilton 240 126 144 0.001
Middlesex Hosp. Questionnaire
Anxiety 11.6 9.1 8.3 0.001
Phobic 7.5 6.0 5.8 0.001
Obsessional 11.3 9.1 8.6 0.001
Somatic 7.8 5.2 45 0.001
Depressive 9.9 7.5 6.9 0.001
Hysteric 5.5 5.1 43 0.001
Leyton Obsessional Inventory
Symptoms 267 169 157 mixed 0.001
Traits 12.1 9.6 9.0 diag- 0.01
Resistance 39.8 21.6 17.1 nosis 0.001
Interference 41.6 21.6 16.0 n=25 0.001
Symptoms 326 19.0 18.3 ob-, 0.001
Traits 12.5 9.6 9.0 sessio- 0.05
Resistance 56.0 242 17.2 nals 0.001
Interference 57.7 20.9 14.1 n=12 0.001
Frontal /\
lobe \\ \

Cingulate gyrus

<

Anterior
thalamus
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body
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gard to precise symptomatology (since, for ex-
ample, non-obsessionals improved just as much
on the obsessional symptom questionnaire as
did actual obsessionals).

The personality findings of decreased N and
no change to E are a replication of an earlier
study by Laitinen and Vilkki (1973). Here
18 patients underwent bilateral stereotaxic le-
sioning to the most rostral part of the cingulum,
rather below and in front of the knee of the
corpus collosum. This operation, known as an
anterior mesoloviotomy, caused a decrease in
neuroticism (p<0.05), with no significant
change in extraversion. This fall in neuroticism
is paralleled by changes in certain physiological
indices of anxiety, as shown by Kelly et al.
(1973), examining 40 cases of cingulectomy.
Forearm blood pressure, heart rate and systolic
blood pressure all changed significantly for the
better, whilst N scores fell from 30.8 to 23.1
(p<0.001).

The clinical success rate of the operation has
also been found elsewhere. For example, Bal-
lantine et al. (1967, 1972) claimed a satisfactory
response rate of 79% in 66 cases of cingulec-
tomy for ‘mood disturbance’ e.g. depressive,
obsessive and anxiety states. Broager and Ole-
sen (1972) find with 63 cases of intractable pain,
depression and neuroses a significant improve-
ment rate of 66%. Finally, Mingrino and
Schergna (1972) find an immediate (but not sus-
tained) improvement in nine of ten cases of
violent, aggressive behaviour.

It might further be mentioned that these ben-
eficial changes apparently accrue without any
attendant loss of intellectual functioning. Stud-
ies by Laitinen and Vilkki (1972) and Meyer
et al. (1973) do not show any changes in 1IQ
as measured by the WAIS.

To return to central theoretical issues, the
finding that the cingulectomy does not influence

extraversion is something of a blow to Gray’s

theory (1970, 1972), which is presented dia-
grammatically in Fig. 3.2. It can be seen that
the frontal lobe governs the limbic circuit which
controls sensitivity to punishment, this sensitivi-
ty being, in Gray’s terms, the key component
to extraversion. Put simply, cingulate lesions
should sever connections between the frontal
and limbic circuits (this being the basic rationale

Orbital
Frontal
Cortex
Medial + Hippocampal
Septal - O
Area Wave
+
Ascending
Reticular -
Activating
System
Sensory Inhibition of punished
input or non - rewarded

behaviour

Fig. 3.2. The physiological basis of extraversion:
Gray’s theory (Gray 1972)

for the psycho-surgery operation) and therefore
change extraversion. Since cingulate lesions do
not have this effect, Gray must rework his mod-
el as far as the role of the orbital frontal cortex
in extraversion is concerned.

3.6 Amygdala Lesions and Violence

Looking at Fig. 3.1 it is apparent that a further
way of disrupting Papez’s emotional circuit is
to destroy the amygdala. This will go some way
towards disconnecting the temporal cortex from
the limbic system. It will also tend to disconnect
the frontal region from the limbic system, given
the major baso-lateral fibres extending from the
frontal to the temporal lobe.

Narabayashi et al. (1963; Narabayashi and
Shima 1973) noted that after temporal lobec-
tomy operations for epilepsy, there are often
highly beneficial changes in temper tantrums
and aggressive episodes, especially if the deep
structures such as the amygdala were excised.
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Table 3.7. The clinical effectiveness of stereotaxic amygdalotomy for violent and aggressive behaviour

Author n Clinical response
F E D C B A
Dead No Transient Slight Marked  Excellent:
change  change change: change: greatly
less easier to improved,
excited control  no violent
outbursts
Narabayashi et al. (1973) 60 - 2 7 22 29
Vaernet & Madsen (1980) 12 - 1 - - 11
Mark et al. (1972) 10 - 1 - - - 92
Balasubramaniam et al. (1972) 128 9 5 15 45 45 9
Totals 210 9 9 67 125
Percentages 4.3% 4.3% 31.9% 59.5%

* Immediate response data. There was some relapse over 1 year follow-up.

They therefore undertook a series of operations
specifically aimed at this psychological effect
— their goal was to ‘improve the emotional state
of the patient with behaviour disorders’ by the
stereotaxic bilateral lesioning of the amygdala.
The clinical response found in this study and
others is given in Table 3.7.

The interpretation of these results is proble-
matic, since outcome is measured on such a
simple scale with absolutely no proper psycho-
metric assessment. For instance, different facets
of aggression have not been delineated — verbal
aggression, physical assaults, self-directed hos-
tility and so on. In particular, tough-minded-
ness or aggressiveness as a personality trait has
not been distinguished from specific, situation-
ally dependent incidents. The question of emo-
tionality changes other than aggressiveness also
lies open, since there were no multiple base line
measures of anxiety, fear, depression, content-
ment, happiness and so forth. Added to this,
many of the operations were on subnormals,
so we may be dealing with a population that
already had abnormal or lesioned brains.

Therefore, although there is some evidence
that the operation has a placating effect upon
behaviour, the precise nature of the psychologi-
cal change is totally obscured by the crude mea-
surement technique.

3.7 Hypothalamic Lesions, Aggression
and Sex

The hypothalamus has also served as a target
for stereotaxic psycho-surgery, since in the pos-
teromedial region there is an ‘ergotropic trian-
gle’ which, when stimulated, causes tachycar-
dia, rising blood pressure and pupillary dilation.
Sano et al. (1972) reason that since these effects
are noted during aggressive episodes, the de-
struction of the area could have beneficial ef-
fects. Undertaking the hypothalamotomy on
66 cases exhibiting violent and aggressive epi-
sodes, they report a ‘good’ or ‘excellent’ out-
come in all but two patients. Once again, be-
cause of poor assessment measures (i.e. a single
three-point scale) these results are virtually un-
interpretable.

More recently, the hypothalamus has re-
ceived surgical attention because of its links
with sexual performance — since in animals ex-
cision of the ventromedial nuclei dampens hy-
persexuality. Roeder et al. (1972) therefore re-
port the hypothalamotomy as a treatment for
sexual perversions. Of the ten patients who vol-
unteered for the operation (four homosexuals,
one exhibitionist and five pedophiles) six were
claimed to have a complete cure, one a fair
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response and three a poor response. There was
no psychometric evaluation.

The mechanism of change (if we assume there
is something more to the results than a placebo
effect) seems to be one of simple, non-specific
suppression of overall sex drive — i.e. the action
of the operation is not solely upon the deviant
tendencies. Dieckman and Hassler (1977) also
found a dramatic reduction in sex drive after
hypothalamotomy in the treatment of three rap-
ists and one sexually motivated arsonist.

Clearly, because of the poor data collection,
we have no real idea of general personality
changes that might attend hypothalamotomy.

3.8 Thalamic Lesions

There is little to say here other than that thala-
motomies have been performed to reduce hy-
perkinesia, aggression and abnormal affect. A
moderate success rate has been reported and
discussed by Andy and Jurko (1972a and b)
who get good results in only 6 out of 30 cases.

More important than these clinical findings,
though, is a report by Choppy et al. (1973),
showing how the collection of even a little
proper psychometric data can be informative.
Choppy compared left thalamotomy cases (n=
18) with right thalamotomies (n=11). Interest-
ingly they found that the left thalamus is more
linked to mood states than is the right one (in
contrast to the general finding, discussed earlier,
that right hemisphere lesions lead to more affec-
tive type changes). After left thalamotomy, de-
pression and introversion scales derived from
the MMPI reduced (p=<0.02 and <0.05 re-
spectively) and self-criticism, which is linked to
neuroticism, also fell (p <0.01). Intelligence also
reduced after left (p <0.02) but not right lesions.

If all other practitioners of stereotaxic sur-
gery were as diligent in data collection as
Choppy et al. and the Kelly group, then we
would be in a far better position to understand,
for example, the structural basis of emotional
behaviour.

3.9 Temporal Lobe Lesions
and Personality

There are several straightforward reasons why
temporal lobe lesions should have a particular
link with personality. First, the lobe surrounds
the amygdala and other structures that form
a limbic circuit to do with aggressive and emo-
tional states — so that temporal cortex can be
viewed as the cortical controlling element of
these feelings and behaviours. Second, the tem-
poral lobes contain important language and
memory mechanisms that must assist in the or-
ganisation and regulation of behaviours.
Livingston and Escobar (1972) phrase it thus:
“while the deep lying amygdala has received
major emphasis as the dominant component of
the basolateral limbic circuit in terms of aggres-
sive behaviour, it seems likely that the anterior
temporal cortex and its connections play a more
sophisticated role — that of modulating emo-
tional and behavioural activity related to sen-
sory perception and its associated ideation and
feeling. It seems reasonable to suggest that the
anterior temporal cortex and its basolateral
limbic connections may be involved in clinical
disorders that can be visualised as malfunctions
of perceptual and interpretive mechanisms.”
The special link with personality dysfunction
is reflected in Lishman’s (1968) findings. In
63 cases of uni- or bilateral temporal damage
due to penetration injury, only 10% had no
psychiatric disability, whilst 61% were severely
disabled — a degree of association higher than
for frontal, parietal or occipital lesions. Also,
in Hécaen’s (1964) tumour series, 42.4% of tem-
poral cases had confusional or deterioration dis-
orders and 22.2% suffered mood and character
changes. Similarly, Falconer (1973) found that
in his sample of 100 cases of temporal lobe epi-
lepsy only 13 were psychiatrically normal. In
particular, 47 were diagnosed as psychopaths
and 27 showed extreme violence and aggressive-
ness. Finally, it will also be remembered that
Flor-Henry (1969) showed the association be-
tween temporal lesions and psychosis.
Unfortunately, description of the ‘temporal
lobe personality’ has been largely non-psycho-
metric, relying on case reports and general ob-



servation. Description of the aggression associa-
tion, and the reduction in aggression after tem-
poral lobectomies which remove the amygdala
and hippocampus, can be found in Falconer
(1955, 1973) and Hill et al. (1957).

As for a more generalized assessment of the
emotional disorders that can follow temporal
lesions, an interesting paper by MclIntyre et al.
(1976) is relevant. They measure impulsivity with
the Matching Familiar Figures Test (a trait with
features in common with extraversion), and the
ability to detect and label common affective
states using the Davitz-Mattis Metaphor Test
(in which the subject has to label each of 55 ver-
bal descriptions with either Anger, Anxiety,
Joy, Love or Sadness). The subjects formed
three matched groups of left temporals, right
temporals and controls (n:11, 11 and 12 respec-
tively). It was found that left temporals were
more reflective than normals, i.e. took longer
to match the familiar figures without making
any more errors, whilst right temporals were
more impulsive (one-way analysis of variance
F=7.2, p<0.01).

The slowing of left temporal performance
could be a reflection of a subtle memory dis-
order linked to a reduction in the feeling of
‘familiarity” — a theory of amnesia gaining in
popularity and experimental support (Baddeley
1975). The loss of a feeling of familiarity might
be seen as bordering on a change in emotional
or intuitive responding. The right temporal
change can be seen as an enhancement of this
feeling or a tendency to react without thought
to an ‘emotional’ cue. This impulsivity could
be one aspect of the affective disorders shown
by Lishman’s (1968) right temporals, i.e. over-
emotionality or over-reactiveness as indicated
by irritability.

As well as a deficit on the Familiar Figures
Test, the emotional labelling test showed an-
other deficit in the left temporal group — since
they made significantly more errors than the
other two groups. Further research will show
whether this emotional perception deficit is
merely a verbal labelling problem associated
with some subtle undetected language impair-
ment — or whether it is a ‘real’ perceptual
problem that will cause the patient to misinter-
pret and react inappropriately to other people’s
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emotions. The finding of a high proportion of
psychopaths amongst Falconer’s temporal epi-
leptic sample (especially left temporals) tends
to support the latter view of something more
profound than a linguistic response handicap.

As a final speculation it might be that only
left (rather than right) temporal lobectomics
will improve aggressiveness by increasing reflec-
tiveness. Indeed, right lobectomies might en-
hance aggressiveness by increasing impuslivity.

This hypothesis can be tested by re-analysing
data presented by Hill et al. (1957), who de-
scribe personality changes in 27 temporal lobec-
tomy cases (19 dominant and 8 non-dominant).
As part of the assessment procedure, all patients
were rated pre- and post-operatively on a three-
point scale of aggressiveness: 0=notoriously
frequent outbursts, 1 =occasional tractable out-
bursts, 2=no outbursts. Of the 27 cases, 24 ex-
hibited aggression pre-operatively. Changes in
this aggressiveness are given in Table 3.8 sepa-
rately for dominant and non-dominant cases.

Despite the small numbers involved, the re-
sults reach significance at the 0.05 level. The
dominant operation has more beneficial effect
upon aggressiveness than the non-dominant op-
eration. Since this hypothesis was not in the
mind of the original authors, it cannot be put
down to an experimenter effect or other bias
effect. The suggestion can be made, therefore,
that dominant lobectomies change aggressive-
ness by decreasing impulsivity, i.e. aggressive
thoughts and ideas are not immediately acted
upon. In contrast, non-dominant operations,
which can lead to an increase in impulsive re-
sponding, do not have such a beneficial effect
on aggressiveness, although aggression does not
actually get worse.

Table 3.8. Changes in aggressiveness after temporal
lobectomy

Non- Domi-
dominant nant
operation opera-

tion
No. exhibiting less aggression 3 12
Same aggression 3 3
More aggression 1 2

x2=6.22, p<0.05
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Overall, we see reiterated the point that a
few appropriate tests have led to the construc-
tion of testable hypotheses and have ‘filled in’
the picture of change. However, we are still
a long way from de