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Oneof the mostfascinating topics in psychology is how and why people
come to develop different personalities and abilities — the psychology of
individual differences. Questions such as ‘why do different children in
the same family seem to have such different natures and abilities?’, ‘what
influences the way in which weinterpret other people’s personalities?’,
‘how can personality affect the way in which we process information?’
and ‘is personality shaped by society, our biological make-up or both?’
are fundamental to the subject. Unlike many bookson the structure and
measurementof individual differences, this collection seeks to shed light
on underlying processes.

There is now some agreement aboutthe basic structure of humanabil-
ities and personality, which makesit possible to provide at least partial
answers to the above questions. Processes in Individual Differences reviews
and explores what is known about the social, biological, genetic and
cognitive processes that underlie various aspects of intelligence, person-
ality and mood. It contains contributions from international experts in
their fields, and provides non-technical but state-of-the-art descriptions
of the processes that underpin various aspects of personality, moods and
ability, together with some new empiricalresults.

Processes in Individual Differences will give the advanced student, the
researcher and the professional test-user a good understanding of why
precisely people are so very different.

The collection honours the work of Paul Kline, D.Sc., who recently
retired from the only chair of psychometrics in the country.

Colin Cooperis Lecturer in Psychology at Queen’s University, Belfast.

Ved Varmais a retired Psychotherapist and Educational Psychologist. His
previous publications include The Management of Children with Emotional
and Behavioural Difficulties (1990) and Stress in Psychotherapists (1996).
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Preface

 

Research into individual differences stands at a crossroads. There is now

some agreement that in order to predict behaviour it is necessary to

consider both characteristics of the situation and internal characteristics

of the organism — or ‘individual differences’ — since these two variables

may be assumed to interact in complex ways to determine behaviour.

There is also some agreement between individual-difference theorists

about the numberand natureof at least some of these internal character-

istics, and their relation to each other, the domainsofintelligence / ability

and personality having been particularly closely studied.

The challenge is now to understand the mechanisms by which these
individual differences operate, and to grasp precisely how theyinteract

with situational variables to predict behaviour. The chapters that follow
summarise much of whatis currently known aboutthe cognitive, social,

physiological and genetic processes that underpin the main areasof indi-

vidual differences. There are of course gaps — partly in order to keep the

book to a reasonable length, and partly because toolittle is known about
some aspects of individual differences to allow sensible process models to
be constructed and tested. The psychology of motivation is one such area,
with the psychology of mood being only slightly better understood. The
primary aim of this work is to examine what is known about theory-driven
and empirically verifiable process models in individual differences, and to
suggest ways forward.

Colin Cooper
Ved Varma



 

Introduction

 

This book was planned as a tribute to Paul Kline, who has recently

retired from academic life. Rather than producing some form of eulogy,

the editors felt that it would be more appropriate to producea ‘state of

the art’ synopsis of a topic that is close to Paul’s heart: the experimental

study of processes that underpin individual differences of various kinds.

The purpose of this Introduction is to allow some of his ex-graduate
students to reflect on his contribution in a rather more personal way.

At the undergraduate level, Paul Kline was an exciting teacher. His
lectures imparted knowledge and wisdom with a light dressing of outra-
geous humour and comment which enthused (and occasionally shocked)

his audience. With hindsight his aim was to show that no matter how
bizarre a theory may sound,if it was logically consistent, well-validated

and addressed an importantissue it deserved seriousscrutiny. In smaller

groupshetalked with (rather than to or at) students, and gave an open,
honest, unassuming, supremely challenging and aboveall enthusiastic

view of individual differences.
Paul supervised our PhDsin the 1970s and early 1980s, which was a time

whenthefield of personality was at a low ebb becauseof situationist argu-

ments. Nevertheless he was convinced that Cattell’s and Eysenck’s work
showedevidencethat the personality trait was a useful means of viewing

personality, and that Cattell’s personality sphere should permit the major
source-traits to be identified. Few would now disagree with the former
view, at least. He also appreciated the weaknesses of these methods better
than most, particularly their reliance on self-report data. Hence his
continuedinterest in objective tests of personality, those aspects of psycho-
analytic theory that seemed to have some empirical basis and
developments in psychometrics (such as G-analysis) which might permit
the responsesfrom projective tests to be categorised and analysedreliably.

As a research supervisor he was always available, enthusiastic and
supportive, and genuinely interested in the opinions of his graduate

students. Rather than slotting research students into a predetermined
researchprogramme,heencouraged us to develop our owninterests — even
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though this must have meant far more work for him. As a result of this he
ended up supervising theses in areas ranging from Lacanian theories of
psychoanalysis throughto the factor structure of various popular person-
ality questionnaires; from feminist philosophy to psychometric theory. His
incisive mind allowed him quickly to identify false premises, errors of logic
andother suchpitfalls, yet one alwaysleft his office feeling that the original
ideashadworth.

In psychometrics he wasnota ‘details man’, an ardent programmeror
expert on numerical analysis. Indeed hewas notorious for his ability to
destroy microcomputers; one popular theory held that it was due to the
static electricity generated when hescratched his beard as part of the
creative process! Despite this electrical handicap he understood and
expoundedthe principles from a conceptual point of view, and in the days
before research methods training he taught us a whole host of other
extracurricular academic skills, ranging from writing references to
reviewing papers, drafting research proposals, and avoiding having ideas
exploited by others. He also stressed the need to publish, so long as the
basic experimental design was sound: he madeus appreciatethat an exper-
imentthat is not written up mightaswell never have been performed.

His approachto the subjecthas alwaysbeentemperedby pragmatism. He
argued that many fashionable theories were both woefully unimaginative
and insufficiently supported by firm experimental data, but held that
rigorous experimentation, often based on multivariate techniques, may be
able to draw sometruths from even the morassof Freudian theory. He has a
healthy disrespect for ‘psychometric moles’ (Cattell’s term) who focus on
the minutiae ofstatistical or computationaldetail rather than on the substan-
tive nature of psychological problems. As every experienced researcher
knows,if the theory is sound,theeffect-size respectable and datacollection
good,thenthedetail of data analysis mattersratherlittle. He also maintained
thatit is replication, not one-off sophisticated analyses, that determines the
truly substantive nature (or otherwise)of a research result. Several of us feel
that thisis alesson thatneedstobelearntby thoseacolytesofstructural equa-
tion modelling who seem mesmerised by their ability to create largely
non-replicable models of such complexity that their path diagrams assume
the nature of a plate of spaghetti, and who merrily abandon a model's
psychological plausibility in order to improveitsfit. |

Paul wasparticularly doubtful of some theoretical and empirical work in
social psychology, based on scales where the sameitem is paraphrased ten
times thus ensuringhighreliability (it could hardly be otherwise) but which
are hopelessly narrow in scope, orwhere some major theoretical assumption
is simply not borne out by the data. For example, the evidence suggests that
some tests beloved of social psychologists measure situation-specific
responses rather than traits. In his 1988 book Psychology Exposed or The
Emperor’s New Clothes he suggests that many branchesofpsychology ignore
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what non-psychologists would regard as the important areas of human
functioning but concentrate instead on trivia or closed, hermeneutic
systems that can have no relevance to anything of importance. Reviewsof
thisbookrevealed depths ofemotion that could haveonlyoneinterpretation
foranyone withFreudian leanings.

Paul Kline is probably best knownfor his twenty or so books, almostall
of which are single-authored. These range in content from twoeditionsof
his standard text on empirical studies of psychoanalytic theory Fact and
Fantasy in Freudian Theory to works with a substantial psychometric
component, such as Psychometrics and Psychology, The Handbook of
Psychological Testing and An Easy Guide to Factor Analysis. They were
written in an extraordinary fashion. He would be seen walking round his
room or up and down the corridor looking preoccupied, clasping his
handsbehindhis back andstaringat the flooror ceiling. Then he would
dive back into his office and quickly write (quite literally) a chapter or
two, in tortured longhand. There were nocorrectionsor drafts; the para-
graphsjust leapt out onto the pages, fully formed.

Paulis a rather shy, non-authoritarian man, so some quirk of reaction-
formation doubtless caused him to lead a research project into the
authoritarian personality for the Ministry of Defence. He was really
rather glad when he saw a commentonthefinal report saying thatit
contained ‘nothing of military value’. Howeverit succeeded in its main
aim of producing several quite useful psychological papers.

His retirement has ended the Individual Differences tradition at
Exeter, where RaymondCattell and Richard Lynn preceded him. And
though most psychologists will know him throughhis clear, incisive and
occasionally formidable books and journal articles, one of us can
rememberquite distinctly an occasion when he handed back an under-
graduate psychometric project explaining gently that it might be quite
appropriate to use the word ‘questionnairre’ in Devon — but not really
anywhere else. We wish him well.

Paul Barrett Psychometrics Unit,
Ashworth Hospital, Liverpool

Colin Cooper SchoolofPsychology,
Queen’s University, Belfast

Sarah Hampson Department ofPsychology,
University of Surrey

Jon May DepartmentofPsychology,
University of Sheffield

Corinne Squire Department ofHuman Relations,
University of East London



Chapter1

 

Process modelsin individual differences
research

Paul T. Barrett

 

Personality and ability factors are marvellous shorthand summaries of

behavioural regularities: it is so much more parsimonious to speak of

high ‘verbal ability’ than to have to enumerate an individual's skill at

spelling, comprehension, use of language, understanding of metaphor

and a wholehostof other behaviours. However, knowing an individual's

profile of ability and personality characteristics (and being able to predict

their subsequent behaviour from these traits) does not imply any sort of
understanding of the concepts being measured by standard, psychome-

tric tests — many of which are developed atheoretically, through the use

of factor analysis. To understand these characteristics, it is necessary to
introduce theory-based models that consider how more fundamental

processes (be they psychological, biological, social, cognitive, develop-

mental, genetic or whatever) give rise to the behavioural consistencies

that we term ‘traits’.
Whilst the contributions that follow discuss in some detail what is

known aboutparticular process models in certain areas of individual

differences research, the purpose of this chapter is to take a more
meta-theoretical approach. Following an appraisal of trait theory, it

examines precisely why the study of process models is vitally impor-
tant for all aspects of individual differences. It also suggests that some

varieties of process model (such as those based on biological, physio-

logical or biochemical processes) lead more naturally to causal
explanations than do others (such as social models). Finally, it provides
a brief description of some useful approaches to the biological
processes underlying intelligence and personality — several of which
are little-known, even to specialists — and suggests how traditional

psychometric techniques may needto be revised in the light of process
models.
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WHATIS A ‘PROCESS MODEL’?

This is an explanatory model of particular behavioural outcomes
(perhaps summarised in termsof

a

trait or state). It hypothesises that a
series of specified mechanisms function in certain ways, so causing the
observed behaviours. This kind of dynamic model can be contrasted
with a structural model that seeks to describe the possible components of
behaviour, without attempting to state how these components might so
produce the behaviourin question. For example, when trying to predict
a behavioural outcome we might express the precursors to this
behaviourin termsof a series of actions or interlinking processes that can
be seen to be the basis or the how of the outcome. A structural approach,
however, might propose that certain hypothesised components are
responsible for producing the behaviour. It might well weight scores or
measures of these components to permit an optimal quantitative predic-
tion to be made. However, there is no explanation of why or how these
components produce the outcome.

WHAT ARE INDIVIDUAL DIFFERENCES?

Ostensibly, these are any observed difference between individuals on any
variable chosen by the observer. Such variables may be latent (e.g.,
abstract concepts suchas‘learning potential’ or ‘social class’) or manifest
(such as ‘amountof disposable income’ or ‘scores on Raven’s Matrices’).
However, if we modify the ‘observed difference’ componentof this defi-
nition to include the word reliable, we begin to make a distinction
between behavioural variability that is attributable to random influences
and that whichis systematic or non-random in origin. Further, if we also
propose that behaviouralvariability can be explained with greater accu-
racy by taking into account individuals’ levels of certain hypothesised
intrapsychic variables — then we have defined the essential nature of indi-
vidual differences research. The word intrapsychic denotes those
attributes that an individual may be said to possess that will interact
with environmental variables so producing measurable behavioural vari-
ance amongst individuals. Examples of intrapsychic variables are those
defining temperament, cognitive ability, motivation and mood.
Environmental variables are those that are said to exhibit some influence
upon an individual’s behaviour but which exist independently of an
individual's personalattributes.

For example, if we are interested in determining timed performance
on a recognition memory task using emotive word categories, we could
obtain a sample of individuals and proceed to generate several sample
statistics based solely upon the chronometric indices so generated. One
simple model could consider the average recognition time for the group,
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with the variability around that mean being accordedthe statusof error.

Alternatively we could also consider the level of trait anxiety for each

individual and perhaps general cognitive ability. Regression procedures

could then be used to explain meanrecall time as a function ofability,

trait anxiety, and perhaps the interaction between these two variables.It

is likely that we would now havegreater insight into any individual's

performance. Although the meanrecall would be the same, it would be

possible to partition the variance in observed scores such that more of

the ‘error’ is explainable by our twoindividualdifference variables. This is

essentially the argument put forward by Underwood (1975) in a paper

espousing the value of individual difference variables in understanding

cognition.

Consider performance on ability tests as an example of the indi-

vidual differences approach to the study of behaviour. Jensen (1964)

reported a study looking at the performance of university students on

Raven’s Advanced Progressive Matrices. Whereas it is assumed that

performance on problem-solving tasks is solely a function of the cogni-

tive abilities of an individual, Jensen explored the hypothesis that speed

of problem solving may also be related to the personality of the indi-

vidual. His hypothesis was deduced from Eysenck’s theory of the

personality variable introversion/extraversion. This predicted that the

performance of extraverts (measured as speed of problem solving)

would be inferior to that of introverts over a long duration of testing,

due to a gradual build-up of reactive inhibition in extraverts. Jensen

administered the test to each subject individually, without time limit.

However, the total time taken by the individual to complete the test

wasrecordedsecretly by the tester. Although the personality variables

of extraversion (E) and neuroticism (N) did not correlate significantly

with the scores on the test, the correlation between E and the comple-

tion duration was-.46 (p<0.01). This result indicates that if the test had

been administered under timed conditions, the more extraverted indi-

viduals might probably have scored higher than the more introverted

individuals. Thus the experiment shows that it can be erroneous to
assume that performance on ability tests is solely a function of the

ability of an individual, given particular test administration conditions

that interact with particular features of an individual’s personality.

Eysenck and Eysenck (1985) and Eysenck (1994) detail further evidence

of this particular phenomenon. In other words, ‘ability tests’ are
producing differences between individuals that are not attributable to a

single causal variable — ability. Further examples of such approaches in
the area of memory and cognition are to be found in Cohen (1994), as
well as in Michael Eysenck’s chapter in this volume.
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WHAT ARE THE AREAS OF STUDY ENCOMPASSED WITHIN
INDIVIDUAL DIFFERENCES RESEARCH?

To answerthis, I refer to a quotation from Eysenck (1970) who provided
a definition of personality as:

A moreor less stable and enduring organisation of a person’s char-
acter, temperament, intellect and physique, which determines his
unique adjustment to the environment. Character denotes a person’s
moreor less stable and enduring system of conative behaviour (‘will’);
temperament, his moreorless stable and enduring system of affective
behaviour (‘emotion’); intellect, his more or less stable and enduring
system of cognitive behaviour (‘intelligence’); physique, his more or
less stable and enduring system of bodily configuration and neuroen-
docrine endowment.

(Eysenck, 1970, p.- 2)

Note here that Eysenck is using the term ‘personality’ as a composite
variable that is viewed as the product of four conceptual entities. I
would modify the above definition slightly by dropping the term
‘character’ and making explicit that ‘will’ involves the concept of moti-
vation. This has important repercussions as will be seen below.
However, it is significant to note that Eysenck is careful not to treat
the concepts of motivation/ will, emotion, intelligence and_ biological
composition as discrete entities. Although it is easier to examine each
of these areas in isolation from each other, the evidence and explana-
tory process theory that is beginning to emerge from research
laboratories suggests that this separation is becoming tenuous, as
shown in Jensen’s (1964) study discussed above. Experimental studies
of individual differences thus require great attention to be paid to
experimental design whereeither the interactions deduced from theory
are ‘built into’ a design, or where experimental manipulation ‘controls’
the deduced interactions.

Although multivariate data analysis and computing technology have
nowreachedlevels of sophistication that enable large-scale data analyses
to be undertaken with relative ease, this has brought with it the problems
of ‘data-dredging’ and mindless empiricism. It is now too easy to
generate studies that seem no more than an attempt to measure every-
thing and hope that some sense can be made of whateverresults can be
made to pour forth from the computer. Whereas the pioneers of multi-
variate psychology(e.g., Cattell, Eysenck and Kline) preached judicious
and theory-laden use of the new techniques and advances, many practi-
tioners and researchers nowadays seem to view the techniques as an
alternative to careful theory-driven scientific investigation. The author
himself almost became wrongly convinced about the capability of the
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computer to produce, not just prodigious amounts of analysis but,

results that were meaningful. Experience taught otherwise!

A second implication of the definition given above is that the four

concepts of motivation/will, temperament, intellect and physique are

viewed as systems, and systems are defined by structure and process.

This is very much reflected in the kind of theory proposed by Eysenck

and others who are looking for causal models of behaviour. Whereas

Cattellian theory initially was very much concerned with inductive gener-

ation of psychometric structure, Eysenckian theory has been primarily

involved with deducing the processes that might permit coherent struc-

ture to be found within the psychometric domain. Following Eysenck

(1994), I think it is essential that the area of individual differences

research should move forward from the purely structural models of
psychometrics and correlational/covariance analysis of questionnaire

data matrices into the direct investigation of causal models of the

processes by which such structure manifests itself at the psychometric
level. However, as will be noted below, current evidence indicates that

this is not going to be a straightforwardtask.

Finally, before departing this section, it is important to note that the
statements made sofar are sufficiently generalised to permit the study
of individual differences in both the normal and clinical domains. The
kinds of process models that may be generated do not rely upon
discrete boundaries being constructed between behaviourally normal
and abnormal individuals. Rather, such models propose that abnor-
mality is defined by extreme positions on continua, irrespective of
whether the continua are largely defined biologically, psychometrically,
or socially.

PROCESS IDENTIFICATION AND LEVEL OF EXPLANATION

Before any model (structural or process) can be generated, it is a pre-
requisite that a phenomenonis detected. That is, in order to attempt to
generate an explanatory model, it is incumbent upon a researcher to
demonstrate empirically that a phenomenon (e.g., a personality trait)
exists to be explained. This seemingly trivial statement, first proposed by
Woodward (1989) in the philosophy of science literature, and applied to
the psychological domain by Haig (in preparation), has enormousreper-
cussions within the empirical science of psychology. A phenomenon
must be both differentiable from other phenomena (uniquely identifi-
able), and replicable. The phenomena can be either manifest or latent.
Once any phenomenonis established as an empirical ‘fact’, by notingits
replicability and reliability of identification, it is then appropriate to
generate some explanatory process model that attempts to infer causal
inference from the conditions and processes that produce the



6 Paul T. Barrett
eee

phenomenon.It does so by assuming the phenomenonto be the depen-
dent variable, and positing several (measurable) lower-level independent
variables together with some theoretical model that suggests how these
mayjointly influence the dependentvariable.
When generating causal theories in individual differences, the

researcher can choose explanatory processes that reside at four levels of
explanation:the social, the cognitive, the psychodynamic and the biolog-
ical. (I have mentioned the psychodynamic level here as it does attempt
to generate process theory, albeit on the basis of little or no empirical
foundation.) A process model at the social level will couch explanatory
theory in terms of person-to-person interaction and the rules for
behaviourthat are defined in/by society. As Sarah Hampsonindicates in
her chapter, the social process model may be defined entirely in a
constructionist framework (where individual attributes play no part in the
model) or in a constructivist framework (which posits an interaction
between an individual’s attributes and the environment within which
they operate from moment to moment). The cognitive approach to
explaining individual differences can be viewed in global cognition-
based theories such as Bandura’s (1986) social-cognition theory or
Seligman’s (Seligmanetal., 1979) learned helplessness / optimism attribu-
tion-style theory. Alternatively, elementary cognitive tasks (ECTs), such
as reaction time, inspection time, analogy item problem solving and
memory span, are used to aid in the determination of the processes
involved and their processing durations. The term ECT is defined by
Carroll (1993) as:

any one of a possibly large numberof tasks in which a person under-
takes, or is assigned, a performance for which there is a specifiable
class of ‘successful’ or ‘correct’ outcomes or end states which are to be
attained through a relatively small number of mental processes or
operations, and whose successful outcomes depend on the instruc-
tions givento, or the sets or plans adoptedby, the person.

(Carroll, 1993 p. 11)

Generally, the investigator will use the results from ECTs to infer differ-
ences in cognitive abilities. This kind of empirical investigation has
been called the ‘cognitive correlates’ approach by Sternberg (1990). This
can be contrasted with the ‘cognitive components’ methodology, based
largely upon the work of Sternberg (1977). Here tasks are broken down
into discrete processing components, which are then systematically
manipulated in order to observe the timed responses. Finally, at the
biological level of explanation, theory generation is specified at the level
of biological structures and processes. Generally, biological models of
individual differences are proposed as the foundation of the social and
cognitive levels of explanatory theory. For example, Eysenck (1988)
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views intelligence within three facets of understanding — the biological,

psychometric (cognitive) and the social/practical domain. It is the

biological processes that are considered the precursors of the

behaviours which are described within the psychometric domain of

investigation. As Eysenck (1988) has indicated, the psychometric

domain or level is also influenced by social and environmental

processes. That there is a synergy betweenall three levels of explana-

tion is not in doubt. Rather, it is the overall directionality of causal

explanation that is contentious (see Hampson, 1992; HJ. Eysenck, 1992;

Neisser and Fivush, 1994; Gergen and Gergen, 1988). More explicitly,

we might ask whether the interaction between biology, cognition and

social processes is equally multidirectional, or whether an individual's

biological make-up can determine toa large extent the level andstyle of

both cognitive and social performance.

THE STATIC DESCRIPTION OF INDIVIDUAL

DIFFERENCES - PSYCHOMETRICS

It is fair to say that the basis for much of the psychometric description of

individual differences in personality has been built upon the concept of

the trait, first espoused by Allport (1937) and Stagner (1937). However,

the definition of a trait differed markedly between these two individuals,

with Allport speakingof traits as initiating and guiding behaviour, with

some traits identified as motives and others as stylistic descriptions.

Stagner claimed that traits were just convenient descriptions of

behaviour, and not explanatory concepts or motivators. Further, he saw

no reason to believe that traits were consistent from one situation to the

next. Within the domain of intelligence, Spearman (1927) had attempted

to identify ‘g’ — a pervasive unidimensional concept of cognitive ability,

identified by him using factor analysis. Thurstone (1938) disagreed with

Spearmanby proposing a series of factors of intelligence, however, as

Eysenck and Eysenck (1985) note, a measure of agreement wasfinally

reached between Spearman and Thurstonein that not only was a general

factor shown to be empirically identifiable, but also that several other
factors of cognitive abilities were also seen to be identifiable (even

though correlated to some extent between one another). Finally, it was
Eysenck (1947), Vernon (1950) and Cattell (1957, 1971) whofirst created

the benchmark psychometric solutions for personality and ability vari-
ables. With regard to. present-day psychometric structure, frankly very
little has changed from these seminalefforts. Carroll (1993) has provided
a remarkable report of psychometric analyses of more than 460 datasets
of ability test items: the results remain very similar to Cattell’s original

factor structures.
The five-factor model of Tupes and Christal (1961) and McCrae and
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Costa (1985) is really no more than a truncated, orthogonalised second-
order factor solution that Cattell first demonstrated in 1957 (see also
John, 1990). As far back as the early 1980s, both Paul Kline and myself
had mused over the proposition that the whole field of psychometrics
was stagnating in a methodological cul-de-sac, offering no new insights
or substantive psychological knowledge. Eysenck seems to be concurring
with this in a recent chapter, stating:

Altogether, it seems that wearestill plagued by the separation of
Cronbach’s ‘Two disciplines of scientific psychology’, that is, the
psychometric and the experimental. Until and unless we manage to
unite these into one seamless garment, new attempts to understand
better the nature of personality andintelligence and their interaction
will be severely compromised.

(Eysenck, 1994,p. 26)

The problem with psychometric models is that they are essentially
sterile, descriptive structures. They are undoubtedly the crucial precur-
sors to the development of substantive process theory but, by
themselves, can only offer summary description of covariance between
observations. As indicated above, they assist in the identification of
psychological phenomena, but not in the attribution of causality. This
requires the specification of process, andit is to this class of models that I
now turn.

CAUSAL/PROCESS MODELSOF INDIVIDUAL DIFFERENCES

Attribution theory

With regard to models put forward at the social level of explanation,
social-cognitive (Bandura, 1986) andattribution theory (Forsterling, 1986;
Rotter, 1966; Abramsonet al., 1978) seem to be the most comprehensive
of these approaches. Cognitive theories of personality are based uponthe
proposition that there are components of cognition that determine how
an individual evaluates, interprets and organises information that is
considered relevant. Little can be said about these theories other than
they seem toexist in isolation from the large body of evidence accruedat
the biological and psychometric levels of investigation. Further, there is
actually surprisingly little explanatory power within these theories, as
many are confined mainly to either clinical situations or specific social
processes. For example, Seligman’s work in this area has been based
upon a reformulation of learned helplessness that was originally based
on animal studies (Seligman, 1975). As Sweeneyet al., (1986) noted,
research based upon humanresearch participantsoffers little support for
this model. Thus it was again redefined as an attributional-style model
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by Abramsonet al., (1978) and has since had some successin explaining

certain behaviours. However, the kinds of processes bought forward to

provide the explanatory theory are large-scale, and gross in conception.

Seligman’s theorystates that

attributing lack of control to internal factors leads to lowered self-

esteem, whereasattributing lack of control to external factors does not.

Furthermore,attributing lack of control to stable factors should lead to

helplessness deficits extended across time, and attributing lack of

control to global factors should lead to wide generalisation of help-

lessness deficits across situations...

(Seligmanet al., 1979, p. 242)

Although social-cognitive individual differences theory does have

some explanatory power, there seems to be a complete avoidance of the

more fundamental attributes of individuals. It is true that the cognitive

explanations are couched in process form, but these seem to involve yet

more assumptions about hypothesised processing components of cogni-

tion that themselves need empirical examination. Thus such models are

really not very parsimonious. Furthermore, because they rely on

concepts that simply fail to emerge from cross-situational analyses of

behaviour — ‘non-traits’ such as ‘internal locus of control’ about which

Kline (1993) makes several pithy comments — it is difficult to see how

these models can possibly work. ‘Experiments’ in this area merely

involve correlating scores on various questionnaires, and inferring causal

models from certain patterns of correlations. However, since all the data

generally come from the same domain(self-report, or rating) it is always

possible that the correlations emerge because someothervariable (social

desirability, for example) will affect some people’s scores on both

measures. This may give the false impression that two constructs are

causally related. I am unsure whether proceeding with theory generation
at this level, in apparent ignorance of the more fundamental individual

differences theory being currently proposed at the biological level, will

prove optimalin the long term.

Hampson’s social constructivist model of personality (1992, 1995)

Another, less comprehensive and perhaps more focused, approachis that
put forward by Sarah Hampson(see her chapter in this book). Hampson’s
social constructivist model of personality is based upon the premise that

personality is a dynamic function both of an observer and an actor (self-

observer). An individual observer is assumed to interpret another

individual actor’s behaviour, and respond accordingly. The actor is also

assumed to adopt the role of self-observer, and make corresponding

adjustments to behaviourthat are then in turn interpreted by the observer,
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and so on. The constructivist approach acknowledges that biological
mechanisms and behavioural traits will form part of this interactive
processin that they affect the intra-individual componentof the inter-indi-
vidual interaction. However, the conceptof personality is seen ultimately
as a constructive process, that is formed directly as a function ofthe inter-
action between two or more individuals. It is especially important to
distinguish the key philosophical distinction that lies behind the theory
generated within social constructionism and that formed within a social
constructivist position. This distinction revolves around the proposition
that personality is not a reality, to be observed similarly by independent
observers, but ratheris a social creation that is being continually defined
by actors and observers. Hampson’s model acknowledges the concept of
an independentreality, but also proposesthat social interaction is an addi-
tionaldefining feature of both the language and conceptof personality.

M.W.Eysenck’s processing efficiency theory of anxiety (1992)

This is an approach to theory generation thattries to explicate the cognitive
processes involved in anxiety-related behaviours. Essentially, it is an
attempt to explain cognitive performanceas a functionof state anxiety. The
latter concept is concerned withlevels of anxiety that are transient andsitu-
ation-dependent, as contrasted with trait anxiety which is considered a
relatively enduring andstable attribute for an individual. However, as
Eysenck and Calvo (1992) indicate, measurements of these two concepts
generally correlate at around 0.70, hence there is a close relationship
between the two. At the heart of the theory is the proposition that high-
anxiety individuals differ from those with low anxiety, based upon the
amountof information processing and attentional resources available for
any task that involves elements of stress. He has coined theclinical term
‘hypervigilance’ to describe the excessive level of processing resources that
are committed to detecting and processingthreat-related stimuli or events
within a high-anxiety individual. Because of this tendency to maintain a
heightened level of threat-detection, behavioural performance in the
highly anxious individual is negatively affected. Eysenck and his co-
workers have nowcarried out many experiments to demonstrate that the
fundamental proposition of the theory is supported by empirical results. In
addition, as is apparent from his chapterin this book, he has gone further
than most in attempting to demonstrate that the concept of anxiety is
perhapsbest defined in terms of cognitive processesthat rely less upon the
notion of biologically mediated response mechanisms and more upon
learned cognitive processes. Althoughthis theory is solely concerned with
explaining individual differencesin anxiety, it is nevertheless interesting to
contemplate the extrapolation of this process-oriented approach to other
areas of individual differences research.
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H.J. Eysenck’s biological modelof personality (1957, 1967)

This biologically based model proposesthat introversion/extraversion is

a function of the levels of activity (arousal) within a cortico-reticular loop,

involving processing within the reticular formation through the

Ascending Reticular Activating System and the cerebral cortex.

Introverts are hypothesised to have greaterlevels of activity within this

loop, hence are characterised as having greater cortical arousal than

extraverts. Neuroticism is thought to be a consequence of the level of

activity within the visceral brain (consisting of the hippocampus, amyg-

dala, cingulum, septum and hypothalamus). Individuals who show a

greater level of neurotic behaviour are said to have a greater capacity for

‘activation’ within this biological system. That is, they produce biochem-

ical and electrophysiological activity in these structures more readily

than those who are low in neuroticism. Finally, Eysenck and Eysenck

(1976) proposed that a third concept (psychoticism) was needed to

explain behaviours that seemed to lie along a dimension that ranged

from normal through criminal and psychopathic to psychotic. The

biological model for this dimensionis less well developed. A substantial

review of the status of the arousal/activation model of

introversion/extraversion is given in Bullock and Gilliland (1993).

Gray’s (1972, 1981) biological theory of personality

Gray’s theory shares somesimilarity with Eysenck’s proposals, however,

he argues that the two dimensions of extraversion and neuroticism

should be conceptually realigned as dimensions of impulsivity and

anxiety. This proposition was based upon research on animal learning

and physiology. It suggested that, in animals, individual differences exist

in the susceptibility to punishment (the anxiety dimension), which is

physiologically mediated by activity within a behavioural inhibition

system composed of the septo-hippocampal system, monoamine-

mediated afferents from the brain-stem, and neocortical projection in the

frontal lobe. The psychometric vector defining this biological construct

would extend from neurotic introvert to stable extravert. The axis sits at

45 degrees within the orthogonal space of Eysenck’s extraversion and
neuroticism factors. Individual differences in the susceptibility to reward

(the impulsivity dimension) in animals are viewedas being related to an

‘approach’ system which is primarily mediated by the medial forebrain

bundle and the lateral hypothalamus. In psychometric terms, this would

equate to a vector with poles of neurotic extravert to stable introvert.

These two biological models briefly adumbrated abovecan be said to

be the two most substantive attempts at a causal model of tempera-

ment/ personality. Within the framework of these models, more specific
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models have been generated to explain certain behaviours within partic-
ular domains of interest. For example, within the clinical domain,
Cloninger’s (1986) model of adaptive personality traits, Raine’s (1993)
remarkable work on the biological bases of criminal behaviour, and
Zuckerman’s (1991) work on the biological factors associated with the
production of sensation-seeking behaviour. However, both HJ.

unidimensional construct. M.W. Eysenck (1992, and in this book) outlines
the sometimes disparate results found when looking for convergent
evidence of a construct of anxiety at the biological, cognitive and psycho-
metric levels of analysis. Of especial note here is the work by Fahrenberg
(1988, 1992) who, after twenty years of investigation of the construct of
anxiety at the biological level of analysis, found no evidence for a unidi-
mensional construct of anxiety as posited by Eysenck and Gray. Myrtek’s
(1984) work on the evaluation ofthe concept of physiological responsive-
ness or lability of the nervous system (as espoused by H.J. Eysenck) also
led him to concludethat the use of such terminologyis not supported by
the available empirical evidence. Fahrenberg (1992) has since hinted that
an idiographic approach to the examination and measurementof the
construct might be the only way forward. I will return to this issue later
in this chapter.

Intelligence

Within the domain ofintelligence there had beenlittle or no substantive
causal theory generated until the initial work of Hendrickson and
Hendrickson (1980), who provided a biochemically based, observed,
causal model for individual differences in psychometric measures of
intelligence. Since then, much empirical work has attempted to replicate
and extend their initial observations. Two recent empirically based
reviews of the Hendrickson work have been recently provided by
Robinson (1993, in press). Two other substantial reviews of the entire
area are provided by Barrett and Eysenck (1992) and Deary and Caryl
(1993). While much of this work has concentrated upon the mechanism
of nerve conduction variability (Barrett and Eysenck, 1994) and cortical
nerve conduction velocity (Reed and Jensen, 1993), there have been three
other significant theoretical developments in this same area, each
focusing upon different conceptualisations of explanatory theory at the
biologicallevel.

First, the work of Weiss (1986, 1989, 1992) has generated a theory
which relies upon specific brain biochemistry and particle physics to
provide prediction and theoretical support for empirical findings within
both the electroencephalographic and psychometric realms of cognitive
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abilities. Essentially, Weiss has suggested a possible biochemical mecha-

nism for the transmission and subsequent use of information within the

brain that also explains whythere is a relation between cerebral glucose

metabolic rate and performance on IQtests (Haier, 1993). Weiss also indi-

cates that this biochemical functioning is the product of a hypothesised

gene locus for intelligence. Related to this work is that of Lehrl and

Fischer (1988, 1990) who have looked at individual differences in cogni-

tive functioning in terms of information-processing capacity. They

compute capacity directly (in bits per second) and find that this measure

correlates in the order of +0.8 with verbal IQ scores. (Note howeverthat

Kline et al., 1994, and Draycott and Kline, 1994, have demonstrated that

the parameter may be more closely related to crystallised IQ and

memory thanto general intelligence per se.)

Secondly, there is the work of Robinson (1982, 1987, 1993) who has

generated a cerebral arousability theory within the domains of neo-

Pavlovian and Eysenckian personality theory. Robinson’s work also

provides an explanatory theory for the conceptof biologicalintelligence

and its measurement using electroencephalography. This is a modelthat

has provided spectacular empirical results (correlations between psycho-

metric measures of personality and physical system parameters between

0.63 and 0.95), yet has been largely ignored by the wider community of

individual difference psychologists. Admittedly, some of the work on the

intelligence theory has not met with complete replication to date (Barrett

and Eysenck, 1992; although see Stough ef al., 1996), but nevertheless,

this is a theory that has generated several testable hypotheses and awaits

substantive examination by independentinvestigators.

Finally, a recent paper by Miller (1994) has put forward the hypothesis

that myelinisation of cerebral nerve fibres is one of the major causal

mechanismsthat differentiates individuals in terms of intelligence and

information-processing capacity. This is an integrative theory that draws

upon empirical evidence from several fields of study, including

behavioural genetics, psychometrics, biomedical imaging, electrophysi-

ology, developmental biology, nutrition and brain biochemistry. The

theory is tied very muchto the concept of nerve transmission variability

and speed of conduction, these transmission signal characteristics being

mediated by the quantity of myelinated axons and the density of myelin-

isation of fibres within the brain.
In this brief discussion of the status of theory concerning intelligence,|

have purposely not mentioned the various theories that may be said to

remain more at the level of speculation than based uponanysolid foun-

dation of empirical evidence. The all-encompassing nature of such

theories has tended to leave them metaphorically ‘beached’ in an

academic cul-de-sac. They are of interest, but of little practical use for an

investigator trying to tease out the causal mechanisms of individual
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differences in intelligence. For example, theories proposed by Howe
(1988, 1989), Sternberg (1990) and Gardner (Gardner, Kornhaber and
Wake, 1996)are all variously based at the cognitive and social level of
process, yet, apart from elements of Sternberg’s triarchic theory, all exist
more as speculative descriptions of the causation of observed behaviours
than testable, formal theoretical propositions. For example, much of
Howe’s theorising about the causes of individual differencesin intelli-

of the results from a few narrow areas of investigation than a broad
overview of the entire range of empirical evidence that is now available.
At the opposite end of this spectrum, Gardner’s model of multiple intel-
ligencesis attractive in that it comprehensively addresses the issue of the
behavioural width of the concept, but offers no solutions as to how an
investigator might proceed to test certain propositions of the model.
Although this particular area of investigation still lacks substantive
process-based theory, it is my opinionthatit is not to be found in models
that rely solely on differences in cognitive processes, learning styles, or
social learning processes, to explain individual differences in intelli-
gence. With the quantity of empirical evidence becoming available
concerning the biological correlates of psychometric intelligence, it is
perhaps more optimal to view the behavioural outcome measures as the
result of the interaction between the environment and an individual’s
biological make-up.

AN EVALUATION

The rather brief outline of the key models and theories that exist within
the individual differences area showsthatthe nature of the theory being
produced is changing. The advances in knowledge and understanding of
individual differences is no longer the domain of the social scientist or
psychometrician. Rather, explanatory theory has shifted in two ways: to
the more fundamentallevel of biology in order to seek causal explana-
tions of behavioural outcomes, and to the cognitive level, in order to
determine the processes that define the behaviours being observed. This
is not to deny the importance of purely social and psychometriclevels of
analysis, which are invaluable for identifying the phenomena whose
processes then require explanation. However, I suspectthat the primary
cause of these phenomena will best be found at the biological level of
explanation, using this knowledge simultaneously to seek behavioural-
outcome explanations using cognitive process models.

This shift in focus towards biological and cognitive process modelsis
not happening because researchers have arbitrarily decided that they
will begin to seek explanation at this level. There is instead recognition
that purely social and psychometric theories cannot fully explain the
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causes of individual differences, whilst any theory that ignores the many

biological differences between organisms when attempting to describe

individual and group behaviours is clearly incomplete. This is not an

argument for nature over nurture or a crude attempt to explain

behaviourdirectly by recourse to a particular biological structure, system

or process.It is, however, a serious attempt to begin to explicate the role

of an individual’s biology in determining, to some degree, their motiva-

tion, personality, emotionality and intelligence. It is also accepted that

there is constant interaction with the environment, whichis also perhaps

likely to be having an impact on an individual’s cerebral physiology

(Jacobsetal., 1993). Lynn’s (1993) review of the evidence concerning the

relationship between nutrition and intellectual functioning demonstrates

the substantive interactive effect of this particular, albeit gross, feature of

the environment.
In addition, it is significant that the models all deal with a level of

process that is very detailed, but that can be linked through psychome-

tric indices and empirical observation to real-world behaviours.

Essentially, the biological approach needsto consider the extent to which

mechanisms, structures, or processes can be altered by environmental

factors (illness, learning, training, pharmacological intervention etc.).

Some(e.g., nerve conduction variability) appear to be relatively fixed,

whilst others may be modifiable. The recursive nature of the interaction

between environment and biology has already been suggested in the

field of behaviour genetics, with the Scarr and McCartney (1983) theory

of the genotype/environmentlinkage. This states that genotypes deter-

mine to some extent the kind of environment and situations that an

individual will choose (whenpossible). That is, the genotype can be seen

to be restraining or promoting certain interactions with the environment.

Attitudinal as well as personality and intelligence data show significant

genetic influence (Martin et al., 1986; Heath et al., 1989) suggesting that

learning and social mobility tend to augment rather than erode the

effects of the genotype on behaviour. This has obvious repercussions

within biometric analyses for the specification of the environment as

something that is independent from an individual’s genotype.

A second feature of the new generation of models being producedis

that they are all built upon a foundation of empirical work. Someis used

indirectly in order to show that the models can predict a variety of speci-

fied outcomes, with other more direct evidence indicating that key

features of the models can be empirically verified. This is especially true

of Robinson’s model (mentioned above). It is based initially on psycho-

logical observations and inferred psychological processes. Objective

psychophysiological data are subsequently used to test the inferred

biological substrate rather than relying on assumed physiological struc-

tures or processes(e.g., limbic reactivity). All such models extend beyond
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the domain of biology, relying upon evidence at both the
psychometric/cognitive and social levels to aid andassist in the model-
generation process. It is now becoming more apparent that research in
individual differences requires a shift from the correlational analysis
model to that of an experimental paradigm (a point made by Eysenck,
1994). Whilst the correlational modelcan assistin identifying substantive
correlates, and to some extent can aid in the causal modelling of
constructs (such as in the use of structural equation modelling based
upon covariancestructures), it is not sufficient as an experimental model
for the elucidation and empirical analysis of individual processes. These
are essentially cognitively based operations that require examination of
dynamic systemsrather thanstatic ‘concepts’.
A third feature of the models now being proposedis that they may

break downartificial distinctions between personality, temperament and
ability. They seek to explain both personality / temperamentand intellec-
tual functions.|With the introduction of Goleman’s (1995) concept of
emotional intelligence (akin to Sternberg’s, 1985, and HJ. Eysenck’s,
1992, usage of the term social/practical intelligence), it is now clear that
process models must begin to take into account the nature of behaviour
as an integration of motive, personality, temperamentandintellect. This
might well be expected to have an impact on purely cognitive process
models of cognition such as the SOAR model of Laird, Newell and
Rosenbloom (1987) and Newell (1990). The implicationis that the empir-
ical testing of such models requires a careful approachthat is sensitive to
the possible interactions between processes. Further, it does lead one to
question the adequacy of many of the psychometric and biological
models of personality that have been put forward. For example,
Eysenck’s or Gray’s theories of temperamentinvokerelatively few major
concepts. They are parsimonious, ‘broad brush’ models. However, as has
been noted above, the concept of N (anxiety)is probably too broad as
currently conceived, withlittle or no evidence (Myrtek, 1984) for either a
‘lability’ or single behavioural dimension (even though the psychometric
analysis of questionnaire data consistently indicates a single broad
factor). If N is a more individualistic, cognitively based concept, with a
differentiated responsestyle within individuals, then Fahrenberg’s argu-
ment concerning idiographic assessment may well prove relevant. That
is, it will prove to be impossible to account for psychophysiological and
behavioural differences in anxiety levels using essentially nomothetic
measuring instruments. Such a research strategy would have profound
implications for the whole area of individual differences research.
However, the puzzling feature of this issue is why the questionnaire
measurement of anxiety seems to point consistently to a single general
measure (see Eysenck and Eysenck, 1985, for a review of this research
literature), whereas psychophysiological and behavioural evidence
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appears multidimensional and fractionated, to use Haynes and Wilson’s

(1979) terminology.

THE FUTURE

So, where does all this take us? From the above, the reader may

deduce that I consider the biological process models now being gener-

ated as the hotbed for future empirical work in individual differences

research. Cognitive and social-process models, (e.g., the work of M.W.

Eysenck and Hampson) will complement this approach. From thebrief

overview of models presented above, I think the reader will see that

this whole area is on the verge of a change in research style that is

simultaneously focusing on both the biological and cognitive levels of

analysis, allied to a change in experimental paradigm that is becoming

more deductive in design. However, Kline’s (1995) statements at a

recent conference on occupational testing should also be noted. He

stressed the paucity of substantive developments within psychometric

measures of personality, and the need to look at performance itself

rather than continue to ask self-report questions about it. Perhaps the
whole area of psychometrics should be regenerated within a more

experimental and deductive framework, with self-report questionnaires

being replaced by carefully developed performance measures. In a

sense, Cattell and Warburton (1967) have already provided us with a
foundation for many new ‘objective’ tests. Deductions from the models

outlined above should enable a more precise and targeted psychome-
tric/experimental approach to the creation of a new range of measures

of both cognitive and affect variables.
However, I also feel that somewhere along the line, psychometricians

have forgotten about motivation — a point also made by Pervin (1990).
Althoughthe social-cognitive area has addressed the concept with some
vigour, psychometricians have largely ignored the concept (with the
exception of Cattell, 1990; see also Boyle, 1988 for an excellent review of
this area). This is perhaps the mostdifficult of all psychometric problems
to solve, in that it requires the assessment of an essentially dynamic
process. Cattell’s Motivation Analysis Test is but one approach to this
problem. Taking into account the biological models of temperament,

personality and intelligence, the problem first requires an elucidation of
what needs to be measured (if anything), over and above these three
constructs. Perhaps motivation is simply some product ofall three, that
requires a form of dynamic calculus of the type initially presented by
Cattell. Certainly, it is difficult to decide whether a concept such as Gray’s
susceptibility to rewardis itself a causal motivating variable or should be
targeted as a temperamentvariable — whichis perceived differently from a
hypothesised motivation variable such as ‘need for achievement’.
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In conclusion, I hope the reader now has developed an impression of
both the excitement and challenge that faces individual differences
research in the 1990s and beyond. With the advent of modern technology
for the non-invasive measurement and imaging of many biological struc-
tures and processes, a new windowhas been openedinto the functioning
humanbeing. In addition, with fifty years of psychometric work on the
identification and measurement of behavioural phenomena,the timeis
now ripe for a new paradigm to take hold. Eysenck and Eysenckfirst put
forward this possibility in 1985, Kline has repeatedly indicated in the
intervening period that purely psychometric analyses are leading
nowhere, and Revelle’s (1995) recent review of the area of personality
investigation has demonstrated that some research strategy changeis
underway. I hope I have added someadditional impetus and focus to
these calls for change.

REFERENCES

Abramson,L.Y., Seligman, M.E.P. and Teasdale, J.D. (1978) ‘Learned helplessness
in humans: critique and reformulation’, Journal of Abnormal Psychology 87:
49-74.

Allport, G.W. (1937) Personality: A Psychological Interpretation, New York: Holt,
Rinehart and Winston.

Bandura, A. (1986) Social Foundations of Thought and Action: A Social-Cognitive
Theory, EnglewoodCliffs, NJ: Prentice-Hall.

Barrett, P. T. and Eysenck, H.J. (1992) ‘Brain electrical potentials and intelligence’,
in A. Gale and M.W. Eysenck (eds) Handbookof Individual Differences: Biological
Perspectives, New York: McGraw-Hill.

(1994) ‘The relationship between evoked potential component amplitude,
latency, contour length, variability, zero crossings and psychometric
intelligence’, Personality and Individual Differences 16: 3-32.

Boyle, G.J. (1988) ‘Elucidation of motivation structure by dynamic calculus’, in
J.R. Nesselroade and Cattell, R.B. (eds) Handbook of Multivariate Experimental
Psychology (2nd edn), New York: Plenum Press.

Bullock, W.A. and Gilliland, K. (1993) ‘Eysenck’s arousal theory of introversion-
extraversion: a converging measures investigation’, Journal of Personality and
Social Psychology 4: 113-123.

Carroll, J.B. (1993) Human Cognitive Abilities: A Survey of Factor-Analytic Studies,
Cambridge: Cambridge University Press.

Cattell, R.B. (1957) Personality and Motivation Structure and Measurement, New
York: New World.

—— (1971) Abilities: Their Structure, Growth and Action, Boston: Houghton-Mifflin.
—— (1990) ‘Advance in Cattellian personality theory’, in L.A. Pervin (ed.)

HandbookofPersonality Theory and Research, New York: Guilford Press.
Cattell, R.B. and Warburton, F.W. (1967) Objective Personality and Motivation Tests:
A Theoretical Introduction and Practical Compendium, Urbana, IL: University of
Illinois Press.

Cloninger, C.R. (1986) ‘A unified biosocial theory of personality andits role in the
developmentof anxiety states’, Psychiatric Developments 3: 167-226.

 



Process models 19
i

Cohen, R.L. (1994) ‘Some thoughts on individual differences and theory

construction’, Intelligence 18: 2-13.
Deary, I. and Caryl, P. (1993) ‘Intelligence, EEG, and evoked potentials’, in P. A.

Vernon(ed.) Biological Approaches to HumanIntelligence, New Jersey: Ablex.

Draycott, S. and Kline, P. (1994) ‘Further investigation into the nature of BIP: a

factor analysis of the BIP with primary abilities’, Personality and Individual

Differences 17: 201-209.
Eysenck, H.J. (1947) Dimensions of Personality, London: Routledge.

(1957) The Dynamics of Hysteria and Anxiety, London: Routledge and Kegan

Paul.
(1967) The Biological Basis of Personality, Springfield, IL: Charles C. Thomas.

—— (1970) The Structure ofHuman Personality, (3rd edn), London: Methuen.
—— (1988) ‘The conceptof “intelligence”: useful or useless?’, Intelligence 12: 1-16.

——(1992) ‘The biological basis of intelligence’, in P. A. Vernon (ed.) The Biological

Basis of Intelligence, New Jersey: Ablex.
(1994) ‘Personality and intelligence: psychometric and experimental

approaches’, in R.J. Sternberg and P. Ruzgis (eds) Personality and Intelligence,
Cambridge: Cambridge University Press.

Eysenck, H.J. and Eysenck, M.W. (1985) Personality and Individual Differences:
A Natural Science Approach, New York: Plenum Press.

Eysenck, H.J. and Eysenck, S.B.G. (1976) Psychoticism as a Dimension of Personality,
London: Hodderand Stoughton.

Eysenck, M.W. (1992) ‘The nature of anxiety’, in A. Gale and M.W.Eysenck (eds)
Handbook of Individual Differences: Biological Perspectives, New York: Wiley.

Eysenck, M.W.and Calvo, M.G.(1992) ‘Anxiety and performance: the processing
efficiency theory’, Cognition and Emotion 6: 409-434.

Fahrenberg, J. (1988) ‘Psychophysiological processes’, in J.R. Nesselroade and
R.B. Cattell (eds) Handbook of Multivariate Experimental Psychology (2nd edn),
NewYork: Plenum Press.
—(1992) ‘Psychophysiology of neuroticism and anxiety’, in A. Gale and M.W.

Eysenck (eds) Handbook of Individual Differences: Biological Perspectives, New
York: Wiley.

Forsterling, F. (1986) ‘Attributional conceptions in clinical psychology’, American
Psychologist, 41: 275-285.

Gardner, H., Kornhaber, M.L. and Wake, W.K. (1996) Intelligence: Multiple

Perspectives, Texas: Harcourt Brace College Publishers.
Gergen, K.J. and Gergen, M.M. (1988) ‘Narrative andthe self as relationship’, in

L. Berkowitz (ed.) Advances in Experimental Social Psychology (Vol. 21), New
York: AcademicPress.

Goleman, D. (1995) Emotional Intelligence, New York: Bantam Books.
Gray, J.A. (1972) ‘The psychophysiological nature of introversion-extraversion: a

modification of Eysenck’s theory’, in V.D. Neblitsyn and J.A. Gray (eds)
Biological Bases of Individual Behaviour, London: Academic Press.

—— (1981) ‘A critique of Eysenck’s theory of personality’, in H.J. Eysenck (ed.)
A Model for Personality, New York: Springer-Verlag.

Haier, R.J. (1993) ‘Cerebral glucose metabolisation and intelligence’, in P. A.
Vernon (ed.) The Biological Basis of Intelligence, New Jersey: Ablex.

Haig, B.D. (in preparation) Detecting Psychological Phenomena, University of
Canterbury, NZ. .

Hampson, S.E. (1992) ‘The emergence of personality: a broader context for
biological perspectives’, in A. Gale and M.W. Eysenck (eds) Handbook of
Individual Differences: Biological Perspectives, New York: Wiley.

 

 

 



20 Paul T. Barrett
ee

—— (1995) ‘The construction of personality’, in S.E. Hampson and A.M.
Coleman(eds) Individual Differences and Personality, London: Longman.

Haynes, S.N. and Wilson, C.L. (1979) Behavioural Assessment, San Francisco:
Jossey-Bass.

Heath, A.C., Eaves, LJ. and Martin, N.G. (1989) ‘The genetic structure of
personality III: multivariate genetic item analysis of the EPQ scales’,
Personality and Individual Differences 10: 877-888.

Hendrickson, A.E. and Hendrickson, D.E. (1980) ‘The biological basis of
individual differences in intelligence’, Personality and Individual Differences 1:
3-33.

Howe, M.J.A. (1988) ‘Intelligence as an explanation’, British Journal of Psychology
79: 349-360. |

—— (1989) ‘Separate skills or general intelligence: the autonomy of human
abilities’, British Journal of Educational Psychology 59: 351-360.

Jacobs, B., Schall, M. and Scheibel, A.B. (1993) ‘A quantitative dendritic analysis
of Wernicke’s area in humans. II: Gender, hemispheric, and environmental
factors’, The Journal of Comparative Neurology 327: 97-111.

Jensen, A.R. (1964) Individual Differences in Learning: Interference Factor.
Washington, DC: Office of Education, US Department of Health, Education,
and Welfare.

John, O.P. (1990) ‘The “Big Five” factor taxonomy: dimensions of personality in
the natural language and in questionnaires’, in L.A. Pervin (ed.) Handbook of
Personality Theory and Research, New York: Guilford Press.

Kline, P. (1993) A HandbookofPsychological Testing, London: Routledge.
(1995) “Personality questionnaires in occupational psychology: The big 5

and beyond’, Proceedings of the BPS Occupational Psychology Conference,
Leicester, UK: BPS Books.

Kline, P., Draycott, S. and McAndrew, V. (1994) ‘Reconstructing intelligence: a
factor analytic study of the BIP’, Personality and Individual Differences 16:
529-536.

Laird, J.E., Newell, A. and Rosenbloom, P. S. (1987) ‘SOAR:an architecture for
generalintelligence’, Artificial Intelligence 33: 1-64.

Lehrl, S. and Fischer, B. (1988) ‘The basic parameters of human information
processing: their role in the determination of intelligence’, Personality and
Individual Differences 9: 883-896.

(1990) “A basic information psychological parameter (BIP) for the
reconstruction of concepts of intelligence’, European Journal of Personality 4:
259-286.

Lynn, R. (1993) ‘Nutrition and Intelligence’, in P. A. Vernon (ed.) The Biological
Basis of Intelligence, New Jersey: Ablex.

McCrae, R.R. and Costa, P. T. (1985) ‘Updating Norman’s adequate taxonomy:
intelligence and personality dimensions in natural language and in
questionnaires’, Journal of Personality and Social Psychology 49: 710-721.

Martin, N.G., Eaves, L.J., Heath, A.C., Jardine, R., Feingold, L.M. and Eysenck,
H.J. (1986) “Iransmission of social attitudes’, Proceedings of the National
Academy of Sciences, USA 83: 4,364-4,368.

Miller, E.M. (1994) ‘Intelligence and brain myelination: a hypothesis’, Personality
and Individual Differences 17: 803-862.

Myrtek, M. (1984) Constitutional Psychophysiology, New York: Academic Press.
Neisser, U. and Fivush, R. (1994) The Remembering Self: Construction and Accuracy

in the Self-Narrative, Cambridge: Cambridge University Press.

 

 



Process models 21

Newell, A. (1990) Unified Theories of Cognition, Cambridge, MA: Harvard

University Press.
Pervin, L.A. (ed.) (1990) Handbook of Personality: Theory and Research, New York:

Guilford Press.
Raine, A. (1993) The Psychopathology of Crime: Criminal Behaviour as a Clinical

Disorder, New York: Academic Press.

Reed, T.E. and Jensen, A.R. (1993) ‘Choice Reaction Time and visual pathway

nerve conduction velocity correlate with intelligence but appear not to

correlate with each other: implications for information processing’, Intelligence

17: 191-203.
Revelle, W. (1995) ‘Personality processes’, Annual Review of Psychology 46:

295-328.
Robinson, D.L. (1982) ‘Properties of the diffuse thalamocortical system and

human personality: a direct test of Pavlovian/Eysenckian theory’, Personality

and Individual Differences 3: 1-16.
(1987) ‘A neuropsychological model of personality and individual

differences’, in J. Strelau and H.J. Eysenck (eds) Personality Dimensions and

Arousal, London: Plenum Press.

— (1993) ‘The EEG andintelligence: an appraisal of methods and theories’,

Personality and Individual Differences 15: 695-716.
(forthcoming) ‘A test of the Hendrickson postulate that reduced EEG

response variance causes increased AEP contour length: implications for the

“neural transmission errors” theory of intelligence’, Personality and Individual
Differences.

Rotter J.B. (1966) ‘Generalized expectancies for internal versus external controlof

reinforcement’, Psychological Monographs 80: whole monograph.
Scarr, S. and McCartney, K. (1983) ‘How people make their own environments: a

theory of genotype environmenteffects’, Developmental Psychology 54: 424-435.
Seligman, M.E.P. (1975) Helplessness: On Depression, Development, and Death, San

Francisco: W.H. Freeman.
Seligman, M.E.P., Abramson, L.Y., Semmel, A., von Baeyer, C. (1979) ‘Depressive

attributionalstyle’, Journal ofAbnormal Psychology 88: 242-247.
Spearman,C. (1927) The Abilities ofMan, London: Macmillan.
Stagner, R. (1937) Psychology of Personality, New York, McGraw-Hill.
Sternberg, R.J. (1977) Intelligence, Information Processing, and Analogical Reasoning:

The Componential Analysis ofHuman Abilities, Hillsdale, NJ: Lawrence Erlbaum.

— (1985) Beyond IQ: A Triarchic Theory of Human Intelligence, New York:
Cambridge University Press.

—— (1990) Metaphors ofMind: Conceptions of the Nature of Intelligence, Cambridge:
Cambridge University Press.

—— (1992) ‘Cognitive theory and psychometrics’, in R.K. Hambleton and J.N.
Zaal (eds) Advances in Educational and Psychological Testing: Theory and
Applications, London: Kluwer Academic Publishers.

Stough, C., Brebner, J., Nettlebeck, T., Cooper, C.J., Bates, T. and Mangan, G.L.

(1996) ‘The relationship between intelligence, personality, and inspection

time’, British Journal of Psychology 87: 255-268.
Sweeney, P. D., Anderson, K. and Bailey, S. (1986) ‘Attributional style in

depression: a meta-analytic review’, Journal of Personality and Social Psychology
50: 974-991.

Thurstone, L.L. (1938) Primary Mental Abilities, Chicago: Chicago University
Press.

Tupes, E.C. and Christal, R.C. (1961) Recurrent Personality Factors based upon Trait

 

 



22 Paul T. Barrett
eee

Ratings, Technical Report No. ASDTR-61-97, Lackland Air Force Base, TX: US
Air Force.

Underwood, BJ. (1975) ‘Individual differences as a crucible in theory
construction’, American Psychologist 30: 128-134.

Vernon,P. E. (1950) The Structure ofHuman Abilities, London: Methuen.
Weiss, V. (1986) ‘From memory span and mental speed toward the quantum

mechanicsofintelligence’, Personality and Individual Differences 7: 737-749.
—— (1989)‘From short-term memory capacity toward the EEG resonance code’,

Personality and Individual Differences 10: 501-508.
—— (1992) “Major genes of general intelligence’, Personality and Individual

Differences 13: 1,115-1,134.
Wilson, G.D., Barrett, P. T. and Gray, J.A. (1989) ‘Humanreactions to reward and

punishment: a questionnaire examination of Gray’s personality theory’, British
Journal of Psychology 80: 509-515.

—— (1990) ‘A factor analysis of the Gray-Wilson Personality Questionnaire’,
Personality and Individual Differences 11: 1,037-1,045.

Woodward,J. (1989) ‘Data and phenomena’, Synthese 79: 393-472.
Zuckerman, M. (1991) The Psychobiology of Personality, Cambridge: Cambridge

University Press.



Chapter2

 

Can personality study ever be

objective? The role of experimentin

discovering the structure of personality

Hans J. Eysenck

 

THE NATUREOF TAXONOMYIN SCIENCE

Science always needs taxonomic studies to assign its contents to mean-

ingful groups, and causal theories to give theoretical substance to these

groups. Taxonomists in the fields of flora and fauna devised polythetic

groupings in the absence of a causal theory, ie., arrangements which

‘place together organisms that have the greatest number of shared

features, and no single feature is essential to group membership oris

sufficient to make an organism a member of the group’ (Sokal and

Sneath, 1963). They credit Adamson (1763) with the introduction of the

polythetic type of system into biology, taking the place held previously

by the monothetic system in which a uniqueset of features is both suffi-

cient and necessary for membership of the group thus defined. Any

monothetic system will always carry the risk of serious misclassification

if we wish to make natural phenetic groups. Yet any polythetic system
has great problems in that numerical solutions are essentially indetermi-

nate in the absence of causal relations; hence the well-known ferocity of
battles between taxonomists in biology, and between factor analysts in

psychology.
The analysis by phenetic relationship which has becomeall but universal

in biology received a set-back when analysis by relation through ancestry

was reinstated after the publication of The Origin of Species. Suddenly

Darwin's theory seemed to suggest the basis for the existence of natural
systematic categories; their members were related because of descent

from a common ancestor. Unfortunately, history has shown that this
enthusiasm could only be short-lived; we cannot make use of phylogeny
for classification since in the vast majority of cases phylogenies are
unknown.Inviting as the argument from ancestry may appear, therefore,

in its Darwinian guise, nevertheless it has to be rejected for reasons given

by Sokal and Sneath already quoted. The reasons for this rejection are
very similar to those which in due course will cause us to reject princi-
ples of classification derived from Freudian psychoanalysis, and prefer
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those from

a

factor analytic approach. Freud’s description of personality
is in terms of anal, oral or other stages of infantile development; it
presupposes knowledge which is not available, just as classification by
phylogeny is inapplicable because of ignorance. (The same argument —
applies to Sheldon’s derivation of body types from the three main
germinal layers — Eysenck, 1970.) In both cases we are thrown back on
our powerof description and on such mathematical computations as we
may find useful in giving quantitative assessments of similarities and
differences between the observed characters.

In recent years this potentially fundamental causal variable — evolu-
tion — has been reinstated by virtue of the success of genetic
investigations of DNA and the methodological advances associated
with the advent of molecular genetics. We can now measure the differ-
ences in genetic make-up of different phenetic groups, and thus
establish their evolutionary relationship. This has authenticated the
major results of polythetic research, while adjudicating in cases of
differences on minor matters. Clearly polythetic methods have consider-
able value, but cannot by themselves create a fundamental system of
classification.

Howin fact does a biologist proceed? Sneath (1964) has set the proce-
dures out accordingto the following foursteps.

1 The organismsare chosen, and their characters are recorded asa table.
2 Each organism is compared with every other and their overall resem-

blance is estimated as indicated by all the characters. This yields a
new table, a table of similarities.

3 The organismsare nowsorted into groupsonthebasis of their mutual
similarities. Like organisms are brought next to like, and separated
from unlike, and these groups or phenons are taken to represent the
‘natural’ taxonomic groups whoserelationships can be represented in
numerical form.

4 The characters can now be re-examined to find those that are most
constant within the groups that have emerged from the analysis.
These can be used as diagnostic characters in keys for identifying
specimens.

Sokal and Sneath (1963) discuss in great detail the many theoretical prob-
lems that arise as well as the mathematical formulae useful in the
estimation of taxonomic resemblances. Much of what they havetosayis
of great value and importance for psychology as well as for botany and
zoology, although of course a numberof problemsare specific to each of
these different sciences. |

This represents one method of analysing tables of similarities, which
are usually expressed in termsof correlations in psychological research.
It corresponds to analysing correlations between people, each of whom
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has filled in a personality questionnaire, or has been rated on a rating

scale; this would bring together people similar in personality make-up.

Or we can correlate tests (or test items), to tell us which traits, or

behaviours, go together. The latter method results in factors, and these

have overwhelmingly becomethe basis of our personality taxonomies.

Factor analysis, of course, has not only been used in psychology.

Physicists have found it invaluable in dissecting complex physical

phenomena, such as the consistency (rheology) of cheese (Harper and

Baron, 1951; Scott-Blair, 1951a, b; Harperet al., 1950). It has also been

applied in geology (Merriam, 1965). I have discussed the natureof factor

analysis, its application to physical phenomena, and the question of

validity elsewhere (Eysenck, 1969a).
Such factors have the usual advantages of polythetic research, and I

have always advocated the potential usefulness of factor analysis

(Eysenck, 1969b). But there clearly are difficulties with its use that make

it a good servant, but a bad master. The worstfault is the inevitable subjec-

tivity which runs through the whole procedure.

e Selection of itemsis inherently subjective, as is selection oftests.

e Selection of samples is inherently subjective; usually only students of

identical nationality are sampled.
e Choice of method of analysis is subjective, there being no agreed rules.
¢ Choice of oblique or orthogonal rotation (or even retention of factors

as extracted) is inherently subjective, as are suggested rules of proce-
dure like Thurstone’s simple structure.

e The numberof factors extracted and/or rotated is subjective, as is the

choice of different criteria (eigenvalues, scree, etc.); it is well known

that these criteria seldom give identical answers. Even with the use of
a single criterion, like the scree test, the answer often resembles a

Delphic oracle, depending on the whims and predilections of the
workerinvolved.

e Interpretation of the factors is highly subjective, and dependenton the
content of high-loading items. Dregeret al. (1995) haveillustrated that
many different interpretations of a given factor may be made by
different judges. Revenstorff (1978) has published an extensive
critique of factor analysis from the same point of view as adopted
here.

Clearly results of factorial studies require careful inspection before being
accepted as meaningful andscientifically valuable.

IS THERE A PARADIGMIN PERSONALITY RESEARCH?

It has been claimed recently that the ‘Big Five’ constitutes a descriptive
paradigm. I will argue that a purely descriptive system is inevitably
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subjective, and hence cannot assume the properties of a scientific
paradigm. The simple fact that even on its own grounds the ‘Big Five’
model has been widely criticised (e.g., Ben-Porath and Waller, 1992a, b;
Block, 1995; Brand, 1994; Cattell, 1995; Church and Burke, 1994; Coolidge
et al., 1994; Draycott and Kline, 1995; Eysenck, 1991a, b, 1992a; Hough,
1992; Jacksonet al., (1996); McAdams, 1992; Matthews and Oddy (1993);
Mershon and Gorsuch, 1988; Tellegen, 1993; van Heck et al., 1994:
Zuckermanet al., 1988; and Zuckermanet al., 1993) illustrates this point.

Manyothers could be quoted, but essentially rivals claim precedence
for other models with three major dimensions (Eysenck, 1990, 1994; and
Cloninger, 1986); a different five-factor set (Zuckermanetal., 1988); a set
of six factors (Brand, 1994 or Jacksonet al., 1996) a bigger set of seven
factors (Benet and Waller, 1995); going up all the way to Cattell’s famous
16 PF (1950). Notonly is the number of dimensionsof personality still up
in the air, but so is the kind of factor involved. The existence of a
paradigm implies (fairly) universal agreement on its essentials; clearly
such agreementis completely missing.

Complex phenomenaare evidently difficult to classify objectively in
the absence of some theory providing a causal approachto the problem.
WhatI shall be suggesting is that no paradigm is possible in the field of
personality in the absence of such an embedment of the variables
involved in a nomological network (Garber and Strassberg, 1991;
Cronbach and Meehl, 1955). It is only through such embedmentthat
correlational constructs such as factors can find a place in a properly
hypothetico-deductive setting, a setting that allows theories with
testable deductions to develop and prove (or fail to prove) their
adequacy. Without such developments factors can only be tested for
consistency, 1.e., reliability; whether they possess validity is another ques-
tion. Factor analysts have consistently avoided putting their factors to
this fundamentaltest, and hence have consistently failed to discover the
paradigm that philosophers of science endorse as being the necessary
entrance fee to scientific respectability. We can cut nature any way we
like, but to cut nature at the joints, as science demands, needs a good
deal more. |

It is sometimes suggested that any factor, such as factor A (agreeable-
ness) or C (conscientiousness) in the Big Five constitutes a theoretical
system which allowsprediction. Thus it might be predicted that conmen
and gigolos are likely to be agreeable, and that psychopaths will lack
conscientiousness. But these are just predictions based on synonyms;
psychopathyis defined and described in terms of the absence of consci-
entiousness, and gigolos and conmen are by definition agreeable. We
need something going far beyond suchexercisesin reliability in order to
approach the concept of validity. Experiments along these lines may
convince us that the scales really do measure some aspects of



agreeableness and conscientiousness, but not that they are major dimen-

sions of personality. That would require a good deal more.

Figure 2.1 suggests the essential nature of whatis required to turn a

factor into a dimension of personality. We start with the extraction of a

factor, such as extraversion. The factor itself has of course a long history

of development, going back over two thousand years (Eysenck, 1970).

There have also been attempts to find causal concepts, but psychophysi-

ology wastoo little developed to makethis possible. The discovery of a

strong genetic basis for the factor (Eysenck, 1956), after decades ofbelief

in a 100 per cent family-based environmental cause of individual difter-

ences, opened up the left side of the diagram. We have to start the

developmentof individual differences with the genetic determination of

an individual’s DNA. Recentstudies have greatly increased the precision

of this genetic determination (Eaves etal., 1989), and have added impor-

tant additional information, such as the fact that between-families

(shared) environment does not contribute to the developmentof indi-

vidual differences in personality, thus invalidating traditional and

psychoanalytic theories of personality. But at the momentlet us pursue

the establishment of a strong genetic determinationof E.

Given that the importance of DNA for personality development is

now widely recognised (Plomin and McClearn, 1993), it will be clear that

an intermediary is required between DNA and the behaviour that
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Figure 2.1 Modelof personality paradigm
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Figure 2.2 Skin conductanceof introverts and extraverts as measuresof
cortical arousal (Wilson, 1990)

determines the observed psychometric trait constellations. DNA is
copied onto RNA by a complementation process, and the RNApartici-
pates with variousintracellular structures to produce peptides, which in
turn compose proteins, including structural, transport and catalytic
proteins (enzymes). These in turn facilitate the chemical reactionsoflife.
Biological intermediaries are needed to translate genetic potentials and
environmental pressures into behaviour; these intermediaries constitute
the proximal antecedents of P, E and N in Figure 2.1. Someatleast of these
intermediaries have been identified, and a good deal of research is going
on in this field (Eysenck, 1967, 1993; Eysenck and Eysenck, 1985;

Zuckerman, 1991). The concept of cortical arousal (Eysenck, 1967, 1990;
Strelau and Eysenck, 1987) has been particularly useful in suggesting a
range of experimental studies of the psychophysiological intermediaries
between DNAandextraversion.It is theories such as this that enable us
to maketestable predictions concerning the personality concept in ques-
tion, and that provide the nomological network required for validation of
personality concepts.

Such validation takes two forms. Thefirst requires direct confirmation
of the proposed link between E and cortical arousal; there is a large body
of studies demonstrating that such a link exists (e.g., Stelmack, 1981;
Gale, 1983; Gale and Edwards, 1986; Werre, 1987; Eysenck, 1994). A good

example of work along these lines is an experiment reported by Wilson
(1990), in which subjects’ skin conductance was recorded automatically
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every hour, and they were asked to write down what they were doing at

the time. Introverts (age-corrected) show greater skin conductance, 1.e.,

greater arousalall the time until late evening. In the evening subjects

were free to follow their inclinations, and as expected extraverts

indulged in arousing activities like going to parties, dancing, etc., while

introverts indulged in disarousing activities, like reading or watchingtele-

vision (Figure 2.2).

Of particular importance in this context is not only the fact that the great

majority of studies have found in favourof the theory, but that we have

discovered the requisite testing conditions that need to befulfilled in order

to obtain positive results. Thus in EEG studies very boring and very

exciting testing conditions may lead to inconclusive results. As one might

have expected from theory, middling arousing conditions are best here

(Gale, 1983) as in manyother typesof study. This detailed investigation of

situational variables is well in line with the interactive paradigm (person-

ality plus situation > behaviour) that is now widely accepted in

psychology.

THEORY, PREDICTION AND EXPERIMENTALTESTING

I have dealt with the first way of testing the model shownin Figure 2.1,

dealing with the distal and proximal antecedents of the psychometrictrait

constellation. The second way of testing the model deals with experi-

mental studies of the proximal consequences of the theory, i.e., proper

laboratory studies of conditioning, vigilance, memory, etc., where theory

suggests a connection between the laboratory phenomenon andarousal-

mediated personality factors (such as E). These predictions are based on

the hypothetical arousal basis of E; in other words, they link proximal
antecedents and proximal consequences via the personality construct in

question.

As an example, consider the action decrement (Kleinsmith and
Kaplan, 1963, 1964). They argued that high arousal would produce

strong consolidation of the memorytrace, thus leading to better recall in

the long term. However, during consolidation the memorytrace is not

readily available for retrieval, so that in the short term highly arousable
subjects would seem to have poor memory;this is called the action decre-

ment. In their experiments arousal was producedartificially by various
interventions. Howarth and Eysenck (1968) suggested that the person-

ality-arousal theory would predict that extraverts (low arousal) would
remember well in the short run, but decline overtime, while introverts

(high arousal) would show the opposite trend. Figure 2.3 shows the
outcome of our experiment; the recall scores of extraverts and introverts

show contrasting slopes, as predicted. This experiment is typical of a
large number of experiments attempting to establish the link between
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arousal and extraversion through work with traditional laboratory
phenomena (Eysenck and Eysenck, 1985).

This type of experiment embodies my belief in Cronbach’s (1957)
famousstatement that unification of psychology was contingent upon a
coming together of correlational and experimental psychology, the two
scientific disciplines of psychology, as he called them. I have always been
convinced of the truth of that statement, and havetried to follow this line
of argument. Clearly, in this example of the use of the action decrement,
personality theory has benefited considerably from an association with
experimental psychology. However, the benefit is not one-sided. The
experimental studies of the action decrement have not always been very
successful, as indeed we might have anticipated. Neglect of personality
variables in testing the Kleinsmith and Kaplan hypothesis meansthat
unknown mixtures of extraverts, ambiverts and introverts enter into the
experiment, and may give quite different results depending on the
proportions involved. When weaddthefact that Pavlov’s law of trans-
marginal inhibition is likely to make extraverts and_ introverts
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Figure 2.3 Recall scores of introverts and extraverts at different recall intervals
(Howarth and Eysenck, 1968)
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differentially responsive to the stimulation used to induce different

degrees of arousal, we can see why main effects in a classical experimental

test may become non-significant because interacting personality effects

have been neglected, and thus assigned to the error term. Noserious

scientist would disregard theoretically important and relevant factors in

such a cavalier fashion, but in psychology such disregard has been the

custom rather than the exception.
This argumentthat both sides benefit from the coming together of the

correlational and the experimental traditions is well illustrated by an

experiment reported by Shigehisa and Symons (1973) and Shigehisaetal.

(1973). They took up a theory dating back to Urbantschich (1883), to the

effect that heteromodal stimulation would lower the threshold for a

given sensory stimulus; ie., manipulating the intensity of light would
alter the threshold for sound, lowering it as the intensity of light

increased, thus increasing arousal. Dozens of studies have had very

different outcomes, some supporting the theory, others contradicting it,

with others yet showing noeffect. It was suggested that this was due to
two effects not considered by the experimentalists. Pavlov’s law of trans-

marginal inhibition would suggest that there was a point where increases
in the intensity of the heteromodal stimulation (the light) would begin to
have a reverseeffect, i.e., heighten threshold for sound. And this point of

reversal would occur at a lower level of heteromodal stimulation for

introverts (high arousal) than extraverts (low arousal).

This prediction agrees exactly with what was found; Figure 2.4
showsthe results in diagrammatic form. Introverts (I) show the reversal
at lower intensities than do ambiverts (A), with extraverts (E) showing

little or no inversion at the largest intensity used. Shigehisa et al. (1973)
found the same result when they looked at the effects of changing the
intensity of sound stimulation on thresholds for light; again personality
modulated the occurrence of the reversal. Clearly some experiments in
classical experimental psychology give results that cannot be inter-
preted without inclusion of individual difference variables, and it is
quite probable that the sameis true of most, perhapsall, psychological
experiments, though perhaps to a lesser degree. Subjects entering a
psychological laboratory bring their personalities with them, and these
personalities inevitably react differently to the experimental situation, in
predictable fashion. Experimenters should alwaysbear this self-evident
truth in mind.

PERSONALITY AND SOCIAL BEHAVIOUR

The nomological networks outlined in Figure 2.1 should makeit possible
to make predictions also in the field of distal consequences, i.e., that of
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Figure 2.4 Sensory thresholds as a function of heteromodal stimulation for
introverts, ambiverts and extraverts (Shegehisa and Symons, 1975)

social behaviour.I have listed a few directions in which such predictions
have been made, usually with positive outcome.I havelisted criminality
(Eysenck and Gudjonsson, 1989), creativity (Eysenck, 1995),
psychopathology (Eysenck, 1992b), sexual behaviour (Eysenck, 1976) and
sociability (Eysenck and Eysenck, 1985). In the psychometric analysis
sociability appears simply as a high-loading item (or set of items) in the
factor of extraversion. But we have to account for social behaviour in
causal terms, and clearly the hypothesised low cortical arousal of
extraverts does just that: meeting with people is well known to increase
cortical arousal, and thusfills the needs of the low-arousal extraverts.
Conversely, the high-arousal introverts would be expected to avoid this
arousing type of behaviour.

Another important area is marriage and marital satisfaction (Eysenck
and Wakefield, 1981). Personality, directly or indirectly (i.e., by means of
sexualattitudes, and behaviours, social behaviour, andthe like, variables
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Prospective 1973-1988 study: males (N = 3,108)
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Figure 2.5 Mortality as a function of self-regulation (Grossarth-Maticek and

Eysenck, 1995)

themselves largely caused by personality variables) accountedfor a large

part of marital satisfaction. As predicted from theory, divorce and marital

dissatisfaction are mainly a function of neuroticism (Eysenck, 1980);

emotional instability disrupts the human relationship fundamental to a
happy marriage.

Another important set of distal consequences lies in the field of

psychosomatics. I have been associated with various oncologists (D.
Kissen; R. Grossarth-Maticek) in an endeavourto trace the personality

factors predisposing people to cancer and/or coronary heart disease, and

the outcome has been verysatisfactory (Eysenck, 1991a). Thereis little
doubt that personality, particularly in its relation to coping behaviour in

response to stress, plays a large part in predisposing people to these

diseases, andit is also clear that neuroticism in particular is an important

ingredient in this disease-proneness. In relation to cancer, the dominant
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personality trait is suppression of emotional expression, a characteristic that
obviously makes measurement particularly difficult, although not
impossible (Kissen and Eysenck, 1962). There is of course also a healthy
type of personality, and we have shownin a prospective study that in
large groups of healthy males and females, responding to an interviewer-
administered questionnaire on self-regulation, or stable personality,
fifteen yearslater mortality from cancer, coronary heart disease and other
causes could be predicted with remarkable accuracy. Results are shown
in Figure 2.5. These are just a few of thelinks of the nomological network
outlined in Figure 2.1, and the distal consequences embeddedin social
behaviour; there are many more (Wilson, 1981).

SUMMARY AND CONCLUSIONS

A brief chapter like this cannot of course do more than touch on someof
the problems involved in trying to constructa paradigm of personality.
Perhaps the most intractable is the simplefact that questionnaires bear
the major burden of concept construction, and that there are many
reasons to be suspiciousof self-ratings. There are two major sources of
doubt here. In order to give truthful answers to often very intimate and
personal questions, the subject has to have trust in the investigator,
believing that the whole investigation has a worthwhile purpose in
advancing science and perhaps helping people to improve the quality of
their lives, and he has to understand exactly what the questions mean —
misinterpretation in my experience is quite widespread, and frequent,
particularly in below average IQ and education subjects. (Most question-
naires are validated on students!)

Grossarth-Maticek et al. (1993) and Grossarth-Maticek et al. (1995)
have reported two experiments that showed quite clearly how important
these twofactors, trust and understanding, are in the validity estimates of
questionnaire responses. Using four groups of randomised subjects, they
foundthat in the group who were simply handed questionnaires without
special care to establish either trust or understanding, validity was very
low. Interviewer administration individually attempting to establish
trust, or interviewer administration individually facilitating under-
standing, gave very significant increases in validity. Finally, interviewer
administration attempting to establish trust, and also understanding,
gave far and awaythe best results. Unfortunately most questionnaires
are administered under the worst condition, sometimesjust sent out by
mail, or administered over the phone. Muchfailure to replicate may be
due to simple failure to administer the questionnaire with due regard to
psychologicalfactors like trust and understanding.

Given the many difficulties involved in working with personality,
simple reliance on questionnaire responses or ratings is unlikely to
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suffice in the construction of a paradigm. I have always maintained that

something much more theoretically sophisticated, involving the hypo-

thetico-deductive method, is required, very much as suggested in

Figure 2.1. The large body of work on the factors of psychoticism,

extraversion and neuroticism suggests that this is a fruitful way of

approaching the task of theory construction. Clearly, we are still at the

beginning, not the end,of this quest, and there may be many important

changes in the structure of the theories involved. But the success

already achieved suggests that at least we are moving in the right

direction.

REFERENCES

Adamson,M.(1763) Familles des Plants, Paris: Vincent.

Benet, V. and Waller, N. (1995) ‘The Big Seven factor model of personality

description: evidence for its cross-cultural generality in a Spanish sample’,

Journal of Personality and Social Psychology 69: 701-718.

Ben-Porath, Y. and Waller, N. (1992a) ‘ “Normal” personality inventories in

clinical assessment. General requirements of the potential for using the NEO

Personality Inventory’, Psychological Assessment 4: 14-19.

Ben-Porath, Y. and Waller, N. (1992b) ‘Five big issues in clinical personality

assessment: a rejoinder to Costa and McCrae’, Psychological Assessment 4:

23-35.
Block, J. (1995) ‘A contrary view of the five factor approach to personality

description’, Psychological Bulletin 117: 187-215.
Brand, C. (1994) ‘How many dimensions of personality - the “Big Five”, the

“Gigantic Three’, or the “Comprehensive Six”?’ Psychologica Belgica 34:
257-274.

Cattell, R.B. (1950) Personality: a Systematic Theoretical and Factual Study, New

York: McGraw-Hill.
——(1995) ‘Thefallacy of five factors in the personality sphere’, The Psychologist

28: 207-208.
Church,I. and Burke,P. (1994) ‘Exploratory and confirmatorytests of the Big Five

and Tellegen’s three- and four-dimensional models’, Journal of Personality and

Social Psychology 60: 93-114.
Cloninger, C.R. (1986) ‘A unified biosocial theory of personality andits role in the

developmentof anxiety states’, Psychiatric Developments 3: 167-226.

Coolidge, F., Becker, L., Di Rito, D., Durham, R., Kinlaw, M. and Philbrick,

D. (1994) ‘On the relationship of the five factor personality model to
personality disorders: four reservations’, Psychological Reports 75: 18-21.

Cronbach, L.J. (1957) ‘The two disciplines of scientific psychology’, American
Psychologist 12: 671-684.

Cronbach, L.J. and Meehl, P. (1955) ‘Construct validity in psychological tests’,
Psychological Bulletin 52: 281-302.

Draycott, S. and Kline, P. (1995) ‘The Big Three or the Big Five in the EPQ-R vs.
the Q-PI: a research note, replication and elaboration’, Personality and

Individual Differences 18: 801-804.
Dreger, R.M., Lichtenstein, D. and Cattell, R.B. (1995) ‘Manual for the

experimental edition of the personality questionnaire for pre-school children:
Form A’, Journal of Social Behavior and Personality Monograph 10: 1-50.



36 Hans J. Eysenck
eee

Eaves, L., Eysenck, H.J. and Martin, N. (1989) Genes, Culture and Personality, New
York: AcademicPress.

Eysenck, H.J. (1956) ‘The inheritance of extraversion-introversion’, ActaPsychologica 12: 95-110.
—— (1967) The Biological Basis of Personality, Springfield, IL: C.C. Thomas.
—— (1969a) ‘The validity of the M.PI. -— negative validity’, in H.J. Eysenck and

S.B.G. Eysenck (eds) Personality Structure and Measurement, London: Routledge
and KeganPaul.

—— (1969b) ‘Nature and history of human typology’, in H.J. Eysenck and S.B.G.
Eysenck (eds) Personality Structure and Measurement, London: Routledge and
Kegan Paul.

—— (1970) The Structure ofHuman Personality, London: Methuen.
—— (1976) Sex and Personality, London: Open Books.
—— (1980)‘Personality, marital satisfaction and divorce’, Psychological Reports 47:

1,235-1,238.
(1990) “Biological dimensionsof personality’, in L.A. Pervin (ed.) Handbook

of Personality, New York: Guilford Press.
(1991a) Smoking, Personality and Stress: Psychosocial Factors in the Prevention of

Cancer and Coronary Heart Disease, New York: Springer Verlag.
(1991b) ‘Dimensions of personality: 16, 5 or 3? Criteria for a taxonomic

paradigm’, Personality and Individual Differences 12: 773-790.
(1992a) ‘Four ways five factors are not basic’, Personality and Individual

Differences 13: 667-673.
(1992b) ‘The definition and measurement of psychoticism’, Personality and

Individual Differences 13: 757-785.
(1993) ‘From DNA to social behaviour: conditions for a paradigm of

personality research’, in J. Hettema and I. Deary (eds) Foundations of
Personality, Dortrecht: Kluwer Academic Publishers.

(1994) ‘Personality: biological foundations’, in PA. Vernon (ed.) The
Neuropsychology ofIndividual Differences, San Diego, CA: AcademicPress.

—— (1995) Genius: The Natural History of Creativity, Cambridge: Cambridge
University Press.

Eysenck, H.J. and Eysenck, M.W.(1985) Personality and Individual Differences, New
York: Plenum Press.

Eysenck, H.J. and Gudjonsson, G. (1989) The Causes and Cures of Criminality, New
York: Plenum Press. |

Eysenck, H.J. and Wakefield, J. (1981) ‘Psychological factors as predictors of
marital satisfaction’, Advances in Behavioural Research and Therapy 3: 151-192.

Gale, A. (1983) ‘Electroencephalographic studies of extraversion andintroversion:
a case study in the psychophysiology of individualdifferences’, Personality and
Individual Differences 4: 371-380.

Gale, A. and Edwards,J. (1986) ‘Individual differences’, in M. Coles, E. Douchin
and S. S. Parges (eds) Psychophysiology: Systems, Processes and Applications,
New York: Guilford.

Garber, J. and Strassberg, Z. (1991) ‘Construct validity: history and application to
developmental psychopathology’, in M. Grove and D. Ciachetti (eds)
Personality and Psychopathology, Minneapolis: University of Minnesota Press.

Grossarth-Maticek, R. and Eysenck, H.J. (1995) ‘Self-regulation and mortality
from cancer, coronary heart disease, and other causes: a prospective study’,
Personality and Individual Differences 19: 781-795.

Grossarth-Maticek, R., Eysenck, H.J. and Barrett, P. (1993) ‘The prediction of

   

 

 

 

 



Can personality study ever be objective? 3/7
a

cancer and coronary heart disease as a function of the method of

questionnaire administration’, Psychological Reports 73: 943-959.

Grossarth-Maticek, R., Eysenck, H.J. and Boyle, GJ. (1995) ‘Method of test

administration as a factor in test validity: the use of a personality

questionnaire in the prediction of cancer and coronary heart disease’,

Behaviour Research and Therapy 33: 705-710.

Harper, R. and Baron, M. (1951) ‘The application of factor analysis to tests on

disease’, British Journal ofApplied Physics 2: 35-41.

Harper, R., Kent, A. and Scott-Blair, G. (1950) ‘The application of multiple factor

analysis to identical test data’, British Journal of Applied Physics 1: 1-6.

Hough, L. (1992) ‘The “BigFive” personality variables — construct confusion:

description versus prediction’, Human Performance5: 139-155.

Howarth, E. and Eysenck, H.J. (1968) ‘Extraversion, arousal, and paired-associate

learning’, Journal of Experimental Research in Personality 3: 114-116.

Jackson, D.N., Paunonen, S.V., Fraboni, M. and Goffin, R.D. (1996) ‘A five-factor

versus a six-factor model of personality structure’, Personality and Individual

Differences 20: 33-45.
Kissen, D.M. and Eysenck, H.J. (1962) ‘Personality in male lung cancer patients’,

Journal of Psychosomatic Research 6: 123-137.

Kleinsmith, L. and Kaplan, S. (1963) ‘Paired associate learning as a function of

arousal and interpolated interval’, Journal of Experimental Psychology 65:

190-193.
(1964) ‘Interaction of arousal andrecall interval in nonsense syllable and

paired-associate learning’, Journal of Experimental Psychology 67: 124-126.

McAdams, D. (1992) ‘The five-factor model in personality: a critical appraisal’,

Journal of Personality 60: 329-361.
Matthews, G. and Oddy, K. (1993) ‘Recovery of major personality dimensions

from adjective data’, Personality and Individual Differences 15: 419-431.

Merriam, D.F. (1965) ‘Geology and the computer’, New Scientist 26: 513-515.

Mershon, B. and Gorsuch, R.L. (1988) ‘Number of factors in the personality

sphere: does increase in factors increase predictability of real-life criteria?’,

Journal of Personality and Social Psychology 55: 675-680.

Plomin, R. and McClearn, E. (1993) Nature, Nurture and Psychology, Washington,

DC: American Psychological Association.
Revenstorff, D. (1978) ‘Vom unsinnigen Aufwand’, Archiv fiir Psychologie 130:

1-36.
Scott-Blair, G. (1951a) ‘Someaspects of the search for invariants’, British Journal of

the Philosophical Society 1: 1-16.
(1951b) ‘Possible industrial application of factor analysis’, Oil 1: 14-16.

Shigehisa, P., Shigehisa, I. and Symons, J. (1973)‘Effects of intensity of auditory

stimulation on photogenic visual sensitivity in relation to personality’,

Japanese Psychological Research 15: 104-172.

Shigehisa, I. and Symons,J. (1973) ‘Effects of intensity of visual stimulation on

auditory sensitivity in relation to personality’, British Journal of Psychology 64:

205-213.
Sneath, P.H.S. (1964) ‘Computers in bacterial classification’, Advancement of

Science 9: 572-582.
Sokal, R.R. and Sneath, P.H. (1963) Principles of Numerical Taxonomy, London:

W.H. Freeman.
Stelmack, R. (1981) ‘The psychophysiology of extraversion and neuroticism’, in

H.J. Eysenck (ed.) A Model for Personality, New York: Springer-Verlag.

 

 



38 Hans J. Eysenck
eee

Strelau, J. and Eysenck, H.J. (1987) Personality Dimensions of Arousal, New York:
Plenum Press.

Tellegen, A. (1993) ‘False concepts and psychological concepts of personality and
personality disorders’, Psychological Inquiry 4: 122-130.

Urbantschich, V. (1883) ‘Uber den Einfluss von Trigeminus-Reizen auf die
Sinnesempfindungen insbesondere auf den Gesichtssinn’, Archiv fur die
gesamte Physiologie des Menschen und der Tiere 30: 129-175,

Van Heck, G., Perugini, M., Caprara, V. and Foreger, J. (1994) ‘The Big Five as
tendencies in situations’, Personality and Individual Differences 16: 715-731.

Werre, P. (1987) “Extraversion-introversion, contingent negative variation and
arousal’, in J. Strelau and H.J. Eysenck (eds) Personality Dimensions and Arousal,
New York: Plenum. |

Wilson, G.D. (1981) ‘Personality and social behaviour’, in H.J. Eysenck (ed.)
A Model for Personality, New York: Springer-Verlag.

—— (1990) ‘Personality, time of day and arousal’, Personality and Individual
Differences 11: 153-168.

Zuckerman, M. (1991) Psychobiology of Personality, Cambridge: Cambridge
University Press.

Zuckerman, M., Kuhlman, D. and Camac, C. (1988) ‘Whatlies beyond E and N?
Factor analysesof scales believed to measure basic dimensions of personality’,
Journal of Personality and Social Psychology 54: 96-107.

Zuckerman, M., Kuhlman, D., Joireman, J., Tefa, P. and Kraft, M. (1993) ‘A
comparison of three structural models for personality: the Big Three, The Big
Five, and the Alternative Five’, Journal of Personality and Social Psychology 65:
757-768.



Chapter3

 

The genetic basis of personality

Jim Stevenson

 

This chapter will outline the developments that have taken place in

the study of genetic and environmental influences on personality over

the last twenty-five years. This time period can be specified this

precisely since these rapid developments began with a landmark

publication in 1970 by John Jinks and David Fulker. They demon-

strated that human behaviour could be subjected to the rigorous

quantitative analysis of genetic and environmental influences — a tech-

nique that had previously been applied to physical characteristics and

to animal behaviour. This precise quantitative analysis of genetic and

environmental influences has come to be applied to twin, adoption

and family studies of both individual differences in cognitive ability

and in aspects of behaviour that reflect personality differences.

Examples of the major adoption studies are the Texas Adoption Project

(Loehlin et al., 1981) and the Colorado Adoption Project (Plomin and

DeFries, 1985; Plomin et al., 1988; DeFries et al., 1995). There has been a

larger number of twin studies of personality, amongst the most influ-

ential of which are those by Loehlin and Nichols (1976) and Eaves et

al., (1989).
Rather than review the findings from these diverse studies — a task

that has recently been undertaken by John Loehlin (1992a) — this chapter

will introduce the methods used in quantitative genetic research and

then apply these procedures to a set of data on child and adolescent

twins that measured three aspects of personality, namely sociability, anti-

sociality and prosociality. The chapter will end with somereflections on

where genetic approachesto individual differences are likely to develop

next. This will introduce the major developments in molecular genetics

that have also taken place over the last twenty-five years but which are

only just starting to be successfully applied to complex characteristics

such as personality.
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A GENERAL FRAMEWORK FOR UNDERSTANDING
QUANTITATIVE GENETIC RESEARCH

The quantitative genetic analysis of individual differences attempts to
identify the relative magnitude of the influences of variation in genetic
make-up and variation in environments experienced on aspects of
personality. The results of such an analysis are limited by the population
from which the samplesof scores have been obtained. The estimates are
therefore population specific. Their generalisability will be constrained
by the extent to which the full range of genotypic and environmental
variation has been sampled.

The extent of genetic variation is substantial although much of our
DNAis held in common with other humans and indeed much is iden-
tical to that in other species. However, the extent to which we do vary in
genetic make-up mayaffect variation in measured phenotypic character-
istics. This genetic variability by and large acts additively — there are
non-additive genetic effects such as dominance (interactions between
pairs of genes at the same position on a chromosome) and epistasis
(interactions between genes at different positions). For the present
purposes wewill only be concerned with additive genetic effects (A).

The environment is conceptualised as having effects that are divisible
into two broad categories. These environmental effects or experiences
may act to makesiblings within a family resemble one another or to
make people from different families distinct. For example, if the quality
of housing affects a child’s well-beingthis will tend to affect all children
in the same family similarly. The push towards educational achievement
encouraged by someparentsis also likely to act in this manner. As such
factors influence all members of a family, they are jointly referred to as
the commonor shared environment(C).

The second environmental component is one that may cause differ-
ences between members of the same family: it is called the unique or
non-shared environment(E). Illnesses experienced by only one sibling,
friendships outside the family and the quality of relationships with
particular teachers are all examples of influencesthat are likely to make
brothers andsisters different from one another. It must be remembered
that brothers andsisters also differ genetically from one another (except
for the special case of monozygotic twins, discussed below). Therefore
differences within a family may be ascribed to both A (genetic differ-
ences) and E (the influence of the non-shared environment).

In its simplest form, the aim of quantitative genetic analysis is to
obtain estimates of the relative magnitude of A, C and E. This can be
achieved within a variety of genetically informative designs. These
measure the resemblance in a given phenotypic characteristic — e.g.,
behaviour — between people with differing but known degreesof genetic
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resemblance. Some designsalso consider variation in the extent to which

a common environment has been shared (for example in biological

siblings adopted into different families). For now I will simply illustrate

the basic logic of deriving these estimates from data on twin pairs who

have been raised together.
The total phenotypic variance in a measureis set to unity andthe vari-

ance is partitioned into the three sources described above:

1=A+CH+E (1)

The basic information derived from a twin study is the similarity

between members of two types of twin pair — genetically identical or

monozygotic (MZ) and fraternal or dizygotic (DZ) pairs. The degree of

resemblance is estimated using correlation between twin and co-twin

across pairs giving r,,;7 and rpz. The origin of resemblance within MZ

pairs stems from their identical genetic make-up (A) and shared environ-

menteffects (C). Since the size of r,,7 is an index of MZ resemblance the

following equation can be derived:

Iyig =At+C (2)

The resemblance between DZ pairs arises again from the shared environ-
ment (C) but in this case only from half of A since DZ twin pairs on
average only share half their genetic variability. The equation for rp, is
therefore:

tp = SA+C (3)

The design therefore provides three simultaneous equations with three
unknownsandthese can be solved algebraically. Equations 2 and 3 can
be subtracted and both sides multiplied by twoto give

Arye-tpz)=A (4)

whichis the well-known expression for heritability (h*) from twin data.
Equation 4 can be substituted in equation 2 and rearranged to provide an
estimate of C: |
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2Ipz-IMyz=C (5)

Differences between MZ pairs are only influenced by non-shared envi-
ronmental effects (E). The influence of the non-shared environment is
indicated by the extent to which r,,7 is less than one. More formally, by
substituting equation (2) into (1) and rearranging

E=1-n (6)

The logic of the classic twin study has two major caveats that need to be
recognised. First, it is assumed that the shared environmentacts equally
on MZ and DZpairs: that is MZ pairsare not moresimilar than DZ pairs
for environmental (rather than purely genetic) reasons. This assumption
needs to be tested for each phenotypic characteristic. Where it has been
examined, the assumption has generally been found to be reasonable:
whenclear environmental differences have been found MZ twins are
treated more similarly than DZ pairs on aspects of experience (e.g., being
dressed more similarly) that do not affect the psychological characteris-
tics being investigated.

Second, the non-shared environment(E) includes both systematic and
random sources of dissimilarity between MZ pairs — e.g., measurement
error. A separate estimate of reliability is therefore required in order to
separate out non-shared environmenteffects from unreliability.

To summarise, the important principle is that variance in a personality
measure can be analysedinto a set of additive genetic and two environ-
mental influences each indicated by a coefficient varying between 0 and
1. The magnitudeof these coefficients is determined by the proportion of
the variance in the personality measure that is accounted for by variation
in each genetic or environmentfactor.

The above account showsthatin principle it is possible to obtain esti-
mates for A, C andE algebraically from the correlations for MZ and DZ
pairs. Current methodsof analysis of genetically informative designs use
structural equation modelling to obtain these estimates from variances
and covariances rather than correlations (Neale and Cardon, 1992). These
methodsallow morerigoroustesting of the significance of the A, C and E
components, and have been applied to adoption studies and data from
more extendedsets of family relatives. These methods can address more
complex multivariate issues, such as the extent to which the associations
between psychological characteristics arise from the action of common
genetic or environmental influences.

With structural equation modelling approach the use of path diagrams
is helpful: Loehlin (1992b) gives a useful introduction to the topic for
those whoare unfamiliar with this concept. In Figure 3.1 the basic model
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for the analysis of twin data has been represented in path diagram form.
‘Measure A’ simply represents any behaviouralor psychological measure
— €.g., a Score on a personality questionnaire. This measure is obtained
from each twin. Thereare slightly different versions of the model for MZ
and DZ pairs since the twins differ in their degree of genetic relatedness.
In the case of the MZ twins, the path coefficient for their genetic simi-
larity is fixed at 1.0. For the DZ twinsit will be 0.5, as each DZ pair will
(on average) sharehalf their genes.

As with the simultaneous equations used above wecan derive expec-
tations ofthe size of a correlation between two measures but now by the
paths that link them. Compound paths are produced by multiplying
path coefficients. For MZ pairs the size of the correlation (or covariance)
is made up of path via genetic effects (a x 1.0 x a, or a2) and via shared
environment (c x 1.0 x c or c*). The expectation of the correlation
(covariance) between DZ pairs is (a x .5 x a) + (c x 1.0 x c). The model
specifies that non-shared environments do not contribute to resemblance
between twins and hence there is no link between twin and co-twin
scores via the non-shared environment.

The structural equation modelling program will choose those values
for a, c and e that will produce expected values for the covariances
between MZ and DZ pairs that are as close as possible to the observed
covariances. The diagram in Figure 3.1 simply represents equations 1 to
3, above. Having presented our genetic model in this form it becomes
relatively straightforward to present more complex multivariate models
in this format.

ronmental influences on two different personality measures. Here the
matter at issue is the extent to which the covariance between the two
measures is a product of common genetic or common shared and non-
shared environmental factors. One set of general ACE termsis allowed
to influence both personality measures and one set of ACE terms is
specific to the second measure. This particular type of multivariate anal-
ysis is called a Cholesky decomposition.It partitions the covariance into
orthogonal(i.e., uncorrelated) sets of ACE terms. In the example in the
next section this model is extended to the three-variable case. There one
ACEset affects all three measures, another just two of them and the
final set is specific to just one of the measures. For a discussion of the
issues that arise in interpreting the results of this form of analysis see
Loehlin (1996).

As with the univariate example the squares of path values converging
on a given measure add upto 1, as the total variance is being partitioned.
In Figure 3.2 we can see that personality measure two has variance
attributed to ag,, cg, and eg,(all shared with measure1) plus aS5, CS, and
es, (specific factors). The bivariate diagram indicates the way in which
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quantitative genetic analysis can be extendedto start to examine possible
processes underlying differences in personality. This approach will now
be illustrated in an analysis of aspects of personality and_ social
behaviourin children and adolescents.

SOCIABILITY, PROSOCIAL AND ANTISOCIAL BEHAVIOUR

The study to be reported here is concerned with the origins of individual
differences in various aspects of social behaviour. Thefirst is sociability,
whichis construed as a component of temperamentandis a measure of
the extent to which the child seeks out and attempts to maintain the
company of others. The secondis prosocial behaviour. This is taken to be
behaviours that show a concernforthe well-being of others and includes
displays of empathy, helping behaviourandaltruism. The third is antiso-
cial behaviour. This consists of behaviours that are aggressive or
destructive, directed either against people or against property.

The basic issue is whether these three constructs represent a single
dimension. The evidence is varied, and the issue is not as simple asit
mightatfirst appear. For as Zahn-Waxler(1986) concludes:

Altruism and aggression maybeeither positively related, negatively
related, or unrelated, depending on (1) the definitions used; (2) the
particular types of altruism and aggression measured; (3) the cogni-
tions, emotions and personality characteristics that mediate the
behaviours; as well as (4) a host of other situational, biological and
environmental influences.

(p. 305)
Eron and Huesmann (1984) suggest that prosocial behaviour and ageres-
sion do form

a

single factor, albeit that the correlations between the two
measures of prosocial behaviour and aggression wereonly -.29 and-.36.
Several other variables are also known to affect the size and even the
direction of the correlations between these three measures, or others that
are conceptually similar. These include age (Steinberg, 1986), situation
(Richmanefal., 1988), familiarity of surroundings (Stanhopeet al., 1987)
and popularity (Eisenberg etal., 1988). Thus it is important to establish
the relationships between the variables at several age ranges and in
several situations.

Four studies have examinedthe extent of genetic influences on proso-
cial behaviour. In adults Rushton et al. (1986) found heritabilities of 56,
.68 and .70 for altruism, empathy and nurturance, and Matthewset al.,
(1981) report significant heritability for empathic concern. Infants aged
14 months also seem to showsignificant heritability (.36) of prosocial
behaviour (measured using the procedures of Zahn-Waxleret al., 1979),
and modestheritability is also found in maternal reports of behaviour at
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20 months (Zahn-Waxler et al., 1992). Thus it seems that genetic influ-

ences on prosocial behaviour may be present in young infants but these

are less marked than those acting on adults.

Sociability has been the subject of a larger number of twin studies.

Buss and Plomin’s (1984) review concluded that sociability was one of

the temperament dimensions most consistently found to show

a

signifi-

cant heritability.
Evidence from twin studies on antisocial behaviour, conduct disorder

and criminality suggests that genetic factors may be less important than

for other forms of maladjustment (Rutter et al., 1990), and such genetic

effects as are present may beless strong in adolescence than in adult-

hood: it is not known whether such age-related changesin heritability

would be foundin positive social behaviours.

The present study thus examines the environmental and genetic influ-

ences on sociability, prosocial behaviour and antisocial behaviour in a

sample of children — a group for which such information is lacking.It

also determines whether the same genes tend to influence all three

behaviours.

A twin study on personality

Twins were recruited via their parents who volunteered to take part after

being contacted initially through local Twin Club Association groups.

Only those twins aged between 5 and 16 years were entered into the

present analysis. The sample was further restricted to same-sex pairs.

This produced a sample of 373 twin pairs (160 MZ and 213 DZ same-sex

pairs) where both members of the pair provided data on antisocial

behaviour, sociability and prosocial behaviour.
Parents of all the twins completed a Twin Similarity Questionnaire

(TSQ: Cohenet al., 1975). An earlier analysis on a large sample of British

twins with zygosities established by blood typing had been used to

derive a highly accurate scoring procedure for the TSQ (Stevensonetal.,

1987) that was used to compute scores for the present sample. Those

obtaining a similarity score of more than 17 out of a maximum of 20 were

designated as monozygotic and the remainderas dizygotic.

It was decided to measure the three facets of social behaviour through

maternal report in the form of ratings made on standardised question-

naires. In the case of prosocial and antisocial behaviour, the behaviours

in these categories do not occur very frequently, and because of their

extended contact with the child, mothers are in the best position to

observe and report on these infrequent behaviours.

Sociability was measured by the EAS Temperamentscales (Buss and

Plomin, 1984). This is a widely used standardised measure of tempera-

ment that is suitable for a wide range of ages from the pre-school period
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to 24 months(r = .57: Plomin and DeFries, 1985).
Prosocial behaviour was measured using a novel parent questionnaire

(Goodman, 1994) incorporating questions modelled on the Prosocial
Behaviour Questionnaire, a teacher questionnaire developed by Weir and
Duveen (1981). The original scale had been validated and shown to have
good reliability (r = .81) when used by teachers with children aged 8
years (Weiretal., 1980). Although direct validation for this parent version
is not available, Goodman(personal communication) has shownthat the
parent-derived prosocial scores correlate substantially more highly with
teacher-derived prosocial scores (r = 34) obtained using the Weir and
Duveen questionnaire than with teacher-derived behavioural deviance
scores (r = -.014) or antisocial scores (r = -.10) obtained using the Rutter
Teacher Scale (Rutter, 1967). A further justification for the use of a
parent's version is the finding of Wahler and Sansbury (1990) that
parent/observer agreementis greatest for positive social behaviours.

Antisocial behaviour was measured using the Rutter Parent Scale
(Rutter et al., 1970). This is a standardised and widely adopted measure
of behavioural deviance in school-aged children.

It is first necessary to establish that the twins’ scores are comparable to
those in the general population.It is also desirable to show thatthere are no
significant mean differences between MZ and DZpairs of twins. A multi-
variate analysis of variance (MANOVA)with sex and zygosity as factors
and antisocial behaviour, sociability and prosocial behaviouras dependent
variables produced a significant multivariate effect for sex (F(3,756) =
16.57, p< .0001) but not for zygosity (F(3,756) = 0.25, ns). There was a
significant multivariate interaction between sex and zygosity (F(3,756) =
3.88, p< .01). The subsequent univariate analysis showed that the sex
effect was significant for all three measures: antisocial behaviour (F(1,758)
= 8.11, p< .01), sociability (F(1,758) = 26.05, p< .0001) and prosocial
behaviour(F(1,758) = 28.52, p< .0001). The sex by zygosity interaction was
significant only for prosocial behaviour (F(1,758) = 6.97, p< .01).

These findings indicate that girls are less antisocial and sociable but
are more prosocial than boys. Thesex difference in prosocial behaviouris
less marked for DZ twins. The sex differences for antisocial and prosocial
behaviourare in the expected direction. As there are no significant main
effects of zygosity on the measures, these preliminary analyses indicate
thatit is appropriate to use these data to investigate genetic and environ-
mental effects. |

Using the pooled data from all twins in MZ and DZ pairs, antisocial
behaviour, sociability and prosocial behaviour were found to be signifi-
cantly but not strongly correlated (see Table 3.1).
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Table 3.1. Correlations between prosocial behaviour, antisocial

behaviour and sociability (N=762)

a

Prosocial Antisocial Sociability

ce

Prosocial 1.000

Antisocial -.36/7 1.000

Sociability -.126 278 1.000

nnn

All p < .001

Univariate model

The first genetic analysis fitted an ACE model to each of these three

measuresin turn(i.e., univariate analysis). The results are given in Table

3.2. These aspects of child and adolescent personality are seen to have

distinctly different profiles of genetic and environmental influences.

Individual differences in prosocial behaviour are mainly influenced by

genetic variability between children. Just over half the variance was

attributable to this source. The environmental influences are equally

Table 3.2 Univariate genetic analyses

  

A C E xe d.f. p CFI# AIC?

Prosocial 54 .20 | Ot 1.91 3 ns 1.00 -4.01

Antisocial  .24 54 22 9.23 3 .03 0.98 3.32

Sociability .67 - 33 4.35 4 ns 0.99 -3.65

 

— parameterfixed to zero

a Comparative Fit Index
b Akiaike’s Information Criterion
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divided between shared and non-shared effects. Variation in antisocial
behaviour is least influenced by genetic factors, and of the three is the
only one to show a substantial effect of the shared environment.
Sociability on the other hand shows no evidence of shared environ-
mental effects, indeed the C term had to be set to zero to allow model
fitting programmeto converge on a solution. Individual differences in
sociability are primarily determined by genetic differences.

These distinct univariate A, C and E values provide indirect support
for the notion that the prosocial, antisocial and sociability measures on
these children are not just influenced by a general parental view of the
child’s personality. The ratings indicate that the parents are identifying
aspects of individual differences in personality that arise from different
sets of biological and social influences.

Multivariate model

Although conceptually distinct, there is evidence from the correlations in
Table 3.1 that these aspects of personality are related. It is therefore
appropriate to ask what mechanisms produce these correlations. The
correlations will arise if the characteristics have some commoncausesor
possibly if they are causally related to each other. A multivariate genetic
model can show whether twocharacteristics have shared genetic or envi-
ronmentalinfluences in common.

The results of applying a Cholesky decomposition to these three
measures is shownin Figure 3.3. The genetic influences on these charac-
teristics are largely specific. The genetic effects on prosociality (.742 =.54)
have only minorinfluence on antisocial behaviour (.19? = 04) and socia-
bility (.15* = .02). There are common genetic effects on antisocial
behaviour and sociability that account for nearly all the correlation
between these two measures. There are in addition substantial specific
genetic effects on sociability (.69* = .48). The common shared environ-
ment mediates the association between prosociality and antisociality.
There are no substantial effects from the common non-shared environ-
ment.

The smallest correlation in Table 3.1 was between prosociality and
sociability, and this was almost entirely account for by shared genetic
factors (.74 x .15/.126 = 88 per cent). The correlation between proso-
ciality and antisociality on the other handarises both because of common
shared environmental influences (.44 x .33/.376 = 39 per cent) and
common genetic effects (.74 x .19/.376 = 37 per cent). The model
slightly underestimates the size of the correlation between antisociality
and sociability but the largest proportion of the covariance arises from
common genetic effects (.47 x .41 = .193) with common non-shared
environment playing a minorrole (.43 x .10 = .04).
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AIC = 26.03 | 3

Figure 3.3 Path diagram fortrivariate ACE Cholesky decomposition of prosocial

and anti-social behaviour and sociability (paths for only one twin

included)
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Discussion of results

The correlations between the scores on the sociability, prosocial and anti-
social measure, although statistically significant, were not high,
suggesting that individual differences in aspects of positive social
behaviours are largely independent of each other. Nevertheless it is
important that these findings should bereplicated using measures other
than maternalreport.

studies suggest that these may include marital discord and parental
criminality (Rutter and Giller, 1983). This pattern of results for antisocial
behaviouris consistent with previous studies on delinquency, criminality
and conduct disorder in adolescence and contrasts with the rather
greater genetic influence on antisocial behaviour in adulthood (Rutter et
al., 1990).

Sociability was influenced by just genetic and specific environment
effects. This replicates previous findings that sociability is one of the
more strongly genetically influenced early-emerging behavioural traits
(Buss and Plomin, 1984), and the influence of the non-shared environ-
ment will tend to makesiblings different from one another in sociability
(Plomin and Daniels, 1987).

For the first time it has been shownthat prosocial behaviourin child-
hood and adolescence is influenced by genetic differences between
children. The results suggest that as for adults (Rushton et al., 1986;
Matthewset al., 1981) and for infants (Emdeet al., 1992) genetic factors
make a considerable contribution to  child/adolescent prosocial
behaviour. If individual differences in a behaviour have a significant
genetic component then it is desirable to postulate some plausible
biological mechanism that may mediate the genetic effect on behaviour.
In the present case Panksepp (1986) has suggested that altruism has a
basis in brain opiodactivity in limbiccircuits.

It should be emphasised that although genetic differences accounted
for 55 per cent of the variance in prosocial behaviour scores, this means
that nearly half the variance is produced by environmental effects and
measurement error. About one fifth of the total variance is due to
shared environmentaleffects, e.g., shared experiences within the family.
In this respect prosocial behaviour is different from most personality
dimensions where common environment effects tend to be minimal
(Loehlin, 1992a).
A numberof studies have shownthat environmental events that affect

prosocial behaviour include parental modelling (Krantz et al., 1984;
Tromsdorff, 1991), sibling behaviour (Dunn and Munn, 1986), parenting
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style (Brody et al., 1986; Brody et al., 1987a; Grusec, 1991), marital rela-

tionships (Brody et al., 1987b), maternal depression (Forehand and

McCombs, 1988) and even active parental limitations placed on chil-

dren’s altruism (Petersonet al., 1984).

Most of the above influencesare likely to be shared with other family

members. Howeverthe effects of non-shared environmental influences

(and measurementerror) were somewhatgreater (27 per cent). It is more

difficult to identify what these might be over and above differential

exposure to the previously mentioned features of parental behaviour.

However, Parmelee (1986) suggests that the experience of illnesses may

be one such potent influence on the development of individual differ-

ences in prosocial behaviour.

The finding of a substantial genetic basis for twoof the three variables

studied here is in accordance with the main personality literature

reviewed by Loehlin (1992a). It is important to remember that these

genetic factors reflect genetic variability. For example, there is evidence

for variation in the degree of sociability being attributable to genetic

differences between people: this evidence is neutral as to whether the

average degreeof sociability is biologically or socially determined.

It should also be recognised that the estimatesofheritability reflect the

relative contribution of genetic and environmental influence as they are

currently experienced in the population. This does not preclude specific

types of special experience having a major impact on the prosocial

behaviour of individuals. Indeed there is accumulating evidence for the

efficacy of such special experiences in encouraging prosocial behaviour

either within therapy for children with behavioural deficits (Kazdinetal.,

1987; Kazdin et al., 1989; Udwin, 1983) or within an educational context

for unselected children (Battistich et al., 1989).

Finally, it is salutary to note that the finding that genetic/disposi-

tional factors are more strongly influential on positive aspects of

children’s social behaviour is in keeping with mother’s attributions

about their children’s behaviour. In a study of sixty 4-year-old to 12-

year-old children, Gretarsson andGelfand (1988) showed that positive

characteristics were seen as stable and inborn whilst negative ones were

transitory and tied to specific situations. Indeed the findings of the

present study are that individual differences in being ‘nice’ to people

are substantially influenced by genetic factors whereas those influ-

encing children to be ‘nasty’ to others mainly come from experiences

within the family.
The main conclusion from this analysis is that individual differences

in components of positive social behaviour in children and adolescents
are under contrasting systems of environmental and genetic effects. The

investigation of the developmentof sociability, prosocial behaviour and

antisocial behaviour needs to take account of these differences not least
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by measuring these behaviours on separate indices and not subsuming
them into a single underlying dimension.

THE WAY AHEAD

In order to discover how genetic variability can influence such a complex
characteristic as personality what is needed is evidence of the biological
processes that link genes and complex behavioural traits. There are
several ways that this evidence may be found. Oneis to identify biolog-
ical markers for personality differences. For example, if individuals high
on a certain trait are different from others in a biochemical marker such
as a neurotransmitter or in a physiological artifact such as an EEG trace,
then it becomes possible to suggest a biological mechanism through
which the genetic influences may operate. There is a long history of
searching for such markers.

However this approach is indirect. It is now possible to examine
directly linkages between variations in specific genes and variation in
personality dimensions. The importance and intellectual challenge of
understanding personality differences at this molecular genetic level is
considerable. However the more medical science learns about the genetic
complexity of diseases caused by single major genes the more daunting
this enterprise becomes, and Alper (1996)is sceptical about the possibility
of identifying genetic effects on complex behavioural characteristics such
as personality differences.

By contrast, Cloningeret al., (1996) suggest ways in which complex
behaviours are amenable to genetic analysis. Indeed the publication of
replicated findings on the association between

a

specific genetic locus in
neurotransmitter regulation and novelty-seeking is a landmark vindica-
tion of this position (Ebstein et al., 1966; Benjamin et al., 1996). A
theoretical formulation by Cloninger (1987) had predicted that dopamine
was a major influence on novelty-seeking on the basis of experimental
work with humans and animals. The Ebstein et al. and Benjamin ef al.
studies have shownthat variation in the D4 dopamine receptor gene
(D4DR) on chromosome11 accounts for about 10 per cent of the genetic
variation in novelty-seeking. Previous quantitative genetic analysis of
novelty-seeking (Heathet al., 1994) have identified a heritability of .41.
Putting these two pieces of evidence together, it seems that variation in
this locus on chromosome11 accountsfor 4 per cent of the total variance
in novelty-seeking.

Where do genetic studies on personality go to next? It is clear from the
overview provided by Loehlin that most of the Big 5 personality dimen-
sions show evidenceof genetic effects. What has yet to be fully explored
is the architecture of these genetic and environmental influences. For
example, are the shared environmental components producing an



The genetic basis of personality 59

aC

increased degree of Conscientiousness also acting to produce Culture?

Are the same genes implicated in more than one personality dimension?

These explanations are only plausible if the dimensions are non-orthog-

onal. Although these structural models need to be elaborated in a

multivariate manner, a more psychologically interesting set of issues is

the identification of the mechanisms and processes producing these

effects. The A, C and E partitioning of variance does notidentify how the

effects are produced. Howeverin a multivariate analysis, direct measures

of environmental or indeedbiological mediators could also be taken. The

multivariate modelling could then identify whether these mediators

carry a commongenetic or environmental influence with the personality

measure. Such research requires genetically informative designs coupled

with direct measurements of these mediators. This strategy must lie at

the heart of future behaviour genetic work on personality.

The examples discussed above framed genetic and environment

effects as independent additive influences on personality. It has been

recognised that important genetic effects on personality might be medi-

ated by genetic influences on the environment. Genetically determined

preferences and behaviours will result in the individual experiencing

environments that differ from other people. There is therefore the possi-

bility of both active and evocative effects of genes on the environment.

Active effects arise when the individual seeks out particular experiences

or elects to be a memberof certain social groups. Evocative effects arise

from people in the social environment responding to the person differ-

ently depending on how they are behaving. Both these processes can

result in gene-environmentcorrelation that arises from genetic influences

on the environments experienced. This is an active area of research in

child development (Plomin 1994) and onethat is particularly suited to

developmentally informative longitudinal twin studies.

Finally, the increasing use of molecular genetic techniques will revolu-

tionise this field. To date muchofthis workhasrelied on single major genes.

It is likely that the genetic effects on personality are created by the action of

a large numberof genes each with small or moderateeffects. A central part

of the genetic strategy for future personality research will be to identify

these modest genetic influences using so called quantitative trait loci anal-

yses, andthefirst such studiesare just beginningtobe reported.

REFERENCES

Alper, J.S. (1996) ‘Genetic complexity in single-gene diseases — no simple link

between genotype and phenotype’, British Medical Journal 312: 196-197.

Battistich, V., Solomon, D., Watson, M., Solomon,J. and Schaps, E. (1989) ‘Effects

of elementary school program to enhance prosocial behaviour on children’s

cognitive-social problem-solving skills and strategies’, Journal of Applied

Developmental Psychology 10: 147-169.



56 Jim Stevenson
Tee

Benjamin,J., Li, L., Patterson, C., Greenberg, B.D., Murphy, D.L. and Hamer, D.H.(1996) ‘Population and familial association between the d4 dopamine-receptorgene and measuresof novelty seeking’, Nature Genetics 12: 81-84.
Brody, G.H., Stoneman, Z. and Burke, M. (1987a) ‘Family system and individualchild correlates of sibling behaviour’, American Journal of Orthopsychiatry 57:561-569.

(1987b) ‘Child temperaments, maternal differential behaviour and siblingrelationships’, Developmental Psychology 23: 354-362.
Brody, G.H., Stoneman, Z. and MacKinnon, C.E. (1986) ‘Contributions ofmaternal child-rearing practices and play contexts to sibling interactions’,JournalofApplied Developmental Psychology 7: 225-236.
Buss, A.R. and Plomin, R. (1984) Temperament: Early Developing Personality Traits,

Hillsdale, NJ: Erlbaum.
Cloninger, C.R. (1987) ‘A systematic method for clinical description and

classification of personality variants — a proposal’, Archives of General
Psychiatry 44: 573-588.

Cloninger, C.R., Adolfsson, R. and Svrakic, N.M. (1996) ‘Mapping genes for
humanpersonality’, Nature Genetics 12: 3-4.

Cohen, D.J., Dibble, E., Grawe, J.M. and Pollin, W. (1975) “Reliably separating
identical from fraternal twins’, Archives of General Psychiatry 32: 1,371-1,375.

DeFries, J.C., Plomin, R. and Fulker, D.W. (1995) Nature and Nurture During
Middle Childhood, Cambridge, MA:Blackwell.

Dunn, J. and Munn, P. (1986) ‘Siblings and the development of prosocial
behaviour’, International Journal of Behavioral Development 9: 265-284.

Eaves, L., Eysenck, H.J. and Martin, N. (1989) Genes, Culture and Personality: An
Empirical Approach, Oxford: Oxford University Press.

Ebstein, R.P., Novick, O., Umansky, R., Priel, B., Osher, Y., Blaine, D., Bennett,
E.R., Nemanov, L., Katz, M. and Belmaker, R.H. (1996) ‘Dopamine d4 receptor
(D4DR)exonIII polymorphism associated with the human personality trait of
novelty seeking’, Nature Genetics 12: 78-80.

Eisenberg, N., Cameron, E., Pasternack, J. and Tryon, K. (1988) ‘Behavioral and
sociocognitive correlates of ratings of prosocial behavior and sociometric
status’, Journal of Genetic Psychology 149: 5-15.

Emde, R. N., Plomin, R., Robinson,J., Corley, R., DeFries, J. C., Fulker, D. W.,
Reznick, J. S., Campos,J., Kagan, J. and Zahn-Waxler, C. (1992) ‘Temperament,
emotion and cognition at fourteen months: the MacArthur longitudinal twin
study’, Child Development 63: 1,437-1,455.

Eron, L.D. and Huesmann,L.R. (1984) ‘The relation of prosocial behaviour to the
development of aggression and psychopathology’, Aggressive Behaviour 10:
201-211.

Forehand, R. and McCombs, A. (1988) ‘Unravelling the antecedent-consequence
conditions in maternal depression and adolescent functioning’, Behaviour
Research and Therapy 26: 399-405.

Goodman, R. (1994) ‘A modified version of the Rutter Parent Questionnaire
including extra items on children’s strengths: a research note’, Journal of Child
Psychology and Psychiatry 35: 1,483-1.494.

Gretarsson, S.J. and Gelfand, D.M. (1988) ‘Mothers’ attributions regarding their
children’s social behavior and personality characteristics’, Developmental
Psychology 24: 264-269.

Grusec, J.E. (1991) ‘Socialising concern for others in the home’, Developmental
Psychology 27: 338-342.

Heath, A.C., Cloninger, C.R. and Martin, N.G. (1994) ‘Testing a model for the

 



The genetic basis of personality 97

 

genetic structure of personality: a comparison of the personality systems of

Cloninger and Eysenck’, Journal of Personality and Social Psychology 66: 762-779.

Jinks, J.L. and Fulker, D.W. (1970) ‘Comparison of the biometrical genetical,

MAVA and classical approaches to the analysis of human behavior’,

Psychological Bulletin 73: 311-349.
Kazdin, A.E., Bass, D., Siegel, T. and Thomas, C. (1989) ‘Cognitive-behaviour

therapy and relationship therapy in the treatment of children referred for

antisocial behaviour’, Journal of Consulting and Clinical Psychology 57: 522-535.

Kazdin, A.E., Esveldt-Dawson, K., French, N.H. and Unis, A.S. (1987) ‘Effects of

parenttraining and problem-solving skills training combined in the treatment

of anti-social child behaviour’, Journal of the American Academy of Child and

Adolescent Psychiatry 26: 416-424.
Krantz, M., Webb, S.D. and Andrews, D. (1984) ‘The relationship between child

and parental social competence’, Journal of Psychology 114: 51-56.

Loehlin, J.C. (1992a) Genes and environment in personality development, Newbury

Park, CA:Sage. ,
—— (1992b) Latent Variable Models (2nd edn), Hillsdale, NJ: Lawrence Erlbaum

Associates.
—— (1996) ‘The Cholesky approach: a cautionary note’, Behaviour Genetics 26:

65-70.
Loehlin, J.C., Horn, J.M. and Willerman, L. (1981) ‘Personality resemblance in

adoptive families’, Behavior Genetics 11: 309-330.

Loehlin, J.C. and Nichols, R.C. (1976) Heredity, Environment and Personality,

Austin, TX: University of Texas Press.
Matthews, K.A., Batson, C.D., Horn, J. and Rosenman, R.H. (1981) ‘’Principles in

his nature which interest him in the fortune of others... “: the heritability of
empathic concern for others’, Journal of Personality 49: 237-247.

Neale, M.C. and Cardon, L.R. (1992) Methodology for Genetic Studies of Twins and
Families, Dordrecht: Kluwer.

Panksepp, J. (1986) ‘The psychobiology of prosocial behaviours: separation
distress, play, and altruism’, in C. Zahn-Waxler, E. M. Cummings and
R. Iannotti (eds) Altruism and Aggression: Biological and Social Origins,

Cambridge: Cambridge University Press.
Parmelee, A.H. (1986) ‘Children’s illnesses: their beneficial effects on behavioral

development’, Child Development 57: 1-10.

Peterson, L., Reaven, N. and Homer, A.L. (1984) ‘Limitations imposed by parents

on children’s altruism’, Merrill-Palmer Quarterly 30: 269-286.
Plomin, R. (1994) Genetics and Experience: The Interplay Between Nature and Nurture,

Thousand Oaks, CA:Sage.
Plomin, R. and Daniels, D. (1987) ‘Why are children in the same family so

different from one another?’, Behavioral and Brain Sciences 10: 1-16.

Plomin, R. and DeFries, J.C. (1985) Origins of Individual Differences in Infancy: The
Colorado Adoption Project, Orlando: AcademicPress.

Plomin, R., DeFries, J.C. and Fulker, D.W. (1988) Nature and Nurture during Infancy
and Early Childhood, Cambridge: Cambridge University Press.

Richman, C.L., Berry, C., Bittle, M. and Himan, K. (1988) ‘Factors related to

helping behaviourin preschool aged children’, Journal ofApplied Developmental
Psychology 9: 151-165.

Rushton, J.P., Fulker, D.W., Neale, M.C., Nias, D.K. and Eysenck, H.J. (1986)
‘Altruism and aggression: the heritability of individual differences’, Journal of
Personality and Social Psychology 50: 1,192-1,198.

Rutter, M. (1967) ‘A children’s behaviour questionnaire for completion by



58 Jim Stevenson
I

teachers: preliminary findings’, Journal of Child Psychology and Psychiatry 8:
1-11.

Harmondsworth: Penguin Books.
Rutter, M., MacDonald, H., Le Couteur, A., Harrington, R., Bolton, P. and Bailey,

A.(1990) ‘Genetic factors in child psychiatric disordersII: empirical findings’,
Journal of Child Psychology and Psychiatry 31: 39-84.

Rutter, M., Tizard, J. and Whitmore, K. (1970) Education, Health and Behaviour,
London: Longman.

Stanhope,L., Bell, R.Q. and Parker-Cohen, N.Y. (1987) “Temperamentand helping
behaviourin preschool children’, Developmental Psychology 23: 347-353.

Steinberg, L. (1986) ‘Stability (and instability) of Type A behaviour from
childhood to young adulthood’, Developmental Psychology 22: 393-402.

Stevenson,J., Graham, P.J., Fredman, G. and McLoughlin, V. (1987) ‘A twin study
of genetic influences on reading and spelling ability and disability’, Journal of
Child Psychology and Psychiatry 28: 229-247.

Tromsdorff, G. (1991) ‘Child-rearing and children’s empathy’, Perceptual and
Motor Skills 72: 387-390.

Udwin, O. (1983) ‘Imaginative play training as an intervention method with
institutionalised preschool children’, British Journal of Educational Psychology
53: 32-39,

Wahler, R.G. and Sansbury, L.E. (1990) ‘The monitoring skills of troubled
mothers: their problems in defining child deviance’, Journal of Abnormal Child
Psychology 18: 577-589.

Weir, K. and Duveen, G. (1981) ‘Further development and validation of the
prosocial behaviour questionnaire for use by teachers’, Journal of Child
Psychology and Psychiatry 22: 357-374.

Weir, K., Stevenson, J. and Graham, PJ. (1980) ‘Behavioural deviance and teacher
ratings of prosocial behaviour’, Journal of the American Academy of Child
Psychiatry 19: 68-77.

Zahn-Waxler, C. (1986) ‘Conclusions: lessons from the past and a look to the
future’, in C. Zahn-Waxler, E. M. Cummingsand R.Iannotti (eds) Altruism and
Aggression: Biological and Social Origins, Cambridge: Cambridge University
Press.

Zahn-Waxler, C., Radke-Yarrow, M. and King, R. A. (1979) ‘Child-rearing and
children’s prosocial initiation toward victimsof distress’, Child Development 50:
319-330.

Zahn-Waxler, C., Robinson, J.L. and Emde, R.N. (1992) ‘The development of
empathyin twins’, Developmental Psychology 28: 1,038-1,047.



Chapter4

 

Anxiety and cognitive processes

Michael W. Eysenck

 

One of the key issues in personality research is to identify the major

factors of personality. As is well known, there are considerable differ-

ences among theorists in terms of the number and nature of the

personality factors proposed. However,there is a growing consensus that

there are only a few key factors, and there is even a fair measureof agree-

ment concerning their identity (Digman, 1990; Kline, 1992). For reasons

that are not altogetherclear, several different theorists have argued that

there are five major personality factors. Most theorists are agreed that

trait anxiety or neuroticism is one of these five major factors. For

example, McCrae and Costa (1985) used rating data to identify the five

following factors: extraversion (vs. introversion); agreeableness (vs.

hostility, jealousy); conscientiousness (similar to will to achieve); neuroti-

cism (vs. stability); and openness(similar to intelligenceor intellect).

Kline (1992) has discussed some of the relevant evidence, and

concluded that trait anxiety or neuroticism is one of the few really well-

established personality factors. As has been pointed out by several

theorists (e.g., Gray, 1982), one of the main differences between trait

anxiety and neuroticism is that the former (but not the latter) correlates

negatively with the personality factor of extraversion. In spite of this

difference, measures of trait anxiety and neuroticism typically correlate

approximately +.6 or +.7 with each other (Watson and Clark, 1984). In

view of this substantial correlation between them, trait anxiety and

neuroticism will be considered together in this chapter. Many of the

reasons for doing this are discussed by Watson and Clark (1984). They

argued convincingly that the pattern of inter-correlations typically found

among measures of trait anxiety, neuroticism and depression indicates

that they are all basically providing an assessment of a dimension of

negative affectivity.
Kline (1983) rightly emphasised the importance of sound measurement

throughhis long-term interest in psychometrics. However, unlike mostof

those working in psychometrics, he has also been fully aware of the need

to consider the processes underlying the dimensions of individual
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differences revealed by psychometric techniques.It has certainly been my
firm view for many years that factor analysis and otherstatistical tech-
niques are extremely useful for the purposes of describing major
dimensions of individual differences. However, in order to proceed to
explanation, it is necessary to move beyond the psychometric evidence.
For example, we can only claim to have a good understandingof a person-
ality dimension such astrait anxiety or neuroticism when we understand
the underlying differences in cognitive, physiological and behavioural
functioning of those who are high and low on that dimension.It is not
clear that this point has been reached in termsof theory and research on
trait anxiety and neuroticism, but relevant theoretical perspectives will be
consideredin the remainderof this chapter.

PHYSIOLOGICAL THEORIES OF ANXIETY

Several theories of trait anxiety and neuroticism (e.g., those of HJ.
Eysenck, 1967 and Gray, 1982) have adopted a predominantly physiolog-
ical approach. More specifically, it is assumed that each individual
person's level of trait anxiety or neuroticism dependscritically on the
responsiveness of his or her physiological system. These individual
differences in physiological responsiveness are claimed to depend to a
large extent on heredity. According to H.J. Eysenck (1967), ‘the evidence
suggests fairly strongly that something like 50 per cent of individual
differences in neuroticism and extraversion...is accountable for in
terms of hereditary influences’ (p.210). In similar fashion, Gray (1982)
claimed that, ‘studies of the personality traits of neuroticism and
extraversion ... estimate the contribution of heredity to these conditions
at about 50 per centof the variance’ (p.438).

The most important evidence relating to the role of heredity in deter-
mining trait anxiety and neuroticism comes from twin studies. Jim
Stevenson’s chapter in this volume discusses the heritability of socia-
bility: the findings regarding trait anxiety and neuroticism have been
mixed. H.J. Eysenck and Prell (1951) found for neuroticism that the
correlation between monozygotic twins was +.85, whereas it was only
+.22 between dizygotic twins. These correlations suggest that neuroti-
cism is almost totally determined by heredity. However, their reported
correlation for monozygotic twins is considerably higher than that
reported by any other researchers. Shields (1962) obtained a correlation
of +.38 on neuroticism for monozygotic twins brought up together,
compared with +.11 for dizygotic twins brought up together. Somewhat.
surprisingly, he also found a correlation of +.53 for monozygotic twins
brought up apart. This high correlation probably occurred in part
because many of the twins were brought up by different parts of the
same family.
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More recent studies indicate that the role of genetic factors in deter-

mining neuroticism is more limited than was suggested by previous

research. Langinvainioet al. (1984) obtained a correlation of only +.25 for

monozygotic twins brought up apart, +.32 for monozygotic twins

brought up together, and +.10 for dizygotic twins brought up together.

Similar findings were reported by Pedersen et al. (1984). They reported

correlations of +.18, +.37, and +.18 for monozygotic twins brought up

apart, monozygotic twins brought up together, and for dizygotic twins

brought up together, respectively. There are clearly differences across

studies, but the correlation for monozygotic twins brought up togetheris

approximately +.35 if the anomalous figure of +.85 claimed by HJ.

Eysenck and Prell (1951) is omitted. The only reasonable conclusion

would appearto be the one put forward by Torgersen (1990): ‘The devel-

opmentoftherelatively normally distributed neuroticism or anxiousness

may be modestly influenced by genetic factors. ... However, by far the

most important source of variance seemsto be individual environmental

factors’ (p.285).
Someattempts have been madeto identify the physiological system or

systems underlying neuroticism or trait anxiety. H.J. Eysenck (1967)

argued that individual differences in neuroticism depend uponthe func-

tioning of the so-called ‘visceral brain’, consisting of the hippocampus,

amygdala, cingulum, septum and hypothalamus. In similar fashion,

Gray (1982) argued that individual differences in trait anxiety depend

upon the septo-hippocampal system, its neocortical projection in the

frontal lobe, and its monoaminergic afferents from the brain-stem.

It has not been possible in most of the research to take direct measures

of activity within the visceral brain or septo-hippocampal system.

However, there have been numerous studies in which indirect

psychophysiological measures of the alleged underlying systems were

obtained. The relevant literature was reviewed by Fahrenberg (1987). He

arrived at the following conclusion: ‘Psychophysiological research on

physiological correlates of the established emotionality (neuroticism)

trait dimension has come to a standstill. Findings of questionnaire

studies generally support the postulated psychophysiological relation-

ship, but research that employs objectively measured physiological

parameters in large-scale, methodologically well-controlled and repli-

cated investigations has not substantiated these hypotheses’ (p.117).

The almost complete failure of psychophysiological studies to find any

differences between those high and low in trait anxiety is somewhat

puzzling. Gray (1982) discussedthe findings from two majorstrandsofrele-

vant research. First, a number of anti-anxiety drugs such as the
benzodiazepines, barbiturates and alcohol have been found to have broadly

comparableeffects on behaviour. Second, lesions to the septo-hippocampal

system in rats and other species produce several behavioural effects. As
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Gray (1982) pointedout, there are nineteen different kinds of behavioural
measure for which drugandlesion data are available, and on eighteen of
them drugsandlesionshaveessentially the sameeffects. This similarity in
patterning of effects provides powerful evidence that the septo-
hippocampal systemiscentrally involved in anxiety.

The major reason whythose high and lowin trait anxiety or neuroti-
cism do not generally differ on physiological measures is discussed more
fully later. Those who score low on self-reported trait anxiety form a
heterogeneousgroup. Weinbergeret al. (1979) obtained measuresoftrait
anxiety and of social desirability from their subjects. Those who scored
low on both measures were categorised as truly low-anxious, whereas
those who scored low on trait anxiety and high on social desirability
were categorised as repressors. When the subjects were exposed to a
moderately stressful situation, the repressors responded physiologically
much more than the truly low-anxious; indeed, the repressors were more
physiologically responsive than the high-anxious subjects on most of the
measures. Thus, any relationship betweentrait anxiety and physiological
responsivenessis obscured by the high responsivenessof repressors.

There is another reason why the findings discussed by Gray (1982)
cannot readily be extrapolated to individuals high and low in trait
anxiety. Gray focused on the findings from other species, and yetit is
clear that the processes associated with anxiety are considerably more
complex in the human species than in others. A crucial inter-species
difference was identified by Hallam (1985): ‘Even if the laymanorclini-
clan were to accept that perceiving events as, say, signals of punishment
or non-reward brought forth biological responses that we have in
common with other species one might still argue that the cause of
complaints of anxiety was in perceiving events in this way, and not in
possessing the biological mechanism of these responses’ (p. 218). In other
words, humans have a considerably more developed cognitive system
than other species, and this difference must be taken into account when
comparing other species with our own.

The main emphasis of Gray’s (1982) theory is on the brain structures
involved in anxiety. However, he has also focused on someof the cogni-
tive processes involved. He argued that the septo-hippocampal system
operates as a behavioural inhibition system. According to Gray (1975),
the behavioural inhibition system is used ‘(a) to inhibit all ongoing
behaviour ...and (b) to perform the maximum possible analysis of
current environmental stimuli, especially activity in this system’ (p. 354).
The latter point was developed by Gray (1982). At a cognitive level, the
behavioural inhibition system operates as a comparator. Information
aboutthe currentstate of the world and a prediction as to what thatstate
should be are available to the comparator. If the comparator detects a
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mismatch betweenactual and predicted events,then thereis increasedacti-

vationofthebehaviouralinhibitionsystem.

The major problem with the notion of a comparatoris thatit is by no

means clear that the behavioural inhibition system is activated by

mismatches between actual and predicted events. As M.W. Eysenck

(1992) pointed out, ‘There is surely a fundamental distinction between

mismatches where the predicted event is preferable to the actual event

and mismatches where the opposite is true. Mismatches of the former

type may, indeed, produce anxiety, but mismatches of the latter type

obviously produce more positive emotional states’ (p. 17). Some relevant

evidence was reported by Rachmanand Lopatka (1986a, b), who studied

the levels of predicted and experienced fear in snake phobics who were

repeatedly exposed to a snake. The snake phobicsreported increased fear

following under-predictions of fear, which is as predicted by Gray (1982).

However, when the snake phobics over-predicted fear, this led to a

reductionin fear, a finding notin line with Gray’stheory.

Additional problems

We have seen already that traditional theories such as those of HJ.

Eysenck (1967) and Gray (1982) are inadequate in a number of ways.

First, heredity plays a role in producing individual differences in trait

anxiety and neuroticism, but it is smaller than is assumed bytraditional

theories. Second, while it is plausible to assume that individual differ-

ences in trait anxiety and neuroticism depend in part on differences in

physiological responsiveness, thereis little support for this view from the

available evidence.
There are at least two other significant problems with traditional theo-

ries. First, it has been assumed that trait anxiety and neuroticism are

semi-permanentpersonality characteristics which changeverylittle over
time. In fact, however,the test-retest reliability of these personality traits

is often relatively low. As Conley (1984) pointed out, there are two

reasonsfor this: (1) actual changes in personality over time; and (2) the

intrinsic unreliability of the measures used to assess trait anxiety and

neuroticism. Conley (1984) used statistical meansto eliminate the effects

of intrinsic unreliability. When he did this, he found that the level of
consistency from one year to the next was .98. This figure is below that
for intelligence, and meansthat levels of trait anxiety and neuroticism

are not entirely stable over time.
The final problem with the traditional theories is the assumption that

trait anxiety or neuroticism is unidimensional, in the sense that individ-

uals are either generally high or generally low in their level of trait

anxiety or neuroticism. This assumption is flawed because of the
substantial evidence of specificity, with individuals being more anxious
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in somesituations than in others. One of the moreinfluential attempts to
replace the unidimensional view of trait anxiety with a multidimensional
conceptualisation was that of Endler (1983), who argued that there are
five different dimensions oftrait anxiety. According to his theoretical

occasions(see the review by Endler, 1983), but mainly when studies have
considered the social evaluation and_ physical danger dimensions.
Indeed,there is no compelling evidence for most of the other dimensions
proposed by Endler (1983).

Summary

Individual differences in trait anxiety and neuroticism are partially
determined by heredity, but the influence of heredity is smaller than
was suggested within traditional theories. As a consequence, there
wasinsufficient attention to the dynamic processes producing change
in trait anxiety or neuroticism levels, especially to the cognitive
processes. However, what is perhaps the greatest limitation of the
traditional approach relates to issues which are discussed more fully
in the rest of the chapter. The traditional approach was based on the
implicit (or even explicit) assumption that there should be concor-
dance or agreement among the cognitive, physiological and
behavioural systems involved in anxiety. As we have seen, there is an
almost complete lack of concordance between self-report and physio-
logical measures of anxiety, and there are other systematic failures of
concordance (see Weinberger, 1990). As a consequence, any adequate
theory of trait anxiety or neuroticism will need to be based on a
much more detailed consideration of the inter-relationships among
the cognitive, physiological and behavioural systems than was the
case with the traditional approach.

THE COGNITIVE APPROACH

As wehaveseen,traditional theories have failed for a variety of reasons.
In essence, environmental influences and the role of learning were de-
emphasised by H.J. Eysenck (1967) and Gray (1982). Asa consequenceof
the failure to focus on changesover time, the significantrole of the cogni-
tive system wasnotfully appreciated, especially by H.J. Eysenck (1967).
At a very general level, an individual’s susceptibility to anxiety depends
in part on the information stored in long-term memory. Schemata
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(coherent packages ofinter-related information) are likely to play a key

role, especially those schematarelating to danger and vulnerability (Beck

and Clark, 1988). Schemata change dynamically over time when infor-

mation is added to them asa result of experiences.

Failures of concordance

Most personality theorists who have considered trait anxiety or neuroti-

cism havepaid insufficient attention to the fact that there are three rather

separate systems involved in anxiety (Lang, 1985); these systems are the

behavioural, the physiological and the verbal or cognitive.It is especially

important to consider all three systems because of the mounting

evidence that measures of anxiety taken from each of the systems typi-

cally show failures of concordance or agreement. Consider, for example,

a study on competentpianists performing in public (Craske and Craig,

1984). Several measures of anxiety were taken, and measures from within

the same system generally correlated significantly with each other.

However, measures of anxiety taken from different systems generally

failed to correlate with each other.

There are several possible reasons for a lack of concordance among

measures. One uninteresting reason is because some of the measures

being used are insensitive or inappropriate ways of assessing anxiety.

Another uninteresting reason was proposed by Thorpe (1989). According

to him, ‘It should not surprise us when different measures of anxiety do

not agree with each other when we confound “question asked” with

“response mode”‘ (p. 192). The two reasons consideredso far are based

on the assumption that failures of concordance arise because of inade-

quate experimental procedures. However, another (and more interesting)

reason for a lack of concordance stems from a detailed theoretical consid-

eration of individual differences in the functioning of the cognitive

system. This is discussed below.

As waspointed outearlier in the chapter, it is possible to divide those

scoring low on trait anxiety into two categories: the truly low-anxious

and repressors. Weinberger et al. (1979) found that repressors were very

responsive physiologically in a stressful situation although their self-

reported anxiety was low. Repressors have shownsimilar discrepancies

between self-reported and physiological anxiety in several other studies

(Weinberger, 1990).

In order to obtain a fuller understanding of repressors, it is necessary

to consider their level of behavioural anxiety. The findings in the litera-

ture appear to be somewhat inconsistent, with repressors sometimes

appearing to be more behaviourally anxious than others, but sometimes

appearing to be non-anxious behaviourally (Weinberger, 1990). The

author has recently carried out a series of unpublished studies to
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investigate this issue further. In some of the studies, repressors, the trulylow-anxious, high-anxious individuals and defensive high-anxiousindividuals (i.e., with high scores ontrait anxiety and on social desir-ability) were rated ontrait anxiety by individuals who knew them well.It was found consistently that repressors were rated as low in traitanxiety, indicating that their behaviour is generally non-anxious. This

anxious individuals deliberately attempting on self-report measures topresent themselves as non-anxious. That view is in any case discon-firmed bythefact that repressors practically never admit to experiencinghigh levels of anxiety even when they are led to believe that the experi-menter has evidenceoftheir true feelings.
Rather different findings were obtained in another unpublished study

in which subjects were videotaped while describing their most undesir-
able personality characteristics. Detailed analyses of the videotapes
indicated that the repressors were more behaviourally anxiousthantruly
low-anxious, high-anxious and defensive high-anxioussubjects, although
they denied feeling more anxious than the other groupsof subjects. The
most plausible way of reconciling the various findings is as follows:
repressors make use of a defensive coping style which permits them to
minimise their underlying level of anxiety to themselves and to others;
however, this defensive copingstyleis relatively ineffective in moderately
or very stressful situations.
One important implication of the research on repressors is that the

frequent approachofrelying exclusively on self-report questionnaires in
order to assess an individual’s level of trait anxiety is inadequate.
Repressors appear to be low intrait anxiety on such questionnaires, but
their physiological responsiveness and their behavioural anxiety in
stressful situations indicate that the reality is much more complex. In
more generalterms,the findings from repressors indicate the necessity of
assessing the cognitive (self-report), physiological and behavioural

awareness. Presumably repressors have developed a defensive coping
style over a period of years, and this eventually becomes relatively
automatised and doesnotrequire the involvementof conscious processes.
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A COGNITIVE THEORYOF TRAIT ANXIETY

Theoretical assumptions

M.W.Eysenck(e.g., 1992) has attempted to develop a cognitive theory of

trait anxiety. The initial assumptionsof the theory are that previous theo-

ries of trait anxiety have tended to downplay the role of the cognitive

system, and that an adequate account would include cognitive processes

and structures as central features. Another major assumption was that

anxiety fulfils the function of facilitating the rapid detection of threat or

impending danger, especially in environments that are potentially threat-

ening. This is normally a valuable function. However,clinically anxious

patients often substantially exaggerate the threateningness of the envi-

ronment, and so the function of rapid threat detection becomes

dysfunctional.

Whatprocesses are involved in threat detection? Obviously, the main

processes involved are pre-attentive and/or attentional. As a conse-

quence, the cognitive system is centrally involved with respect to the

primary purpose of anxiety. More specifically, it is assumed that the

attentional system in anxious individuals is selective, in the sense that

threat-related stimuli are attended to at the expense of non-threatening

stimuli. In order for threat-related stimuli to be detected rapidly, there

must be almost constant attentional scanning of the environment.

M.W.Eysenck (1992) attempted to specify some of the main charac-

teristics of attentional processing in high trait-anxious individualsin his

hypervigilance theory. He argued that such individuals possess general

hypervigilance, also known as distractibility, which is revealed by a

tendency to attend to task-irrelevant stimuli. They also show specific

hypervigilance, which involves the tendency to attend selectively to

threat-related rather than to non-threatening stimuli. Those high in trait

anxiety also show a high rate of environmental scanning, a broadening

of attention during the period prior to the detection of a threatening or

other significant stimulus, followed by a narrowing of attention while a

threatening stimulus is being processed. It should be emphasised that

all of these effects on the attentional system are assumedto be deter-

mined interactively by trait and state anxiety; that is to say, those high

in trait anxiety will show the effects primarily when they are high in

state anxiety.

Hypervigilance theory was mainly concerned with the effects of

anxiety on attentional processes directed towards the environment. It

seems probable that these processes are also directed towards internal

sources of information (e.g., physiological processes). In other words,

those high in trait anxiety selectively attend to threat-related stimuli,

whetherthese stimuli are external or internal.
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Empirical evidence

tional resources to the ear to which a threat-related word had just been
presented. In contrast, inhibitors (equivalent to low scorers on trait
anxiety) avoided allocating processing resources to the ear on which a
threat-related word had just been presented.

MacLeod and Mathews (1988) used a visual analogue of the task
utilised by M.W. Eysenck et al. (1987). They studied attentional bias
towards or away from examination-relevant words several months
before an important examination and in the week before the examina-
tion. Subjects high in trait anxiety showed attentional bias towards the
threat-related stimuli close in time to the examination but not several
months before. Those low intrait anxiety had an attentional bias away
from the same stimuli only on the second testing occasion. Thus, their
feelings indicated that selective attentional bias is interactively deter-
minedbytrait and state anxiety.

It is assumed with hypervigilance theory that one of the ways in
which anxiety facilitates threat detection is via a broadeningof attention.
Relevant evidence was reported by Shapiro and Lim (1989). They gave
their subjects the task of respondingto visual target signals as rapidly as
possible, with the signal being presentedeither centrally or peripherally.
On a small fraction oftrials, central and peripheral target stimuli were
presented concurrently. Anxious subjects were more than four timeslike-
lier than non-anxious subjects to respond to the peripheral signal,
suggesting that anxiety leads to greater sensitivity to peripheral stimuli
and to a broadeningofattention.
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The prediction that anxiety leads to enhanced distractibility was

tested by M.W. Eysenck and Graydon (1989). They asked neurotic intro-

verts (high trait-anxious subjects) to perform a letter-transformation task

on its own orin the presenceof letter or meaninglessblip distractors. The

key finding was that the performance of the neurotic introverts was

significantly impaired by the letter distractors, but that of the stable

extraverts was not. In other words, the more anxious group was more

susceptible to distraction than was the less anxious group.

As we have seen,there is substantial evidence that anxiety has several

predictable effects on the attentional system. However, it is probable that

anxiety has a numberof other effects on the cognitive system. Of partic-

ular theoretical importanceis the interpretive bias, which is the tendency

to interpret ambiguous stimuli and situations in a threatening fashion.

Interpretive bias was studied by M.W. Eysencketal. (1987). Homophones

having threat-related and non-threatening interpretations were presented

auditorily, and subjects were simply instructed to write down the spelling

of each wordasit was presented. There was a correlation of +.60 between

trait anxiety and the numberof threatening homophoneinterpretations,

demonstrating the existence of an interpretive bias in high trait-anxious

individuals.

Further information on interpretive bias was reported by MacLeod

(1990). Ambiguous sentences possessing a threat-related and a non-

threatening interpretation were presented, with each sentence being

followed by a word strongly associated with one ofits possible interpre-

tations. The task was to name the word as rapidly as possible. Those

high in trait anxiety named wordsrelated to threatening interpretations

faster when they were high in state anxiety, but named wordsrelated to

non-threatening interpretations slower when high in state anxiety. The

opposite pattern of findings was obtained from subjects low in trait

anxiety. These findings indicate that interpretive bias is an interactive

function of trait and state anxiety.

Accordingto the theory, pre-attentive and attentional processesare the

processes within the cognitive system whichare of the greatest relevance

to anxiety. However, those high in trait anxiety spend much moreof their

time worrying than those low in trait anxiety (M.W. Eysenck, 1992), and

this suggests that they have facilitated access to threat-related informa-

tion stored in long-term memory. Several studies have investigated

negative memory bias, which is the tendency to recall threat-related

rather than non-threatening information. The findings are rather incon-

sistent, but M.W. Eysenck (1992) drew the following conclusions from

the evidence:

Negative memory bias is obtained most consistently when there is

induction of an anxious moodstate, or underlying danger or threat
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(M.W. Eysenck, 1992, p. 90)

Theoretical and practical implications

Wehaveseen that thosehighintrait anxiety differ from those low in trait
anxiety in terms of a range of cognitive biases, including selective atten-
tional bias, interpretive bias and negative memory bias. These biases
help to increase our understanding of the processes underlying the
personality dimensionoftrait anxiety. It is assumed that these biases are
affected in a top-down fashion by underlying schemata. Since these
schemata are susceptible to changeas a result of experience, alterations
in the nature and extent of these biases over time can potentially be
accounted for within this theoretical approach.

There is as yet relatively little research on the existence of cognitive
biases in repressors. However, it is a reasonable theoretical assumption
that repressors will exhibit opposite cognitive biases to those shown by
high-anxious individuals. Some evidence supporting this assumption
wasreported by Fox (1993). She discovered that repressors, but not truly
low-anxious individuals, showed a tendency to avoid allocating atten-
tion to socially threatening stimuli. In other words, repressors seem to
show an opposite selective attentionalbias.

One of the major implications of the research on cognitive biases in
high-anxious and repressor groups is that it helps to elucidate the fail-
ures of concordance reported in the literature. In general terms, those
high in trait anxiety have relatively higher self-reported anxiety than
physiological or behavioural anxiety, whereas those low in trait anxiety
have relatively lower self-reported anxiety than physiological or
behavioural anxiety. It is assumed that these tendencies arise because of
the cognitive biases and opposite cognitive biases shown by high-
anxious individuals and repressors, respectively. Thus, failures of
concordance stem directly from individual differences in cognitive
biases.
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CONCLUSIONS

At the practical level, there has been an almost universal tendency to rely

on self-report questionnaire assessmentof trait anxiety. In view of the

widespread failures of concordance across the cognitive (self-report),

physiological and behavioural systems involved in anxiety, this practice

cannot be defended. Ideally, people who need an accurate assessmentof

susceptibility to anxiety (e.g., those involved in personnel selection)

should obtain detailed measures of the functioning of the cognitive,

physiological and behavioural systems. At the very least, much more

consideration needs to be given to the interpretation of self-report

measures. According to the cognitive theory of anxiety presented here,

measuresofself-reported anxiety are systematically distorted by various

cognitive biases, and the prudentpractitioner will take these distortions

into account whenassessing individual differences in anxiety.
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Chapter 9

 

The social psychology of personality

Sarah F. Hampson

 

Perhapsthefirst psychologistto explore the interpersonal natureofperson-

ality was William James (1890). He said thatthe self only exists in relation to

other selves, andthat a person has as manyselves as people with whom he

or she interacts. His insights have been adopted by psychiatrists, sociolo-

gists and social psychologists to generate several theoretical approaches to

personality, all of which stress the interpersonalnature of personality. For

Sullivan (1953), a psychiatrist, the individual cannot exist apart from his or

her relation to others, and the study of personality is the study of interper-

sonal behaviour. Goffman, a sociologist, was influenced by symbolic

interactionists such as Cooley (1902) and Mead (1934) in his development

_ of the theatrical metaphorfor interpersonal behaviour. He viewed people’s

interpersonal behaviour as a performance aimedateliciting particular

responsesfrom the audience. Subsequently, Goffman’s ideas were influen-

tial in the development of impression management theories in social

psychology (e.g., Baumeister and Hutton, 1987; Schlenker and Weigold,

1992; Snyder, 1987), and organisational psychology(e.g., Rosenfeld et al.,

1995). This chapter presents another approach to personality originating

from these ideas, the constructivist approach (Hampson, 1988, 1995). In

common with other interpersonal theories, the constructivist approachis

concerned with the processes that shape personality.

THE PROCESSES OF PERSONALITY CONSTRUCTION

According to the constructivist model of personality, personality is

composed of three elements:the actor, the observer and theself-observer.

The actor componentrefers to the characteristics the person brings to the

social situation in which personality is constructed. These include genetic

factors that may influence the kinds of behaviours of which a personis .

capable, or predisposed to perform, as well as the person’spast learning

history and present goals. Personality psychologyis traditionally associ-

ated with the study of the actor component. According to this

perspective, personality is located within the individual. The study of
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personality is the study of individual differences which can be conceptu-
alised according to a variety of theoretical approaches (e.g.,
psychodynamic, learning theory, humanistic). These theories typically
emphasisethe stability of personality from about age 30 years, indicating
that once formed, personality remains relatively fixed and unchanging
(Costa and McCrae, 1994).

The observer componentrefers to the way the actor is perceived by
other people. The actor’s behaviour (using the term behaviour very
broadly) is used by observers to construct an impression of the actor’s
personality. This is done by adding social significance and meaning to
observed behaviour. The observer (or perceiver) is the audience in the
interaction. For example, the observer might be making personality
judgements aboutthe actor in a job interview or on a date. However, the
observer need not be physically present and the observer is often an
imaginary audience.

The self-observer componentis the direct consequence of the human
capacity for self-awareness. The actor is aware that her or his behaviour
is under observation. We attempt to observe ourselves in approximately
the same way wecan observe other people, to try to see ourselves as we
think other people see us. Consequently, we infer the social significance
of our actions and hypothesise about the impression we are making on
others. We build theories about ourselves just as we build theories about
other people.

The constructivist approach regards personality as more than the
sum of its parts (Hampson, 1992). Personality consists of an actor’s
behaviour, which is overlaid with social meaning by the construal
processes of observers andself-observers. It is the combination of the
actor’s behaviour and these construction processes that produces
personality. The constructivist approach provides a theoretical frame-
work for relating several distinct fields of psychology. The actor
component subsumes much oftraditional personality psychology(e.g.,
trait theories, psychodynamic theories). The observer component
includes several areas of social psychology and social cognition (e.g.,
impression formation and person perception), and the self component
includes aspects of social and clinical psychology (e.g., impression
management, self-esteem).

So far, this description of the construction of personality is not that
much different from a description of the construction that is part of
our perception of most things in the world. For example, when we
perceive that the object on the desk is a mug of coffee we are adding
social significance to a concave object with a handle containing a
steaming liquid. Both bottom-up (data-driven) and top-down (schema-
driven) perceptual mechanismsare used to process the incoming data
in a swift and efficient manner to warn us that the object is a mug of
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hot coffee and therefore is to be handled with care around the word
processor. However, because of the dynamic nature of personality
construction, the construction of personality is considerably more
complex than the construction of perceptions of objects. The three
components (actor, observer and self-observer) have reciprocal influ-

ences. The actor’s behaviour is interpreted in a certain way by the

observer, who then responds accordingly. The actor’s subsequent
behaviour is influenced by the observer’s response. The actor’s ability

to be a self-observer will allow him/her to make some inference about

the impression that is probably forming in the observer’s mind, and

the actor may wish to adjust his or her behaviour in order to modify

this impression.
The dynamic aspect of personality construction sounds complicated

and even calculating. However, these processes of perspective-taking are

essential for communication, and weare all expert in them to at least

some degree. Indeed, personality construction may be thought of as a

form of communication. Together, the participants arrive at a mutually

negotiated construction of this part of reality.

The constructivist approach to personality shares someof the features

of social constructionism, which originated in an approach to sociology

developed by Berger and Luckmann (1966), and has now as emerged as

an alternative form of personality and social psychology (Burr, 1995).

According to this view, the traditional empiricist approach to science

adopted by psychology is wrong, particularly for social psychology. If

social reality is viewed as entirely the creation of interpersonal processes,

embodied in language, then the social world does not exist independent

of our constructions of it. There is nothing out there against which to

validate our constructions. Therefore, an objective, scientific approach to

social psychology is impossible, and an explicitly subjective one is the

only viable alternative (Potter and Wetherell, 1987).

In contrast, the constructivist approach to personality does not reject

realism. It proposes that observers and self-observers construct person-

ality by interpreting the actor’s raw behaviour. Therefore, personality

has ananchorin the real world. The constructivist view is supported by

a recent realist philosophy of science (Greenwood, 1991). There is an

important distinction between the terms constructivist and construc-

tionist as they are used here. The term constructivist is taken from the

early days of cognitive psychology, when the importance of top-down,

schema-driven processing was being established (e.g., Neisser, 1976).

Psychologists were investigating how cognitive processes construct our

awarenessofreality. In contrast, the term constructionist refers to a view

of psychological phenomena as having nobasisin reality, but instead as

being the product of social processes.
To illustrate this argument, consider four positions with regard to the
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nature of the language of personality description. Thefirst, we will call
the traditional position. Trait theorists are converging on an agreement
about the structure of personality, known as the Big Five (e.g., Digman,
1990). This structure has emerged from many studies of both self-
ratings and observerratings ontraits. It can also be found in ratings of
the semantic similarity of traits. As Jim Stevenson and Paul Barrett
discuss in this volume, much research onthe biological basis of person-
ality now seeks to show the extent to which the Big Five traits have a
genetic basis (Loehlin, 1992). In its most simplistic form, this approach
equates the language of personality description (i.e., traits) with biolog-
ical counterparts to be identified within the individual. This type of
thinking gives rise to headlines in the newspaper such as ‘Bad-
tempered and extravagant? Blameit on the genes’ (The Times, 2 January
1996). A more complex version of this position would view trait
language as not necessarily mapping directly onto the biological basis
of personality. Thus, although we perceive ourselves and others in
terms of the Big Five structure, the underlying biological basis may be
organised differently. However, it should be possible indirectly to map
the one onto the other (McCrae and Costa, 1995).

Asecond view maybeidentified that is equally committed to the reality
of personality. However, it is more sceptical about the languageof person-
ality description. From this perspective, our personality-descriptive
language distorts the reality of personality. For example, observers
perceive more consistencythanis actually the case. This position sparked
off a prolongeddebate over the systematic distortion hypothesis (Shweder,
1982) which considered whether observers’ perceptions of personality
were accuratereflections of reality or biased perceptions withlittle or no
correspondencewithreality.

Both of the abovepositionsfail to incorporate the socially constructed
dimension of personality traits. They both rely on a strictly realist posi-
tion in which it is assumed that personality exists independently of
observer. Social constructionism adopts a different position with regard
to personality language. Two constructionist positions maybeidentified:
one strong position, which is not consistent with the constructivist
approach to personality and one weak position, which is. The strong
version of social constructionism would argue that personality language
has no basis in reality (Burr, 1995). Personality is socially created and
exists only in language. It is created by social processes andis not open
to objective verification. The less extreme position, which is compatible
with the constructivist approach, recognises that there are socially
constructed aspects to personality language but also assumesthat there
is an independent reality to which the language refers. The mapping of
the language on reality may notbe straightforward.
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THE OBSERVER IN PERSONALITY CONSTRUCTION

PROCESSES

The emphasis in this chapter is on the role of the observer in the
construction of personality. It is emphasised here because this chapter
is concerned with the social psychology of personality, and because
whereas other chapters in this book address topics that expand on the
actor component, they do not address the observer. Kenny (1994)
recently commented that person perception lies at the interface
between social psychology and_ personality. The constructivist
approach, with its inclusion of the observer as a key component of
personality in personality construction, provides an integration of
these two aspects of psychology.

The following discussion of the observer in personality construction is
organised according to a three-stage modelof personality perception (see
Figure 5.1). In brief, the process of personality construction from the
observer’s perspective involves(1) the identification of behaviour, (2) the
categorisation of behavioural acts, and (3) the attribution of personality.
These three stages are usually, but not necessarily, sequential. Whether or
not processing proceeds from stage 1 to stage 2, or from stage 2 to stage
3, depends upon the goals of the perceiver/ observer. Manysocial inter-
actions can take place without going beyond behaviouridentification,
and many more can be quite satisfactory without engaging in personality
attribution. |

Before developing the three-stage model, it is necessary to clarify the
distinction between the twousesoftraits. Personality traits can be used
by observers /perceivers to describe (categorise) behaviour, or to describe
personality. Each use of traits involves different processes. However,
psychologists are not always clear on this distinction, and there can be
confusion if a study of act categorisation is interpreted as if it were
looking at trait attribution, or vice versa. In act categorisation (stage 2),
traits are used to describe behaviour. Instead of identifying behaviour
(e.g., Jane is carrying John’s shopping bag), we usea descriptive category
(a trait adjective) to describeit (e.g., Jane is being helpful). The behaviour

Automatic Controlled

Behaviour Act Personality

 

identification categorisation attributions

Data-driven Concept-driven

Figure 5.1 A three-stage model of personality perception
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is categorised as an instance of a particular trait category. In person cate-
gorisation, the trait is applied to the person performing the behaviour,
not just the behaviouritself (e.g., Jane is helpful). In everyday language,
we may blur the distinction between the two uses of traits with no
adverse consequences. Indeed, the tendency to use traits to describe
persons when wereally only mean to categorise behaviours may be
another manifestation of the fundamental attribution error, which is the

tendency to explain behaviour in dispositional terms and to ignore the
part played by the situation (Ross, 1977). However, as personality
psychologists it is important to keep this distinction straight, as will be
illustrated later.

Stage 1: Behaviouridentification

Thefirst step in person perceptionis to identify whatit is that a personis
doing. Behaviouridentification precedes either use of the trait concept.
For example, is the person running or walking? Is Jane carrying some-
thing? Behaviour identification probably relies to some extent on
data-driven (bottom-up) processes, as opposed to schema-driven (top-
down) processes. Research on the direct perception of behaviour has
shown that we can recognise several aspects of individuals automati-
cally, from minimal information. Observers can identify the gait of a
person filmed in the dark wearing lights attached to the major joints of
the body so that they are seen only as a pattern of moving pointsof light
(e.g., Johansson, 1975), and both objects and the human profile are
perceived as ageing when certain standard transformations are
performed on drawingsof them (Pittinger and Shaw, 1975).

One advantage of direct perception is that it involves automatic
processes that require little cognitive effort (Logan, 1989). Hence we can
comprehend many aspects of what people are doing without paying
conscious attention to the problem. Another advantage of automatic
processing is that it can take place in parallel with other more effortful
kinds of processing. Simply identifying at a concrete level what a person
is doing is sufficient for many purposes, and in these cases there is no
reason to proceed beyondthisfirst stage of person perception. However,
we often progress to the next stage to provide a more informative
description of behaviour.

Stage 2: Act categorisation

Act categorisation can only occur after behaviour identification. It
involves further identification of the behaviour as a memberofa trait
category. Models of act categorisation in personality perception have
been developed from models of categorisation in cognitive psychology
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(Rosch et al., 1976). According to the semantic category model, each trait
is a category that refers to numeroussuperficially different behaviours,
which have overlapping features that enable them to be categorised by
the same trait term (e.g., Borkenau, 1986; Hampson et al., 1986).

Behaviours are composed of three kinds of features: behavioural (the
actions that occur), situational (the context in which they occur) and
motivational (the underlying motive they reflect), and these features
vary in their prototypicality with regard to different trait categories.
Motivational features are often key to categorising behaviour and,
because motivations have to be inferred from the context and otherinfor-
mation, they can be the cause of miscategorisations. A behaviour may
appear to be a good memberof one category (e.g., Jane carrying John’s
shopping is a good instance of the trait category helpful), however, if we
knew more about the relationship between Jane and John, we might
more correctly categorise Jane’s behaviour as submissive.

Studies of traits categories have demonstrated that traits vary on a
dimension of category breadth (Hampsoneftal., 1987). That is, sometraits
(e.g., talkative) are relatively narrow in their range of application, cate-
gorising only a limited numberof specific behaviours. Other traits are
broader in their range (e.g., sociable), and still others are even broader
(e.g., extraverted). Traits that describe the same aspect of personality at
different levels of breadth form hierarchies. For example, talkative is
viewed as a subset of sociable, which in turn is a subset of extraversion

(Hampson et al., 1986). Categorising a behaviour at different levels of
breadth is a trade-off between bandwidth andfidelity. If too narrow a
trait is used, it is less informative of other related behaviours this person
may be expected to perform, whereascategorisation at too broad a level
provides an ambiguousdescription of the behaviour.

Stage 3: Personality attribution

Personality attribution involves the application of the trait concept to
the person performing the behaviour. For example, we describe people
as helpful, submissive or altruistic. Within social psychology and social
cognition, the process of using traits to describe people forms the study
of dispositional attributions. Unlike act categorisation, we do not
usually make personality attributions based on just one piece of
behaviour (although we may). General attribution rules that govern
dispositional inference have been proposed, such as Kelley’s (1973)
analysis of variance approach, or Jones and Davis’ (1965) theory of
correspondentinference.

In addition, more specific theories can be developed for the conditions
under which particular traits will be attributed to persons. For example,
Reeder and Brewer (1979) presented different attributional schema for
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different kinds of traits. For positive moral traits such as honesty, many
behavioural instances are required to convince the observer that the
person is truly honest, whereas for dishonesty, the observer may use just
one behaviour to makea trait attribution. If you observe a pickpocketat
work in a crowd,youare likely to make an immediate person categorisa-
tion (dishonest thief). This is an example of where a_ person
categorisation is made simultaneously with the behaviour categorisation.

Broadertraits encompassa greater variety of behaviour and therefore
are less precise in their meaning. There are many ways of being
extraverted, whereas being talkative is a more specific description of
behaviour. At the very broadestlevel in trait hierarchies are traits such as
good and nice, which havevirtually no descriptive content. They are
almost purely evaluative. In studies of people’s preferences for particular
levels of trait description, John et al. (1991) found that observers prefer to
describe people at the broadest level possible thatstill retains descriptive
informativeness (e.g., extraverted is preferred over talkative, sociable or

nice). Traits at this level appear to maximise the trade-off between infor-
mativeness andspecificity for the purposes of person description.

In addition to the three stages, the modelis also characterised by two
general characteristics. (1) The features are ordered in terms of a
continuum of data-driven, automatic, spontaneous, bottom-up

processing versus concept-driven, controlled, deliberate, top-down
processing. Recently, there has been considerable interest in the extent to

which people’s social judgements are driven by automatic versus
controlled processing (e.g., Uleman and Bargh, 1989), and this model

assumesthat both are used in person perception. (2) As a result of (1), the
stages are ordered in terms of the amount of cognitive work involved in
processing. Following Fiske and Taylor’s (1991) principle of cognitive
economy, observers are not expected to proceed further along the stages
than is necessary for current processing needs. We do not makeelaborate
personality inferences about everyone we encounter. In general, we do
not need to make personality attributions to buy a busticket or to pay for
our groceries. However, as soon as one level of processing proves inade-
quate, then the next level will be used. Thus, an important implication of
the three-stage model is that we need to study the conditions that
prompt further processing. Unexpected or inconsistent behaviour(e.g.,
the check-out clerk comments on the unhealthy nature of your food
purchases), is likely to prompt person categorisation (Wong and Weiner,
1981). Repeated exposure to the person will lead to accumulated knowl-
edge, which is necessary for sometrait attributions (Reeder and Brewer,
1979; Kelley, 1973). Expected future interaction, and instructions to form
an impression of a target person, are typical instructional manipulations
in social psychology experiments that prompt personality attributions
(e.g., Bassili and Smith, 1986).
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One complication to the simple one-directional path through the
stages occurs whenthe observerand the actor are previously acquainted.
Act categorisation and personality attribution may be different if the
observer has already attributed traits to the actor. For example, if
through extensive past acquaintance, the observer has already cate-
gorised the actor as ambitious (stage 3 personality attribution), then on
seeing the actor chatting to a superior at work, the observer maycate-
gorise this behaviour as ingratiating instead of sociable (stage 2 act
categorisation). The category selected at stage 2 can be affected by a cate-
gory applied to the actor previously at stage 3.

Related theories

The three-stage model has features in common with several other theo-
ries of person perception. The two-stage model of dispositional
judgement proposed by Trope and Liberman (1993) focuses on act cate-
gorisation and personality attribution without addressing the initial
stage of behaviour identification. Both Fiske and Neuberg’s (1990)
continuum model, and Brewer’s (1988) dual-process model are directed
towards similar issues to the three-stage model described above. They
both provide accounts of the processes involved in person perception.

However, both of these theories have been concerned with the use of
stereotypes (personality descriptive nouns) in person perception as
opposed to the use of traits (personality descriptive adjectives).
Stereotyping is a form of person categorisation in which the actoris cate-
gorised as a member of a social group. In the three-stage model
described here, stereotyping could occur at any of the three stages. At
stage 1, direct perception enables certain characteristics to be perceived
automatically (e.g., gender), which may trigger the observer’s stereo-
types. If a stereotype has been triggered at stage 1, this may lead to the
greater accessibility of stereotypic categories for describing behaviourat
stage 2, and for attributing to the personatstage 3.

Another approach to person perception is represented by Smith (1988)
and Smith and Zarate (1992). They based their theorising on an exemplar
model that proposes that actual examples of previously encountered
people (exemplars) are stored in memory. When categorising a new
person,heror his perceived similarity with stored examples is examined.
For example, by likening Saddam Hussein to Hitler, it can be inferred
that he too is capable of ordering the mass extermination of an ethnic
minority. The exemplar model provides an alternative to traits as the
basis of representations of persons. However, it does not address issues
of cognitive economy by providing for different levels of complexity of
processing depending on the observer’s current needs. Nevertheless, it is
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possible that an exemplar approach could be incorporated into a staged
model of person perception.

ARE PERSONALITY INFERENCES SPONTANEOUS?

The three-stage model of person perception described above proposes
that the most complex stage, stage 3 personality attribution, involves top-
downprocessing that does not occur automatically. This propositionis in
direct contradiction to the position taken by several social psychologists
whohavebeen studying what they call spontaneoustrait inferences. On
the basis of studies by Smith and Miller (1983) and by Uleman(1987) and
colleagues (e.g., Newman and Uleman, 1989), it is argued that when
people read sentences such as ‘The secretary solves the mystery’, they
spontaneously make a personality inference about the actor in the
sentence as they are processing the sentence (e.g., that the secretary is
clever). Such inferences are made automatically and therefore with little
cognitive effort. According to the proponents of spontaneousinference,
stage 3 processing is as automatic as stage 1 behaviour identification.
They have developed an ingenious experimental procedure to demon-
strate the spontaneity of trait inferences.
A cued-recall paradigm wasused in which participants read sentences

such as ‘The secretary solved the mystery’ and their later memory for
these sentences was tested using cued recall. The cues were either
personality traits that are strongly associated with these sentences(e.g.,
clever), or a word that is a strong semantic associate of some aspect of
the sentence (e.g., typewriter, detective). It was consistently found that
participants’ recall of these sentences was better when given personality
traits as cues than when given semantic associates as cues. Using the
encoding hypothesis (Tulving and Thomson, 1973), it is argued that the
personality inference that takes place when a sentence is being read
serves as a retrieval cue for the sentence at recall. Because personality
traits and not semantic associates producebetterrecall, it is argued that
personality inferences must be being madeat the time that the sentences
werefirst read.

Althoughthe results of these studies are not in doubt, the interpreta-
tion of these findings may be questioned. Claeys (1990) observed that in
the spontaneoustrait inference experiment, participants are described as
making a personality inference on the basis of one piece of behavioural
information and yet research in attribution theory suggests that most
personality inferences are the result of a laborious process of causal anal-
ysis. For example, Kelley’s (1973) attribution theory assumes that the
consistency with which a behaviouris performed over a numberof occa-
sions is taken into account when making an attribution, as well as several
other variables.
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Claeys (1990) concluded that these studies have demonstrated the

spontaneous categorisation of behaviour (ie., stage 2 processing), and

not the spontaneous categorisation of personality (ie. stage 3

processing). To test this, he conducted a version of the experiment in

which no actors appeared in the sentences, thus ensuring that only

behavioural information was available — e.g., ‘Carries someone’s luggage

up the stairs’, for which the trait cue was helpful and the semantic cue

wasbanister. If under these circumstances participants showedtherecall

advantage with traits as cues, then it could not be concluded that this

effect was due to making personality inferences about the actors in the

sentences, since actors were not specified. Such a finding would

strengthen his view that all the previous studies were also demonstrating

behaviourcategorisation, not person categorisation.

Recall of verbs, objects and circumstances was better with trait cues

than with semantic cues. Thus, this study replicated the past studies

even though no actors were provided in the sentences, which makesit

unlikely that participants were making personality inferences in this or

the previous studies. This study underscores the importance of being

clear about which use of the trait concept is under investigation.

Interpreted in light of this study, the research on supposed spontaneous

trait inference suggests that whereas observers may spontaneously cate-

gorise behaviour in trait terms, they do not typically spontaneously

attribute personality traits to actors.

CONSTRUCTING PERSONALITY COHERENCE

People’s behaviour is responsive to the demandsof the situation (we are

more talkative at a party than whenattendinga lecture). Consequently,

people can appear to behave inconsistently across different situations

and across time. At one time, the empirical demonstration of behavioural

inconsistency threatened the validity of the concept of personality

(Mischel, 1968). In response, personality psychology became more

sophisticated in its approach to consistency. Conceptual and empirical

developments now support the notion of personality coherence

(Heatherton and Weinberger, 1994). Coherence accommodates

behavioural inconsistencies across time and across situations by looking

for patterns of consistent and inconsistent behaviour. For example,it is

coherent for a person to be dominant at work but submissive at home.It

is coherent over the course of her life for a woman to become more
nurturing during child raising and more assertive of her own needs in

middle age.
Inconsistencies make for a multidimensional picture of a person

instead of a one or two dimensional view. Real people and goodfictional

characters are a complex blend ofattractive and less attractive qualities
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and, at times, they behave in conflicting and even contradictory ways.
The challenge for the observer (and the self-observer), is to make sense of
the inconsistencies. There are various methodsfor studying coherence.
The narrative approach to the study of persons (McAdams, 1993)
explores the way people makesenseoftheir lives by constructing their
life stories. This approach is concerned with coherence at a broad level
(e.g., how does two years working as a waiter fit with my image as a
career scientist?). At the other extreme, we can focus on very specific
instances of inconsistencies and study how people resolve them. For
example, how do people construct personality impressions from incon-
sistent trait information?
A series of studies of people’s use of inconsistenttraits in descriptions

of themselves and others, and of their strategies for resolving inconsis-
tent traits presented to them as target descriptions, indicates that the
three-stage model of person perception may rendertrait inconsistencies
coherent (e.g., Casselden and Hampson, 1990; Hampson,in press). These
studies have shown that when people describe themselves or liked
others usinglists of traits, up to about 20 per cent oftheir trait attribu-
tions can be inconsistent. We have compared participants’ use of
different kinds of inconsistent pairs, and we have found that sometypes
of inconsistency are more likely than others. Participants are more likely
to use onesthat are evaluatively consistent (both desirable qualities) but
that refer to inconsistent actions (e.g., daring and cautious) than they are
to use ones that are evaluatively inconsistent (one desirable and one
undesirable) but describe similar actions (e.g., daring and

_

reckless).
Participants are least likely to describe themselves with inconsistenttrait
pairs that are both descriptively and evaluatively inconsistent (e.g.,
daring and timid, or cautious and reckless). When asked to explain why
they used descriptively inconsistent traits in their descriptions, partici-
pants strongly favoured a situational account: people are different in
different situations: Participants were not concerned about the contradic-
tory behaviours that their inconsistent use of traits implied. These
contradictions could be explained by situational determinants of
behaviour. What mattered most was to maintain the overall integrity of
the positivity of the impression. In termsof the three-stage model, partic-
ipants were describing familiar targets (themselves and liked others) that
previously they had processed to stage 3. They had constructed person-
ality impressions that reflected their overall positive evaluation of
themselves and their friends. From earlier research (John et al., 1991) we
know that the broadest level of personality description is almost purely
evaluative (e.g., good, nice). These traits are very imprecise for predicting
specific behaviours, but they do tell us to expect socially desirable
behaviours. Because of their imprecision, such extremely broad traits
were not favoured in personality descriptions. Participants were more
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likely to use somewhatless broad traits that are more informative(i.e.,
basic level traits). However, this tendency to use basic level traits in
descriptions was moderated when describing a negative aspect of the
person.In this case, participants used an even moreprecise (narrow)trait
that referred to a circumscribed aspect of behaviour(e.g., unpunctual or
untidy). In this way, they minimised the impact of the inconsistent, nega-
tive trait that threatened the overall coherence of the impression. With
regard to the studies of inconsistent trait use, participants aimed to main-

tain their overall positive evaluation of the target at the expense of some
behavioural inconsistency. In effect, they were using the inconsistent
traits as descriptions of behaviour (stage 2), which they explained were
often determined by situational factors. In this way, these inconsistencies
did not threaten the integrity of the overall positive view of themselves
or their friends (stage 3). Their dispositional attributions of nice and
good people remainedintact. The interesting lesson from these studiesis
that observers andself-observers appear not to be particularly bothered
by behavioural inconsistency. What does bother them is inconsistency in
terms of evaluation. It is far more difficult to accommodate a person
being both good and bad than it is to see coherence in a person being
good in contradictory ways (daring and cautious), or bad in contradic-
tory ways(reckless and timid).

SUMMARY AND CONCLUSIONS

This chapter began by describing a constructivist model of personality, in
whichpersonality is viewed as a construction based on three components:
the actor, the observer and the self-observer. The similarities and differ-

ences between the constructivist view of personality and_ social
constructionism were discussed. The constructivist view of personality

integrates personality and social psychologybylinking the social-cognitive
processesof person perceptionto the conceptof personality. This point was
elaborated in a discussion of the observer component. A three-stage model
of person-perception processes was proposed (behaviouridentification,
act categorisation and personality attribution), incorporating the two uses
of traits (as descriptions of behaviours andas descriptions of persons). This
distinction betweenusingtraits for act categorisation or dispositionalattri-
bution has been illuminating for at least two lines of research in person
perception.It resolves the incompatibility between attribution theory and
the claim that trait inferences are made spontaneously: the former is
concerned with person description whereasthe latter is concerned with
behaviourdescription.It also explains how coherent impressions are main-
tained in the face of inconsistency. People are willing to use inconsistent
traits to describe inconsistent behaviours, so long as the overall, evaluative,

dispositionalattribution is not threatened.
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The focus has been on the observer in personality construction, with
emphasis given to a model of the processes used by the observer in
perceiving another person. In particular, this discussion has examined
the use of traits in personality perception. Although concentrating on the
observer, it is important not to lose sight of the other components in the
construction of personality, the actor and the self-observer. Constructed
personality is the product of all three. The actor provides the raw
behaviour which forms the input for the observer to process via the
three-stage model. The processes by which the self-observer constructs
an impression of her or himself include stages two and three of the
model: we categorise our own acts and weattribute dispositions to
ourselves. However, the unique feature of the self-observer is our
capacity to think about the impression the observeris forming of us, and
to use this information to shape our actions. The unravelling of these
complex processes involves integrating the concept of personality with
other aspects of social and clinical psychology than those presented here.
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Chapter 6

Mood processes

Colin Cooper

This chapter focuses on mood states rather than personality traits. The
distinction between these two concepts is less than clear-cut, however
it is generally accepted that personality traits reflect how an individual
generally behaves — their personal style - whereas state measures focus
on how an individual feels at a particular instant: for example, fleeting

moods of depression or anxiety. Trait psychology has received far

more attention than the psychology of mood for it is very useful to
know how an individual will generally behave, or what cognitive
operations they will generally be able to perform: applications oftrait

psychology range from personnel selection and guidance to educa-

tional and clinical assessment. This stability of traits also makes the

researcher’s life straightforward: characteristics such as general ability
or extraversion are there ‘on tap’ and can be used to test models of

cognitive, genetic, biological or social processes following a single

assessment. Research into mood processes is much more complex, and

so I have divided the chapter into twosections. The first spells out in
some detail why it is so very difficult to define and assess mood,

examines which aspects of mood merit attention, and discusses the
unrecognised drawbacks of some commonly used experimental

designs. Finally, I examine some of the processes that seem to influ-

ence various aspects of mood.

THE PSYCHOMETRY OF MOOD

Because of the constancy of personality and ability traits it is fairly

straightforward to correlate measures of traits with other variables (trait

scores of identical twins, neural conduction velocities or whatever) to

develop and test hypotheses about the biological, social and psycholog-
ical processes that may causethetraits to appear.

There is now substantial agreement about at least some aspects of

trait theory.
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¢ The concept of trait is well understood and generally agreed. For
example, the distinction between ability and temperamenttraits
is both well accepted and supported by the experimental litera-
ture.

¢ Thestructure of ability and personality is widely agreed, despite some
skirmishes about the relationship between Costa and McCrae’s three
minor factors, psychoticism and ability. Thus it is fairly straightfor-
ward(in principle) to devise and test hypotheses about the origins
and developmentof traits, and to check whether each has a genetic
and/or biological underpinning.

¢ Techniques for developing measuresoftraits through factor analysis,
item analysis and item response theory are well understood, although
there are wide variations in the methodsof devisingtest items.

¢ The correlational techniques that are generally used in trait
psychology are based upon large samples of individuals who are
measuredin unexceptional surroundings, which will havethe effect of
minimising any contamination of trait scores by moodstates.

e Only one variable of interest can be derived from a scale measuring a
trait - an estimate of the person’slevel of this trait. This is the only
sensible dependentvariable to be considered when understanding the
processes underpinning personality or ability.

There is no such consensus of opinion in the moodliterature, which
seems to be at the same stage of development that personality theory
had reached forty years ago. Definitions of mood and emotion are
imprecise. The nature and number of the main moodstates is not at
all well understood. The most common technique of constructing
mood scales makes it likely that at least some items may measure
personality traits rather than moodstates, although better methods of
mood-scale construction have been advocated for decades. And whilst
it is fairly obvious that one should use the level of the trait as the
dependent variable when examining process models, with mood one
can choose to study either the level, the average level, the variability
or the time course of moods - or even exotica such as affect intensity
(Diener et al., 1985).

Not all of these problems are widely recognised even amongst mood
theorists, and so they merit some elaboration. In addition, Paul Barrett
has argued in this volume that it is pointless attempting to construct
process models until there is a general consensus about the nature and
structure of whatis being measured. Thusit is necessaryto explore these
measurementissues in a little more detail before summarising whatis
knownabout basic mood processes.
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The concept of mood

The very definition of the term ‘mood’ is controversial, particularly
whenit is contrasted with ‘emotion’. Many authors (e.g., Izard, 1991,
p. 21) speculate that moods are ‘emotion[s] that endure’, perhaps for
months (Plutchik, 1994, p. 113), are less intense than emotions and may

be ‘tonic and not centred about an object or event’ (Frijda, 1986). Apart
from the problem that one has to produce a fairly watertight definition
of ‘emotion’ in order to draw such distinctions, it seems that such a

view has four major defects. First, by defining mood as being long-
lived, emotion theorists sometimes seem to be reinventing the

personality trait. For example, Isen (1984, p. 186) views‘irritability’ not
as a personality trait but as a type of mood. Second, it is not obvious
how emotions can be measured separately from moods. When one
looks at the scales used in experimental studies of emotions, it comes as
some surprise to see that the old familiar mood scales are almost invari-
ably used. Thus it seems there is no obvious wayof operationalising the
term ‘emotion’. Third, the fine distinctions between mood and emotion

seem to be based on armchair speculation rather than empirical
evidence. For example, none of the authors cited above offer any experi-

mental evidence about the time course of moods and emotions. Hard
data from longitudinal studies show that in contrast to the views
expressed above, moods are short-lived, lasting anywhere between
thirty minutes (in adolescents) and three hours (Larson et al., 1980).

Finally, it is not hard to think of counter-examples that call into doubt
these fine distinctions between ‘mood’ and ‘emotion’. An anxiety attack

is like a mood in that it is not necessarily tied to any object, but like an

emotion in that it may be short-lived. Feelings of sadness following the
death of a loved oneare long-lived (like a mood) but linked to a life

event (as with emotions). I therefore join Bower (1981) and Watson and

Tellegen (1985) who prefer to wield Occam’s razor and use the terms

‘emotion’ and ‘mood’ interchangeably.
The distinction between mood and motivation is also problematical.

Cattell (e.g., Cattell and Child, 1975) argues that moodstates correspond
to groups of psychological, cognitive, affective, physiological and other
variables that happento rise and fall together. For example, it may be
found empirically that a feeling of restlessness is associated with

increased perceptual vigilance and increased heart-rate. Thus they corre-
spond to a moodstate, which might be named ‘anxiety’. Drives, on the
other hand, are thought to direct behaviour. They may be inferred by
discovering how people chooseto spend their time and money, the areas
in which they are knowledgeable (corrected for general ability) and other
techniques designed to reveal unconscious aspects of motivation. About
twenty such drives have emerged from Cattell’s work, although these
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have notall been replicated and maybedifficult to measure (Cooper and
Kline, 1982). Emotion theorists generally disregard such a distinction
between emotions and drives (Izard, 1991; Frijda, 1986; and Plutchik,
1994) with Plutchik describing Cattell’s drives as ‘basic emotions’.
Howeverit is not entirely obvious that drives such as desire to please
one’s partner, need for security, gregariousness or the desire to live
according to religious principles (four of Cattell’s drives) correspond in
any simple wayto affective experiences.

It also seems at least possible that some theories of arousal, such as
that of Thayer (1978) may tap moods.‘Energetic arousal’ (inferred from
self-descriptions suchas‘energetic’, ‘lively’ and ‘active’) certainly sounds
like positive affect whilst the items used to tap ‘tense arousal’ (‘tense’,
‘fearful’ and ‘jittery’) are amongst those usedin other scales of negative
affect. Thus it is no great surprise that McConville and Cooper (1992b)
foundthat these items loaded on the main moodfactors, and so Thayer’s
work could perhaps be regarded as providing evidence for mood(rather
than arousal) theory.

Insummary The conceptual distinction between mood and emotionis
not clear. Nor is there much empirical evidence to support any such
distinction. Emotion theorists’ equating of emotion and motivation runs
counter to Cattell’s psychometric model, and there is again little empir-
ical evidence to show whetherthis is appropriate.

The structure of mood

There is a bewildering range of mood scales available, many of which
have been designed for clinical applications. Thus whilst many invento-
ries have been designed to measure depression, anxiety, hopelessness,
‘negative affect’ and the like, rather few have attempted to assess more
pleasant moods, such associability, or joie de vivre. There are two prob-
lems with this rather haphazard approach to mapping the main
dimensions of mood. First, it means that different investigators may
have devised scales that measure the same construct, but may have
labelled these constructs differently. One person’s ‘anxiety’ may be
equivalent to another theorist’s ‘state neuroticism’, ‘tense arousal’ or
‘negative affect’, and this can create enormous confusion until the scale
items are jointly factored to reveal the extent of their overlap. The
second problem is that this ad hoc approach to constructing mood scales
may leave certain important aspects of mood unmeasured. Apart from
the work of Storm and Storm (1987) — which did not use factor analysis
— and

a

little early work by Cattell mentioned in Cattell (1973), there
has been little attempt to ensure that mood scales — even supposedly
comprehensive ones — actually measure the full range of possible
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moods. Different mood theorists tend to use different samples of items
and so discover different numbers of factors. Re-analysis of the correla-
tions between moodscales (Watson and Tellegen, 1985) and hierarchical
factor analyses of mood items drawn from the major moodscales, such
as McConville and Cooper (1992b) reveal five primary mood factors
(depression, hostility, fatigue, anxiety and extraversion) and two main
second-order factors, corresponding to the factors of ‘negative affect’ (or
state anxiety) and ‘positive affect’ (state extraversion) but others might

well emerge from studies where the sampling of mood itemsis better

controlled.

In summary There is a desperate need to map the overlap between

various scales and to agree how to name the main moodstates. Positive

affect (state extraversion) and negative affect (state anxiety) seem to be

pervasive mood factors. Howeverit is quite possible that some impor-

tant aspects of mood remain unexplored.

The choice of dependentvariable

Whereas a single measurement of personality defines the only aspect of

the trait of any interest (its level), several different measures can be used

to describe an individual’s mood.

An individual's mean level of mood

Cattell’s (1973 Ch. 6) data suggested that many personality traits have a

corresponding moodstate: that is, personality traits essentially corre-

spond to averaged scores on moodscales.It is difficult to argue with this

premise: someone whoclaimsto be highly anxiousall the time (high trait

anxiety) will, presumably, tend to show high state anxiety wheneverthis

is measured. Indeed this is the basis of scales such as the State Trait

Anxiety Inventory (Spielbergeret al., 1970). Factor-analytic studies such

as Cooper and McConville (1989) show that Cattell’s state-anxiety items

load Watson and Tellegen’s factor of negative affect, whilst items from

Cattell’s scale of state extraversion correspond to Watson and Tellegen’s

factor of positive affect. Thus negative affect correspondsto state anxiety

(or neuroticism) and that positive affect corresponds to state extraver-

sion, giving further support to the idea that the two main personality

traits have corresponding moodstates.

This implies that there is little point in examining correlates of

people’s average levels of such moods,since these scores will inevitably

correspond to personality traits. Despite this, several studies do so — for

example, correlating personality and average mood with entirely

predictable results, as can be seen from any brief search of the literature.
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Instead, I suggest that there are four other dependentvariables that may
be useful in determining the processes that underpin mood.

A single measure of moodfrom individuals

Whether such studies are useful dependsentirely on what is done with
the data. There are three main possibilities.

¢ The comparison of the once-measured mood scores of two or more
groups of participants - e.g., the influence of drug vs. placebo on
mood, using a t-test to compare the once-measured moods of two
groupsof individuals. Here individual differences in personality will
not confound differences in mood, but will simply appearas error
variance, and sotheresults will be meaningful.

¢ The correlation of once-measured mood with other things - e.g., the
correlation between scores on a mood scale and neurotransmitter
levels. If Cattell’s argumentthat personality traits correspond to mean
levels of mood is correct, any study that correlates once-measured
mood with other variables is likely to show up anyrelationship
between personality and these variables. Such designs may not be
helpful in revealing the processes that underlie mood.

¢ Tables of norms are not useful for interpreting individual scores on
moodscales — e.g., establishing whethera score of 20 on the State Trait
Anxiety scale is in any sense ‘extreme’. Cooper and McConville (1990)
argue that suchinterpretations will inevitably be confounded by the
very substantial individual differences in mood variability that are
found. Furthermore, in many cases one would want to know whether
an individual is more or less anxious than usual — an ipsatised
measute.

Measures of mood change within individuals

Using measures of mood change in a repeated measures design (e.g.,
moodscores before andafter a clinical intervention) will allow the influ-
ence of the independent variable(s) to be assessed without the
confounding effect of personality traits. However, it may be advisableto
considerjust the sign of the change rather than its magnitude. Theresults
will otherwise be confounded by individual differences in mood vari-
ability (discussed below).

Studies of mood variability

Manystudies (e.g., Wessman and Ricks, 1966) have found that whereas
some people’s moods stay stable over time, others show substantial
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variability in mood levels. Furthermore, the degree of variability shown
by an individual is similar for all moods (McConville and Cooper,
1992a), suggesting that mood variability is an important characteristic of
the individual that accountsfor at least 25 per cent of the variation in the
day-to-day mood scores of people living unexceptional lives. Its corre-
lates and underlying processes thus deserve examination.

The time course of moods

There are two obvious aspects of the time course of moods that merit
study. First, time-series analysis may be used to detect periodic fluctua-
tions in mood level that may be caused either by some ‘biological
clock’, or by regular life events (such as relaxation at weekends). The
second technique might involve the analysis of the latency of mood
shifts following significant life events. For example, if an individual’s
habitual level of a mood is known and this mood is monitored
frequently following some life event or intervention, statistics such as:
the time for the moodto rise to half its peak level; and the time taken
for a mood to return to a point halfway between its peak andits
habitual value (or the integral of this value) might be useful as depen-
dent measures. The former would show the latency between life events
and mood change. The latter would show the rate at which the mood
returns to its habitual level.

In summary Moodresearchers have several dependent variables and
experimental designs to choose from. It is argued that several of these
may say more about personality processes than mood processes, whilst
others may be confounded by individual differences in mood vari-
ability. Dependent variables that merit study include the analysis of
once-measured mood from groups of individuals, measures of mood

change within individuals, mood variability, and the time course of
mood change.

Measuring mood unconfoundedby personality

Most mood scales are constructed by identifying groups of items that
form a factor when administered on one occasion to a large sample of
people. Since this is precisely the same technique that is used to develop
scales measuring personality traits, it is entirely possible that the most
popular mood scales may measure personality traits rather than states.
Cattell (1973) identified this problem long ago, and suggested that mood
scales should be developed using longitudinal studies. Here moodstates
are identified through noting which variables rise and fall together over
time (‘P-technique’), or by identifying items that tend to change together
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when a moodscale is administered on two occasions to a large sample
(‘dR technique’) — two simple and entirely sensible suggestions that have
been almosttotally ignored.

The extension of multi-method-multi-trait designs to mood states has
similarly been ignored in the literature: mood states should ideally be
found in different types of data (e.g., those arising from behavioural
ratings or physiological measures) as well asin self-report questionnaires
to guard against the possibility that scale scores are artefacts (caused, for
example, by the sampling of a very narrow sample of items with consid-
erable semantic overlap, or by demand characteristics) rather than
genuine measures of pervasive moodstates.

More generally, it is not obvious that any mood scale can possibly
measure mood unconfounded by personality. It may be useful to think
of scores on moodscales as representing two quite distinct characteris-
tics: the habitual level of mood (or level of personality) upon which is
superimposed the mood proper. In other words, level of mood should
be defined relative to an individual’s habitual level. Doing so will allow
the effects of mood to be disentangled from the effects of personality.
Two individuals could have the same score on a mood scale yet one
could be two standard deviations below and the other three standard
deviations above their habitual level of mood.It is difficult to think of
any circumstance in which these two individuals’ scores should be
treated as identical.

It was argued in the previous section that the trait and pure state
components of mood can be disentangled through the use of repeated
measures ANOVA, the computation of difference-scores, the use of
mean-mood scores as covariates, or partialling out habitual mood (or
trait) scores from correlations. For example, it would be a simple matter
to regress scores on the Trait Anxiety scale of the STAI onto meanlevels
of state anxiety from the STAI (obtained through sampling moods on
many occasions) for a large sample of people. Assuming that the
multiple-R was acceptable this would allow mean state-anxiety scores
(the ‘trait component’ of the STAI state score) to be estimated for each
newindividual whois given both the trait and state versions of thetest.
A lookuptable could be provided to translate trait anxiety scores into
estimates of mean levels of state anxiety. This could then be subtracted
from the person’s state anxiety scores to yield purestate scores.

The fundamental point is that some attempt should be made to remove
the influence of personality from measures of mood. In choosing to
measure mood(e.g., state anxiety) on one occasion, rather than a person-
ality trait (e.g., trait anxiety), the assumption is that there is something
rather interesting about the particular occasion upon which moodis
measured. One should otherwise assess the trait, rather than thestate.
For example, a therapist may be interested in determining whetherlevels
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of anxiety are high following some intervention, and so will really be
interested in determining whether the individual’s level of anxiety is
appreciably lower than normal. Using the tables of norms of conven-
tional mood scalestells the investigator whether or not an individual’s
score is much different from those of most people in mostsituations —
and it is not entirely obvious why anyone should ever wish to know this.
This point may seem obvious (andis implicitly acknowledged in many
experimental designs, such as those discussed above) but it does not
appearto have been madebeforein theliterature.

In summary Moodscales are rarely constructed by the most appro-
priate methods. The techniques that are usually used make it quite
probable that scales that purport to measure moods may actually
measure (or be contaminated by) personality traits. Nor is it clear
that the mood states that are inferred from questionnaires are equiv- _

alent to those identified by other methods, such as the analysis of
behavioural ratings or physiological/biochemical data. I finally
suggest that moods can most usefully be defined in terms of devia-
tions from an_ individual’s habitual mood level, which will

correspond to a personality trait.

Overall conclusions

It is clear from the above analysis that much psychometric groundwork
needs to be undertaken — for example, to develop tests that will measure
the whole ‘mood sphere’ and produce a replicable and adequate model
for the structure of mood. Next, it is important to identify those aspects
of mood that could most usefully be studied: the analysis given above
suggests that it is necessary to understand what causes the time-course
of moods, their natural variability, and the processes that lead to differ-
ences in moodeither within individuals or between groups.Finally, it is
important that studies into mood processes should not be contaminated
by individual differences in personality or other traits, and this can be
achieved through following some of the designs discussed above, or by
statistically controlling for such traits (e.g., through analysis of covari-
ance). Based on the above analysis, I believe that the interesting issues in
moodresearch involve understanding:

e processes that determine the time course of mood change
e processes that cause individual differences in moodvariability
° processes that mediate mood change within individuals, or between

groups.
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EMPIRICAL STUDIES OF MOOD PROCESSES

The time course of moods

One process model of moods suggests that they are essentially periodic
in nature. Shifts in mood might be determined in part by the ticking of
somebiological clock(s) whose location, mechanisms of operation and
synchronisation and evolutionary significance remain to be explored.
Although the literature shows several studies that examine the time
course of moods, manyof these are based on medicalor clinical groups
(e.g., those suffering pain from chronic rheumatism, or those diagnosed
with bipolar disorder) or involve very small samples. The experimental
design has a direct impact on the results that can be obtained, sinceit is
necessary to sample moodsat frequentintervals in order to detect high-
frequency moodshifts. Since this typically involves completing a brief
mood scale whensignalled to do so by a radiopageror other alarm, the
high-frequency sampling of moods rapidly becomes intrusive when
attempted with ‘normal’ volunteers attempting to lead their natural
lives. There is another problem with studies based on self-reports of
people living well-ordered lives. Time of day is generally confounded
with time of waking, and it is by no means simple to disentangle these
two effects. Thus it is not always obvious whether diurnal shifts in
mood are due to the ticking of some neural clock, or whether they are
caused by fatigue or other features related to the length of time since
waking.

In the brief review that follows I shall consider some of the modern
experimental evidence for biological rhythms of increasing periodicity.
Most studies involve administering mood questionnaires to a few indi-
viduals on many regularly spaced occasions, followed by time-series
analysis to detect any periodic variation in moodlevel. Since inspection
of graphs of mood level over time generally showslittle evidence for
irreversible transitions in moodlevel — for example, a suddenshift to a
qualitatively different level/ frequency of mood - chaos theory may not
be appropriate for mooddata.

There is little evidence for periodicity in the order of 1.5 hours —- the
daytime ‘ultradian rhythm’ originally postulated by sleep researchers
(Neubauer and Freudenthaler, 1995), and although a 12-cycle-per-day
rhythm has been found in Japanese undergraduates (Hayashi ef al.,
1994), detailed inspection of the results showsthatthis affected self-eval-
uation and performance measures rather than mood. Several studies in
the depression literature examine diurnal mood swings, but the decision
to focus on a morning—evening cycle generally appears to be based more
on theory than hard data from time-series analyses. An exception to this
is the work of Clark, Watson and Leeka (1989) who found evidence for
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diurnal variation in positive affect, which rose to a maximum shortly
after waking (whatever time of day this was). Negative affect showed no
such periodicity. Boivin et al. (forthcoming) varied subjects’ day-length
for a period of some weeks in order to unconfoundtheeffects of prior
wakefulness and time of day on happiness and cheerfulness (although
details of how and why these particular moods were assessed are not
reported). They found that happiness was moreclosely tied to the circa-
dian rhythm than to the time since waking. Cheerfulness showed a
non-significant trend. Time since waking did howeverinteract signifi-
cantly with circadian rhythmsto affect levels of both moods. Thus it
seemsthat positive affect and happinessare influenced by both circadian
rhythmsand time since waking.|

Evidence for seven-day mood swings — the ‘Monday blues’ — has
been found in many studies (e.g., Larsen and Kasimatis, 1990) although
evidence for the biological basis of the seven-day rhythm seemsless than
compelling. Weekly variations in urine salts or blood biochemistry may
reflect social consequences of ‘le Weekend’ (e.g., changed social, eating,
drinking or sleeping habits) rather than anything else. Larsen and
Kasimatis’ seven-day cycle seemed to account for some 40 per cent of
the variation in daily ‘hedonic tone’, especially for introverts (because
of their lower levels of sensation-seeking activities). Pies (1992) reached
much the same conclusion, and Almagor and Ehrlich (1990) showed
that both positive affect and negative affect varied according to a seven-
day cycle with negative affect being approximately 150° out of phase
from positive affect — though as intimated above such studies may say
more aboutsimilarities in lifestyles than any biological control mecha-
nisms. Studies of cyclicity in individuals whose lifestyle does notreflect
the five-day working week (e.g., some shift-workers) may be useful in
this regard.

The idea of a 28-day cyclical fluctuation in mood tied to the phasesof
the moon (hence ‘lunatic’) has its roots in antiquity. However Wilson and
Tobacyk (1990) found that there waslittle evidence that such a cycle was
substantially related to psychological distress as evidenced by the
numberof calls to a crisis centre helpline, a finding which is consistent
with the other literature that they cite. The 28-day cycle explained only 1
per cent of the variation in the numberof calls. Longer-term fluctuations
in mood (e.g., Seasonal Affective Disorder) are generally assumed to
reflect biochemical changes to seasonal changes, and so are not consid-
ered here as examples of pure biological processes.

In summary There is good evidence that moods suchaspositive affect
vary according to a circadian rhythm. However the empirical literature
does not offer compelling evidence for any other forms of cyclical varia-
tion in mood beyondthose that may be caused bylife events.
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Moodvariability

There is excellent evidence showing that the variability of mood is a
stable characteristic of the individual (Emmonsand King, 1989, Cooper
and McConville, 1990, Wessman, 1979, Wessman and Ricks, 1966).

Individual differences in this area can be extremely marked, as shown in
Figure 6.1 (from McConville, 1992). This graph showsthe level of posi-
tive affect (state extraversion) for two individuals who were tested each
day for thirty days. One person showsquite dramatic mood swings from
day to day, whereas the mood of the other individual is much more
stable. Mood variability is typically estimated by calculating the stan-
dard deviation of each individual’s daily scores. When several quite
different moods are monitored in the same individuals, it is found that

variability in one mood(e.g., positive affect) typically correlates over 0.5
with variability in other, quite different, moods — even before correcting
for reliability, floor and ceiling effects, etc. (ibid.). Nor is it due to
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response-type artefacts such as the tendency to endorse extreme points
on rating-scales (Cooper and McConville, 1990). Thus mood variability is
an interesting characteristic of the individual — a trait whose origins
should be investigated.

Dieneret al., (1985) have suggested that‘affect intensity’ is preferable
to the measurementof mood variability. This is a measure of‘the typical
intensity with which individuals experience their emotions’ (Larsen and
Diener, 1987), which is supposed to be the samefor all moods. Although
this is a popular approach, Cooper and McConville (1993) showed that
the whole concept is psychometrically flawed, and so it will not be
discussed further.

Several studies have attemptedto link individual differences in mood
variability to personality, with rather inconsistent results. Eysenck and
Eysenck (1985) suggest that high mood variability should be a conse-
quence of high scores on neuroticism and extraversion, which is
essentially what has been found by someresearchers (Williams, 1990;

Hepburn and Eysenck, 1989), although others (McConville and Cooper,

1992a; Howarth and Zumbo, 1989; Wessman and Ricks, 1966) could not

discern such a relationship. McConville and Cooper (1992a) instead
suggested that psychoticism affects mood variability — possibly because
of its relation to impulsiveness, which Hepburn and Eysenck (1989) also
found to be related to moodvariability.

Levels of depression are associated with high moodvariability in both
normal (Larsen and Kasimatis, 1990; McConville and Cooper, 1996) and

clinically depressed groups (Hall et al., 1991) which is in strange contrast
to the DSM definitions that would seem to suggest that flattening of
affect (i.e., low variability) is a concomitant of depression. Lithium seems
to both stabilise mood and reduce levels of depression in clinical and
normalgroupsand soit seemslikely that levels of depression and mood
variability are linked, but it is not at all clear which (if either) of these
variables is causal. The literature showing that moodstabilising drugs
can also be effective in alleviating depression (e.g., Lynn, 1995) suggests
that studies into the links between mechanismsthat influence mood vari-
ability and moodlevel maybe of someclinicalinterest.

Rather than trying to explain moodvariability in terms of personality
processes, a more parsimonious explanation may be that life-events
affect mood variability. Some individuals may actively seek out intensely
stimulating situations of every kind, and for this reason may show a
higher degree of mood variability than those who lead ordered,
uneventful lives. Experience-sampling techniques ask volunteers to carry
a palmtop computer (or a radiopager and a stack of questionnaires) with
them whilst carrying on their normallives. They complete mood scales
and somesort of behavioural log, such as the Experience Sampling Form
(Csikszentmihalyi and Larson, 1987) whensignalled to do so, allowing
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the impact of situation on mood to be determined. McConville (1992)
reports one such study that was performed to determine whetherindi-
viduals who showedhighly variable moods simply led more varied lives
than those whose moods remained stable. Seventeen volunteers were
each paged seven times on each offive days, and thirty times on one day.
The results showed that each person’s variability of negative affect
stayed moreor less constant across the situations when these collapsed
into three categories as recommended by Csikszentmihalyi and Larson
(1987). Positive affect, on the other hand, varied appreciably more when
taking part in ‘maintenanceactivities’ such as washing,eating, travelling
to/from work and queuing than when working (attending lectures,
reading, writing etc.). The other comparisons were notsignificant. Thus
it seems probable that situational effects will be unable to explain fully
individual differences in mood variability.

In summary Mood variability seems to be a stable characteristic that
describes how individuals habitually experience emotion: if this is
reflected in behaviour then it seems reasonable to regard mood
variability as a type of personality trait, perhaps reflecting some
regulatory mechanism. Trait descriptors such as ‘fiery’, ‘controlled’
‘emotional’ or ‘constant’ would seem to describe moodvariability, and so
it might be expected that this characteristic should haveclear roots in the
personality system. Muchof the evidenceis, however, inconclusive, with
each of Eysenck’s three main superfactors being found by some
researchers (but not by others) to be related to mood variability. Quite
whythis is so is less than clear: differences in the statistical power of the
variousstudiesare unlikely to explain their divergence. It might be that a
factor of mood variability exists, but that self-report measures cannot
adequately measure it. This seems unlikely, given the trait descriptors
discussed above. There seem to be no major technical flaws in the studies
cited above which could account for this lack of correspondence. Or
mood variability may perhaps be controlled by some physiological
mechanism which is completely independent of those whose
behavioural manifestations result in extraversion, neuroticism and

psychoticism.

Moodchange within individuals and between groups of individuals

A bewildering variety of substances and events can produce changesin
mood. The onset or offset of life-events, clinical interventions, a huge
range of chemicals when ingested, neurotransmitter levels, thoughts,
perceptions,electrical stimulation of brain centres, exercise... the list is

almost endless. Even a superficial review would require far more space
than is available here, and such a review would also notbe particularly
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useful for understanding moodprocesses, since to do so requires notjust a
list of mood-inducing events but some understanding of their interrela-
tionship. Although biochemical assays before and after interventions
such as exercise or drug therapy have been invaluable in identifying
some mood processes (such as the role of the endorphins and cate-
cholamines) it should be notedthat:

e it will be difficult to formulate a comprehensive model until there is
good agreement about the main factors of mood, especially when
some otherwise elegant research is based on rather unsatisfactory
measures of mood

e there may be problems in generalising from animal studies (in
which the dependent variable is necessarily behavioural or physio-
logical) to human studies, whereself-reports of emotional states will |
be important

¢ it is not always clear which metabolic product(s) of a particular chem-
ical influence mood

¢ since so many factors can influence moods, univariate or multivariate
experiments in this area must control or assess a very large numberof
potentially confoundingvariables.

Whatis clear from the literature is that there are not just a few neuro-
chemical pathways, corresponding to the main moodfactors. Thus one
cannot say that one experiences positive affect (for example) as a

necessary consequence of some biochemical changes in some brain

mechanism, as with Eysenck’s biological model of personality
(Eysenck, 1967).

Thereis little doubt about the impact of naturally occurring life-events
on moodin ‘normal’ individuals (Warret al., 1983; Emmonsetal., 1986).

‘Hassles theory’, too, shows that apparently trivial life-events (such as
missing a train or forgetting an umbrella) can have a profound effect on

mood. The Velten technique andits variants (using depressing phrases,

music or video-clips to induce negative moods)is effective in some — but

not all — people (Martin, 1990). It is also frequently claimed that psycho-
logical mechanisms can ameliorate the effect of these stressors — e.g.,
theories of threat appraisal and coping (Folkman and Lazarus, 1980), and
that self-regulation of moodis possible (Thayeretal., 1994). The very fact
that such a huge rangeof cognitively mediated life-events can influence
moodis a partial explanation of the phenomenon of mood change: what
is not alwaysclear is how, precisely, such cognitions and appraisals lead
to changes in affect as the huge bulk of research into the physiological
correlates of mood has concentrated (for obvious reasons) on depressed
mood, and variousclinical groups.

Morris (1985) has suggested that it may be possible to regard mood
disorders such asclinical depression as being quantitatively rather than
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qualitatively different from ‘normal’ moods (the continuity hypothesis).

Clinical depression is like depressed mood, only more so: it may thus

share at least some of the same underlying physiological and psycholog-
ical mechanisms. This wonderfully parsimonious suggestion has some
empirical support from studies showing that the mood-altering drugs

prescribed for clinical groups frequently show similar effects in ‘normal’

volunteers (e.g., Calil et al., 1990).

Although a bewildering variety of agents are implicated in mood

change (ranging from elements such as selenium to neurotransmitters)
the clinical models would at least provide a starting-point to explore the

mechanisms of normal mood change. For whilst the biological basis of
mood change has also been examined in non-clinical samples (e.g.,

Vaernes and Darragh, 1982), the great bulk of evidence is — for obvious
reasons — based on clinical samples. We have found that the very
mention of the continuity hypothesis can reduce reviewers almost to
apoplexy, which seems a shame, since it would be useful to be able to
draw on the clinical literature when investigating ‘normal’ mood
processes. It would be invaluable if psychopharmacologists could reach
some conclusion about the merits of the continuity hypothesis for
various moodstates.

CONCLUSIONS

Several methodological issues bedevil attempts to understand the
processes that underpin mood. These includelittle agreement about the
number and nature of the main dimensions of mood in normal people,
problems in defining precisely what a mood is, and difficulties in
assessing moods independently of personality traits. I have suggested
that three main aspects of mood should be studied (their time course,
their variability, and mechanisms of mood change) and commentthat
several experimental designs are singularly unsuited to the study of
mood processes.

Givenall these methodological and definitional problems, it is hardly
surprising that our understanding of the basic mood processesis rudi-
mentary in the extreme. The literature suggests little evidence for
periodic changes in mood other than those caused by a 24-hourcycle:
hypotheses aboutcyclic variation in moods due to biological clocks of
other periodicities are less well supported by data. And whilst there is
good evidencethat the variability of moodsis a stable feature of the indi-
vidual — a trait — there is remarkable disagreement about the processes
that may underpin such variations. Each of Eysenck’s three main person-
ality factors has been implicated by some researches, and found to be
unrelated to moodvariability by others.

The main problem encountered when reviewing the empirical
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evidence concerns the utility of clinical models of mood disorder for
explaining ‘normal’ mood processes — the continuity hypothesis. For
there seems to be both a paucity of data about the biological concomi-
tants of mood level in normal individuals and a reluctance to assume
that processes that underlie mood disorders might also be involved in
normal mood swings. In addition, although a huge range of cognitive
variables are known to influence mood, the psychological and/or
biochemical processes by which they operate are not alwaysclear.

As intimated at the start of this chapter, the psychology of moodsis
not one of the better understood branches of individual differences,
perhaps becauseofits lack of obvious relevance to applied psychology.
Since there is little consensus about the nature of mood, let alone its
structure, it is perhapsa little premature to expect any detailed model of
normal mood processes to have emerged. Nor has it done so. Thus as
well as examining the literature on mood processes, I have made some
suggestions about how mood process research could usefully go
forward. In particular, I have identified some dependent variables that
could usefully be studied, and have drawn attention to the problems
involved in assessing moodstates independently of personality. It is to
be hoped that some of these suggestions may be useful in clarifying and
extendingthis intriguingfield of study.

REFERENCES

Almagor, M.and Ehrlich,S. (1990) ‘Personality correlates and cyclicity in positive
and negative affect’, Psychological Reports 66: 1,159-1,169.

Boivin, D.B., Czeisler, C.A., Dijk, D.-J., Duffy, J.E, Folkard, S., Minors, D.S.,
Totterdell, P. and Waterhouse, J.M. (forthcoming) ‘Complex interaction of the
sleep-wake cycle and circadian phase modulates mood in healthy subjects’,
Archives of General Psychiatry.

Bower, G.H. (1981) ‘Mood and memory’, American Psychologist 36: 129-148.
Calil, H.M., Zwicker, A.P. and Klepacz, S. (1990) ‘The effects of lithium carbonate

on healthy volunteers: moodstabilization?’, Biological Psychiatry 27: 711-722.
Cattell, R.B. (1973) Personality and Mood by Questionnaire, San Francisco: Jossey-

Bass.
Cattell, R.B. and Child, D. (1975) Motivation and dynamic structure, London: Holt,

Rinehart and Winston.
Clark, L.A., Watson, D. and Leeka, J. (1989) ‘Diurnal variation in the positive

affects’, Motivation and emotion 13: 205—234.
Cooper, C. and Kline, P. (1982) ‘The internal structure of the Motivation Analysis

Test’, British Journal of Educational Psychology 52: 228-233.
Cooper, C. and McConville, C. (1989) ‘The factorial equivalence ofstate anxiety:

negative affect and state extraversion: positive affect’, Personality and
Individual Differences 10: 919-920.

(1990) ‘Interpreting mood scores: clinical implications of individual
differences in mood variability’, British Journal of Medical Psychology 63:
215-225.

 



106 Colin Cooper

Cooper, C. and McConville, C. (1993) ‘Affect intensity: factor or artifact’,
Personality and Individual Differences 14: 135-143.

Csikszentmihalyi, M. and Larson, R. (1987) ‘Validity and reliability of the
Experience Sampling Method’, Journal of Nervous and Mental Disease 175:
526-536.

Diener, E., Larsen, R.J., Levine, S. and Emmons, R.A. (1985) ‘Intensity and

frequency: dimensions underlying positive and negative affect’, Journal of
Personality and Social Psychology 48: 1,253-1,265.

Emmons, R.A., Diener, E. and Larsen, R.J. (1986) ‘Choice and avoidance of

everyday situations and affect congruence: two models of reciprocal
interactionism’, Journal of Personality and Social Psychology 51: 815-826.

Emmons, R.A. and King, L.A. (1989) ‘Personal striving differentiation and
affective reactivity’, Journal of Personality and Social Psychology 56: 478-484.

Eysenck, HJ. (1967) The Biological Basis of Personality, Springfield, IL: Charles
C. Thomas.

Eysenck, H.J. and Eysenck, M.W. (1985) Personality and Individual Differences, New
York: Plenum Press.

Folkman, S. and Lazarus, R.S. (1980) ‘An analysis of coping in a middle-aged

community sample’, Journal ofHealth and Social Behavior 21: 219-239.
Frijda, N.H. (1986) The Emotions, Cambridge: Cambridge University Press.
Hall, D.P, Sing, H.C. and Romanowski, A.J. (1991) ‘Identification and

characterisation of greater mood variance in depression’, American Journal of
Psychiatry 148: 1,341-1,345.

Hayashi, M., Sato, K. and Hori, T. (1994) ‘Ultradian rhythmsin task performance,

self-evaluation, and EEG activity’, Perceptual and Motor Skills 79: 791-800.

Hepburn, L. and Eysenck, M.W. (1989) ‘Personality, average mood and mood

variability’, Personality and Individual Differences 10: 975-983.
Howarth, E. and Zumbo, B.D. (1989) ‘An empirical investigation of Eysenck’s

typology’, Journal ofResearch in Personality 23: 343-353.
Isen, A.M. (1984) ‘Towards understanding the role of affect in cognition’, in R.S.

Wyerand T.K.Srull (eds) Handbookof Social Cognition, Hillsdale, NJ: Erlbaum.
Izard, C.E. (1991) The Psychology of Emotions, New York: Plenum.
Larsen, R.J. and Diener, E. (1987) ‘Affect intensity as an individual difference

characteristic: a review’, Journal of Research in Personality 21: 1-39.
Larsen, R.J. and Kasimatis, M. (1990) ‘Individual differences in entrainment of

mood to the weekly calendar’, Personality and Individual Differences 58:
164-171.

Larson, R., Csikszentmihalyi, M. and Graef, R. (1980) ‘Mood variability and the

psychosocial adjustment of adolescents’, Journal of Youth and Adolescence 9:
469-490.

Lynn, DJ. (1995) ‘Lithium in steroid-induced depression’, British Journal of

Psychiatry 166: 264.
Martin, M. (1990) ‘On the induction of moods’, Clinical Psychology Review 10:

669-697.
McConville, C. (1992) ‘Personality, motivational and situational influences on

moodvariability’. Thesis for the degree of Doctor of Philosophy, University of
Ulster, Coleraine, County Londonderry, UK.

McConville, C. and Cooper, C. (1992a) ‘Mood variability and personality’,

Personality and Individual Differences 13: 1,213-1,221.
—— (1992b) ‘The structure of moods’, Personality and Individual Differences 13:

909-919.
—— (1996) ‘Moodvariability and depression’, Current Psychology 14: 329-338.



Mood processes 10/7

Morris, W.N. (1985) Mood: The Frame ofMind, New York: Springer-Verlag.
Neubauer, A.C. and Freudenthaler, H.H. (1995) ‘Ultradian rhythms in cognitive

performance: no evidence for a 1.5-h rhythm’, Biological Psychology 40:
281-298.

Pies, R. (1992) ‘Seven-day mood cycles’, American Journal of Psychiatry 149:
418-419.

Plutchik, R. (1994) The Psychology and Biology of Emotion, New York: Harper
Collins.

Spielberger, C.D., Gorsuch, R.L. and Lushene, R.E. (1970) STAI Manual for the
State Trait Inventory, Palo Alto, CA: Consulting Psychologists Press.

Storm, C. and Storm, T. (1987) ‘A taxonomic study of the vocabulary of
emotions’, Journal of Personality and Social Psychology 53: 805-816.

Thayer, R.E. (1978) ‘Towards a psychological theory of multidimensional
activation (arousal)’, Motivation and Emotion 2: 1-34.

Thayer, R.E., Newman, J.R. and McClain, T.M. (1994) ‘Self-regulation of mood’,

Journal of Personality and Social Psychology 67: 910-925.
Vaernes, RJ. and Darragh, A. (1982) ‘Endocrine reactions and cognitive

performance at 60 metres hyperbaric pressure: correlations with perceptual
defense reactions’, Scandinavian Journal ofPsychology 23: 193-199.

Warr, P., Barter, J. and Brownbridge, G. (1983) ‘On the independenceof positive

and negative affect’, Journal of Personality and Social Psychology 44: 644-651.
Watson, D. and Tellegen, A. (1985) ‘Towards a consensual structure of mood’,

Psychological Bulletin 98: 219-235.
Wessman,A.E. (1979) ‘Moods: their personal dynamics andsignificance’, in C.E.

Izard (ed.) Emotions in Personality and Psychopathology, New York: Plenum.
Wessman, A.E. and Ricks, D.F. (1966) Mood and Personality, New York: Holt,

Rinehart and Winston.
Williams, D.G. (1990) ‘Effects of Psychoticism, Extraversion and Neuroticism in

current mood: a statistical review of six studies’, Personality and Individual
Differences 11: 615-630.

Wilson, J.E. and Tobacyk, J.J. (1990) ‘Lunar phases andcrisis center telephone
calls’, Journal of Social Psychology 130: 47-51.



Chapter 7

The neurophysiology of g

Arthur R. Jensen

Althoughthe origin of the idea that human mental ability has a physical
substrate is lost in antiquity, scientific interest in the biological basis of
mentalability was part of the Darwinian revolution in the mid-nineteenth
century and coincident with the beginning of empirical psychology as a
branch of natural science. Paul Broca (1824-80) discovered the localisation

of functions in the cortex and actually measured individual differences in

cranial capacity and brain size; Hermann von Helmholtz (1821-94)

measured the velocity of nerve impulses in animals and humans.Francis

Galton (1822-1911) measured individual differences in reaction time,

simple sensory capacities and anthropometric variables, and soughttheir

relation to variation in general mental ability, which then was only
roughly estimated from educational and occupational attainments as the

psychometric assessment of intelligence had to await Alfred Binet’s
(1857-1911) invention of the ‘IQ test’ in 1905.

Each of these lines of investigation has continued to the present, with a
notably wideninginterest and a positively accelerating rate of research in

recent years. The proliferation of scientific books and articles in the last

decade alone is so overwhelmingas to rule out a comprehensivereview of

specific studies within the limits of a single chapter. Fortunately, references
to the many recent and fairly comprehensive reviewsof the major topics in

this field obviate havingto cite a great many individualstudies. Therefore,I

shall attempt, not a review of research, but rather a broad overview of the

whole domain and someof its main problems. The details of fact and argu-

mentare lost in this wide-angle picture, of course, but key references are

cited to help readers pursue these at will. My particular overview, obvi-

ously, is but one of many possible ways of mapping this problem territory,

each of which mayperhaps have someheuristic value.
Although wealready have a great many empirical facts, and neuro-

science research is rapidly advancing, the field is still far from having

anything like a consensus theory of the neurophysiology of higher

mental processes. At present, no single theory of intelligent behaviouris

capable of encompassing neurophysiological knowledge, the knowledge
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of cognitive processes gained in experimental cognitive psychology, and
the structure of mental abilities provided by psychometrics and factor
analysis. Our aerial view of this imposing domain resembles a huge,
complex jigsaw puzzle; few of the pieces are assembled, most are
unattached to any of the others, and the general chaos suggests some
unknown numberof pieces are probably missing.

Canall these separate pieces of this puzzle befitted together to make a
coherent picture? The science of relating intelligence to brain processes
does not seem yet to have had its Linnaeus (to systematise the many
disparate pieces), much less its Darwin (to explain their causal connec-
tions). The separate pieces of the brain/intelligence puzzle consist of the
correlations between the diverse biological variables and IQ. Their causal
connections are at best obscure and mostly unfathomed. Until a unified
theory begins to take shape, we may go on adding separate new pieces
to the puzzle — that is, new physical variables that are correlated with IQ
— withoutbeing able to assess their functional significance.

DIVIDING THE DOMAIN

One wayof simplifying the problem is to divide it conceptually into two
distinct realms. The first realm deals with mental abilities in the struc-
tural (factor analytic) sense as sources of individual differences. Without
reliable individual differences (or variance) in the humancharacteristics
of interest, there can be no structure (in the psychometric sense). The
science of this realm obviously has a purely behavioural base, consisting
of people’s conscious, intentional and overt responses to mental test
items. Assumingthere is a great deal of reliable (or true-score) variance
in these responses, the correlations among a great many such responses
made by large numbers of people, when the correlations are subjected to
factor analysis, give rise to what psychometricianscall the factor structure
of mental abilities. As such, the whole operation need have no connec-
tion with neurophysiology or the workingsofthe brain.Its validity can
be determined completely at the level of psychometrics. The results
obtained at this level, though they may form a technically satisfying
structural model with possibly useful validity for predicting behavioural
outcomes such as scholastic or occupational achievement, are purely
descriptive and notin the least explanatory. A structural model cannot by
itself explain the functional mechanisms (neural structures and processes)
of the observed abilities or the cause of variance in the observed abilities
(or their covariances with one another). The crucial distinction I want to
make is that the neurophysiological basis of variance in abilities might
well involve researching different aspects of the brain than the discovery
of the brain mechanisms responsible for the cognitive operations and
behavioural manifestations we think of as constituting ‘intelligence’. In

{
w
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other words, my working hypothesis is that whatever aspects of the
brain are responsible for individual differences (and group differences) in

‘intelligent’ behaviour betweenall biologically normal Homo sapiens are

causally different from those aspects of brain structure and function that
constitute the essential neural design features of the brain that make

intelligent behaviourpossible in the first place. This conjecture, however,

is no more than barely suggested by empirical evidence or theoretical

preconceptions;it is proposed only as a possibly heuristic hypothesis.
Because a given phenomenon cannot explain itself, but must appeal

for its explanation to another realm of phenomena, the explanation of

many psychological behaviours is sought in correlated biological struc-

tures. Such biologically based explanations of psychological phenomena,

often called reductionism, are often resisted (and even more often misun-

derstood) by psychologists and social scientists. This misunderstanding

is a legacy of the mind-body dualism that bedevilled the prehistory of

psychology. A lingering anti-reductionism still obscures and obstructs

the scientifically worthy aim of attempting to relate brain and behaviour.

The most common misconception about reductionism is that the recogni-

tion of phenomenaobserved at the ‘lower’ levels in the causal chain of

reduction tends to diminish, negate or ‘explain away’ the phenomenaof

interest at the ‘higher’ levels, or the end products of the causal chain,

which are usually of greatest interest to psychologists. Such crude reduc-

tionism is clearly seen as false, given the reality of unique emergent

phenomena as we movefrom lower(or less complex) to higher (or more

complex) levels of the explanatory hierarchy. An emergent phenomenon

is every bit as real and at least as important as its constituent elements

and underpinnings. A plane triangle, for example, though composed of

three straight lines, is not just three lines, but has emergent properties

that are unique totriangles(e.g., the trigonometric functions) that cannot

be discovered (or even conceptualised) from a knowledge of unidimen-

sional lines per se. Reducing water to its constituent elements results in

two distinct gases, each with quite different properties from which the

emergent properties of water could hardly be inferred. A general rule is

that while elements and operations at a ‘higher’ level cannotviolate the

laws of a ‘lower’ level, they obey new lawsthat apply only to that higher

level.
On a vastly greater scale, the elements of the brain have emergent

properties. The functional units of the human brain are some 100 to 200

billion neurons with perhaps trillion synaptic connections between

them, constituting multiple systems, or systems within systems, and

hierarchies of systems, each with unique emergent properties at each

level of greater complexity. I refer to the properties dependent on higher

levels of complexity as ‘emergent’ in order to emphasise that they need

not be introduced into the system from somewhere outside the system.
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Rather, they are intrinsic to the system, emerging uniquely from the hier-
archy of increasing complexity of relationships among the elements of

the system itself. The philosophic doctrine of dualism posits distinct enti-
ties, matter and mind(or soul), that supposedly interact with each other
in producing the phenomena of consciousness, cognition, intelligent

behaviour and other psychological phenomena. I regard this as
anathema to the development of a natural science of brain—behaviour
relationships. This point does not in the least imply that the system and
its emergent properties in the individual are developmentally isolated
from the influence of the physical environment and the behaviour of
others. Early in individual development, neuronal systems, conceived
statistically in terms of vast populations of neurons, are shaped to some
extent by external influences and by truly random events, internal and
external, as well as by genetic instructions — a quasi-stochastic process

likened to Darwinian natural selection. The Nobel laureate Gerald
Edelman (1987) coined the term ‘neural Darwinism’ to refer to neural

explanations of behaviour that depend upon understanding the actions
of neurons in terms of population sampling concepts involving the
actions of countless numbers of neurons to produce any single outcome
that could be characterised as behavioural. The intrinsic randomness
implied by neural group selection from the populations of neurons
during the developmental process insures variability and individuality
in neural systems beyond that contributed by polygenic inheritance and
learning. Thus even the brains of monozygotic twins, with identical
heredity, do not have functionally identical ‘wiring’.

The neurophysiological postulate

During mammalian evolution the Darwinian process of random variation
and natural selection has shaped the physical characteristics of the
organism, including the nervous system andthe brain. This led to the emer-
gence of any phenotypic characteristics, expressed as behavioural
capacities, which underthe conditionsofthe natural habitat have promoted
survival of individuals. The anatomical and physiological underpinnings
that made possible the behavioural characteristics favoured by natural
selection were passed on genetically to successive generations. Thereis a
remarkable continuity of essential structures and functions across all
mammalian species. Manybrain structures responsible for basic behaviour
capacities are commonto all normal membersof every mammalian species.
Among the most conspicuouscharacteristics of humanbeingsis their great
capacity for the modification of behaviour through individual experience,
that is, learning and problem solving. This allows humans, more than any
other species, far greater variation in the behaviourof individuals and of
groups thancould everbepredictedstrictlyfrom theirbiological heritage.
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Yet, because of evolution, all mammalian brains are remarkably alike
in their essential structure and physiology. The average between-species
correlation (Pearson r) of the ten main structural divisions of the
mammalian brain across 131 species is +.96 (Finlay and Darlington,
1995). This largest common factor in mammalian brains is therefore
simply the difference in overall brain size. Variation in the relative sizes
of the different structures accounts for only 8 per cent of the total vari-
ance. This implies that among biologically normal members of the
humanspecies, variation in brain structures and their relative sizes must
be virtually nil. There is some variation in overall brain size, which in
Homo sapiens has an approximately normal distribution with a mean of
about 1,350 cm? and a standard deviation of about 150 cm?. (About 5 per
cent of this variance in individual brain sizes is associated with differ-
ences in bodysize.)

From an evolutionary perspective, it is most unlikely that there are
intraspecies differences in the basic structural design and operating prin-
ciples of the brain. If these main structural and functional units of the
brain were studied only in one normal humanbeing,the results would
be validly generalisable to all other normal humans. Thatis to say, the
processes by which the brain perceives, learns, remembers, and thelike,
are the same for everyone, just as are the essential structures and func-
tions of every organ system in the entire body. Individual differences in
normal brain processes exist at a different level, superimposed, as it
were, over and above the commonstructures and operating principles.
My working hypothesis is that individual differences in behavioural capaci-

ties do not result from differences in the brain’s structural operating
mechanismsperse, but result entirely from other aspects of cerebral physiology
that modify the sensitivity, efficiency and effectiveness of the basic information
processes that mediate the individual's responses to certain aspects of the envi-
ronment.

A crude analogy would be differences in the operating efficiency (e.g.,
miles per gallon, horsepower, maximum speed) of different makes of
automobiles, all powered by internal combustion engines (hence the
same operating mechanisms) but differing in, say, the numberof cylin-
ders, their cubic capacity and the octane rating of the petrol they use.
Electric motor cars and steam-powered cars would have such different
operating mechanismsthat differences in their efficiency would need to
haveentirely different explanations.

I have therefore divided the study of the neurophysiology of intelli-
gence into two parts. One part deals with the brain structures and neural
processes that makepossible the kinds of behaviour that wecall intelli-
gent. The other part examines the physical conditions that cause
individual differences in intelligent behaviour. The first involves the
structural modularity of specific brain functions; the second consists of
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some highly general brain functions that would account for the correla-
tions among all the modular functions, that is, the correlations that are
the basis of psychometric g. Dividing the problem this way has two
worthwhile implications for research:

e the first part of the problem does not have to be completely solved
before we can begin to answerthe second

e a division of investigative labour can focus simultaneously on each of
these two classes of brain phenomena.I suspect that the first aspect of
the problem will prove to be much more difficult than the second.

BRAIN STRUCTURES AND NEURAL PROCESSES

Although the tremendous boom in brain research is making new and
important discoveries almost daily, when it comes to explaining the
psychological phenomena of thinking, problem solving and the mental
abilities that especially distinguish what wecall intelligence, the brain
remains a seemingly inscrutable black box. All talk about the higher
mental processes in terms of the brain and neurons remains hardly more
than metaphorical. The precise localisations in the brain of various
sensory and motor functions are well established, as are several mental
functions associated with language (involving predominantly the left
hemisphere) and certain other elemental functions related to intelligence,
for example, attention and short-term memory(the prefrontal cortex and
cortical association areas) and long-term memory(a subcortical structure
at some distance, the hippocampus). Many brain modules serving more
highly specialised functions, such as face recognition (localised in the
right hemisphere) have been discovered (see Gazzaniga, 1989 and Posner
et al., 1988).

But localisation does not tell us what goes on in the brain to produce
thinking, reasoning and the like, though manyspeculative models in the
form of flow-charts, wiring diagrams, cell assemblies, neural networks,

computer simulations and entities analogous to computer components
have been suggested.

The prevailing and guiding hypothesis of modern neuroscience has
been stated by Posneretal. (1988):

elementary operations formingthe basis of cognitive analyses of human
tasks are strictly localised. Many such local operations are involved in
any cognitive task. A set of distributed brain areas must be orchestrated
in the performance of even simple cognitive tasks. Thetaskitself is not
performed by any single area of the brain, but the operations that
underlie the performancearestrictly localised. This idea fits generally
with many network theories in neuroscience and cognition.
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But that

most neuroscience network theories of higher processes providelittle
information on the specific computations performed at the nodes of
the network, and most cognitive network models providelittle or no

information on the anatomyinvolved.

(p. 1,627)

Research on the physiology of neurons, synapses and the working
principles of neural circuitry is exceedingly far from explaining
conscious thought, although a major aim of this line of research is to be
able to express any theory of information processing in neural terms.
This problem is now conceived of as requiring formulation in terms of
population sampling of functional units amongthe brain’s estimated 100
to 200 billion neurons that must interact with one another to produce
even the simplest of mental phenomena. The problem is made even more
complicated by the fact that, unlike a telephone switchboardora digital
computer, the neural system is not entirely ‘hard-wired’ but is shaped in
part by early experience and neural action alwaysretains a large amount
of randomness. As Edelman (1988) has explained:

Inmany ways, the brain does indeed behavelike these systems(i.e., a tele-
phone exchange or a computer). But when welook at certain detailed
structural features and certain functional behaviours of the nervous
system, the analogy breaks down, and we confronta series of problems
the mutual implications of which amountto a series of interpretative
crises for neuroscience. The structural crises are those of anatomy and
development. Althoughthe brain lookslike a vast electrical network at
one scale, atits most microscopicscale, itis not connected or arrangedlike

any other natural or man-made network. The network of the brain is
made during development by cellular movement, extensions, and
connections of increasing numbers of neurons ... It isan example of a
self-organising system. An examinationofthis system during its development
and at its most microscopic ramifications after development indicates that precise
point-to-point wiring cannot occur. In general, therefore, uniquely specific
connections cannotexist. If one numbered the branches of a neuron and
correspondingly numbered the neuronsit touched, the numbers would
not correspondin any twoindividuals of a species — not evenin identical
twinsoringenetically identical animals.

(p. 182; italics Edelman’s)

Edelman’s (1987, 1993) theory of ‘neuronal group selection’ represents
a major attempt to formulate the basic operating principles of neuronal

action that could eventually explain the higher-order functions of the
brain that are related to intelligence (such as perception, learning and
memory) in empirically testable terms. Like every important new theory,
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however, it is still regarded as controversial and has been perhaps most
trenchantly (but respectfully) criticised by another Nobel laureate,
Francis Crick (1989). Edelman’s theory is a structural one concerned with

generalisable basic neural processes; it is not formally concerned with
explaining individual differences at the behaviourallevel.

NEUROPHYSIOLOGICAL CAUSES OF INDIVIDUAL

DIFFERENCES IN G

AsI have argued elsewhere (Jensen, 1987a, 1994a), in considering indi-

vidual differences in mental ability we should look at the structure of
ability rather than puzzling over the nature of ‘intelligence’, which, from
a scientific standpoint, has proved to be an exceedingly poor concept.
After some 100 years, psychologists have not been able to reach agree-
ment on a definition of it. So we should focus instead on the independent
sources of variance among individuals revealed by the factor analysis of
a wide variety of tests of mental abilities. The results of such analyses
have been delineated in the three-strata hierarchical factor model of
humanabilities, which has been comprehensively explicated by John B.
Carroll (1993). This factor model is the best way of viewing all the
existing psychometric data.

In mostlarge batteries of diverse tests, the g factor is usually the one
independentsource of variance that, by definition, is commonto all the

tests and is typically the single largest source of variance in the battery.
Unlike all the group factors (also called primary factors, or first-order
factors), the g factor cannot be described in termsof the type of informa-
tion content of a test (e.g., verbal, spatial, numerical or mechanical). It is

reflected by every kind of cognitive test that permits responses that can
be scored or measured according to an objective standard (e.g., number
of correct responses, responsetime). Also, g is a remarkably robustfactor,
in the sensethatit is highly stable across different methodsof factor anal-
ysis that allow extraction of a general factor from a correlation matrix
(Jensen and Weng, 1994), and it is also consistent across different test

batteries, provided they are composed of numerous anddiverse subtests
(Thorndike, 1987).

The most important reason for focusing on g in the present context,
however, is that, of all psychometric factors, g has the largest number
of anatomical and physiological correlates (Jensen, 1993; Jensen and
Sinha, 1993).

Correlated vectors

One method that can be used to discover physical correlates of g specifi-
cally (rather than just some amalgam ofvariousabilities) is the method
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of correlated vectors. This consists of extracting the g factor from a
battery of at least ten or more diverse subtests (e.g., the Wechsler scales)
and obtaining the column vectorof the g loadings of each of the subtests,
Vg. This essentially shows the size of the correlation between eachtest
and g. Another vector is created by the correlations of each of the same
subtests with some physical variable, P; call this vector VP. A significant
correlation between Vg and VP unambiguously proves that the physical
variable is related to g. (To ensure that differences in subtest reliabilities,
which would similarly affect both the subtests’ ¢ loadings and the
subtests’ correlations with the physical variable, are not responsible for
the correlation between Vg and VPthe vector composed of the subtests’
reliability coefficients, Vr,, is partialed out.) This method of correlated
vectors shows whether the physical variable is correlated with g inde-
pendently of differences in the various subtests’ reliability coefficients.
This is a highly stringent test statistically, because the significance level
of the correlation coefficient is based on the numberof subtests. (Subject
sample size affects the samplingerror in the vectors.) The obtained corre-
lation between Vg and VP, of course, does not itself indicate the

magnitudeof the relationship between individual differences in g and the
physical variable, but it does prove the existence of a relationship
between g and the physical variable with greater specificity and certainty
than any other feasible method. Also, the upwardsloping linear regres-
sion line of VP on Vg can be extrapolated out to the point on the abscissa
where g = 1, as an estimate of the correlation between the physical vari-
able and a hypothetical pure measure of g. To estimate the degree of
relationship between the obtained measures themselves, one mustresort
to correlating individuals’ g factor scores with the physical variable. The
IQ obtained from standard test batteries is so highly correlated with g
factor scores that, for most purposes, the IQ can be used instead of g
factor scores.

Twotypesof correlation

Correlation between a physical variable and a psychological variable
may be either intrinsic (and functional) or incidental. (This essential
distinction and its methodology have been explicated in detail else-
where:Jensen, 1980; Jensen and Sinha, 1993). The primary screeningtest

for an intrinsic correlation is to determine whetherit exists within fami-
lies (i.e., among full siblings) rather than only between families (i.e.,
between the meansof siblings across different families).
A within-families correlation is identified by calculating the correlation

r,, between (a) the signed differences between siblings’ scores on a

psychometric test (using age-standardised or age-regressed scores) and
(b) the signed differences between siblings on age-regressed measures of
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the physical variable of interest. If the correlation is significant, it means
that the psychometric variable and the physical variable co-vary among
full siblings. That is, the sib with the higher IQ also has the higher phys-
ical trait, on average. The cause of this intrinsic covariance (or
correlation) can be environmental(e.g., nutrition), or genetic, or both.(If

the within-family correlation is genetic (or partially genetic), it is the
result of pleiotropy — two phenotypically distinct traits being influenced
by the same genes.) Whateverits cause, an intrinsic correlation indicates
a functional connection between the mental and physical traits. If the
physical x psychological correlation exists only between, and not within,
families, it is incidental, and therefore does not represent a functional

connection between the physical and psychological variable.
The between-families correlation (r,, is the correlation between (c)

the sum of siblings’ (age-standardised) scores on the psychometric test
and (d) the sum of the (age-standardised) measures on the physical
variable. This kind of correlation, if not accompanied by a within-
family correlation, is usually due to genetic heterogeneity of both the
physical and the mental trait. Through cross-assortative mating for the
two traits, the genes have become associated together within families
in the population. But the two traits have no functional connection
with each other and are not correlated genetically within families (i.e.,
among siblings). Many physical traits are correlated between families,
but not within families. Among Europeans, for example, there is a
between-families genetic correlation between eye colour and height,
though there is no within-family correlation and no causal connection
between these traits. Within-individual correlations between twotraits
(i.e, the usual correlation based on the measurements of unrelated
individuals) can thus be decomposed into two components: between-
families and within-families.

Before expending further research effort on a particular physical vari-
able that is correlated with individual differences in a psychologicaltrait,
such as g, it should first be established that the correlation is intrinsic.
The causal origins of incidental or non-pleiotropic genetic correlations
between physical and behavioural traits may be of interest to evolution-
ists, anthropologists and sociologists, but such correlations are the most
unlikely material for discovering the physical causes of individual differ-
ences in g or any other psychological variables. Even certain attributes of
the brainitself, though showing individual differences that may be inci-
dentally correlated with psychological differences, are not useful leads
for research on the causal connections between brain and behaviour. On
the other hand, a physical variable that is intrinsically or pleiotropically
correiated with a psychological variable affords clues and leverage for
research aimed at discovering the physiological basis of individual
differences in the psychologicaltrait.
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Many studies of twins, adoptions and other kinships used in
behavioural genetics to estimate the heritability of traits have shownthat
IQ is highly heritable (i.e., in the range of .60 to .80): see, for example,
Nancy Pedersen’s chapter in this volume. Recent research has shown
that g, far more than any other factor, is responsible for the high heri-
tability of IQ. When the methodof correlated vectors was applied in one
large twin study of the heritability of thirteen diverse subtests, the corre-
lation between the vector of the subtests’ g loadings, Vg, and the vector
of the thirteen subtests’ heritability coefficients was +.77; the g factor
scores had a heritability of .81 (Pedersen et al., 1992). The higher heri-
tability of g, as contrasted with that of other factors, indicates that it is a
product of biological evolution and that it is this aspect of individual
differences in humanability that is the most strongly linked to a physical
substrate and therefore the most potentially fruitful for research on
brain—behaviour connections in the cognitive domain. The high heri-
tability of g also means that g cannot be explained solely in terms of
knowledge andskills, which are a productof the interaction between an
individual’s experience and the brain mechanisms involved in condi-
tioning and learning. In fact, as best as we can determine, the general

factor in individual differences in learning is the samefactor as psycho-
metric g (Jensen, 1989).

Physical correlates of g: incidental or unknownstatus

Studies of virtually all of the known physical correlates of IQ and of g in
normal persons are discussed in detail elsewhere (Eysenck, 1993;

Eysenck and Barrett, 1985; Jensen and Sinha, 1993; Johnson, 1991;

Vernon, 1990, 1993; Vernon and Mori, 1990). Most of the physical corre-

lates of IQ have never been investigated with respect to the
intrinsic—incidental distinction, so their importance as clues to brain

processes that are causally related to IQ variance cannot yet be evalu-
ated. The (within-individuals) correlations between these variables and
IQ, thoughsignificant, are generally quite small, mostly in the range of
15 to .30. Variables showingpositive correlations with IQ are: lighter eye
colour, ability to curl one’s tongue to form a tube, blood serum uric acid
level (low correlation with IQ but much higher correlation with
scholastic and occupational achievement), basal metabolic rate in chil-
dren, vital capacity (the amountof air that can be inhaled), asthma and
other allergies, inability to taste the synthetic chemical phenyl!thiocar-
bamide, body’s left-right midline symmetry, lower age of menarche.
Also, several different blood groups and the Rh factor showsignificant
correlations (either positive or negative) with IQ. (Studies reviewed by

Jensen and Sinha, 1993.)
Stature is the only physical correlate of IQ that is quite certainly not an
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intrinsic correlation; there is no significant within-families correlation
even in enormous and heterogeneous population samples, although a
meta-analysis of virtually all studies shows a within-individuals correla-
tion of +.23, which necessarily consists entirely of between-families
variance.

Intrinsic physical correlates

These variables are determined to be intrinsic correlates of g either by
their showing a significant within-family correlation or wherea relation-
ship has been demonstrated by manipulating the physical variable,
either experimentally or through natural or accidental conditions such as
brain pathology or trauma. Every one of the physical correlates listed
below will eventually have to be integrated into a theory of the physical
basis of individual differences in g.

a. Myopia Near-sightedness, which is highly heritable, is a well-estab-
lished correlate of IQ (r = .25) and appearsto be a pleiotropic correlation
(Cohn et al., 1988). Beyond pleiotropy, the nature of the connection
between myopia andIQ is as yet unknown.Butthe value of discovering
that any physical variable is a pleiotropic correlate of g is that identifica-
tion of the gene(s) for the physical trait also identifies a gene that
contributes to variance in g; hence research on the ramifications of that
gene's developmentaleffects can reveal its causal connection with mental
ability.

b. Brain size and head size Headsize is not only a within-family corre-
late of IQ Jensen and Johnson, 1994), but the method of correlated
vectors has shown that the magnitudes of any subtest's g loadings
predict (r = +.64) that subtest's correlation with head size (Jensen, 1994b).
As external head size is correlated about +.50 with actual brain size, it
has been used as a proxy for brain size in manystudies of the IQ-brain
relationship. But such indirect estimates of brain size are now being
replaced by more accurate techniques such as magnetic resonance
imaging (MRI). A meta-analysis of ten studies of the correlation between
in vivo MRI-measured brain volume and IO showed anoverall correla-
tion of +.36 (Rushton and Ankney, 1996). Why brain size is correlated
with IQ is not yet known.It could be due to the total number of neurons,
the amountof arborisation or dendritic branching, or the amountof non-
neural structures, such as the myelin that covers the axons and the glial
cells involved in the formation of myelin and the regulation of chemical
neurotransmitters. (Einstein's brain was unusually rich in glial cells
[Diamondet al., 1985].) Any one, or a combination, of these features

could account for the proportion of the variance in IQ that is associated
with brain size.
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c. Glucose metabolic rate Glucose, a simple sugar, is the main fuel of
brain metabolism. In positron emission tomography (PET) scans a small
amount of radioactive glucose is injected into a person's vein. That
person then engages in some form of mentaleffort for a definite period
of time, such as taking a test. The PET scan then measures the brain's
glucose metabolic rate (GMR)in different locations of the brain during
the period of mental activity. Studies by Richard Haier and co-workers
(Haier, 1993; Haier et al., 1988, 1992; Larson et al.,1995) reveal the
following: (1) Within individuals, GMR increases as a function of task
difficulty, going from the easy to the more difficult items of a test of g
(e.g., the Raven matrices). (2) Between individuals, high IQ subjects use
less glucose to solve a particular problem compared with low IQ
subjects. This suggests that IQ is related to the brain'sefficiency. (3) Under
the test condition, GMR is more localised in specific cortical regions in
higher IQ subjects and is more diffusely spread over the cortex in lower
IQ subjects. (4) When cognitive tasks of a particular type show improve-
ment with prolonged practice, there is a corresponding decrease in the
GMRwhile performing the task. (5) The method of correlated vectors
applied to the eleven subtests of the Wechsler Adult Intelligence Scale
showsthat the column vector composed of the subtests’ correlations with
GMERis highly related (r = -.79) to the column vector of the subtests’ ¢
loadings. (The correlation is negative, because performance on each
subtest is negatively correlated with GMR.)

d. Neuropsychology of mental speed Mental speed, measured by a
subject's median response time (RT) to an elementary cognitive task
(ECT) over a numberoftrials, is now a well-established correlate of g
(Jensen, 1993; Vernon, 1987). An even stronger correlate than average RT
is intraindividual variability in RT, measured by the standard deviation
of the subject's RTs over a given numberof trials (Jensen, 1992). (This
kind of mental speed is decidedly not the sameas the speed of test-taking
and clerical speed factor that emerges in the factor analyses of conven-
tional psychometric tests.) Any theory of individual differences in the
neurophysiology of mental ability must account for these facts. One
approachto this goal is afforded by techniques for measuring the brain's
electrical potentials.

e. Average evoked potential There is a vast literature (reviewed by
Deary and Caryl, 1993; Eysenck and Barrett, 1985; Haier et al., 1983;

Polich and Kok, 1995) on the average evoked potential (AEP). It shows
that the latency and amplitude of the brain's electrical response to a
visual or auditory stimulus are negatively correlated with IQ.
Intraindividual variability in the latency of the AEP is also negatively
correlated with IQ, while the complexity of the wave-form following the
evoking stimulus is positively correlated with IQ. The method of
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correlated vectors showsthat g is almost exclusively the active ingredient
in these correlations; tests' g loadings are highly predictive (r between .80
and .95) of their correlations with AEP measurements (Jensen, 1987b).
Moreover, AEPlatencies parallel the subject's overt RTs to different ECTs
(Schaferet al., 1982).

f. Nerve conduction velocity The centrality of mental speed indicated
by the chronometric analysis of individual differences in mental ability
suggests that the most elemental mechanism of mental speed, namely,
nerve conduction velocity (NCV), might account for a part of g (Reed,
1984, 1988). Tests of this hypothesis based on NCVin peripheral nerves
(the median nerve in the arm) have yielded contradictory findings, with
two studies showing substantial positive correlations (r ~ .40) between
NCV and IQ (Vernon and Mori, 1992; Wickett and Vernon, 1994) and two
studies showing near-zero correlations (Reed and Jensen, 1991; Rijsdijk et
al., 1995). The cause of the discrepant results of these technically sound
studies remains obscure. A study of NCVin the visual tract from retina
to the visual cortex, however, showeda significant correlation with fluid
g (+.27, or +.36 after correction for range restriction) in 147 college males
(Reed and Jensen, 1992). The further finding that both NCV and median
RT to elementary cognitive tasks (ECTs) were both significantly corre-
lated with fluid g but were not correlated with each otheris theoretically
problematic. One hypothesis is that there are individual differences in
the particular neural pathways involved in performance on particular
ECTs, some pathways being more efficient (e.g., shorter) than others,
thereby attenuating the effect of NCV on the RT performance (Reed and
Jensen, 1993). On the basis of a computer simulation of a quite simple
neural model, Anderson (1994) has argued that individual differences in
RT and its correlation with IQ cannot be explained in termsof differences
in NCV. The relation of NCV to g, however, could yet prove to be a key
element in the neurophysiological explanation of individual differences
in mentalability; its promise calls for further research.

g. The myelination hypothesis This is the most impressively compre-
hensive attempt I have yet seen to integrate many empirically
established behavioural and physiological facts that could explain indi-
vidual differences in g. Originally proposed by Edward M.Miller (1994),
it relates a host of empirical facts of individual differences in cognition
and brain anatomy and physiology to individual differences in the
degree of myelination of axons in the brain. For example, we know that
NCVis positively related to the amount of myelination. Fluid ability,
mental speed and myelination together increase from infancy to matu-
rity, and both decline in old age. A larger part of the brain's volume
consists of myelin (and its supporting glial cells) than consists of
neurons, and brain volume is positively correlated with IQ. Myelin
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insulates nerve impulses from ‘neural noise’ and ‘cross-talk’, which have
been hypothesised as the basis of intraindividual variability in RT, a
substantial correlate of g. The lipids and fatty acids of which myelin is
composed (measured by blood cholesterol levels) are positively corre-
lated with g. Miller also indicates many other physical phenomena
related to g via myelin (including possible survival advantage
throughout humanevolution of genes for low intelligence), the explana-
tions for which are beyond the scope of this chapter. The myelin
hypothesis has yet to be tested directly, for example by showing an
intrinsic correlation between individual differences in the ratio of myelin
(and glia) to neural tissue in the brain and psychometric g.

Whether or not Miller’s myelination hypothesis eventually proves
true, his integrative review of the empirical relationships between physi-
ological and cognitive functions will stand as one of this decade's
important contributions to research on the neurophysiology ofg.

Future research on g

Since its discovery by Spearman in 1904, the g factor has become so
firmly established as a major psychological construct in terms of psycho-
metric and factor analytic criteria that further research along these lines
is unlikely either to disconfirm the construct validity of g or to add
anything essentially new to our understanding ofit. In fact, because g,
unlike any of the primary orfirst-order factors revealed by factor anal-
ysis, cannot be described in terms of knowledge of mentaltest items, or

in terms of skills, or even in terms of theoretical cognitive processes,it is
not essentially a psychological or behavioural variable, but a biological
one. It reflects certain properties of the human brain, as shownbyits
correlations with individual differences in a number of brain variables
such as size, metabolic rate, nerve-conduction velocity, and the latency

and amplitude of evoked electrical potentials. Some brains function
better than others with respect to g. The new frontier of g research is the
discovery of the anatomical and physiological structures of the brain that
cause g. Research on g hasfinally reached the stage at which the only
direction to go is that presaged by Spearman himself, who wrote that the
final understanding of g ‘must needs come from the most profound and
detailed direct study of the humanbrainin its purely physical and chem-
ical aspects’ (1927, p. 403).
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Chapter 8

Biometric analyses of human abilities

Nancy L. Pedersen and Paul Lichtenstein

The purposeof this chapter is to provide the reader with an overview of
findings concerning the causes of individual differences in cognitive abil-
ities. The chapter will start with a short primer of biometric analyses
because some readers may not be familiar with the principles, termi-
nology and techniques usedin this discipline; other readers may choose
to scan it quickly. Presentation of a summary of findings will proceed in
order of complexity, from univariate to developmental to multivariate
issues.

A PRIMER

Quantitative genetic (or biometric) analyses delineate the aetiology of
individual differences, that is, the extent to which variation reflects

genetic and environmental differences among people. These sources of
variation are broadly categorised into various anonymous components
of variance. In order to estimate the relative importance of genetic and
environmental variance, biometricians and behaviour geneticists apply
quantitative genetic principles in comparing the similarity of individuals
who share environments and genesto differing degrees. For example,
because identical (MZ) twins share 100 per cent of their genes and
fraternal (DZ) twins share half of their segregating genes, the importance
of genetic effects is indicated when intraclass correlations for pairs of
identical twins are greater than those for fraternal pairs. Comparisonsof
similarity among other pairs of relatives may also be used, such as
parents and offspring (who share 50 per cent of their genes), half-sibs (25
per cent) or cousins (12.5 per cent).

However, in both twin and family studies, such correlations for

abilities may reflect not only genetic similarity, but also similarity
resulting from sharing the same familial environment. Thus, adoption
designs are generally recognised as the most appropriate techniques for
providing accurate estimates of the relative importance of genetic and
environmental influences. The extent to which adoptees are similar to



Biometric analyses of humanabilities 127

 

their biological parents reflects genetic similarity, whereas similarity
between adoptees and their adoptive parents estimates the importance of
shared family environments. Differences within identical pairs must be
due to environmental differences because identical twins reared together
share their complete genome and the same family environment. Thus,
environmental effects that contribute to within-family differences are
knownas non-shared environmentalinfluences.

UNIVARIATE FINDINGS

The nature of individual differences in cognitive abilities is one of the
most frequently studied domains of behaviour genetics. Indeed, Plomin
(1985) suggested that ‘the relative importance of both nature and nurture
in the development of mental ability [is] the oldest continuously
researched question in the behavioural sciences’. In their widely cited
review of the world’s literature on behavioural genetic studies of IQ,
Bouchard and McGue (1981) noted over 140 studies of this domain. Their
analysis, as well as reanalyses of the data they provided (Chipueret al.,
1990; Loehlin, 1989), led to the generally consistent conclusion that
approximately half of the variation in general cognitive abilities, or IQ,
results from genetic variation. In other words, whenthe data are pooled
over age groups, samples andvarious configurationsof relatives, approxi-
mately half of the individual differences we see are due to genetic
differences among individuals. Although once considered highly contro-
versial, most social scientists now acceptthat individual differences in IQ
scores are at least partially inherited (Snyderman and Rothman, 1987).

Developmental issues

But the picture is not quite so simple. The results presented above are
pooled over a wide range of ages. At the very least, measurement issues
make generalisations across cohorts difficult. Furthermore, the structure
of cognitive abilities and the genetic and environmental influences on the
structure may change with age (see ‘Multivariate issues’ below). None
the less, one of the most basic developmental questions is whether the
relative importance of genetic variance (heritability) differs with age. The
relative importance of genetic and environmental factors could change
throughoutthe life span for a numberof reasons. Although we are born
with a full complementof genes, not all are operating at any onepointin
time. Genes may be ‘turned on’ only at specific stages during the life
span while others may be inactivated. Temporal genes may be involved
in the timing of specific age-related events (Paigen, 1980). Thus, changes
in the activity of genes could result in differences in genetic variance at
various points duringthelife span.
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It is perhaps more obvious that environmental influences vary
throughoutthe life span. Some life span developmental theorists predict
that total variance increases as one accumulates experiences:thatis, indi-
vidual differences become more pronounced with age. Thus, it would be
reasonable to assumethat heritability decreases late in life as experiences
accumulate and hence environmental influences become increasingly
important (Baltes et al., 1980) with the accumulation of wounds from
life’s ‘slings and arrows of outrageous fortune’. The net effect on heri-
tability estimates(i.e., the relative importance of genetic variance), will of
course depend on whether total phenotypic variance is changing and
whetherthe effects of genetic or environmental factors accumulate over
time or are occasion-specific. If a single set of genes operates throughout
development and information from the environment is ‘stored over
time’, heritability will decrease over time (Eavesefal., 1986). On the other
hand, if environmental effects are occasion-specific, the heritability will
increase with age.

Cross-sectional findings

Observations from early, cross-sectional studies of cognitive abilities led
Plomin (1986) to conclude that heritability generally increases from
infancy, through childhood and adolescence, up to adulthood. Research
in early childhood suggested a steady increase in the heritability of IQ
scores, at least until the early school years (Fulker et al., 1988). Recent
summaries of cross-sectional twin studies of intellectual performance
(McCartneyet al., 1990; Boomsma, 1993; McGueetal., 1993) conclude that
heritability increases from 40 per cent in childhood to as high as 80 per
cent in adulthood, possibly as a result of amplification of genetic effects
existing early in development (Plomin, 1986).

Although mostof the studies included in these summaries cover the
first half of the life span, the results from several relatively recent ageing
studies have now providedheritability estimates for cognitive abilities
amongolder adults. Eighty per cent of the differences seen among adults
(over 50 years of age) for general cognitive ability are due to genetic
differences (Pedersen et al., 1992). This value is somewhat higher than
those found in adolescence and early adulthood, but is consistent with
reports from middle-aged adults (Bouchard et al., 1990; Tambset al.,
1984). However, a further exploration into age differences in heritability
estimates during the last half of the life span found some differences
across age groups (Finkel et al., 1995). Older Swedish twins (over 65
years) showeda significantly lower heritability for general cognitive abil-
ities suggesting a possible inverted L-shaped function for the
relationship between heritability and IQ later in the life span. If
confirmed with longitudinal data and older samples, these results
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suggest that environmental influences becomeincreasingly important for
individualdifferences in cognitive ability late in life.

Longitudinal findings

Caution should be taken in drawing conclusions about development and
ageing from cross-sectional analyses. Age differences found cross-section-
ally may reflect cohort differences or historical effects, and not true
developmentalor ageing changes.In a longitudinal perspective, there are
several types of stability that may be considered. Most familiar is pheno-
typic stability, ie, stability in the level (mean level stability) and
interindividual stability as indicated by the correlation between the same
measuresat successive occasions. Structuralstability is another conceptof
interest in developmental studies. Biometric analyses can contribute to the
understanding of stability by elucidating the aetiology of phenotypic or
structural stability in terms of genetic and environmental components.
Thus, phenotypicstability is a result of the relative influence of genes and
environments on two occasionsas well asthe stability of the genetic and
environmental effects between those occasions. In a developmental
perspective, the term genetic correlation refers to the extent to which
genetic effects assessed on two occasionsare correlated, i.e., the genetic
continuity over time. Genetic effects may be highly stable, regardless of
their relative importance at any twotimepoints. Similarly, new or ‘innova-
tive’ genetic effects may comeinto play at selected developmentalstages.
Fora more detailed description of these concepts see Pedersen (1991).

Three studies stand out as pioneers in longitudinal analysis of the
importance of genetic and environmental factors for cognitive abilities:
the Skodak and Skeels adoption study (Skodak and Skeels, 1949), the
Louisville Twin Study (Wilson, 1972, 1983, 1985), and the New York State
Psychiatric Institute Study of Aging (Kallmann and Sander, 1948; Jarvik
and Bank, 1983). The former two studies were concerned with infant and
childhood development, while the Kallmann study focused on adult
development and ageing. Both studies of early development found that
genetic influences on mental abilities tended to increase longitudinally
from infancy to early childhood. For example, Wilson’s 1983 analyses of
the pattern of spurts and lags in mental development (using repeated-
measures analysis of variance) show that the MZ-DZ difference in
infancy (three to twelve months)is only .07, but increases to .32 at age 8
to 15. Thus, the heritability for developmental profiles increases with age
from three monthstofifteen years. In contrast, patterns of changes in MZ
and DZ intrapair differences across adulthood suggest that environ-
mental influences may become more important in old age than in
mid-adulthood (Jarvik and Bank, 1983).

The results from these important studies give general indications of a
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change in the relative importance of genetic effects with age. However,
they do not reveal how genes operate throughout development. These
early developmental studies have subsequently been built upon by
several longitudinal studies started since the mid-1970s. In the Colorado
Adoption Project (CAP), started in 1975, adopted away infants have been
followed through adolescence (Plomin and DefFries, 1985). Similarly,

longitudinal data are available on twins from infancy through age 7 from
the MacArthur Longitudinal Twin Study (MALTS: Plomin et al., 1990b)
and the Twin Infant Project (TIP: DiLalla et al., 1990). At the other end of
the life span, the Swedish Adoption/Twin Study of Aging (SATSA:
Pedersen et al., 1991) has cognitive data from three occasions at three-
year intervals for twins aged 50 years and older. These newer studies
incorporate model-fitting approaches that allow the testing of various
models concerning the transmission of genetic and environmental influ-
ences from time to time as well as the introduction of new, ‘innovative’

genetic or environmental variance at subsequent time points. In this
fashion, more can be learned about continuity and change in cognitive
development.

Infancy, childhood and adolescence

Reanalyses of the Louisville Twin Study data along with data from
young adult twins and adoption study data (Plomin et al., 1988) suggest
that heritability in infancy and childhood increases from .10, .17, .18 and
.26 at ages 1, 2, 3 and 4 years, respectively, to .50 in adulthood, with
moderate influences of shared environments during childhood. These
longitudinal results are consistent with cross-sectional analyses indi-
cating that heritability increases early in development and shared
environmental influences are of a consistent, moderate influence.

The nature of the transmission of genetic influences and the aetiology
of continuity and changehas been explored further in a series of analyses
of CAP, MALTS and TIPS. Early analyses of CAP focused on continuity
of genetic influences (Thompson et al., 1985; DeFries et al., 1987;

Bergemanetal., 1988). Because there were moderate to high longitudinal
genetic correlations from infancy and childhood to adulthood, the find-
ings indicate that there is substantial genetic continuity from 2, 3 and 4
years of age to adulthood.

With the collection of data from additional occasions in CAPas well as
MALTS, subsequent analyses of these datasets, separately and pooled,
have explored issues concerning age-to-age transmission of genetic and
environmental influences, the role of these influences in continuity and
change early in development, and potential structural changes.
Longitudinal findings from CAP and MALTSsuggestthat the heritability
of general cognitive abilities is somewhat greater than suggested by early
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reports and reanalyses of the Louisville Twin Study, rising from approxi-
mately .40 at age 1 to .57 at age 4 (Fulkeretal., 1993; Chernyet al., 1994;
Cherny et al., 1996). There is considerable genetic continuity at these
early ages. However some new genetic variance is introduced at each of
the ages, stabilising by age 4. At age 7, when heritability increases to
approximately .70, there is a considerable influx of new genetic variance
which remains stable through ages 9 and 10. Fulker and colleagues
suggest that the new genetic variance mayarise ‘in response to the novel
intellectual demands imposed by schooling at this age’ (Fulker et al.,
1993, p. 93).

Adulthood and ageing

Much of the research on individual differences in cognitive abilities
during the second half of the life span has focused on whether declines
in mean levels are accompanied by increasing total variance (Morse,
1993). Although cross-sectional findings suggest that individual differ-
ences in cognitive abilities increase across cohorts, little or no
longitudinal evidence for increasing variance with age has been
reported. Biometric analyses of cognitive abilities later in life provide
important insights into the nature of potential cohort differences and
relative longitudinalstability in individual differences with age.

Initial analyses from SATSA, based on cognitive data from two time
points with a three-year interval, focused on the degree of phenotypic
stability and the extent to which this reflected genetic and environmental
influences (Plomin et al. 1994). As might be expected for this relatively
short period of time, the phenotypic stability was quite high: r = .93, and
there waslittle change in total variance. The heritabilities at both time
points were similar and substantial (~.80). Further, genetic influences at
Time 1 were more highly correlated with genetic influences at Time 2
than was the case for environmental influences. In other words, there
was greater genetic than environmental stability across a three-year
period. As heritabilities were substantial at both time points and the
genetic correlation between occasions(i.e., genetic stability) was substan-
tial (.83), phenotypic stability predominantly reflected genetic influences.

There are two limitations of these early analyses: first, only two time
points were included and second, in order to be included in the analyses,
both members of the pairs had to participate at both time points. With
the inclusion of a third measurement occasion in SATSA, we could eval-
uate the consequences of these potential limitations. In a preliminaryset
of analyses, means and variances were plotted based on participation in
SATSA. Figure 8.1 showsthat there was a slight decline in mean levels
across the three occasions for those pairs in which both members
participated at all three times. There wasan initial lower level followed
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Figure 8.1 Mean levels in general cognitive abilities as a function of pairwise
longitudinal participation in the Swedish Adoption/Twin Studyof
Aging. IPT = In Person Testing Session

by a slightly sharper decline in performance from Time 1 to Time 2 for
pairs in which one or both ceased to participate after Time 2 and those
pairs participating at Time 1 only performed the least well at that occa-
sion. Most of the individuals who terminated participation were too sick
to participate or died before the next testing occasion. This pattern of
decline dependent on subsequentsurvival is knownas ‘terminal decline’
(Berg, 1996), and suggests that there are substantial differences among
those participating in one, two or three occasions. These mean differ-
ences, as well as accompanying differences in variances (not shown),
further indicate that there are serious limitations in requiring that there
are valid data available from both membersofthe pairat all occasions.

Whatis the consequenceof these limitations for subsequent biometric
analyses? Examination of intraclass correlations for MZ and DZ pairs,
dependenton pairwise participation, indicates that similarity for pairs in
which both participated on all three occasions is considerably more
stable than similarity in other constellations of pairs (Figure 8.2). As the
distance between the MZ and DZ correlations is similar across the three
occasions, one would interpret findings for continuing participants to
suggest that heritability is stable across six years. However, the relative
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Figure 8.2 \ntraclass correlations for general cognitive abilities as a function of
participation in the Swedish Adoption/Twin Study of Aging.
IPT = In Person Testing Session

distance between MZ and DZ correlations is smaller or decreases across
time for the other two groups, suggesting that environmentalinfluences
may be important for the terminal decline phenomenon evidenced for
the means. Thus, by requiring that both members participate in all occa-
sions of measurement, wearelimiting the likelihood of finding changein
the relative importance of genetic and environmental influences.

Recent developments in various structural equation model-fitting
programsallow for missing values for some participants and somevari-
ables. The three occasion SATSA cognitive data have recently been
analysed using such a technique, and, at the same time, issues
concerning cohort versus longitudinal trends in means, variances and
componentsof variance have been examined (Finkel et al., 1996). Cohort-
sequential analyses combining cross-sectional (cohort) and longitudinal
information confirm a general decline in meanlevels of cognitive perfor-
mance, but no change in total variance for general cognitive abilities.
Thus, earlier predictions that individual differences should increase with
advancing age were once again not supported. Moreinteresting were the
analyses of the genetic and environmental components of variance.
Whencross-sectional and longitudinal estimates of genetic and environ-
mental variance are considered together, there appear to be no changes
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with age (regression lines in Figure 8.3). However, closer inspection of
the longitudinal trends for the separate cohorts clearly demonstratesthat
there is a longitudinal decrease in genetic variance for the oldest cohorts.
Heritability is relatively stable longitudinally at approximately 70 per
cent in the younger cohorts. In the older cohorts, heritability decreases
from 80 per cent at Time 1 to 60 per cent at Time 3. It is possible that
whatweare observing in late adulthoodis the effect of terminal decline
in cognitive abilities. It may be that twin similarity for cognitive abilities
decreases as membersof a twin pair begin to declineat slightly different
times or the rate of decline differs for the members of the pair. Thus, it
appears as though environmental factors are important for the timing of
entry into or the trajectory of terminal decline. Further analyses of
growth curves will be necessary to test hypotheses concerning genetic
influences on the terminal decline phenomenon.

eees
Spatial Speed Memory

Figure 8.4 Example of Independent Pathway model in which there is one
genetic and one environmental factor common to measures of
specific cognitive abilities as well as genetic and environmental
factors unique to each of the specific abilities. G, = Genetic
influences in common to the measures. G,, - Genetic influences
unique to each specific ability. E. = Environmental influences in
common to the measures. E,, = Environmental influences unique
to each specific ability
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ability ‘g’ Specific ability

a«
Figure 8.5 Design in which importance of genetic effects for individual measures

of cognitive ability, independent of genetic effects for general
cognitive abilities, g, can be evaluated. G, = Genetic influences
shared by general and specific cognitive abilities. G,, = Genetic
influences unique to a specific ability. E, = Environmental influences
shared by general and specific cognitive abilities. E,, = Environmental
influences unique to a specific ability

MULTIVARIATE ISSUES

Both general and specific cognitive abilities show genetic influence,
although muchless is known aboutthe origins of individual differences
in specific cognitive abilities. There is some evidence that verbal and
spatial abilities may be more heritable than memory (Plomin, 1988).
However, tests of specific abilities correlate substantially with g. This

raises the question of the extent to which genetic influence on specific
cognitive abilities can be accounted for by genetic influence on g (Jensen,

1992). Is there significant genetic influence on tests of specific cognitive

abilities independent of genetic influence on general cognitive ability?

Does the phenotypic structure of general and specific abilities reflect

genetic or environmental covariation?

There are several multivariate biometric techniques that have been
used to address these issues, most of which involve factor analytic proce-
dures. One technique evaluates the importance of a single genetic (or

environmental) factor in commonto thetests (or subscales) as well as test

(or scale) specific genetic (or environmental) factors (Figure 8.4). This

design, also known as the independent pathway model (Neale and

Cardon, 1992), tests directly whether there is genetic variance for the
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AGN
Figure 8.6 Example of multivariate biometric model in which there are different

genetic and environmental structures

variousabilities independent of a common genetic source. Bivariate anal-
yses of tests of specific abilities and a general ability factor test whether
the varioustests are influenced by genetic effects independentof genetic
effects for g (Figure 8.5). Expanding the independent pathway modelto
allow for multiple genetic and environmental factors (Figure 8.6) enables
one to explore issues concerning whether the phenotypic factor structure
more closely resembles the genetic or the environmental factor structure.
Finally, hierarchical procedures enable one to address both the question
of genetic variance independentof genetic variance for g as well as the
questions concerning phenotypic, genotypic and environmental factor
structure simultaneously. In Figure 8.7, the phenotypic factor structureis
presented, with both first-order factors representing specific cognitive
abilities and a second-order factor representing g. The biometric applica-
tion of this model evaluates the importance of genetic and environmental
influences on the individual test, the specific cognitive abilities (first-
order factors) and g.

With regard tothefirst question, i.e., whether there is genetic variance
for specific cognitive abilities independent of genetic variance for g, the
empirical evidence from eleven twin and adoption studies indicates that
the answer is yes. Although the studies utilise a variety of measures,
populations and analytic designs that make detailed comparisonsdiffi-
cult, all the studies find genetic variance unique to both cognitive tests
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Figure 8.7 Hierarchical model of structure of specific cognitive abilities. Genetic

and environmental influences are modelled for each of the latent

traits (indicated by circles) as well as for the individual tests
(indicated by squares)

and sub-scales not accountable by genetic variance for general cognitive

abilities (Martin and Eaves, 1977; Martin et al., 1984; Tambset al., 1986;

Rice et al., 1986; LaBudaet al., 1987; Rice et al., 1989; Cardonet al., 1992;

Pedersen et al., 1994; Luo et al., 1994; Loehlin et al., 1994; Casto et al.,

1995). The consistency of this finding, across varying measures (e.g.,

WISC-R, WAIS, scholastic abilities, batteries of specific cognitive abilities)

and in samples representing the entire life span (e.g., CAP, the National

Merit Scholarship Qualifying Test sample of Twins, Norwegian twins

and SATSA) provides resounding evidence that there is reliable genetic

variance for specific cognitive abilities beyondg.

The results from these biometric studies also provide insight into the

structure of cognitive abilities and, by extension, have implications for

various theories concerning the psychometrics of intelligence. Many

early studies found that multiple genetic and environmental factors best

explained the covariation among the specific abilities (e.g., Martin et al.,

1984; LaBudaet al., 1987). Furthermore, the phenotypic factor structure
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was more similar to the genetic than the environmental factor structure,
suggesting that genetic influences are more important for explaining the
covariation among abilities than environmental influences. Theories of
crystallised and fluid intelligence would probably predict greater impor-
tance of shared environmental influences for crystallised than for fluid
measures (Cattell, 1971). Findings of similar heritabilities and the influ-
ence of shared environmental effects for verbal abilities, spatial abilities
and perceptual speed (e.g., Pedersen et al., 1992; see Plomin et al., 1990a
for a review) suggest that there may not be a differential importance of
genetic effects for crystallised and fluid dimensionsofintelligence, and
that shared environmentaleffects may be important for both dimensions.
Recent findings using elaborate hierarchical designs and Schmid-Leiman
transformations (Figure 8.7) confirm the earlier conclusions regarding
the genetic architecture of cognitive abilities and provide further under-
standing of how specific abilities are related to general cognitive ability
(Cardon et al., 1992; Cardon and Fulker, 1994; Luo et al., 1994).
Environmental factors in common to the various dimensions of specific
cognitive abilities are less important than a common genetic factor in
structuring individual differences, yet ability-specific influences are also
important for individual differences. Thus, support is provided for both
theories emphasising g as well as those which focus on the existence of
separate ability dimensions.

Developmental analyses of the biometric structure indicate that the
genetic architecture of cognitive abilities is not constant throughout the
life span. Cardon and Fulker (1994) demonstrated that different genetic
and environmental influences were responsible for the structure of
general and cognitive abilities at different occasions in childhood.
Continuity of genetic effects in childhoodis at the level of specific abili-
ties rather than g. In other words, the genetic continuity is at the level of
the componentsofintelligence, not at the level of genetic influences on g
itself. Similarly, results from SATSA and MTSADA(Finkel et al., 1995)
provide insight into changes in cognitive performancelatein life. In the
oldest Swedish twinsthere wasa dedifferentiation in structure, reflecting
to a greater extent perceptual speed, as well as a decrease in genetic vari-
ance for the general cognitive factor in the older-old.

Influence of home environment

Research on environmental influence on behaviour has shown that,
whereasthereis little evidence for significant effects of shared environ-
ments on personality, these effects are important for specific cognitive
abilities especially during childhood (Plomin and Daniels, 1987).
Although studies of adolescents (Scarr and Weinberg, 1978) and adults
(Bouchard et al., 1990) fail to find significant evidence for shared
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environmental influence for cognitive abilities, recent results from

SATSAaffirm their importance for cognitionlaterin life; shared environ-

mental influences account for between 11 and 27 per cent of the variation

in seven of the thirteen measuresof specific cognitive abilities (Pedersen

et al., 1992).

The SATSAfindingsare particularly interesting for two reasons. First,

the adoption/twin design of SATSA allows separate estimates of the

importance of shared rearing environments (Es) and other forms of corre-

lated environments (Ec). The former type of environmental effect is

assessed by comparingthe similarity of twins reared together (TRT) with

twins separated at an early age and reared apart (TRA). When TRT are

more similar than TRA, shared rearing effects are indicated. In SATSA,

11-14 percent of the variationin fourof thirteen tests was attributable to

Es. Shared environmental experiences that are not exclusively

attributable to the rearing situation (e.g., adult contact with co-twin or

shared pre- and perinatal environment) are called correlated environ-

ments (Ec) and account for up to 27 per cent ofthe variation in three of

the tests. Secondly, the SATSA sample for which cognitive data are avail-

able is composed of twins 44-87 years of age. The finding of significant

shared environmental influences in this sample suggests that early

rearing environment can cast a long shadow — theeffect is observed

nearly a half century after these individuals have left the families in

which they were reared.
Two approaches to studying the influence of the environment on

cognitive abilities have typically been taken. Within quantitative genetic

designs as applied to behavioural phenotypes, the distinction between

shared and non-shared environments refers to anonymous, aggregated

sources of variation resulting in similarity and differences among rela-

tives, respectively. The other approach has been to examine mean

differences as the result of measured indicators of the environment. For

example, several researchers have investigated the effects of general

indices of the environment, such as socio-economic status, on cognitive

abilities (Wolf, 1964; Marjoribanks, 1977) without regard to whether these

effects are shared (resulting in similarities) or non-shared (resulting in

differences amongrelatives). An implicit assumption in most develop-

mental studies has been that if environmental influences are shownto be

important during childhood, they contribute to sibling similarity, and

thus are shared (McCall, 1983).

Environmentally oriented researchers dissatisfied with the lack of

evidence for shared family effects frequently assert that behavioural

genetics studies seldom use appropriate measures of the environment

(Hoffman, 1991; Bronfenbrenner, 1986; Wachs, 1983; Wachs, 1992). As

Rowe and Waldman (1993) point out, much of the critique rests on the

emphasis by behavioural geneticists on the anonymous variance
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components rather than specific measures of environment. Lately, a
growing number of behavioural genetic studies of cognitive abilities
seek to identify specified environmental influences of importance for
behaviour within the conceptualisation of components of variance. For
example, using data from CAP, Rice and colleagues (Rice et al., 1988)
demonstrated that there is a direct relationship between an index of
the home environment (Home Observation for Measurement of the
Environment) and infant IQ. A current major effort is directed toward
identifying non-shared environmental influences that cause differences
among siblings (Hetherington etal., 1993). Relatively little research has
concentrated on specifying experiences that lead to sibling similarity
and thus may be considered aspects of shared environmental effects for
cognitive abilities (Coon ef al., 1990; Garfinkle, 1982: Spuhler and
Vandenberg, 1978; Rowe and Waldman, 1993). .

Recent analyses of SATSA data have explored the nature of shared
environmental influences for cognitive abilities using measured indica-
tors of the environmentin a quantitative genetic design (Pedersenetal.,
1996). The results provide a heuristic examplethatillustrates the distinc-
tion between anonymous sources of environmental variation such as
shared rearing environment or non-shared environment and measurable
experiences in childhood such as familial Attitudes Toward Education
(ATE) andthe Intellectual-Cultural Orientation (Culture) sub-scale of the
Moos Family Environment Scales (Moos and Moos, 1981). The analyses
demonstrated that not only are ATE and Culture significantly associated
with most of the measures of cognitive ability, but that they may be
considered to be nearly comprehensive indicators of the otherwise
anonymous variance component attributed to shared environmental
effects for two cognitive measures (Thurstone’s Picture Memory and
Koh’s Block Design) and partial indicators of shared environments for a
third (Information). Although the effects of the measured environments
in the present case were relatively small, the results demonstrate the
general applicability of quantitative genetic methodsto the study of the
environment. It is possible to evaluate the relevance of measures of the
environment as identifiable sources of variance within the rubric of
shared environmental influence.
How canthese results help us understand how the environmentinflu-

ences cognitive abilities? Perhapsnotsurprisingly, multiple regressions of
ATE and Culture on the cognitive measures indicate thatthereis a rise in
scores on these cognitive tests with increased scores onscales of parental
attitudes toward education and familial orientation toward cultural and
intellectual activities. Estimation of variance components, on the other
hand, describes the extent to which and the manner in which environ-
mental effects contribute to individual differences (variation around the
mean) independent of genetic effects. These are anonymous variance
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components descriptive of individual differences in a population and are

not descriptive of processes for individuals nor group differences. Shared

and non-shared environmentaleffects together account for approximately

40 to 60 per centof the variation in specific cognitive abilities in middle-

aged and older adults. The inclusion of measures of the environmentin

the quantitative genetic model demonstratesthat perceptions of familial

attributes such as attitudes toward education and interest in culture

contribute to environmental sources of sibling similarity for some cogni-

tive abilities. Whatis also striking aboutthese findingsis that they suggest

that early-rearing environmental effects are observednearly a half century

after these individuals haveleft the families in which they werereared.

As expected, these two childhood environmental measuresclearly are

not indicators of non-shared environments (that is, they do not

contribute to differences amongsiblings) for cognitive abilities. However,

one should keep in mind that non-shared environmentaleffects are more

important than shared rearing effects for cognitive abilities. Furthermore,

both shared and non-shared environmental effects can be important

throughoutthe life span, operating in childhood as well as adulthood. As

Goldsmith (1993, p. 331) points out, ‘all experience that is shared by a

pair of relatives (say, co-twins) does not occur in the family context, and

experiences within the family often affect family members differently’.

These considerations underscore significance of realising that idiosyn-

cratic experiences during childhood can be of considerable importance

and that consistency in home environment (such as attempting to treat

all children the same) does not necessarily result in familial similarity for

cognitive abilities later in life.

SUMMARY

Both genetic and environmental influences are important for individual

differences in general and specific cognitive abilities. Both cross-sectional

and longitudinal findings converge on the conclusion that heritability for

general cognitive ability differs as a functionof age, generally increasing

from infancy through childhood and adolescence to a plateau in adult-

hood and with a decreaselate in life (Figure 8.8). Multivariate analyses

indicate that there is genetic variance for specific cognitive abilities inde-

pendentof genetic influences for general cognitive ability, g, and that the

genetic and environmental architecture of cognitive abilities changes

with age. Finally, both shared and non-shared environmentaleffects are

important sources of individual differences in cognitive abilities. Shared

environmental effects exert a relatively stable influence throughout

development whereas non-shared influences tend to be occasion and

measurespecific.
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Figure 8.8 Summary ofheritability estimates for general cognitive abilities
acrossthelife span. Longitudinal data for ages 1-4 (indicated by
circles) are from the Louisville Twin Study (Wilson, 1985) and for ages
1-10 (indicated by squares) from CAP, MALTSand TIP (Cherny etal.,
1996; Fulkeret al., 1993). The single point at age 20 is based on twin
data from Tambset al., 1989 and at 40 on data from Tambset al.,
1986 and Bouchardeta/., 1990. Longitudinal data from 50 and
above are from SATSA(Finkel et a/., 1996.) The dottedline is the
polynomial regressionline fitted to all the points

IN CONCLUSION

Genetic effects for cognitive abilities are polygenic and most likely
pleiotropic, that is, a multitude of genes affect cognitive abilities and the
effect of each gene is manifold. Although genetic effects account for the
greatest proportion of variation for cognitive abilities, the study of the
environmentis still highly relevant. Environmental influences are also
likely to be ‘poly-environmental’ and pleiotropic, that is, a multitude of
environmental factors may be important for a behaviour, and there may
be interactions among these environmental factors. Thus, the effect of
any single environmental measure (or gene) is likely to be small.
Analyses of measured environments may be considered as the environ-
mental analogue to molecular genetic techniques which search for
quantitative trait loci (McClearnetal., 1991). In both cases, the focus is on
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identifying specific effects (genetic loci or measured environments)

which may account for a moderate amountof the total phenotypic varia-

tion previously encompassed within broader rubrics of genetic and

shared environmental variance. Concepts of anonymoussources of vari-

ation and the importance of measured indicators of the genome and the

environment can be fruitfully combined by application of quantitative

genetic/biometric models to the study of human behaviour. Further

development of models integrating these two conceptualisations, ie.,

anonymousandidentified sources of individual differences, and applica-

tion of such models to the wealth of data already collected in genetically

informative populations should be encouraged.
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Chapter9

Cognitive processes, mentalabilities
and generalintelligence

Gerry Mulhern

. the search for the true single information-processing function underlying
intelligenceiis likely to be as successful as the search for the Holy Grail.

(Hunt, 1980, p. 457)

As a cognitive psychologist with an interest in individual differences, I
have had occasion to muse on the reasons why, in spite of a burgeoning
of experimental psychology throughout this century, an implicitly
‘cognitive’ construct like intelligence had received scant attention from
cognitive theorists and experimentalists until the 1970s. The circum-
stances that led to the development of the psychometry of intelligence
are well known and accounts may be found elsewhere (e.g., Carroll,
1993). In particular, the exigencies of mass selection and assessment in
both education and employment resulted in justifiable emphasis on test
validation, item analysis and associated factor analytic approaches.
These methodologies, while not necessarily incompatible with a cogni-
tive approach, were simply not geared toward asking and answering
cognitive questions. Indeed, for some researchers the factor analytic
approach became something of a capricious end in itself, resulting in
immensely detailed descriptions of the structure of abilities that had
little or nothing to say about their underlying cognitive processes. Such
analyses ignored even basic issues such as why, precisely, some test
items are more difficult than others. A second issue that may be consid-
ered to have diverted researchers from asking some of the more
interesting cognitive questions about intelligence was a preoccupation
with the vitally important, but largely unproductive, nature—-nurture
polemic.

Today, of course, the picture is rather different. The literature is replete
with research eschewing exclusively psychometric approaches and
claiming to ‘model’ psychometric intelligence in terms of cognitive and
biological processes. But how muchhasreally changed since Cronbach’s
(1957) plea for the unification of the psychometric and experimental
traditions? This chapter will argue that, in spite of clear statements of
philosophy and intent, the contribution of cognitive psychology in
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explaining individual differences in mental ability remains far from
convincing. Considerable effort has been put into uncovering the cogni-
tive processes underlying mental abilities. However it may be argued
that many of the ‘processes’ identified by researchers representlittle
more than an empirical confirmation of researchers’ intuitions about
what constitutes intelligent behaviour in a specified cognitive domain.
Most particularly, a doubt must remain as to whether some of the
processes that have been identified are necessary or even sufficient
conditions for intelligent behaviour. Anderson (1992) identified several
conundra which addressthis point.

If intelligence is a reflection of knowledge structures, as the cogni-
tivists would haveusbelieve, whyis it that tasks that require merely a
simple perceptual discrimination can predict how many wordsa child
will know? ... This is easily answered if we considerintelligence to be
a general property of our biology, as the neural-efficiency school
would have us believe. However, if intelligence is a general property
of our biology, whyis it that some individuals of very low psychome-
tric intelligence can perform remarkable cognitive feats such as, when
given any date, calculating which day of the week it falls on
(O’Connor and Hermelin 1984) or recognizing that a number is a
prime number (Hermelin and O’Connor1990)? ...
A closer look at knowledge highlights another conundrum. Some

kinds of computationally simple problems like mental arithmetic are

usually too difficult for mentally retarded children, but they can
perform other, almost wondrous, computational feats, such as

extracting three-dimensional representations from a retinal input or an
important syntactic distinction from speech. Our most powerful

computers do not comeclose to matching even the mentally retarded
on these kinds of computations; but on simple mental arithmetic the
same children could not compete with your digital wrist watch. There
again, why is it that intelligence test performance predicts reading
ability for the majority of children, but some very intelligent children
are very bad at readingor spelling?

(pp. 3-4)

While there have been notable attempts at rapprochement between the
psychometric and cognitive traditions, some theorists offer little comfort

to cognitivists. For example, Jensen (1987a, 1994 and this volume) has

argued persuasively that consideration of the nature of ‘intelligence’ is

misguided, and, that unlike the primary or first-order factors of intelli-

gence, g cannot be described in terms of domain-specific knowledge or

skills. He extends the argumentto suggest that g cannot even be described

in termsof theoretical cognitive processes and concludesthatit is neither a
psychological nor a behavioural variable, but an essentially biological one.
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Given its definition (and derivation), this is an entirely reasonable
view of g. However, the suggestion that a construct like general intelli-
gence may be outside their jurisdiction is surely an uncomfortable one
for cognitive psychologists. Admittedly, the fact that g represents a nebu-
lous aggregation of a vast number of underlying cognitive abilities
makes matters difficult for anyone attempting to model it and, to date,
cognitive psychology has made no more than a modest contribution to
the unravelling of g (or, for that matter, the lower-orderfactorsof ability).
Part of the problem lies in the differing views of what mayconstitute a
cognitive description of intelligence. There is a vast array of phenomena
that may legitimately be described as cognitive, ranging from metacogni-
tions, frames, scripts, schemata, through domain-specific knowledge,
logical constructs and reasoning strategies, through memory processes
and basic information-processing mechanisms, through attentional and
perceptual processes and down to cognitive neuropsychological
phenomena. Just as cognitive psychologists may argue amongst them-
selves as to what constitute cognitive phenomena, similar issues arise
whenattempting to decide whethera particular approachto the study of
intelligence is truly cognitive in nature or not. It may be argued that an
emphasis on domain-specific abilities in cognitive research on intelli-
gence has contributed to an even more circumscribed view of what may
be considered ‘cognitive’.

COGNITION AND MENTAL ABILITY

Cognitive correlates and cognitive components

Consideration of some early attempts to identify basic processes under-
lying intelligence lends further weight to Jensen’s (1987a) contention.
The cognitive correlates approach, first introduced by Hunt and his
colleagues, was based on twobasic principles: first, that individual
differences in cognitive ability can be described in terms of a small
numberof ‘basic’ information-processing components, and second that
such differences are due to variation in the speed of execution of these
basic processes. In a series of papers, Hunt and his co-workers (Hunt,
Frost and Lunneborg, 1973; Huntet al., 1975; Hunt, 1978, 1980) attempted
to uncover the cognitive processes underlying verbal ability. They
adapted a variety of experimental paradigms which had been developed
by cognitive psychologists to investigate verbal memory, such as the
letter matching task (Posner and Mitchell, 1967; Posner et al., 1969;
Posner, 1978), the short-term memory scanning task (S. Sternberg, 1966,
1975) and the sentence verification task (Clark and Chase, 1972; Chase
and Clark, 1972). The basic approach was to see whether the speed with
which subjects executed these tasks was correlated with psychometric
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verbal ability. Overall, the research proved inconclusive, with modest
correlations and inconsistent patterns of results. While some findings
were difficult to replicate (e.g., S. Sternberg, 1975; Hogaboam and
Pellegrino, 1978), researchers were forced to conclude that the problem
with cognitive correlates was one of emphasis. They realised that indi-
vidual differences in psychometric intelligence were explained less by
speed of processing per se, than by individuals’ effectiveness in selecting,
organising, executing, monitoring and adapting appropriate cognitive
components to solve a particular problem (see, for example, Pellegrino
and Glaser, 1979; Hunt, 1980).

The cognitive components approach was largely a response to the
limitations of the cognitive correlates. The catalyst was RJ. Sternberg’s
(1977) seminal work in which he referred to a ‘componential theory’ of
intelligence which waslater referred to as ‘cognitive components’ by
Pellegrino and Glaser (1979) and detailed fully by R.J. Sternberg (1983).
This approach was elaborated further by RJ. Sternberg (1984, 1985),
resulting in his triarchic theory of intelligence. Besides identifying
components, the triarchic theory sought to take account of the cultural
context of intelligence (contextual sub-theory) and to specify those
tasks that required intelligent thought and those that did not (two-
facet sub-theory).

The theory of cognitive components was based on twobasic ideas:
first, theoretical task analysis (the breaking down any cognitive task
into information-processing sub-components) and secondly, the isola-
tion of critical components (i.e., identification of those sub-components
that were related to individual differences in performance). The cogni-
tive tasks in question were the actual test items that were commonly
found in psychometric tests of intelligence, and the cognitive compo-
nents were the elementary processes thought to be used to solve these
tasks.

According to the cognitive components approach there were three
types of information-processing component. Performance components
were those usedin the solution of a particular cognitive task and were
derived from task analysis. Metacomponents were used to marshal
particular performance components in an appropriate sequence to
permit successful solution of a cognitive task. Knowledge-acquisition
components involved the selection and integration of new and existing
information relevant to the solution of a particular cognitive task. RJ.
Sternberg (1983) argued that these three types of information-processing
component were highly interactive and integrative, although he also
claimed that they had sufficient functional autonomy to permit an
examination of the relationship of each to individual differences in
psychometric intelligence.
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Limitations of cognitive correlates and cognitive components

In spite of the considerable effort put into identifying correlates and
components of intelligence, to what extent have these endeavours
contributed to a real understanding of the cognitive basis of human abili-
ties and, more particularly, how muchcloser are we to a cognitive model
of general intelligence? Undoubtedly, both the cognitive correlates and
cognitive components approaches provided an important focus for
considering questions like ‘what does it mean to score highly in some
test of ability?’ or ‘what precisely does an intelligence test measure?’It is
questionable, however, whether either theory moved any closer to

answering the question ‘what is intelligence?’. There were problems
associated with both approaches.

As wehavealready seen, the cognitive correlates approach involved
taking a specific primary cognitive ability (e.g., verbal ability), identi-
fying standard cognitive tasks or paradigms that looked as though they
could sensibly be nested underthe ability in question, and looking to see
how quickly individuals could perform these tasks. The finding that
individuals who performed quickly on these tasks also scored highly on
the primary ability measure may be regarded as uncomfortably defini-
tional, indeed bordering on circularity. It would surely not be surprising,

for example, to discover that subjects with high verbal ability responded
more quickly and accurately than those with low verbalability to a task
requiring them to decide whether or not a series of sentences were
consistent with corresponding picture representations (MacLeod etal.,

1978), or that they could make judgements about homophones more
readily than their low verbal counterparts (Goldberget al., 1977).

Similar problems are apparent in the cognitive components theory
which appears prone to both methodological and theoretical problems
(Pellegrino and Lyon, 1979). For example, various researchers (e.g.,

Anderson, 1992) have argued that Sternberg’s componential theory
seemedto be largely a redescription of the data, and that it represented
more a framework for task description than a theory of mental opera-
tions underlying intelligence. It is significant that Neisser (1983), whois
largely credited with coining the term ‘cognitive psychology’, should
have made the following observation regarding R.J. Sternberg’s (1983)
description of metacomponents involved in analogical reasoning:‘[they]
are not separate elements in any genuine mental process; they are more

like chapter headings in books on howto think’ (p. 196).
Giventhe palpable difficulties in providing a cognitive description of

various mentalabilities, what then of g? Should cognitive psychologists
still aspire to provide a coherent and, more importantly, useful descrip-
tion of the information-processing components underlying general
intelligence? Clearly, such a model should not simply consist of some
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multi-stratum taxonomy of component processes with an appropriately
aggregated ‘higher order processing factor’, in effect, the cognitive
equivalent of psychometricg.

For a cognitive accountof intelligence to prove useful, it must attempt
to describe the information-processing basis of individual differences in g
at the highest level of generality across cognitive task domains (R,J.
Sternberg, 1983). Deary and Stough (1996) outline four ‘desiderata’
which they claim must be met before any information-processing
measure may be considered to have contributed to a causal explanation
for individual differences in psychometric intelligence. First, the measure
must have a coherent theoretical rationale. Second, it must reliably
produce correlations greater than 0.4 with psychometric intelligence
among representative samples of the general population (although,like
Hunt, 1980, they do not specify a sample size for this correlation). Third,
it should be sufficiently ‘basic’ to suggest that it is a cause, rather than a
symptom, of general intelligence. Finally, it should permit theoretical
understandingof its relationship with psychometric intelligence.

Jensen (this volume) argues that psychometric g is so firmly estab-
lished that even further psychometric research is unlikely to contribute
to our understanding of it, and that its level of generality is such thatit is
a largely biological variable, reflecting properties of the human brain and
not amenable to description in terms of cognitive processes. In this
chapter, while acknowledging that the detailed study of brain structure
and function in relation to g is of crucial importance, I argue that research
should notbe limited to a purely biological approach.

The remainder of this chapter considers several information-
processing measures that have been found to correlate with
psychometric intelligence and which have served as a focus for the
debate about ‘processing speed’ versus ‘knowledge-based’ theories of g.
These are reaction time (RT), inspection time (IT) and single-task
measures of automaticity. Following a brief review of relevant research,
the utility of each measure as a cognitive explanation of general intelli-
gence is considered. This chapter does not present research linking
evoked potentials to g since, although it has been argued that EEG
components are influenced by cognitive strategies (e.g., Mackintosh,
1986), these measures may be regarded as more obviously physiological
than other indices of processing speed, such as RT, IT and automaticity.

REACTION TIME AND GENERAL INTELLIGENCE

The rationale for investigating correlations between reaction time and
psychometric g is that reaction time assesses individual differences in the
speed or efficiency of neural processing. Such individual differences in
neural functioning may appear in the cognitive domain as g. Research
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into speed of performance has a long-established provenance dating

back to the work of Galton (1883), continued by (amongst others)

Thorndike et al., (1926), Eysenck (1967, 1986) and Jensen (1980, 1982,

1987b). Early research on RT andintelligence tended to focus on simple

reaction time, while later work involved the study of more complex reac-

tion time tasks. Jensen’s (1980, 1982, 1987a) work is particularly

noteworthy in terms of its contribution to the overall understanding of

the relationship between RT andintelligence. His choice RT procedure

involved various numbers of stimuli in the form of lights and their adja-

cent responsebuttons.
The basic paradigm allowed two componentsof overall response time

to be measured, namely reaction time and movement time for each

condition, and Jensen and a host of other researchers collected detailed

information on the relationship between general intelligence and RT. In

contrast to other cognitive models of intelligence, such as the cognitive

correlates and cognitive components theories outlined above, Jensen

proposed that psychometric measuresof intelligence were predicted by a

single, low-level measure of processing speed which was a neurophysio-

logical phenomenon, rather than a property of higher-level cognitive

processing.

Overall, studies relating RT to general intelligence have had limited

success. In addition to modest correlations, the basic processes under-

lying RT paradigms have proveddifficult to unpick, thereby reducing

their explanatory power (e.g., Brody, 1992; Widaman and Carlson,

1989). In addition, some researchers have questioned Jensen’s (1980,

1982, 1987b) view that RT performance is purely physiological and

unaffected by differences in subjects’ level of knowledgeor strategies of

knowledge use. |

Their argument was based on the claim that individual differences in

RT may be due, not only to neural processing efficiency (although this

was undoubtedly important), but also to numerous other factors

including attention, motivation, persistence, visual search strategies,

encoding and task specific strategies such as guessing or anticipation.

Longstreth (1984, 1986) pointed to possible confounding variables in

Jensen’s studies and suggested that the slower RTs among low-IQ indi-
viduals may have been due to poorer visual scanning strategies or less

benefit from practice among these subjects, rather than to slower

processing speed per se. Rabbitt (1985) argued that RT tasks required the

complex control of high-level cognitive processes involving monitoring

and control of response speed and error probability in order to optimise

speed/error trade-off. He suggested that such task requirements could
well explain RT performance, and in particular the higher degree of vari-
ability in RT found in low-IQ individuals (Jensen, 1980, 1982, 1992).

Inconsistencies have also been reported in research involving task



156 Gerry Mulhern

 

complexity, RT and IQ (e.g., Jenkinson, 1983; Nettelbeck and Kirby, 1983;
Vernon, 1983, 1987), casting further doubt on the claim that the relation-
ship between RT and generalintelligence is due to shared processing
speed. While not ruling out the processing speed hypothesis, the
evidence from these studies would suggest that such an association can
equally well be explained by shared use of high-level cognitive
processing strategies in both RT tasks andin intelligencetests.

INSPECTION TIME AND GENERAL INTELLIGENCE

Inspection time(IT) has been defined as the minimum time required by an
individualto makea single inspection of sensory input for which

a

discrimi-
nation of relative magnitudeis required (Vickerset al., 1972; Vickers and
Smith, 1986). Although mostofthe early work on IT hadits origin in thefield
of psychophysics, unlike RT, research on IT has tended to remain largely
within the domain of individual differences and has notattracted appre-
ciable interest fromexperimentalpsychologists (Chaiken andYoung, 1993).

While both RT and IT are assumed to be measures of processing
speed, they differ in one important respect. While RT measures require
subjects to make responsesto stimuli as quickly as possible, IT makes no
such requirement. Instead, subjects are required to make discriminative
judgements about stimuli as accurately as possible, and speed of
processing is estimated by incrementally reducing the exposure duration
of stimuli until the speed of presentation is so impossibly fast that
subjects’ discriminations are no more than pure guesswork. Generally, an
individual’s inspection time is calculated as the stimulus exposure dura-
tion required to allow him or her to achieve a specified level of accuracy
(for example, 80 per cent for a two-choice response procedure).

The first empirical attempt to relate IT to individual differences in
psychometric intelligence was by Nettelbeck and Lally (1976), who
reported correlationsof -.92 (p<.01) and -.41 (p>.05) respectively between
IT and the Performance and Verbal IQ scales of the WAIS. Following
their study, researchers have reported variable findings, with correlations
ranging from .2 to .9, although, a majority of studies have reported a
negative and usually significant relationship between IT and some
measure of IQ. In a review of twenty-nine IT studies, Nettelbeck (1987)
concluded that approximately 25 per cent of variance in psychometric
intelligence could be explained by IT. A meta-analysis by Kranzler and
Jensen (1989) confirmed Nettelbeck’s (1987) estimate, and more recent
studies have consistently reported moderate correlations between IT and
IQ measures (e.g., Bates and Eysenck, 1993; Chaiken and Young, 1993;
Deary, 1993; Egan, 1994; Evans and Nettelbeck, 1993). More recently,
Deary and Stough (1996) have claimed that IT correlates more consis-
tently, more substantially and, arguably, more meaningfully with ¢ than
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any RT measures, and thatit represents a significant improvementonall

previous measures of processing speed that have been correlated with

general intelligence.
Notwithstandingthis consistent, if moderate, association with psycho-

metric intelligence, is IT a better contender than RT in the search for a

basic process underlying g? The answer would appear to be a

resounding ‘maybe’. Certainly, IT appears to have fewer ‘moving parts’

than RT, with no need to consider movement time or speed/error trade-

off. IT could also be considered to possess the necessary degree of

generality (which seemed to elude RT) to allow it to explain individual

differences in g. Moreover, given its psychophysical provenance, IT

might be considered to havea solid theoretical peg upon whichto hang.

However, as with RT,all may not be well.

We saw in the case of RT that two equally plausible explanations

emerged which could explain its correlation with psychometricintelli-

gence, namely, either that individual differences in RT are basic to (and

possibly cause) intelligence, or that individual differences in RT are a

consequenceof g. In spite of its initial promise, similar competing expla-

nations of individual differences in IT have also emerged. As for RT, the

argument that IT performance may be a consequence rather than a

‘cause’ of intelligence stems from a claim that the IT task itself is more

complex than it at first appeared (e.g., Anderson, 1992; Deary and

Stough, 1996). Recently, in a series of dual-task studies, Hecker and

Mapperson (1996) reported that the presence of high-level secondary

cognitive tasks could interfere with IT performance. They concludedthat

these findings were compatible with the notion that IT involves higher-

level cognitive processing and that the IT-IQ correlation was unlikely to
be due solely to some elemental factor, such as pure processing speed,

underlying both tasks. However, in considering the implications of such
findings for the ‘high-level’ and ‘low-level’ explanations of g, Anderson

(1992) cautions against throwing the baby out with the bathwater:

Although these progressively simpler tasks [RT and IT] are not as
simple as they at first appear, the ways in which they become compli-
cated simply put more emphasis on variation in low level parameters

of processing ... The only sense of ‘complicated’ thatis critical for the
essence of the high-level argument is if knowledge regarding the
nature of ‘simple’ tasks can be used to find other ways (different strate-
gies) of doing them ... If, on the other hand, a simple mechanism has
more parameters than wefirst thought, and, crucially, those parame-
ters are not within the strategic control of the subject, then this does
not invalidate the proposition that low-level mechanisms vary in
speed orefficiency with level of intelligence.

(pp. 48-49)
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Thus it would seem that there maystill be considerable mileage in
attempting to explain general intelligence in terms of basic processing
speed. The question remains, however, as to whether low-level correlates
of intelligence such as RT andIT can offer the prospect of more than an
essentially biological explanation of g?

AUTOMATICITY AND COGNITIVE ABILITY

If individual differences in psychometricintelligence were explicable
only in terms of neural efficiency, this would be a blow to cognitive
psychologists — and, of course to others (such as teachers and parents)
who try to maximise children’s intellectual potential through broadly
cognitive interventions. So are individual differences in g simply not
amenable to cognitive investigation and, consequently, to cognitive inter-
vention?

Wehavealready seenthatat least some of the variance in individuals’
RT and IT may be accounted for by factors other than processing speed
per se. In addition to task-specific strategies identified above, Carroll
(1993) also identified ‘motivation, persistence, and tendency to guess, to
omit items, or to abandonattempts at solution’ (p. 507) as non-specific
influences on speeded task performance. To this list could be added a
host of other personalcharacteristics, including ponderosity, impulsivity,
obsessionality and test anxiety. Might an answerlie in attempting to
identify an information-processing mechanism which, while constrained
by basic processing speed, is not limited to speed per se?

One possible approach may be to consider whether automaticity
for basic knowledge-based functions can predict individual differences
in higher-level cognitive ability in various knowledge domains. While
this apparent fractionation of g may at first sight appear to be a
somewhat retrograde step in ‘the search for the true single informa-
tion-processing function underlying intelligence’ (Hunt, 1980, p. 457),
it may be argued that the identification of a common processing
mechanism in different domains may provide converging evidence for
just such a function.

The role of automaticity in problem solving, reading and writing,
mathematics and procedural and motorskill acquisition is well known,
butit has receivedrelatively little attention from researchers interested in
individual differences in intelligence. Research on automaticity is based
on the idea that, since the capacity of working memory is limited, the
more automatic basic cognitive operations become, the less attentional
resource is required for their execution. More working memory may
therefore be made available for more complex cognitive processes. In
attempting to explain individual differences in general intelligence, it
could be argued that it is not processing speed per se that underlies
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intellectual ability, but the degree of cognitive facilitation which individ-

uals can bring to tasks requiring intelligent thought.

A possible reason for the comparative lack of interest in automaticity

as a basis for explaining performance on tests of mental ability may be

found in the methods used to measure it. Overwhelmingly, researchers

have tended to use dual-task paradigmsto infer the amount of working

memory resource available to subjects when performing cognitive tasks.

The use of dual-task procedures gives rise to problems, including

secondary tasks that either do not permit quantitative assessment of

automaticity or that make such estimates difficult. Typically, these

paradigmscan dolittle more than establish the presence or absence of

automaticity in a specified knowledge or skill domain by assessing the

degree of interference occurring in a primary task following the intro-

duction of a secondary task. For example, in Nicholson and Fawcett’s

(1989) study of reading automaticity among children diagnosed as

dyslexic, they investigated the effect of two tasks — reading and beam

balancing. They reported a substantial deterioration in dyslexic chil-

dren’s beam balancing when the reading task was introduced compared

with their beam balance performance in single-task mode. While

Nicholson and Fawcett (1989) interpreted these results to indicate a lack

of automaticity for reading among dyslexic children, their dual-task

procedure did not allow them to quantify children’s levels of auto-

maticity. Clearly, the degree of disruption to the beam balance task may

have given someindication of the extent of automaticity, but it would
not have allowed automaticity to be measured. In addition to the

problem of quantification, dual-task procedures are prone to similar

criticisms of strategic and other non-specific influences levelled at RT

and IT paradigms.
Gray and Mulhern (1995) attempted to address some of the problems

associated with dual-task measures of automaticity. They introduced a
single-task measure of automaticity for simple mental addition based on

Groen and Parkman’s (1972) chronometric paradigm. Essentially, the

approach was based on the frequently reported observation that so-

called ‘tie’ combinations (1+1, 2+2, etc.) were much more highly
automatised than ‘non-tie’ combinations(e.g., 1+2, 5+3, etc.). Subjects

were presented with addition combinations in the form ‘x + y = ?’ and
were required to produce the correct answer as quickly as possible.

Automaticity was estimated by considering the discrepancy in addition

times between tie and non-tie combinations. In a study of ten-year-old

children, Gray and Mulhern (1995) reported a significant correlation
between this chronometric estimate of automaticity for simple addition
facts and children’s performance on a widely used test of mathematical

ability. More recently, Mulhern, Wylie and Sawey (forthcoming) devel-

oped a similar chronometric procedure for estimating automaticity for
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spelling and, in a study of some 60 adult subjects, obtained a highly
significant correlation between this measure and performance on the
Nelson-Denny Reading ComprehensionTest (Brownetal., 1973).

The single-task procedure appears promising for several reasons.
First, subjects’ levels of automaticity can be readily quantified by consid-
ering the discrepancy between response times to two types of stimuli
contained in the same stimulusset. In the case of the addition task, these
were tie and non-tie combinations, while for the spelling task, they were
words paired with either common mis-spellings or jumbled letter
sequences. Secondly, each individualacts as his or her ownbaseline, thus
controlling for many of the possible extraneouseffects identified in RT
and IT procedures, including non-specific influences on speeded task
performance. Thirdly, by focusing on automaticity rather than processing
speed per se, it may be possible to offer a unitary account of individual
differences in mentalabilities, and ultimately in g, involving processing
speed and domain specific explanations.

Research using single-task measures of automaticity is at an early
stage and results so far may raise more questions than they answer. Are
differences in automaticity a ‘cause’ or a ‘symptom’ofintelligence? To
what extent does automaticity predict sub-components of primary abili-
ties? Could intervention studies involving automaticity training (e.g.,
rote learning) result in increases in psychometric measures of ability?
Whatwould be the implicationsof this for our understanding of psycho-
metric g? Hunt’s (1980) Holy Grail may continue to proveas elusive as
ever. It remains to be seen whether automaticity offers a fresh perspec-
tive, or merely proves to be another piece of glass in Jensen’s (1987a)
‘perpetual kaleidoscope of concepts, notions, and philosophies
concerning the definition of “intelligence”’ (p. 194).
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Chapter 10

 

Epilogue

Paul Kline

 

I was askedbythe editors of this volumeto write the epilogue to attempt
to bring somekindof order to the huge amounts ofresearch into psycho-
metrics which have been discussed.This is a tall order but the comments
which I shall make shall, I hope, achieve this end.

The title seems to me to be highly significant: Processes in Individual
Differences. When I started out in psychometrics such

a

title could have
commanded almost no empirical work. The fact that in the fields of
ability and personality, and to a far lesser extent in mood and motivation,
there are considerable bodies of systematic data and the beginnings of
good theories indicates how far progress has been made. This introduces
the first point.

As has been stated in most of the chapters in this volume, there is a
necessity to go beyondtheidentification of factors in tests and question-
naires simply from their loadings on items. Yet in much of
psychometrics, as all reviewers must know, there is still insufficient
attention paid to this essential point. This is, of course, because the factor
analysis of items is the easy part; the psychological identification of
factorsis difficult.

There are various ways in which this can be done: the characteristics
of high and low scorers on the scales can be investigated; the factors can
be located in factor space, which is especially useful if there are clear
marker factors such as g or anxiety; the factors can be related to under-
lying physiology and neurology; heritability indices can be computed,
and finally they can be tied in to well-established psychological theories.
These procedures are complementary and with somefactors, such as
ability factors, much progress has been made. I amin complete agree-
ment with the point made by Hans Eysenck in this volume that, as
Cronbach argued, correlational and experimental psychology must be
integrated. As the chapters make clear, many of these approaches have
been adopted.

I shall amplify briefly some of these important issues with reference to
someof the chapters in this volume. Paul Barrett’s chapter sketches in
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the exciting prospects which lie ahead in research into the physiological
and neural substrates underpinning g. The search for biological g has
becomerealistic. If, or more optimistically, when this proves successful
weShall have a real understandingof the nature of intelligence. Ideallyit
would be useful to use these same methodsto extend our understanding
of personality and otherability factors, although the work in thesefields
is less well developed and more complex.

In many waysresearch into the genetics of individual differences is
the most exciting field of psychology. With the modern understandingof
DNAandthe unfolding of the human genome, which is proceeding even
more rapidly than at first appeared likely, the fundamental questions
about the inheritanceof all characteristics, not simply psychometric vari-
ables, are likely to be answered — or at least to become answerable. Both
the chapters in this volumeon this topic illustrate clearly how biometric
analyses can illuminate the nature of psychometric factors.
One of the most interesting and perhaps surprising findings of

biometric analyses of both personality and ability factors wasthe relative
unimportance of the common, shared, environment. This, of course, runs

counter to most sociological accounts of human behaviour, and is none
the worse for that. However, it is counter-intuitive. Pedersen and

Lichtenstein’s chapter, where they discuss the SATSA study, indicates
that these early claims were perhaps too simplistic. In some instances the
shared environment assumes some influence, although small. Also
important in this work (and clearly a subject for much further investiga-
tion) is the inclusion of measures of the environment, thus answering
criticisms concerning the anonymity of the environmental variance.
Stevenson’s careful study of twins indicated that anti-social behaviour in
childhood was determined by common environmental influence; he
suggested marital discord and parent criminality. This is particularly
interesting for several reasons, namely that it indicates that genetic and
environmental effects differ with age — for delinquency in adults and
adolescents has a clear genetic component — and that, for once, the
shared environmentis important.

Michael Eysenck’s chapter reports studies that make an important
point, namely thatit is simplistic to regard questionnaire scores, even of
a variable as well established as anxiety, as entirely valid measures of the
latent trait. Eysenck demonstrates how high scores can be contaminated
by social desirability with consequently misleading results. This exempli-
fies a more general point about the factor analysis of personality
questionnaires and rating scales which I believe is generally ignored but
which renders findings dubious for theoretical purposes. This relates to
the differences between ability and personality test items.

In an ability test, the items are exemplars of the ability under investi-
gation, provided that it is a good test. Each item in an ability test presents
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a problem which requires intelligence for its solution. This is not the case
with personality questionnaires. Putting the keyed response ‘Yes’ to the
item ‘I like to keep my desk tidy’ is not an example of conscientious
behaviour. Part of my PhD involved the development of the Ai3Q to
measure obsessional personality. When answering the item ‘Can you
take firm decisions?’ not a few subjects had clearly altered their response
several times before endorsing ‘Yes’. My psychometric response was to
abandonthetest item but the wider implications of the item were conve-
niently repressed.

Clearly, this difference in the nature of items must be reflected in the
nature of the factors emerging. Ability factors really do reflect abilities,
and this is demonstrated by their widespread effectiveness in selection
and prediction. But what do personality factors reflect? In manycases,
unless there is key evidence to attest to their validity, these factors seem
to me to be semantic — to reflect nothing other than that the items are
essentially of similar meaning. Such semantic factors have been called
tautologousor bloated specifics. They are not of considerable psycholog-
ical interest, whatever their name. The importance of this problem has
increased considerably in recent years on account of the plethora of
studies on the Big Five, through questionnaires and rating scales. That is
why it is unfortunate that the Big Five factors, other than extraversion
and anxiety, havelittle theoretical basis.

I must mention the beautifully clear exposition of the social
psychology of personality by Sarah Hampson because I believe this
constructivist model of personality to be largely mistaken. It has
included in the definition of personality two aspects which are not tradi-
tionally dealt with — the observer component and the self-observer
component. Howeverit is difficult to see how these really form part of
personality. This is not to say that they are not worthy of study, but they
are really just aspects of social psychology. Thus suppose person X is
highly anxious, worrying about everything. It makes no senseto say that
this could be affected by the fact that there were or were not observers.
Everybody has felt anxious on their own and in a crowd. Supposethat
one observer was a poor judgeof personality and considered that X was
stolid and stable. So what? The status of X on the anxiety variable would
not be changed. This example demonstrates that the social psychology of
personality is not about personality but about the perception of person-
ality. Actually, of course, there could be no perception of personality
unless there was something to perceive, but that is another question.

I also want to make a few more general points before concluding this
epilogue. One of the disappointing features of recent psychology is the
apparent demise of the London School originating with Spearman and
continued sobrilliantly by Burt, Cattell and Hans Eysenck. Yet the work
reported in this book demonstratesthat the spirit lives on. In the fields of
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both personality and motivation, research is concentrating on the
meaning of the factors which have emerged. All these studies of
processes are a long way removed from theliterally infinite possible

factorings of items and tests. Manyof these findings will be able to be

used as building blocks for the necessary integration of experimental

psychology, physiology and psychometrics. Biometric analyses are also
moving forward, revealing the subtle interplay of environmental and
genetic factors developmentally — vital information for a real under-

standing of personality andability.
I have taken partin the study of individual differences over more than

thirty years. On many occasions it seemed unclear to me where it was

going, or worse, that it was going astray, away from psychology and
psychological theory and into statistical methodology and actuarial
prediction. Howeverit is clear from this book that there is a fruitful
future for the psychometric study of individual differences and already
that there are manyrich areas for research.
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