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Dimensions of Personality
The Biosocial Approach to Personality
Hans 1. Eysenck

A Paradigm of Personality Description
It would seem difficult to doubt the truth of the proposition that man is a biosocial animal
(Eysenck, 1980b). There is no longer any doubt about the strong determination of
individual differences in personality by genetic factors (Eaves, Eysenck, & Martin,
1989), and much progress has been made in the study of physiological, neurological,
and biochemical-hormonal factors in mediating this influence (Eysenck, 1981; Zuckerman, Ballenger, & Post, 1984; Stelmack, 1981). It has been suggested that the biological
aspects of personality should be identified with the concept of temperament (Strelau,
1983) and this may prove an acceptable use, although the dictionary defines the term as
equivalent to personality ("the characteristic wayan individual behaves, especially towards other people"). What is not in doubt is the importance of considering individual
differences as an important part of scientific psychology (Eysenck, 1984) and, indeed, it
has been fundamental for any proper understanding of human behavior (Eysenck, 1983).
Personality is more than superficial behavioral characteristics, easily acquired and easily
abandoned; it is an indispensable part of any meaningful scientific investigation in
educational, industrial, clinical, social or experimental psychology (Eysenck & Eysenck, 1985).
Concepts like values, interests, and attitudes are related to personality but do not
usually form part of its central core. Undoubtedly they too are influenced by biological
factors as shown, for instance, by the high heritabilities for social attitudes and interests
(Eaves et al., 1989); but too little work has been published on such determinants to
deserve extended treatment here.
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The multiplicity of approaches to the descriptive analysis of personality should not
mislead psychologists into thinking there is no agreement; Eysenck (1983) has argued
that there is a paradigm in personality research, and Royce and Powell (1983), in a reanalysis of all large-scale psychometric analyses of personality to date have found that
there are three major dimensions in this field. They appear again and again, and are very
similar to the three major dimensions suggested by Eysenck, namely Psychoticism (P),
Extraversion (E), and Neuroticism (N). There are several reasons for asserting that these
three dimensions are fmnly linked with biological determinants. These reasons are as
follows:
1. As already noted, regardless of instrument of measurement or method of analysis, these three dimensions emerge from practically all large-scale investigations into
personality, a result unlikely if environmental factors alone determined a person's position on these dimensions (Eysenck & Eysenck, 1985; Royce & Powell, 1983).
2. These same three dimensions are found cross-culturally in all parts of the world
where studies have been carried out to investigate this universality (Barrett & Eysenck,
1984). Using the Eysenck Personality Questionnaire (EPQ; Eysenck & Eysenck, 1975),
these authors analyzed results from 25 countries as diverse as Nigeria and Uganda in
Africa, mainland China and Japan, European and Scandinavian countries, South American countries, Socialist countries like the USSR, Hungary, and Poland, as well as the
former British colonies (USA, Canada, and Australia), testing 500 males and 500
females in each country with a translation of the EPQ, and carrying out factor analyses
separately for males and females. It was found that, overall, practically identical factors
emerged, showing indices of factor comparison which averaged .98. This identity of
personality dimensions in fundamentally different cultures suggests a biological foundation.
3. Individuals tend to retain their position on these three dimensions with remarkable consistency (Conley, 1984a, b, 1985). This suggests that the events of everyday life
have little influence on a person's temperament, and that biological causes are predominant in determining disposition.
4. Work on the genetics of personality (Eaves et al., 1989) has powerfully reinforced this argument, as already pointed out; genetic factors determine at least half the
phenotypic variance of the major dimensions of personality, and there is little if any
evidence for between family environmental variance. This finding alone would seem to
contradict all the major theories of personality advanced in psychological textbooks!
Clearly, genetic factors cannot act directly on behavior; there must be an intervening link between genes and chromosomes on the one hand, and social behavior on the
other. This intervening link may be looked for in physiological factors, neurological
structure, biochemical and hormonal determinants or other biological features of the
organism. The proper theory of personality requires some knowledge of the relationships
between social behavior, on the one hand, which gives rise to the descriptions of the
m~or dimensions of personality, based on patterns of behavior, and specific biological
features of the organism on the other. It is unlikely that simple heuristic findings will
establish a convincing link; what is needed clearly is a set of theories relating the various
dimensions of personality. Eysenck (1990) has given a detailed review of the theories
and studies available to date in this very large and complex field; here we can only
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discuss some of the issues in question, with particular reference to the theory of
"arousal" in relation to extraversion-introversion.

Biological Theories of Personality
Eysenck (1967) originally suggested a link between cortical arousal and
extraversion-introversion. This was based essentially on the findings of Moruzzi and
Magoun (1949) of the ascending reticular activating system (ARAS), the system activation of which elicited a general activation pattern in the cortical EEG. Collaterals from
the ascending sensory pathways produce activity in the ARAS, which subsequently
relays the excitation to numerous sites in the cerebral cortex. It was this excitation which
produced the EEG synchronization observed by Moruzzi and Magoun. Much research
has since shown that the reticular formation is implicated in the initiation and maintenance of motivation, emotion, and conditioning by way of excitatory and inhibitory
control of autonomic and postural adjustments, and by way of cortical coordination of
activity serving attention, arousal, and orienting behavior.
The link suggested by Eysenck (1967) between personality and the ARAS
amounted to the suggestion that the extraversion-introversion dimension is identified
largely with differences in level of activity in the cortico-reticular loop, introverts being
characterized by higher levels of activity than extraverts, and thus being chronically
more cortically aroused. In addition, Eysenck suggested that neuroticism was closely
related to the activity of the visceral brain, which consists of the hippocampusamygdala, singulum, septum, and hypothalamus. These two systems are independent,
hence we have an orthogonal relation between extraversion-introversion and
neuroticism-stability. However, this independence is only partial. One of the ways
in which cortical arousal can be produced is through activity in the visceral brain
which reaches the reticular formation through collaterals. Activity in the visceral brain
produces autonomic arousal, and Eysenck has used the term activation to distinguish
this form of arousal from that produced by reticular activity. Thus in a condition of
high activation, we would expect high arousal; a person who is strongly affected by
anger, or fear, or some other emotion will certainly also be in a state of high cortical
arousal. Fortunately, such states of strong emotional involvement are relatively rare, but
they do indicate that the independence of the two systems is only relative (Routtenberg,
1966).
A detailed discussion of the concept of arousal by many authors is given in a book
edited by Strelau and Eysenck (1987). Clearly, the concept of general physiological
arousal that was a core construct in Duffy's (1957) early theory and Hebb's (1955)
optimal arousal approach does not seem viable any longer. The reticulo-cortical system
of Moruzzi and Magoun (1949) now appears to be only one of several arousal systems
(Zuckerman & Como, 1983), probably including the limbic arousal system, suggested
by recent work (Aston-Jones & Bloom, 1981), as well as a monoamine oxidase system,
the diffuse thalamocortical system and the pituitary-adrenocortical system (Zuckerman,
1983). This apparent diversity may not prevent the systems from operating in a relatively
unitary fashion. Clearly, the way from the "conceptual nervous system" of Hebb to the
"central nervous system" of the neurosciences is a hard one!
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Problems in Theories Testing
At ftrst sight it may seem relatively easy to test theories of this kind by taking
groups of extraverts and introverts, or high and low N scorers, and submitting them to
physiological tests of one kind or another. However, note the following:
1. There is no single measure of arousal or excitation in the neurophysiological
fteld. As Lacey and Lacey (1958) have emphasized repeatedly, the underlying systems
show response specificity, in that different systems are primarily activated by suitable
stimulation in different people. Thus one person may react to emotional stimuli primarily
through an increase in heart rate, another through increase in the conductivity of the
skin, a third through more rapid breathing, etc. No single measure is adequate to portray
the complexity of reactions; the recommended solution is to take measures of as many
systems as possible, and score changes in the system maximally involved. But few
experimenters have followed this advice, so that failure to support the theory may be due
to faulty or too restricted choice of measuring instrument.
2. There is also stimulus specificity, in the sense that different people may be
sensitive to different stimuli. Saltz (1970) has shown that failure, or the threat of failure,
produces more anxiety among N + subjects, whereas shocks generate greater anxiety
among N - than N + subjects. Genetic factors predispose individuals to condition anxiety responses to quite speciftc stimuli (Eysenck & Martin, 1987). Thus the usual stimuli
chosen by experimenters, e.g., shocks, may result in quite different relationships between stimulus and response than some other stimuli.
3. Relations between stimulus and response are usually nonlinear. Both the YerkesDodson Law (1908) and Pavlov's (1927) Law of Transmarginal Inhibition show that as
stimuli get stronger, responses at ftrst increase in strength, then they decline, producing
a curvilinear regression. This leads to complex theoretical formulation which makes
precise prediction difficult. We can predict that the high arousal of introverts will lead to
a reversal of the stimulus-response correlation at a lower point of stimulus intensity than
would be true of extraverts, but the precise point is difficult to establish. Nevertheless,
the Law has shown impressive predictive powers in relation to a variety of behavioral
responses (Eysenck, 1976; Eysenck & Eysenck, 1985).
4. Threshold and ceiling effects may make choice of measure difficult. Looking at
the electrodermal response (EDR) as a measure of N, we could use as our response
measure: (a) Size of response; (b) latency of response; or (c) duration of response, i.e.,
time to return to base-line. Only (c) seems to give useful correlations, but that could not
have been predicted from what little we know of the EDR.
5. Resting levels are ill-defmed, and are influenced powerfully by uncontrolled
preexperimental variables. Subjects coming into our laboratories may have suffered an
emotional shock quite recently, may have smoked or drunk alcohol heavily, have been
frightened by rumors about the experiments to be performed, or may have been annoyed
by being kept waiting; these and many other factors may determine decisively their
reactions in the test. Eysenck (1981) has discussed in detail how anticipation in subjects
produced quite contradictory results in two series of experiments. Spence had postulated, and found, that eyeblink conditioning was correlated with N, not with E. Eysenck
had postulated, and found, that eyeblink conditioning was correlated with E, but not N.
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Kimble visited both laboratories and discovered that while Eysenck reassured his subjects, told them explicitly that they would not receive electric shock, hid all the threatening apparatus, and avoided mechanical links with the eyelid, Spence went to the opposite
extreme and thoroughly frightened his subjects. As a consequence, N played an important part in Spence's experiments, differences in activation drowning out differences in
arousal, while activation played no part in Eysenck's experiment, allowing arousal to
determine the observed correlations. Note that these preexperimental conditions were
not discussed in the presentation of the experiments in question!
6. Neurological and hormonal systems interact in complex ways, and so do the
dimensions of personality; it is never safe to assume that E+ and E- subjects are not
influenced in their reactions by differences in P, or N, or intelligence, or whatever. At
best these extraneous influences balance out, but they obviously constitute a goodly
background of noise against which the signal may not be all that strong. The effects of
such interactions deserve more detailed study than they have received hitherto. These
difficulties are particularly critical in relation to neuroticism, because of the added
complication that it is very difficult to manipulate experimentally states of depression,
anxiety, guilt feelings, etc. Laboratory experiments are very restricted in what can and
cannot be done ethically, and the very minor and weak manipulations of mood possible
in the laboratory pay little relation to the very strong feelings elicited in a normal life.
Cortical arousal, on the other hand, is much more manipulable, and hence work with the
arousal theory of extraversion has been much more successful.

EEG Studies and Personality
Of the many different ways in which cortical arousal has been studied in relation to
extraversion-introversion, the most prominent and indeed also the most obvious has of
course been that of using electroencephalography. High levels of arousal are linked with
low-amplitude, high-frequency activity in the alpha range of the EEG, and if it were
found that extraverts showed low-amplitude and high-frequency alpha activity, this
would certainly speak very strongly against the theory. It can of course be objected that
the EEG, being recorded from the outside of the skull, represents a kind of composite
amalgam of electrical energy generated from different parts of the cortex, and may thus
produce a misleading impression of the actual activity in any specific area of the brain.
In spite of this complication, evidence has consistently tended to support the hypothesis.
Gale (1983) has reviewed 33 studies containing a total of 38 experimental comparisons. Results are far from uniform, but nevertheless on this criterion extraverts were
less aroused than introverts in 22 comparisons, while introverts were less aroused than
extraverts in only five comparisons, no significant effects being reported in the remaining studies. The ratio of 22 to 5 in favor of the hypothesis is certainly a very positive
finding, but one would like to be able to account for the 5 studies failing to show the
predicted relationship.
Gale suggested that the effects of extraversion of the EEG were influenced by the
level of arousal induced by the experimental conditions; in particular, he suggested that
introverts are most likely to be more aroused than extraverts in moderately arousing
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conditions, with the differences between introverts and extraverts either disappearing or
being reversed with conditions producing either very low or very high levels of arousal.
These suggestions follow from the general theory, with high levels of arousal and
introversion producing the paradoxical lowering of arousal postulated by Pavlov's Law
of Transmarginal Inhibition. Conditions of very low arousal would paradoxically produce strong feelings of boredom in extraverts, which have been shown to lead to
attempts at disinhibition.
Gale classified all the relevant EEG studies according to whether the test conditions
were minimally, moderately, or highly arousing; he found that introverts appeared to be
more aroused than extraverts in all eight of the studies using moderately arousing
conditions that reported significant effects of extraversion; but the expected result was
found in only 9 out of 12 significant studies using low-arousal conditions, and 5 out of 7
using high-arousal conditions. This result certainly suggests that in testing the hypothesis we should avoid extreme low arousal and high arousal situations, although even
under such conditions likely to produce failure of the hypothesis, we still have 14
experiments supporting it, and only 5 giving the opposite result.
Later studies (O'Gorman & Mallise, 1984; O'Gorman & Lloyd, 1987; and Venturini, Pascalis, Imperiali, & Martini, 1981) found results which on the whole were in
confirmity with the hypothesis. They also added new measures, such as the alpha
attenuation response, which demonstrated that extraverts sometimes reacted to the auditory stimuli, while introverts did not. This greater responsivity to stimulation of introverts is of course in line with the theory.
Cortical evoked potentials furnish us with another possible way of testing the
theory. Stelmack, Achorn, and Michaud (1977) found that introverts obtained greater
amplitude of the average evoked response (AER) than extraverts with low-frequency
stimulation, both with 55dB and with 80dB, while observing no differences between
groups with high-frequency stimulation. This finding is explicable in terms ofthe known
tendency of greater interindividual variability of the AER at low-frequency than at highfrequency levels (Davis & Zerlin, 1966; Rothman, 1970), as an increase in variance
would obviously increase the possibility of obtaining significant covariance. The study
is instructive in demonstrating the need to control details of the experimental manipulation, and pay attention to known features of the variables in question.
Another approach using evoked potentials is the augmenting/reducing effect, which
relies on the assessment of cortical responses to stimuli of varying intensities. Increasing
intensity of stimulation may produce corresponding increases or decreases in the amplitude of particular EP components recorded from different subjects. Augmenters are
called such because increased stimulation produces increased amplitude, while for reducers increased stimulation produces decreased amplitude. The theory would predict an
increase in amplitude with increases in stimulus intensity, up to a point where transmarginal inhibition would set in to lead to a reduction in amplitude. The point where
reduction would be expected to set in would be expected to occur at lower levels of
stimulus intensity for introverts than for extraverts. Thus introverts should be reducers,
extraverts augmenters. This, indeed, has been the pattern in earlier studies (Friedman &
Mears, 1979; Soskis & Shagass, 1974), and in studies using sensation-seeking measures, especially disinhibition, which is most closely related to extraversion (von Knorring, 1980; Zuckerman, Murtaugh, & Siegel, 1974). The only study out of line is one
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published by Haier, Robinson, Braden and Williams (1984). This only dealt with 11
augmenters and 10 reducers, which is a very small number, but nevertheless the results
were significant and counter to the theory. Clearly, what is needed are more analytical
studies to give us more information.
1\vo such studies have appeared recently. The first is by Lukas (1987) who used a
Maxwellian-View Optical System to control retinal illuminance precisely, and carried
out two studies comparing augmenting-reducing at Oz and Cz and their correlations with
two personality measures, namely, Zuckerman's Sensation-Seeking Scale and Vando's
Reducer Augmenter Scale (Vando, 1974). The occipital potential showed no correlation
with the personality measures, but the vertex potentials, which are known to be affected
by nonsensory factors, such as cortical arousal and attention, were significantly correlated with personality. Lukas argued that the vertex augmenter is a sensation-seeker, but
this relationship was true only for the A/R slopes to the more intense light flashes. Lukas
concluded that how the brain responds to intense sensory stimulation as measured by
A/R determines how people respond behaviorally to intense sensations. Interestingly
enough, Lukas extended his work to cats (Saxton, Siegel, & Lukas, 1987) and found
that here too augmenters at a high-intensity range were more active and exploratory. This
suggests that the relationship between sensory modulation and behavior is not confined
to humans.
The most complete study of the augmenting/arousing effects in relation to personality has been done by Stenberg, Rosen, and Risberg (1988). They used 6 intensities of
visual and 6 intensities of auditory stimuli, arguing that a superimposed mechanism of
transmarginal or protective inhibition can account for the relationship with personality
only if it generalizes across different modality and response definitions. They found that
for the visual stimuli, the slope of the P90-N120 amplitude at the vertex correlated
significantly with both the Extraversion and the Disinhibition scales in the way that
augmenting/reducing theory predicts. However, over the primary visual area, no component showed the same personality relationship as the vertex wave, and one early
component showed the opposite. This result, they argue, suggests that personality differences in VEPs may reflect different ways of allocating processing resources between
primary and association areas, rather than a general tendency to inhibit strong stimuli. In
the auditory modality, personality differences were not apparent in the amplitude slopes,
possibly due to the confluence from primary and association areas in AEPs in the vertex
lead. They finally state that "there was a general tendency for latencies to correlate
positively with extraversion and disinhibition, in congruence with Eysenck's theory on
the biological basis of extraversion" (Stenberg, et.al., 1988). These results powerfully
indicate the need for very detailed and specific studies to look at the precise relationships
involved, using different stimulus modalities, and different recording areas; only by thus
enlarging our understanding will we be able to arrive at a more all-embracing theoretical
formulation than is available at present. Perhaps an explanation will be found along these
lines for the curious and unusual results of the Haier, et al., (1984) study.
Other studies using the EEG have employed the contingent negative variation
(CNV), a technique in which EEG changes are observed between a warning signal and
an effector signal. A summary of previous work, with original studies, is given by Werre
(1983). The clearest differential effect on the CNV occurred when isolated, motivated,
young adult students performed a constant 4-period reaction time task, which was novel
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to them, in the morning. Under those conditions there was a positive correlation between
mean CNV amplitude and extraversion. Conditions not producing personality differences were those that existed when the students were repeating the standard tasks, and
when they were performing a second task in addition to the standard one. This study is
notable for varying conditions under which subjects perform, so that the author could
clarify the relationship between conditions and personality in affecting the CNV. Yet
other studies have used photic driving (Golding & Richards, 1985; Robinson, 1982).
The Robinson study in particular is an example of how to relate experiment to theory, but
is too complex to be reported here in detail.

Electrodermal Studies of Personality
Studies of electrodermal responses are almost as numerous as those using the EEG.
In particular, relations have been studied to the orienting response (Lynn, 1966; Sokolov,
1963). Eysenck's theory would predict that introverts would show a stronger OR, and
slower habituation. A large number of studies has been referenced by Eysenck (1990),
most supporting the hypothesis, but many giving insignificant or contrary results. It can
be noted that greater intensity of stimulation tends to produce differences where less
intense stimulation does not. Thus, as far as auditory stimulation is concerned, which
has been most widely used, studies using sounds in the region of 60-75 dB typically fail
to differentiate introverts and extraverts, whereas stimuli in the 75-90 dB range tend to
do so. As mentioned, interindividual variability of the auditory-evoked response has
been found to be greater under low-frequency conditions, which also favor the differentiation of extraverts and introverts; similarly, low-frequency stimulation seems to be
more effective in differentiating extraverts and introverts in the OR paradigm.
On the whole, it appears that conditions which favor differentiation between extraverts and introverts with the electrodermal measures of the OR can be described as
moderately arousing, very much as in the case of the EEG. As Stelmack (1981) points
out:
From among the stimulus conditions in the studies reviewed here, low frequency tones in
the 75-9OdB intensity range and visual stimuli provide the base from which such an
enquiry would commence. (p. 51)

The recommendation for visual stimuli rests on the fact that these have been found
more likely to produce a differentiation.
In considering these studies, we should also remember the notion of autonomic
response specificity mentioned earlier. An important study demonstrating the importance of this principle is provided by Stelmack, Bourgeois, Chain, and Pickard, (1979).
This study was devoted to the habituation to neutral and affective words where multiple
and autonomic measures were recorded. Multiple regression analysis was carried out
which showed that a conjoint influence of cardiac, electrodermal and vasomotor OR
components accounted for 54% of the variation in extraversion, which corresponds with
a multiple correlation of .73; no single component accounted for more than 24%. As
Stelmack (1981) points out:
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The mechanism of the kind implied by the notion of autonomic response stereotypy can
account for such an increase in prediction and suggests that the consideration of the
individual autonomic response preference of subjects merits deliberate mention and that
the application of multiple autonomic measurements may be worthwhile. (p. 32)

Another point of difference between studies relates to the different measures that
have been taken. The technical points involved have been discussed in detail by
Stelmack (1981). Differences in phasic response have been more frequently recorded
than differences in tonic levels.
We must now turn to more recent developments. One of the most important papers
to be noted here is one by Wilson (1989) which is innovative in several different ways.
The most important point to note is that the 61 men and 50 women who measured their
own skin conductance did so hourly throughout one working day, as well as recording
drug intake and activities. Thus the study attempts to deal directly with a point originally
raised by Blake (1967), who found that body temperature, which he and others considered an index of arousal, was higher for introverts in the morning, but higher for
extraverts in the evening. Several recent studies have shown a similar crossover in the
relative performance of introverts and extraverts according to whether the task is done in
the morning or the evening (Colquhoun, 1960, 1971; Horne & Ostberg, 1975; von
Knorring, Mornstad, Forsgren, & Holmgren, 1986; Revelle, Anderson, & Humphreys,
1987). Generally it has been found that introverts show superior performance in the
morning and extraverts in the evening, and this, too, has been interpreted in terms of
differential arousal levels, the suggestion being that introverts are high in arousal in the
morning, whereas in the afternoon or evening the arousal of extraverts overtakes that of
introverts. Gray (1981) has made this the major point of his critique of the Eysenck
theory, pointing out that it cannot be meaningful for people to be introverts in the
morning, extraverts in the evening!
Figure 6.1 shows the major results. We should look at the age-corrected figures for
introverts; there was a difference in age between introverts and extraverts, and it is well
known that as people get older, the number of sweat glands decreases. It is clear from the
figure that introverts throughout the day show higher skin conductance (are more
aroused) than extraverts, with the difference being smaller in the evening and disappearing at midnight.
Why do the two groups came closer together in the evening? Examination of the
particular aspects of introversion-extraversion that are critical suggested to the author
that sociability was more instrumental than impulsiveness. This, he argued, is probably
due to the fact that the activities which attract extraverts are more available in the
evening, while the interests of introverts (e.g., task-oriented work in solitary activity)
are more readily accommodated in the daylight hours. Supporting this idea is the fact
that extraverts are more active, both generally and socially, in the evening, while introverts are more active in the morning.
The finding that extraverts also smoke and drink more than introverts in the evening
mayor may not be connected to the self-manipulation of arousal. It may simply reflect
the fact that smoking and drinking are social activities, smoking giving opportunity for
offering small gifts (cigarettes) to other people, helping them (striking the match) and
generally establishing common ground by sharing the experience. Drinking alcohol is a
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Figure 6.1. Time of day and skin conductance level in introverts and extraverts (Wilson, 1989).

notorious way of reducing social anxiety and facilitating companionship. Wilson concludes that:
Overall, our results suggest that the evening activity of extraverts is responsible for the
higher arousal in the evening. Apparently, vigorous activity leads to higher levels of
arousal as indexed by skin conductance.

These results show the great importance of recording not only physiological measures of arousal, but also the activity preceding or accompanying the measurement.
Neglect to do so is one of the major criticisms of many of the studies summarized in this
chapter.

Miscellaneous Measures of Personality
In addition to EEG and electrodermal studies, there are a number of miscellaneous
measures which ought at least to be mentioned. The fIrst of these concerns stimulated
salivation in its relation to extraversion. Eysenck's theory predicts that introverts would
react more strongly than extraverts to stimulation, such as drops of lemon juice on the
tongue, producing a greater flow of saliva. Deary, Ramsay, Wilson, and Riad (1988)
have summarized details on nine studies; they abstract their results as follows:
The negative relation between extraversion and acid-stimulated salivation holds: for both
male and female Ss with different saliva collection procedures; whether fresh or synthetic
lemon juice or citric acid is used as a stimulus, (although fresh lemon juice appears the
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most reliable); whether the stimulus is dropped or swabbed onto the tongue and whether
the saliva is collected for ten seconds or ten minutes. There is, however, some evidence
that the correlation is more robust when testing is performed in the morning when arousal
differences are at their greatest. Swallowing the stimulus also appears to reduce the
correlation. (p. 906)

S. P. G. and H. J. Eysenck (1967), tested the hypothesis that swallowing the
stimulus, and thus increasing its intensity, would evoke transmarginal inhibition preferentially in introverts, and found that it in fact reversed the correlation. Overall results are
certainly favorable to the hypothesis. In their own study, Deary, et at., (1988) used 24
subjects, and reported replication of the findings outlined above.
Pupillometry is the next topic to be discussed in this section. In recent years there
has been an increased interest in the use of the pupillary response as a psychophysiological measure relating to personality. Pupillary dilation is due primarily to sympathetic
activity, whereas constriction reflects parasympathetic activity. We can thus use
pupillometry to measure individual differences in responsiveness to stimulation, and
tonic pupil size in the absence of specific stimulation can provide an index of general or
autonomic arousal. In the first of this line of studies, Holmes (1967) measured speed of
pupillary constriction to the onset of a light. The fast dilators tended to be extraverted,
whereas the fast constrictors were introverted. Holmes argued that the rapid pupillary
constriction of introverts indicated that they had greater amounts of acetylocholine at
cholinergic synapses than extraverts.
Frith (1977) confinned some of Holmes' findings, reporting that high scorers of the
impulsivity component of extraversion showed less pupillary constriction than low impulsives in responses to a light flash, perhaps because they were less reactive to stimulation. He also found that impulsivity was negatively correlated with pupil size during an
initial interval of no stimulation. This suggests that the more impulsive subjects (high
P?) were less aroused than the less impulsive subjects.
The most important study in this field was reported by Stelmack and Mandelzys
(1975); they also found that introverts had larger pupils than extraverts in the absence of
specific stimulation, suggesting that the introverted subjects were more aroused throughout the experiment. As regards phasic pupillary responses to auditorily presented neutral, affective, and taboo words, they found that introverts showed significantly more
pupillary dilation to these stimuli than extraverts, especially in response to taboo words.
In other words, introverts responded more strongly than extraverts to the auditory stimuli. Altogether this line of research seems promising, and should be pursued in the
future.
Studies of physique and constitution, as reviewed by Eysenck (1990), are also
relevant to the concept of extraversion, although, because of a failure to link theoretically the work on body build, blood groups, etc. with the concept of arousal, these
data will not be discussed in detail here. Suffice it to say that extraverts tend to be
relatively broad, introverts elongated in body build (Eysenck, 1970; Rees, 1973), and
that introversion is found to be significantly more frequent among persons having the AB
blood group (Angst & Maurer-Groeli, 1974; Maurer-Groeli, 1974a, b). Eysenck (1977)
has reported on national differences in personality as related to ABO blood group
polymorphism.
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Biochemical Determinants of Personality
As a final group of studies relating biological mechanisms to personality we must
turn to biochemical influences, a group of determinants which have been studied more
and more frequently in recent years, and work which has been surveyed in some detail
by Zuckerman, Ballenger, and Post (1984). Of the more obvious hormones here we
may mention the gonadal hormones, particularly testosterone. It is of course prenatal
androgenization which has been shown to be particularly effective in producing
masculine-type behaviors (Eysenck & Wilson, 1979), and there are obvious problems
with correlational studies of testosterone and behavior, as well as with other biochemicals that show day-to-day fluctuations in level. Nevertheless, Daitzman, Zuckerman,
Sammelwitz, and Ganjam (1978) found significant correlations between plasma androgen levels and the Disinhibition subscale of the Sensation-Seeking Scale, i.e., the
scale most closely related to extraversion. In their later and more comprehensive study,
Daitzman and Zuckerman (1980) again found high scorers on the Disinhibition scale to
have higher levels of testosterone, and of estradiol and estrogen, than those with lower
scores. They also used other indices of hormonal influence, and carried out a factor
analysis too complex to be discussed here.
Another important biochemical agent is the enzyme MAO, which is present in all
tissues including brain, with highest brain concentrations being found in the hypothalamus. MAO plays a role in the degradation of the monoamines norepinephrine,
dopamine, and serotonin. The review by Zuckerman et al. (1984) indicates that MAO
levels relate negatively to extraversion and sensation-seeking; these findings are consistent with behavioral observations of high- and low-MAO monkeys, and humans
(Coursey, Buchsbaum, & Murphy, 1979). High-MAO monkeys in colony tended to be
solitary, inactive, and passive; low-MAO monkeys tended to be active, to make many
social contacts, and engage frequently in play. In rodents, too, MAO inhibitors produce
hyperactivity and increase activity in a novel environment. Later studies by Schalling,
Edman, Asberg, and Oreland, (1988), Calhoon (1988), Klinteberg, Schalling, Edman,
Oreland, and Asberg (1987), and von Knorring, Oreland, and Wimblad (1984) bear out
these major findings. Correlations have also been found between measures of impulsivity and CSF levels of the serotonin metabolite, 5-HIAA (Schalling, Asberg, Edman, & Levander, 1984), which is interesting in view of the associations assumed to
exist between low-platelet MAO activity and central serotonergic hyperactivity. These
results form a fairly congruent whole centering on the concept of impulsivity, and hence
implicating P as well as E. Others have used the monoamine system (e.g., Ballenger,
Post, Jimmerson, Lake, Murphy, Zuckerman, & Cronin, 1983), showing that CSF
calcium correlated positively with extraversion and negatively with neurotic introversion
and general neuroticism. Another interesting finding is that cortisol assayed from CSF
correlated negatively with the Disinhibition scale from the Sensation-Seeking Scale.
Finally, we must mention the sedation threshold (Krishnamoorti & Shagass, 1963;
Shagass & Jones, 1958; Shagass & Kerenyi, 1958). In these studies we start out with a
group of introverts, ambiverts and extraverts who are administered some form of depressant or sedative, usually one of the barbiturates; also defined is a "sedation threshold,"
i.e., a point at which qualitative differences in behavior occur as a function of drug
administration. Extraverts being characterized by lower arousal (or higher inhibition)
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than introverts, according to the theory, should require less of the drug to reach this
threshold. The early studies certainly supported the hypothesis quite strongly, but later
studies (e.g., Claridge, Donald, & Birchall, 1981) found that differences in neuroticism
disturbed this clear-cut picture. The highest drug tolerance was shown by introverts with
smallest neuroticism, and the lowest drug tolerance occurred among neurotic extraverts.
Thus the hypothesis that introverts have higher sedation thresholds than extraverts was
supported among those of medium neuroticism, whereas the opposite tendency was
present among those of low neuroticism. While on the whole the data supports the
hypothesis, it clearly requires amplification.
This rapid overview will suffice to show that there are meaningful and significant
relationships between biological features of the organism and observable behavior patterns in social life. No doubt the arousal theory is simplistic, not sufficiently detailed,
and certainly oversimplified; nevertheless it has given rise to large numbers of positive
findings. Making a rough-and-ready calculation of all the available studies in this field,
we may say that the ratio of successes to failures is roughly 4 or 5 to 1. This would seem
to argue that while the theory is clearly along the right lines, it requires a good deal of
modification, amplification, and explication, particularly with respect to the details of
experimental manipulation. Predictions from the personality theory to behavioral indices
and laboratory studies of memory, conditioning, vigilance, reminiscence, perception,
and many other areas, have on the whole been somewhat more successful than predictions in the physiological, neurological, and hormonal fields (Eysenck, 1976, 1981), for
reasons already given. Nevertheless, at the moment there is no alternative theory which
could account for the facts anything like as well as that of cortical arousal.
It should perhaps be noted, if only as a final comment, that the arrow of causality
does not necessarily always go from the biological to the behavioral side. Taking testosterone as an example, aggressive and sexual behavior can significantly change the level
of testosterone, as well as being itself influenced by that level (Eysenck, 1990). This is
not true of all the variables discussed (e.g., blood type polymorphisms are not affected
by behavior), but it would be simple-minded to assume that the relationship is completely one-sided. The biosocial approach to human behavior, and to personality in
particular, must take all possibilities into account. Nevertheless, it is clear that in the
majority of cases genetic factors determine physiological, neurological and hormonal
patterns, and these in tum affect behavior. This simple lesson is absolutely fundamental
to an understanding of personality differences in particular, and behavior in general.
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