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CHAPTER 2 

Emotion and the autonomic nervous 
system: a prospectus for research on 
autonomic specificity 
ROBERT W. LEVENSON 
University of California, Berkeley 

Abstract: The question of whether there are different patterns of autonomic nervous 
system responses for different emotions is examined. Relevant conceptual issues 
concerning both the nature of emotion and the structure of the autonomic nervous 
system are discussed in the context of the development of research methods appropriate 
for studying this question. 

Are different emotional states associated with distinct patterns of autonomic 
nervous system (ANS) activity? This is an old question that is currently 
enjoying a modest revival in psychology. In the 1950s autonomic specificity was 
a key item on the agenda of the newly emerging discipline of psychophysiology, 
which saw as its mission the scientific exploration of the mind-body re
lationship using the tools of electrophysiological measurement. But the field of 
psychophysiology had the misfortune of coming of age during a period in which 
psychology drifted away from its physiological roots, a period in which 
psychology was dominated by learning, behaviourism, personality theory and 
later by cognition. Psychophysiology in the period between 1960 and 1980 
reflected these broader trends in psychology by focusing on such issues as 
autonomic markers of perceptual states (e.g. orienting, stimulus processing), 
the interplay between personality factors and ANS responsivity, operant 
conditioning of autonomic functions, and finally, electrophysiological markers 
of cognitive states. Research on autonomic specificity in emotion became 
increasingly rare. 

Perhaps as a result of these historical trends in psychology, or perhaps 
because research on emotion and physiology is so difficult to do well, there 
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exists only a small body of studies on ANS specificity. Although almost all of 
these studies report some evidence for the existence of specificity, the prevail
ing zeitgeist has been that specificity has not been empirically established. At 
this point in time a review of the existing literature would not be very 
informative, for it would inevitably dissolve into a critique of methods. Instead, 
what I hope to accomplish in this chapter is to provide a new framework for 
thinking about ANS specificity, and to propose guidelines for carrying out 
research on this issue that will be cognizant of the recent methodological and 
theoretical advances that have been made both in psychophysiology and in 
research on emotion. 

Emotion as organization 

From the outset, the definition of emotion that underlies this chapter should be 
made explicit. For me the essential function of emotion is organization. The 
selection of emotion for preservation across time and species is based on the 
need for an efficient mechanism than can mobilize and organize disparate 
response systems to deal with environmental events that pose a threat to 
survival. In this view the prototypical context for human emotions is those 
situations in which a multi-system response must be organized quickly, where 
time is not available for the lengthy processes of deliberation, reformulation, 
planning and rehearsal; where a fine degree of co-ordination is required among 
systems as disparate as the muscles of the face and the organs of the viscera; and 
where adaptive behaviours that normally reside near the bottom of behavioural 
hierarchies must be instantaneously shifted to the top. 

Specificity versus undifferentiated arousal 

In this model of emotion as organization it is assumed that each component 
system is capable of a number of different responses, and that the emotion will 
guide the selection of responses from each system. Component systems differ 
in terms of the number of response possibilities. Thus, in the facial expressive 
system a selection must be made among a limited set of prototypic emotional 
expressions (which are but a subset of the enormous number of expressions the 
face is capable of assuming). A motor behaviour must also be selected from a 
similarly reduced set of responses consisting of fighting, fleeing, freezing, 
hiding, etc. All major theories of emotion would accept the proposition that 
activation of the ANS is one of the changes that occur during emotion. But 
theories differ as to how many different ANS patterns constitute the set of 
selection possibilities. 

At one extreme are those who would argue that there are only two ANS 
patterns: 'off' and 'on'. The 'on' ANS pattern, according to this view, consists 
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of a high-level, global, diffuse ANS activation, mediated primarily by the 
sympathetic branch of the ANS. The manifestations of this pattern - rapid and 
forcefulcontractions of the heart, rapid and deep breathing, increased systolic 
blood pressure, sweating, dry mouth, redirection of blood flow to large skeletal 
muscles, peripheral vasoconstriction, release of large amounts of epinephrine 
and norepinephrine from the adrenal medulla, and the resultant release of 
glucose from the liver - are well known. 

Cannon (1927) described this pattern in some detail, arguing that this kind of 
high-intensity, undifferentiated arousal accompanied all emotions .. Among 
contemporary theories the notion of undifferentiated arousal is most clearly 
found in Mandler's theory (Mandler, 1975). However, undifferentiated 
arousal also played a major role in the extraordinarily influential 
cognitive/physiological theory of Schachter and Singer (1962). According to 
this theory, undifferentiated arousal is a necessary precondition for emotion
an extremely plastic medium to be moulded by cognitive processes working in 
concert with the available cues from the social environment. 

At the other extreme are those who argue that there are a large number of 
patterns of ANS activation, each associated with a different emotion (or subset 
of emotions). This is the traditional specificity position. Its classic statement is 
often attributed to James (1884), although Alexander (1950) provided an even 
more radical version. The specificity position fuelled a number of experimental 
studies in the 1950s and 1960s, all attempting to identify some of these 
autonomic patterns (e.g. Averill, 1969; Ax, 1953; Funkenstein, King and 
Drolette, 1954; Schachter, 1957; Sternbach, 1962). Despite these studies, all of 
which reported support for ANS specificity, the undifferentiated arousal 
theory, especially as formulated by Schachter and Singer (1962) and their 
followers, has been dominant for a great many years. 

Is the ANS capable of specific action 

No matter how appealing the notion of ANS specificity might be in the 
abstract, there would be little reason to pursue it in the laboratory if the ANS 
were only capable of producing one pattern of arousal. There is no question 
that the pattern of high-level sympathetic arousal described earlier is one 
pattern that the ANS can produce. Cannon's arguments notwithstanding, I 
believe there now is quite ample evidence that the ANS is capable of a number 
of different patterns of activation. Whether these patterns are reliably associ
ated with different emotions remains an empirical question, but the potential is 
surely there. A case in support of this potential for specificity can be based on: 
(a) the neural structure of the ANS; (b) the stimulation neurochemistry of the 
ANS; and (c) empirical findings. 
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Structure 

Although the sympathetic branch of the ANS has a great deal of ganglionic 
mixing, which supports a kind of diffuse unified action, the parasympathetic 
branch is constructed quite differently. In the parasympathetic branch there is 
little ganglionic mixing; rather there are a number of separate major nerves 
(e.g. the pelvic nerve, the vagus nerve). Organs as disparate as the stomach, 
the heart, the salivary glands and the tear glands are served by parasympathetic 
nerves, and there is little basis for asserting that these organs act in an 
all-or-none fashion. 

There are other structural aspects of the ANS that make possible a number 
of different patterns of activity. The distribution of blood flow to different parts 
of the body is regulated primarily by the ANS through its control of vascular 
dilatation and constriction. This intricate system is clearly capable of a large 
number of different patterns of activation, redirecting blood flow from one part 
of the body to anotherlo meet demands imposed by processes as disparate as 
exercise and digestion, as well as responding to quite localized needs such as 
those associated with changes in temperature and with injury. 

Stimulation neurochemistry 

Since norepineph.rine is the major neurotransmitter at the junction between 
the sympathetic nerves and the organs they serve, and since norepinephrine is 
released into the blood stream by the adrenal medulla under conditions of 
sympathetic nervous system arousal, it is often asserted that this produces a 
diffuse and global action. Again there is an undeniable truth to this, especially 
at high levels of sympathetic nervous system arousal in which sufficient 
quantities of norepinephrine are released. However, in the case of a short-lived 
emotions which occur at moderate levels of intensity, it is doubtful that the 
amount of norepinephrine released into the blood stream from the adrenal 
medulla is sufficient, nor is enough time available, for it to have a significant 
global effect. 

There is additional potential for specificity. At least two major ANS organ 
systems served by the sympathetic nervous system do not operate according to 
the 'standard' norepinephrine neurochemistry; both the sweat glands and the 
adrenal medulla are activated by acetylcholine instead. Thus, these systems 
would be unaffected by the amount of circulating norepinephrine. Finally, our 
understanding of the receptor neurochemistry at the typical sympathetic 
nervous system organ receptor site has changed considerably with the dis
covery that not all sympathetic organs have the same kinds of receptors. At 
least three kinds of receptors are now known to exist in the sympathetic 
nervous system (ex, ~1 and ~2 receptors), each with a somewhat different 
stimulation chemistry. These receptor sites are not distributed uniformly 
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throughout the sympathetic nervous system. Although we do not know what 
role, if any, these different kinds of receptors play in emotional states, they do 
provide additional potential for differential patterns of response. 

Empirical findings 

Over the years there have been a number of lines of empirical research in 
psychophysiology that have demonstrated that the ANS is capable of di~erent 
patterns of activation. Perhaps the best-known have been t~e S~U?leS of 
autonomic concomitants of cognitive-perceptual states such as onentatIOn and 
defence (e.g. Sokolov, 1963) and stimulus intake and rejection (e.g. Lacey, et 
al., 1963). In addition, there are the admittedly more controversial studies of 
operant conditioning of different ANS patterns in ani~als (e.g. Miller, 196~), 
which showed the potential of the ANS for producmg a number of qUIte 
distinctive patterns both within and across organ systems. Human research 
using biofeedback could also be cited in this context, but there the ~vidence for 
differential ANS response is much weaker (e.g. Levenson and DIttO, 1981). 

Discrete versus dimensional models of emotion 

Contemporary research on emotion has been dominated by two quite different 
models of how human emotions are organized; (a) the discrete model and (b) 
the dimensional model. The discrete model envisions an emotional landscape 
consisting of well-defined singular 'primary' emotions such as fear, anger and 
sadness. The emphasis in research influenced by this model has traditionally 
been on uncovering the internal organization of these singular emotions, rather 
than on exploring their interconnections. The dimensional model, in contrast, 
envisions a multidimensional space consisting of a limited number of under
lying dimensions such as negative-positive, strong-weak and active-pas~iv~, 
upon which are located a large number of emotional states. The emphasIs m 
dimensional research has traditionally been on discovering the interconnec
tions and relations among emotions. 

Until quite recently the flavour of empirical studies that grew ou't of each of 
these traditions was quite different. The discrete model gave rise to work that 
was biological and evolutionary in flavour. Work on autonomic specificity 
clearly was the province of the discrete emotions model, as it attempted to 
uncover the autonomic differences between primary emotions such as fear and 
anger. The dimensional model gave rise to work that was much more cognitive 
and social, concerned primarily with understanding the ways in which people 
think about and form judgements about emotional phenomena. 

Recently, dimensional models have taken a noticeable turn towards physi
ology. In the realm of the ANS, Winton, Putnam and Krauss (1984) have, 
attempted to determine if different ANS responses are lawfully related to 
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different dimensions of emotion. Their research provides some support for the 
notion that the pleasantness dimension of emotion is primarily associated with 
heart rate, while the intensity dimension is primarily associated with skin 
conductance. 

Interestingly, a number of eNS researchers studying specificity of brain 
activation in emotion have also adopted the dimension model. For example, 
Davidson and Fox (1982) have argued that the region of maximal cortical 
activation during emotion is predicted by the location of the emotion on the 
'positive-negative' dimension (with positive emotional states associated with 
left frontal activation and negative emotional states associated with right 
frontal activation). 

It is my belief that the most fruitful model for exploring autonomic specificity 
will prove to be a hybrid primarily on the discrete emotions model, but also 
taking into account the dimension of 'intensity' (see below for a more complete 
discussion of intensity). Given the limited number of studies to date, the 
inconsistency of findi!lgs and the methodological problems that have charac
terized much of the work on ANS specificity, there is much to be gained from 
pursuing separate lines of investigation within both the discrete and dimension
al models. When findings have accumulated from a sufficient number of sound 
studies representing each model, it should then be possible to evaluate their 
relative usefulness 

How many emotions are there? 

This is a question for which no easy answer exists. For dimensional models this 
has not been a primary concern, since even a simple single bipolar dimension 
implies the possibility of a large number of different emotional states. Multi
dimensional models provide even greater possibilities; each point on a given 
dimension can be expanded along the other dimensions, resulting in an infinite 
number of possible emotions. While there has been some recent discussion 
concerning the number of dimensions that are needed to adequately map the 
emotion space {e.g. Smith and Ellsworth, 1985), most dimensional theorists 
continue to work:' with two or three dimensions. 

For discrete models the answer to the question of how many emotions there 
are is much more critical, since it sets limits on the scope of investigation. It is 
important to realize that this answer will be different depending on which 
component system of emotion is being studied. In general, as the sphere of 
investigation moves from that which is uniquely human to that which reflects an 
increasingly broadly based biological heritage, the number of reliably dif
ferentiable emotions will become increasingly smaller. 

The domain of written language provides an example at one extreme. To 
answer the question of how many emotions there are in this domain, we would 
need to compile a list of all words in a given language that describe an 
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emotional state. In contemporary languages the number of emotion terms in 
such a lexicon would be extremely large. Removing synonymous, applying 
clustering techniques and the like, would reduce the set of emotions somewhat, 
but the number of different emotions could easily run into the hundreds. In 
contrast, when one moves into the realm of the skeletal muscles such as those 
involved in emotional facial expression, the number of emotions which can be 
reliably distinguished is much smaller. Theorists differ as to the exact number, 
but most scientists who have studied the face hold that there are fewer than ten 
emotions that can reliably be distinguished on the basis of facial expression 
(e.g. Ekman, Friesen and Ellsworth, 1972; Izard, 1971). 

In the domain of the autonomic nervous system, I believe the number of 
reliably distinguishable emotions will prove to be even smaller. Based on our 
own data, and data from those who have worked in the field before us, an 
optimistic but reasonably conservative prediction would be that we will ulti
mately be able to distinguish four negative emotions on the basis of their 
associated ANS activity: fear, anger, disgust and sadness. Beyond these four, 
only hopefully informed speculation can be offered. Under the heading of 
speculation, I expect that we will also be able to distinguish a positive 
emotional state of 'relaxed happiness' from the aforementioned four negative 
emotions on the basis of the absence of certain autonomic signs. In addition, 
two other emotions might ultimately be distinguished: surprise and amuse
ment. But distinguishing these latter two emotions will probably require 
looking at the ANS in a somewhat different way, taking into account not only 
the kind and amount of ANS activity, but also aspects of its timing (e.g. speed 
of onset) and duration. 

For those who embrace the notion of a boundless set of autonomically 
distinguishable emotions along the lines originally proposed by James and 
Alexander, my expectations for only a modest degree of ANS specificity may 
seem overly gloomy. However, as I hope to make clear in the following 
sections, there are still a number of extremely difficult methodological prob
lems that must be solved before we can begin to explore systematically even the 
most limited set of distinctions among emotions based on the ANS. 

Baseline 

Among the problems involved in studying ANS actlVlty during emotion, 
perhaps none is more basic than the issue of obtaining a reasonable baseline 
condition against which to compare emotion-related ANS changes. Estab
lishing a baseline condition is a prerequisite for being able to make statements 
about the directionality of ANS changes during emotion. Thus, if one's model 
of anger includes a belief that heart rate accelerates during anger, the question 
is begged: acceleration in relationship to what prior level, obtained during what 
kind of prior condition? In this section I would like to discuss briefly the virtues 
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and weaknesses of several kinds~ of baseline procedures. 

Resting baseline 

A 'rest' period would seem at first glance to provide a highly desirable baseline 
condition, and many investigators have adopted a baseline procedure in which 
the subject is asked to do essentially nothing. In our own work using mental 
imagery to elicit emotions, we first instruct subjects to 'rest and empty your 
minds of all thoughts, feelings, and memories'. Leaving aside for a moment the 
question of whether a subject can actually comply with these instructions, we 
need to examine the pros and cons of using this kind of rest period as a baseline. 

It is my belief that the best baseline or point of comparison for any biological 
system is one that is representative of the modal level of activation for that 
system, taking into account its normal range of functioning. The ANS is a slave 
to many masters, and unfortunately for our research, 'rest' is not a modal 
condition for the ANS. Research over the years has linked ANS activation to a 
wide range of behavioural, cognitive and perceptual states, in addition to 
emotional states. Emotion, in its natural occurrence, is rarely superimposed 
upon a prior state of 'rest'. Instead, emotion occurs most typically when the 
organism is in some state of prior activation. To understand how the ANS 
responds in emotion, we might well be better off adopting a baseline procedure 
that produces a moderate level of ANS activity, rather than starting with 'rest', 
which produces perhaps the lowest level of ANS activation that the system is 
capable of. 

There are both methodological and theoretical virtues associated with using 
a baseline activity that produces a moderate level of ANS activation. From the 
standpoint of methodology, starting with the ANS in the middle of its range of 
activation opens the possibility for change in both the increase and decrease 
directions, without immediately running into biological floor and ceiling limits. 
From a theoretical viewpoint we will learn more about the capacity of emotion
al states to activate the ANS if we start with a moderately aroused system. To 
find that a state of anger increases the rate of the heart's beating compared to 
rest may only reflect the reality that almost any activity compared to rest 
produces cardiac acceleration. In contrast, finding that anger still produces 
cardiac acceleration, even when the heart rate is already elevated (as it might 
be by having the subject do difficult mental arithmetic), tells us something 
about the power of anger to recruit additional cardiovascular activity, even 
when the organism is already somewhat aroused. Whereas any kind of activity 
might increase heart rate from 'rest', it may be uniquely the province of strong 
negative emotions such as anger, to be able to increase heart rate from already 
elevated levels. 

The need for an alternative to 'rest' for use as a baseline in research on ANS 
specificity has become increasingly apparent to me as our own work on 
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emotion has progressed. In the search for alternatives, some cr~ativity wil.l be 
needed to devise an appropriate baseline condition for a gI:~n emott~n-
liciting task. Isomorphism may be a useful principle for devIsmg basel~ne 

~rocedures. For example, when we have attempted to elicit emotions?y havmg 
subjects make a set of facial muscle cont~actions th~t are prototYPIcal for a 
given emotion, we have obtained a b.aselIne by. havI~g them m~ke a set of 
muscle contractions that produce a faCial expressIon WIth no emotIOnal mean
ing (Ekman, Levenson and Friesen, 1983~. A~other selection principle w~uld 
be to adopt a baseline activity of theorettcalmterest. For exa~ple, I ~elIeve 
that the evolutionary meaning of positive emotions such as happmess mIght ~e 
to function as efficient 'undoers' of states of ANS arousal pro?uced b~ ~ertam 
negative emotions. To test this hypothesis a reasonable baselIne condItIOn for 
the investigation of ANS concomitants of happiness would be one that 
produces a prior state of fear, anger or sadness. 

The alternative of no baseline 

One way to eliminate the problem of finding an appropriate baseline is to 
eliminate the baseline entirely, making all comparisons between sa~ples of 
emotions without regard to calculating changes from some reference pomt.. We 

. have been utilizing this approach in our current research to carry out subJe~t
by-subject analyses across studies that have util.ized different tasks and dIf
ferent baseline procedures. For example, we belIeve that heart rate ac~ele.ra
tion is a component of the emotion of sadness, while hear~ rate dec~le:atto~ IS a 
component of disgust. A no-baseline analysis can be c~rned.out withm a gIven 
eliciting task by determining the proport~on o~ cases I~ ~hI~h heart rate was 
faster during sadness elicitation than dun~g dISgUSt elIcI~atIOn. 

There are two major disadvantages of thIS approach. Fust, we can only use 
data from a given subject on a given task if that subject has p~oduced us~ble 
trials for each emotion in the comparison. Thus, if we are mterested m a 
sadness versus disgust comparison, and a subject has an unusable sadn~ss 
trial we also lose the data from the disgust trial, no matter how good that tnal 
was.' Second, we lose the ability to describe ANS activity in term~ of ?irecti?~al 
changes from some pre-emotional state. The loss of directionalIty, m addI.tIOn 
to impoverishing the quality of description, exac~r?ates an a~ready potenttally 
serious confound involving the intensity of an elICIted emotIOn (thIS problem 
will be addressed in the following section). 

Finally, there is one other consideration that needs to be raised ~hen 
considering ANS baselines - the stability. of ANS me~sures over. tI~e. 
Although the ANS has traditionally been conSIdered to ?e a centre-seekmg or 
homeostatic system, the centre point can change ?ver tlI~e. Beyond v~ry real, 
significant, and all-too-common problems .assocIated ~Ith not allowmg ade
quate time for subjects to adapt to the expenmental enVIronment, there may be 
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slow linear trends in individual response channels over time. The existence of 
these trends requires some attempt to obtain repeated baseline readings so that 
changes are always being computed in relationship to a contemporary basal 
level. Among the traditional ANS measures, heart rate is probably the most 
likely to return to a stable central setting. Measures of skin conductance or skin 
resistance level are more troublesome (especially if an electrolyte is used that 
changes its own conductivity over time). In my experience, peripheral mea
sures of skin temperature are the most vulnerable to these problems; even 
under well-controlled conditions of external room temperature, subjects often 
show slow linear drifts in basal peripheral temperature throughout the course 
of an experiment. 

Lest the reader think that the problem of baseline is overly academic, the 
baseline procedures utilized in several of the classic studies of ANS specificity 
demonstrate a number of different baseline problems. For example, Sternbach 
(1962) had children view a I-hour film ('Bambi') and identify the scenes they 
found to be most 'sad', 'scary', etc. The ANS data that occurred during these 
scenes were then extracted. The baseline period used for comparison, how
ever, was extracted from the 30-60 seconds of film that preceded the selected 
scene. Thus, the content of the various pre-scene baselines was in no ways 
comparable, rendering the data for each emotion - which were reported in 
terms of changes from baseline - essentially meaningless. Another example 
comes from Schachter and Singer (1962), where a measure of heart rate was 
obtained following each of two 20-minute emotion-elicitation procedures. The 
baseline obtained in that study was a single heart rate reading taken near the 
beginning of the experiment, just prior to subjects receiving an injection of 
either epinephrine or placebo. Thus, in this study the baseline was poorly 
chosen both in terms of time (i.e. too far from the emotion elicitation) and 
context (i.e. waiting for an injection is not a very modal state for the organism). 

Intensity 

Although a regular feature of research in the dimensional tradition, intensity 
has, with few exceptions (e.g. Roberts and Weerts, 1982), been completely 
ignored in studies of ANS specificity during discrete emotions. Assuming that 
any discrete emotion such as anger can exist over a range of different intensity 
levels, the issues are quite basic. If a given set of ANS changes occurs at a 
moderate level of anger, what will happen when anger Occurs at a high level of 
intensity? Will the changes be exaggerated, or will quite different changes 
occur? At a low level of emotional intensity, similar questions can be raised. 
Will the changes be attenuated, nonexistent, or different from those that occur 
at moderate levels? 

Before turning to a consideration of this issue it will be useful to deal briefly 
with emotions that occur at the absolute extremes of intensity. Assuming for a 
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moment that there are emotions that are associated with ~istinctive patter~s of 
ANS activity, I believe that there exists a level of intensIty for s~c~ emotI?~s 

fficiently low that no discernible ANS activation will occur. SImIlarly, It IS 
~i~elY that there is level of inte~sity so high .that ~he con~iguration of ANS 
activation normally associated WIth the emotIOn WIll be dIstorted by natural 
biological ceilings and floors that are reached, by neurohormonal factors that 
alter ANS responses, and by compensatory mechanisms that will act to protect 
the organism from permanent damage. And finally, there m.a~ b~ temporal 
conditions such as those involving repeated or prolonged elICItatIOns under 
which habituation and fatigue will distort ANS patterns. In terms o.f ada~ta
tion, emotions may function most efficiently at moderate .levels of I?tensIty, 
during single elicitations and for relatively sho~t p~rio~s of tIme. And It may be 
under these optimal conditions that ANS speCIfIcIty WIll be most pronounced. 

Hypothetical models of intensity 

Because so little experimental work has been done with inte~sity i: ma~ be 
useful to develop some hypothetical models of how emotional ~nten~It~ m~gh~ 
be reflected in the ANS. Two such models can be termed the multIphcatIve 
model and the 'additive' model. . . 

Let us start with some data from our own laboratory from a study III w~Ich 
voluntary contraction of facial muscles was used to pr~duce prototypIcal 
emotional facial expressions (Ekman, Levenson and Fnesen, 198~). The 
intensity of self-reported emotion produced by this task and the magmtude of 
ANS changes are quite moderate. The actual heart rate ch.anges fo:- four 
negative emotions using a baseline consistin~ of a non-emo.tIOn~1 ~acIaI ex
pression are plotted in the left-most chart of FIgure 2.1. Also III thIS fIgur~ are 
two extrapolations of these data depicting results t?at might acc?mp~ny. hIg.he~ 
levels of emotional intensity. The centre chart Illustrates a ~ultIph.catIve 
model in which the ANS changes that occur at one level of IntenSIty are 
multiplied by a factor reflecting the change in intensity. Thus. if the intensity of 
the elicited emotions were presumed to double, a heart rate Increase of 8 bpm 
at the original level of anger intensity would become a heart rate increase o~ 16 
bpm at the higher intensity; while a heart rate decrease of 0.5 bpm .dunng 
moderate disgust would become a decrease of 1 bpm during doubly Intense 
disgust. In the multiplicative model any directional differ~nces ~etween emo-
tions become even more pronounced at higher levels of IntenSIty. . 

The right-most chart in Figure 2.1 illustr.ates an '~dditive' model in whIch 
increased intensity carries with it a constant Illcrease In heart rate reg~rdless of 
the emotion that is intensified. Here the assumption is that a doublIng of the 
intensity of emotion will add an additional 8 bpm. of heart rat~ incre~se 
regardless of the emotion. In this case the heart rate Increase assOCIated WIth 
intense anger again becomes 16 bpm (8 bpm + 8 bpm) , but now the heart rate 
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I example, the 'startle', a highly patterned set of facial movements that starts w 
O"I::E within 100 milliseconds after an unexpected gun shot and lasts for less than SOO Co.. 
~co milliseconds (Ekman, Friesen and Simons, 1985), could be viewed as a reflex-
U c too short-lived to be an emotion. Similarly, the state of a person who has been 

ex: ....... feeling hostile for the greater part of a morning can be viewed as a mood - too :l: 
long-lived to be an emotion. How long does a genuine emotion last? Ekman 
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(1984) suggests that it typically lasts between! and 4 seconds. 

Shifts between emotions: facial expression and subjective experience 

Before accepting as fact that an 'emotion' typically lasts for less than 4 seconds, 
we need to consider the various component systems that are involved. In the 
case of facial expression this seems quite reasonable. The emotional facial 
expressions that can be observed in the laboratory are quite brief and fleeting, 
and casual observation of facial expressions in natural settings will support the 
same conclusion. 

Our experimental work studying marital interaction throws some light on the 
issue of how quickly the subjective experience of emotion can shift. In this 
work (Levenson and Gottman, 1983), married couples engage in a 15-min 
discussion about a problem area in their marriage while psychophysiological 
measures are obtained. Several days later each spouse returns to the laboratory 
separately to view the videotape of the interaction. As they watch the tape they 
are asked to indicate how they felt during the interaction using a rating dial 
device that traverses a nine-point scale between 'very negative', 'neutral', and 
'very positive'. Subjects are asked to adjust the dial as often as needed, so that 
it always indicates how they felt. It would be more useful for the present 
purposes if these subjects had been asked to provide ratings in terms of discrete 
emotions, but these dimensional ratings provide some indication of how 
quickly feelings can change during a social interaction. In Figure 2.2. 10 
minutes of rating dial data from a typical subject (a husband viewing the 
videotape of the discussion of a marital problem) are portrayed. To match 
these data better to the duration of a typical emotion in the face, 5-second 
averages were used to create this figure. Two points should be noted. First, the 
SUbjective rating of emotion along this single dimension is continually shifting 
and quite complex, spanning the full range of possible ratings. Second, 
adjacent 5-second periods can be extremely different in terms of their affective 
rating - sudden changes along the positive-negative dimension are quite 
possible. 

ANS activity: the critical problem of temporal matching 

If emotions can be as brief, and can shift as rapidly, as indicated in the 
preceding discussion of facial expression and subjective report, then the 
implications for autonomic measurement are profound. Every effort must be 
made to carefully match ANS measurement to the brief occurrence of these 
emotions. It is very easy to make two kinds of mistakes. First, we might 
measure at the wrong time and thus miss the emotion. Second, we might 
compute averages across overly long measurement periods which can include a 
number of different emotions, as well as periods of no emotion. In the latter 

EMOTION AND THE AUTONOMIC NERVOUS SYSTEM 

en 

w 
> :>-...... 

c... -+-' w ...... 
:> Ul 

o 
CL 

~ 

.....:::: 

-
c 

..c::::: 

c:::. 

I-
'1.... 

~ -' 

-z..... 

c::::: 

~ 
;;: 

~ 

V-

'-
;- b 

~ 

~ 
1-.::::: 

~ 

=-
~ 

--z:... 

~ 

""2. 

-----,...-

-K 
ICI 

J 

f.--- ::? 
i":::::::I 

-I--

.r-

P 
E 

o .... 
In 

o 
C\I .... 

Ul 
-0 
C 
o 

oU ow 
crlCf) 

o .... 
IN 

o 
m .... 

o 
C\I .... 

o 

'" 
l0 

IN .... 

w 
> 

:>- ...... 
c... -+-' 
wco 
:> Cl 

w 
Z 

t::: o 
'B 
oj .... 
!l) ..... 
.8 
C; ..... . t:: 
oj 

8 

31 

OJ) 

.8 .... ::s 
'0 
t::: 
o 
'p 
o 
8 
!l) 

4-< 
o 
OJ) 

.8 
~ .... 



32 
SOCIAL PSYCHOPHYSIOLOGY AND EMOTION 

30 

25 

20 

15 

10 

HA change 
5 - Anger 

.•.. Disgust 
in BPM 

0 

-5 

-10 

-15 

-20 
0 2 4 6 8 10 

Seconds 
12 14 16 

FIGURE 2-3 Rapidity of ANS changes during high-intensity emotion 

b
caseh' ANS pat~erning associated with a single emotion could easily be obs d 
y t e averagmg procedure. cure 

U~fortunately we know far less about the duration of ANS f't . 
em?tIon than we do about any other component- Several co~~~~i m an 

:~~~~so~~~~:~t~v~~il!ing eff~ct on .systemati~ investigation of the te~p~~~~ 
. y m emotIOn. FIrst, there IS the notion that the ANS is a 

very slow-actmg system. Of course compared to the CNS and to the I f 
the f~ce, this is. true. But the question really is: How fa~t is fast en:u~?e;~r 
::otIOn, what IS an accep~a~le.latency between the initial neural imp;'s~ and 
one :m::len~ement of actIVI~y m the target organ? Certainly autonomic drive 

e . ear can cause a sIzeable change in the heart's rate d 
contractIOn within a single heart beat (which would ty' II' lan

l 
force of 

second). pIca y mvo ve ess than 1 

~n .example of this speed of onset and acceleration can be se . . 
T~~ flg:re. p~.sents 15. seconds of heart rate data for a SUbject:~ ~a~~~;r~:d 
WI .w 0 IS Ighly skIlled at producing emotions on re uest 
sus tam th~se .emotions for unusually long periods of time: For ~h:n: wh? can 
anger (~ohd hne), an acceleration of 5 bpm occurs within the f t mo~o~ of 
the subJe~t was asked to 'become angry', and by the end of th:r~e~:~~~ a ter 
:~ce~era~IOn of hlO bp~ had occurred. For the emotion of disgust (dashed ~~:)n 

e ear rate c ange IS both slower in onset and mo. . ' 
second following the instruction to 'become disguste~~ t~~n;;le~. F~r the fl.rst 

~nChtng~d, the~ it accelerates 5 bpm over the next 3 seconds, ~:~o:: ~ ~:;~~n:. 
ece eratIOn whIch reaches over 15 bpm by the end of 15 seconds Alth h 

such data are certainly not conclusive, they are illustrative of the f~ct tha~~~e 
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latency of onset for ANS activity can be quite short, and the change can be 
quite rapid. 

Another quite different notion that has impeded work on the temporal 
course of ANS activation is the belief that, once activated, the ANS continues 
to remain activated for too long a time to be able to track rapid changes in 
emotion. One source for this notion is undoubtedly the experience associated 
with extremely intense negative emotions of becoming aware of ANS activa
tion (e.g. pounding, racing heart) which continues long after the eliciting event 
has passed. This kind of autonomic 'overhang' is a real phenomenon, probably 
resulting from the high levels of sympathetic hormones (epinephrine and 
norepinephrine) that are released into the blood stream from the sympathetic 
nerves and the adrenal medulla during intense emotional experiences. These 
hormones can maintain sympathetic nervous system activation at heightened 
levels for relatively long periods until they are eventually deactivated. 

Without minimizing the importance of high-intensity emotion, we need to 
find out more about the temporal dimension of the offset of ANS activity 
brought about by moderate levels of emotion as well. Perhaps there will still be 
some overhang at moderate levels of emotion, but there is no compelling 
reason to think that the ANS component of an emotion could not onset and 
offset within a lO-second window encompassing a single emotion. And the 
onset-offset interval could be even shorter for certain ANS functions such as 
heart rate, in which the action of the parasympathetic branch of the ANS has 
the opposite effect from the action of the sympathetic branch. For such dually 
innervated organs a natural braking mechanism is available for restoring the 
ANS function back to its prestimulus levels. 

The research literature on ANS specificity has numerous examples in which 
ANS responses have been imprecisely matched to the occurrence of emotions. 
Funkenstein, King and Drolette (1954) used a 2!-minute procedure to elicit 
emotions, but the ANS data that were analysed were obtained after the 
procedure was over. Similarly, Schachter and Singer (1962) utilized complex 
20-minute elicitation procedures to produce euphoria and anger, but their 
ANS data (a single measure of heart rate) were obtained after the procedure 
had ended. 

Verification of emotion 

Failure to verify adequately what emotion subjects are feeling, and when they 
are feeling it, constitutes probably the most pervasive failure in the existing 
research on ANS specificity. Adequate verification is admittedly an extremely 
difficult task, but it is necessary before we can begin to understand the role of 
the ANS in different emotions. 

. Several factors contribute to the need for verification. I have already 
discussed at some length the problems associated with the temporal dimension 
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of emotion and the resultant need to locate precisely when an emotion occurs, 
so that ANS measurement can be matched with the Occurrence of the emotion. 
This. task is critical because the ANS at any moment can be functioning in the 
serVIce of any of several masters, ranging from the relatively mundane (such as 
~esponding to change~ in posture) to the extremely profound (such as respond
mg to a threat to survIval). What we need to find are those moments when the 
ANS is in the service of emotion; for our purposes this is the signal- all else 
must be considered noise. 

In the n.atural environment any emotion can be brought forth at any time; 
hardly an Ideal situation for obtaining tight experimental control. Thus when 
we attempt to study emotion in the laboratory our first order of business is to 
recapture Some degree of control over the eliciting stimulus. This has often led 
to the selection of stimuli selected from the psychological hotse of horrors such 
as electric shock, loud noise, buckets of freezing water, slides and films of 
assorted medical, industrial and anthropological gore. Regardless of how 
car~fully we control these stimuli, our efforts are destined to be frustrated by a 
basIc tenet of research on emotional specificity; namely, that the starting point 
for any analysis must be the occurrence of a given emotion, and not the 
~dministra~ion of a given stimulus. In emotion research we are not really 
mterested m the ANS response to a precisely controlled electric shock, but 
rather the ANS response that occurs during the emotion of fear that might be 
produced by that shock. 

The unfortunate reality is that there is no stimulus that will produce the same 
emotion, in all subjects, at all times. For this reason it is pointless to pursue 
research on ANS specificity in emotion without employing the best possible 
means to sift through all of the possible behaviours provoked by our elegant 
manipulations, to find those moments of 'emotion', and to identify these 
moments as to time and type. 

Since the dependent measures in specificity research are responses of the 
autonomic nervous system, verification - if it is to avoid circularity _ must 
make use of some other response system for which translation rules are 
available linking responses in that system to emotional states. Given the 
present state of knowledge this typically means verifying on the basis of 
self-report or facial expressions or both. Each of these methods of verification 
has its own virtues and potential pitfalls. 

Self-report and some alternatives 

AI.though often a ma~net for criticism, self-report measures _ carefully and 
skIlfully used - provlde one of the most powerful methods of verification 
available for research on ANS specificity. Self-report has the virtues of 
availability and economy, since it is accessible to all researchers and does not 
require extensive instrumentation, training or scoring time. Of course, self-

EMOTION AND THE AUTONOMIC NERVOUS SYSTEM 35 

report leaves the ultimate responsibility for identify~ng e~otion~l state~ in the 
hands of the subjects, whose ability to accurately Identlfy feehngs wIll vary 
from individual to individual. The quality of self-report will also vary grea~ly ~s 
a function of the difficulty of the required discrimination, and our o,:n SkI~ls m 
asking the right questions, in the best manner, and at the appropn~te tIme. 

The paper-and-pencil inventory is only one of several methods avml~ble f~r 
obtaining emotional self-report. Richard Davidson and Paul.Ekman, m t~elr 
ongoing work on EEG specificity, obtain v~rbal r~ports of dIscr~te en:otlOns 
repeatedly during their experiments by havmg subJ.ects rate the mtensity of a 
number of discrete emotion terms presented on shdes. 

Rating dials are another option. The video re.call 'proced~re that ~ohn 
Gottman and I have used in our work on mantal mteractIOn descnbed 
previously (Levenson and Gottma~, 1983) pr~vides a.fairly .unobtrusive way t.o 
obtain continuous self-report ratmgs on a smgle dImenSIOn. Although th~s 
method appears to have reasonable validity (Gottman and Le.v~nson: 1985), It 
rests on the assumption that viewing a videotape will be a suffICIent st~~ulus to 
recapture past emotional experiences. This assumption would be dIffICUlt. to 
support in contexts other than intimate social interaction. In my ?wn work ':Ith 
film viewing and laboratory stressors I have often used rating dIals to obtam a 
continuous emotional rating on a single dimension throughout the actual 
experiment (e.g. Levenson et al., 1980). This procedure c~uld be ada~ted to 
have subjects provide continuous ratings on one or two dIscrete em~tIOns. 

Finally, although contemporary experimentalists ten~ not to favo:rr It, there 
is the interview procedure. A skilled interviewer, expenment~lly bl~nd, w~rk
ing with a subject immediately following an experimental ~ampulatlOn, mIght 
be able to obtain a more veridical self-report of emotIOns than could be 
obtained using a sterile sheet of paper. For those int~rested in ~earning about 
the nuances of emotional interviewing the interVIew techmques used by 
phenomenological psychologists to obtain more precise emotional self-reports 
can be extremely helpful (e.g. de Rivera, 1981). 

Common procedural errors with self-report 

Effective use of self-report verification methods requires avoiding two com
mon procedural errors. The first is the use of self-report measures that produc.e 
emotion ratings that do not match up with the emotions und~r study. Th~s, If 
one is interested in comparing ANS differences between dIscrete emotlOns 
such as anger and amusement, it is important to use ~ self-report I?easur~ that 
produce scores for discrete emotions rather than ratmgs on emotIOnal dImen
sions' and to use a measure that produces scores for 'anger' and 'amusement' 
rathe~ than for 'hostility' and 'joy'. Finding equivalencies bet:vee~.emotional 
terms in a language is a painstaking task that often reveals ~on-I.ntUltlve results; 
thus it is best not to assume equivalencies on an a priorz baSIS. 



36 SOCIAL PSYCHOPHYSIOLOGY AND EMOTION 

The second basic error is one of timing. The self-report procedure should be 
designed so that the rating is obtained as close in time to the actual emotional 
experience as possible, since retrospective emotional recall may be much less 
accurate than more immediate reports. In addition, the procedure should focus 
the subject's rating on a brief period of time to maximize the likelihood that the 
rating will not include a series of different emotional and non-emotional 
events. Studies in which subjects endure emotionally complex and lengthy 
manipUlations and then - after all of the fireworks are over - are asked to 
provide a one-shot emotional rating for verification are misguided (making the 
same basic temporal error as in studies in which ANS measurement is obtained 
long after any elicited emotions have subsided). 

Examples oflong delays prior to obtaining self-report can readily be found in 
the existing literature. For example, in Ax's (1953) study of fear and anger, 
subjects were not asked about the feelings that had occurred during a complex 
5-minute elicitation procedure until at least 30 minutes later. During the 
intervening period the subject had been exposed to another complex elicitation 
procedure for a second emotion. Schwartz, Weinberger and Singer (1981) 
waited 7 minutes after each of their imagery trials to ask subjects how they felt; 
this waiting period included a I-minute period of vigorous physical exercise. 

One other puzzling practice is sometimes followed with self-report data. 
Subjects are questioned about their feelings, and these data are used to verify 
that the experimental manipulations were effective by showing, for example, 
that subjects exposed to an anger manipulation reported more anger than those 
exposed to a sadness manipulation. However, when physiological data are 
analysed, data from all subjects in a given condition are included. In such cases 
ANS changes associated with anger could be based on an odd assortment of 
subjects, induding some who actually reported feeling angry, as well as others 
who reported feeling nothing or some emotion other than anger. In such 
studies a good opportunity to utilize verification data to 'purify' samples is lost. 

Facial expressions 

Using facial expressions to verify subjects' emotional states has considerable 
appeal, especially since it can be done unobtrusively and continuously from a 
videotape recording of the subject's face obtained during an experimental 
procedure. In our work on emotion we routinely obtain these kinds of 
videotapes and time code them in such a way that we can precisely match the 
concomitant ANS activity that occurs during an emotional facial event. From 
the perspective of avoiding the vagaries associated with self-report, verification 
using facial expressions represents a major methodological breakthrough for 
research on ANS specificity. Despite the enthusiasm that I have for facial 
measurement, there are several caveats that should be raised. 

First and foremost, there is the sufficiency issue. The use offacial expression 
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to verify or detect emotional moments rests on the assu1JolPti~n that. what we s.ee 
on a subject's face is a true indication of wha~ the subJe~t IS feehng. D~spite 
some fairly good evidence in support of thIS assu~ptlOn for the p~Imary 
emotions, a number of legitimate questions can be rmsed about acceptmg the 
occurrence of an emotional facial expression as a sufficient basis for inferring 

an internal emotional state. 
There is also the necessity issue. It may be overly conservative to postulate 

that the occurrence of an emotional facial expression is necessary for the 
presumption of emotion. Few .would ar~ue that the absence of the .co~plete 
prototypical expression for a gIVen emo~lOn guarantees that the sU?Ject IS n.ot 
feeling that emotion. Even the most radIcal advocate of the centrahty of faCIal 
expression in emotion would admit the possibility that, at l~~st at lower 
'ntensities we can feel a primary emotion and produce only subvlSlble changes 
~n the fade or produce visible changes that are ambiguous, leaving out 
1 , . f 
elements of the full complement of muscle contractions that are pro:otyplC. ~r 
the emotion. In fact, with the possible exceptions of happiness and dISgUSt, It IS 
unusual to see the full-facial prototypes of primary emotions in response to 

most laboratory manipulations. 
The experimental situation can also play a major role in altering :he 

threshold for the appearance of emotional facial expression, as well as altenng 
the kinds of expressions shown by subjects in the laboratory. Ek,ma~ and 
Friesen (1969) have written extensively about the role of a culture s dIsplay 
rules, and how they can alter the facial behaviour seen in response to an 

experimental manipulation. . ' 
Finally, the costs of facial measurement are hIgh both m terms of the level of 

training needed by coders, and the time required to adequat~ly code t?e face 
from videotape. For precise muscle-by-muscle measurement It can eas~ly take 
30 minutes to code a minute of facial behaviour; and once the codmg has 
been completed one needs to apply a set of translatio~ rules to the codes to 
extract their emotional meaning. Fortunately for the fIeld, there are several 
well-developed systems for doing this kind of facial measu~ement (the two 
most prominent systems are associated with Ekman and Fnesen, 1978; and 
with Izard, 1979; see Ekman, 1982 for a comparison of several avmlable 

systems). 

ANS activity as an independent criterion for detecting the occurrence of emotion 

Although it would be circular to look to the ANS ~s.a. me~ns. o~ verifyi?g the 
occurrence of emotion in research on ANS specIfIcIty, It IS mterestmg to 
speculate on the possibilities of using the ANS as an indicator of .emo~i~n. 
Should we ever reach a point in this research area where we have IdentIfIed 
ANS patterns for a number of emotion~, we might be able t? us~ the ANS as an 
independent criterion for emotion. ThIS would be a potentially mvaluable tool 
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for studying the interplay among the other emotional components, especially 
facial expression and subjective awareness. 

The.notion of using the ANS in this manner is a simple one. For example, if 
we beheve that the ANS pattern' for fear consists of an acceleration of heart rate 
of at least 5 bpm, accompanied by a decrease in finger temperature of at least 
0.5 of, then we could scan a subject's ANS record from an experiment to find 
insta?~es that matc~ ~his pattern. At the very least we could pose questions of 
condItIonal probabIlIty. For example, given the occurrence of this 'fear' 
pattern in the ANS, what is the probability of the subject self-reporting fear, of 
the fac~ showing an expression of fear, of the environmental event being 
co.nducive to fear? If these probabilities are high in 'normal' subjects, there 
mIght be considerable clinical utility in using ANS patterns to explore the 
effects of s~ch psychodynamic constructs as repression, during which we would 
~x~ect a dIscrepancy to appear between the Occurrence of an emotion (as 
mdicated by the ANS) and its articulation in expression and SUbjective 
awareness. 

A question of importance 

T~e primary question concerning ANS specificity has always been: Does it 
eXIst? However, an equally important question that should be raised is: If 
specificity exists, does it matter? Autonomic differences between emotions 
could well exist but be of little consequence, merely representing vestiges of an 
earlier biological organization that is no longer critical for the emotional life of 
the human species. My position on this second question is that ANS specificity 
d~es matter, and I would like to conclude this chapter by discussing briefly why 
thIS may be so. 

Initiation and completion of emotion 

!here are those ~ho ,:ou~d assert that the essence of emotion only emerges in 
It~ t~tal gestalt; If ~c:lvatIOn of anyone of the major component systems' is 
mIssmg - whether It IS facial expression, cognition, or ANS arousal- what is 
le~t is not quite 'emotio?:- The debaters of these issues are clearly concerned 
WIt~ t.he necess~~y conditIOns for the occurrence of emotion. Arguments over 
suffICIent condItIons can also be raised that pose the question of whether 
activation of any single component system - expression, cognition, or ANS 
arousal- is by itself an emotion. A third, related argument concerns initiation 
- the capacity of each component system to recruit the' other component 
systems to produce a full-blown emotion. 

It would be hard to argue that ANS arousal is a sufficient condition for 
emotion, since ANS arousal accompanies many potentially non-emotional 
activities such as exercise, postural change and digestion. Of course, it is 
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possible that the patterns of AN.S arousal that accomp.any emotions ~re unique, 
never duplicated in non-emotIOnal states. In my VIew the .assertIOn .o~ suf
ficiency of ANS arousal for emotion is as tenous as the assertIOn of ~ufficiency 
for facial expression or for cognition. On the other hand, I do belIeve that a 
full-blown emotion can be initiated by activation of either the ANS or ~he fa~e 
or cognition. However, progression to the completion of the full emotIOn wIll 
require activation of the collateral ~yst.ems ~s well as ad~qu~te con.textual 
support from the environment. In thIS viewpOl~t the ANS IS neIther kmg nor 
pawn; it plays a central role, but not an exclUSIve one. 

Colouring the subjective experience 

Autonomic differences between emotions could help determine a numb~r of 
central features of the subjective experience of each emotion, even c?ntnbut~ 
ing to the ultimate cognitive labelling. of the emo~ional s~ate. I belIeve that 
there is not yet sufficient evidence aVailable to deCIde the Issue of whether or 
not physiological changes (whether they occur in the ANS, in the. muscle~ of the 
face, or in the large skeletal muscles) playa significant role m shapmg ~h.e 
phenomenological experience of e~otion. For.t~e ANS to play such a role It IS 
necessary that some mechanism eXIst for provIdmg feedback of ANS changes 
into the central nervous sys,tem structures that are responsib~e for p~o~ucing 
the subjective experience. that such proprioceptive ~~chamsms eXIst m ~he 
ANS cannot be questioned; but whether they are sensItlve eno~gh to pr?:Ide 
the kind of information that influences cognition is less cert~irU In add~tlOn, 
there remains the elusive question of the mechanisms by WhICh any aVailable 
proprioceptive information from the ANS would be ~tilized. I believe that w,e 
can become consciously 'aware' of the heart's poundmg, an~ of ~he stom~ch s 
churning. However, the influence of ANS changes on ~ubJe~tIVe e~otIona~ 
experience are likely to be much more su~tle th~n de~ICted I? the. I churn, 
therefore I feel' model, in which the propnoceptIve eVIdence IS weIghed and 
mulled over before the emotional verdict is rendered. 

Evolution, adaptation, health and disease 

The prominence afforded to human cognition by contemporary psycholo~y 
should not be allowed to obscure the evolutionary importance of auto.nomic 
specificity. If different patterns of ANS activation are found to. eXIst. for 
different emotions, and even if these patterns are found to have no d~scermble 
impact on cognition, ANS specificity could still have pro~ound survIval value 
for an organism forced to respond efficiently and appropnately to a number of 
different environmental demands. 

This is the most basic argument in support of the critical importance o~ ANS 
specificity. When faced with a situation which requires sudden behaVIOural 
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~at~a~on. the ~~S h~s to ~u~ckly assume the proper configuration to support 
. . a e avIOur. Ight and flIght' are not the same behaviours. They involve 

dIfferent. groups of skeletal muscles, and require quite different kinds of 
autonomIC suppo~t. I.f there is an ANS pattern associated with anger then it 
should be one WhICh IS supportive of the behaviour of 'fighting" I'f th . ANS tt . d . , ere IS an 

~a ern aSSOCiate WIth fear then it should support 'fleeing' A tt f 
gastromtestinal activation associated with disgust would n t b' pa ~rn 0 
th k" d' 0 e supportive of 

e.se m s ?f behav~oural adaptations. Emotion provides a mechanism b 
w~Ich behavIOur, facI~1 expr~ssion and the appropriate ANS support can b~ 
qUickly matched t~ the Immediate environmental demands. The capacity of the 
A~~ fo~ supportmg ~ Iimit~d number of primary emotionallbehavioural 
paIrIngs IS the centrepIece of ItS evolutionary value in emotion. 

In the .contemporary era we are usually quite insulated from the kinds of 
stark environmental forces that impinged on earlier man yet th . t b r h' ' ere IS no reason 
o e Ieve t at our emotIOnal lives are any less ViVI'd We stI'11 . t I' . can expenence 

ex reme y s.tro~g emotIOns such as anger accompanied by the full complement 
of ANS aCtivatIOn,. bu~ ~ow these emotions occur in a social and psycholo ical 
context that often mhlblts the expression of the natural beh' I g '. aVIOura concom-
Itants. An e~otIOnally aro~sed ANS, assuming a specific pattern of activation 
~nder cond~t~ons of b~h~vIOural restraint, may have become the modal emo~ 
~IOnal COn~ItIon. ~f thIS IS so, then ANS specificity may become increasin I 
Important m helpmg. us understand the links between specific emotions a~~ 
processes of health, Immune function and disease. 
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CHAPTER 3 

Neuroendocrine measures of stress 

WILLIAM McKINNON, ANDREW BAUM AND PATRICIA MOROKOFF 

Uniformed Services University of the Health Sciences 

Abstract: Stress is a 'whole body' process involving central and peripheral nervous 
system changes and a variety of psychological and physiological responses. Endocrine 
activity, particularly catecholamine and corticosteroid response, has been established as 
a reliable marker of stress. The importance of endocrine activity in stress and health 
changes is discussed. 

'Stress' is probably one of the most confusing and difficult terms to define in the 
biomedical and behavioural sciences. It has become a catchall explanation for 
many physical and mental complaints having no known pathogenic or psycho
logical aetiology. Researchers conceptualize stress as both a psychological and 
physical precursor to illness, as well as a state that accounts for transient 
behaviour and biological change. In general the concept has acquired a 
negative connotation and is often associated with environmental circumstances 
which disproportionately tax an individual's resources because they are beyond 
what is typically experienced by the person. Stress is defined in this chapter as a 
complex of emotional cognitive, behavioural and biological responses to the 
threat of being harmed, to strong environmental demand or to the loss of 
something valued. Stress refers to a continually changing process of re
lationships between people and their environments; it is not simply a stimulus 
or a response, but rather a combination of the two (Lazarus and Folkman, 
1984). As a result, stress cannot be investigated from a restricted perspective. 
No one discipline will unravel the complexities associated with the phe
nomenon of stress. 

This chapter is primarily concerned with demonstrating the usefulness of 
incorporating neuroendocrine measures in the study of stress. It should not be 
inferred, however, that biochemical markers define the stress response or are 
more important than any other measure of stress. What will become apparent 
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