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Emotions penetrate the deepest recesses of human existence across the
life span. They guide, enrich, and ennoble life; they provide meaning to
everyday existence. Emotions promote behaviors that protect life, form
the basis for the continuity in life, and compel the termination of life.
Given their evolutionary heritage and daily currency, there is little wonder
that emotions have preoccupied humankind throughout recorded history,
and there i1s little doubt that emotions are biologically rooted and cultur-
ally molded.

Emotions involve cognitions (e.g., feelings, memories, appraisals); vis-
ceral, humoral, and immunological reactions; gestures, vocalizations, and
expressive displays; postural orientations and overt behaviors; or varying
combinations of these (e.g., Frijda, 1986; Izard, 1977; Leventhal & Mos-
bach, 1983). Emotions have been further characterized as being evoked
by biologically relevant stimuli and by associated internal or external
events, mobilizing limited attentional and cognitive resources toward pres-
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ent or future coping, and modulating internalized and externalized actions
to promote generally adaptive coping responses (Malmo, 1975; Plutchik.
1980). Emotions involve an explicit evaluative categorization of a stimulus
into positive and/or negative valence classes and the activation of behav-
ioral dispositions that entail bivalent tendencies toward (e.g., approach,
acquisition or consumption, affection) or away (e.g., avoidance, escape or
rejection, withdrawal, repulsion) from the stimulus (Berntson, Boysen, &
Cacioppo, 1993; Lang, 1995; Schneirla, 1959). These action dispositions
are manifest in the somatic nervous system, even at incipient levels (Caci-
oppo, Tassinary, & Fridlund, 1990) and, particularly when intense or
extended across time, enlist the logistical support of the autonomic nervous
system (Lang, Bradley, & Cuthbert, 1990). Selected emotions such as
happiness, sadness, fear, anger, surprise, and disgust have also been de-
scribed universally as discrete and indubitable perceptual experiences,
and each has been linked to distinctive cognitive appraisals, facial displays,
and action implications.

SOMATOVISCERAL DIFFERENTIATION OF EMOTIONS

The principal issue in the contemporary literature is not whether there
are distinctive biological substrates to discrete emotions but rather (1)
to what extent do discrete emotions evoke differential peripheral (e.g.,
visceral) responses, and (2) what role do these peripheral responses play
in emotional experience and behavior. Several years ago we reviewed the
literature on the somatovisceral differentiation of emotions. We found
clear evidence for the somatic differentiation of positive and negative
emotions, limited evidence for the somatic differentiation of discrete
emotions, and less evidence for specific emotions being associated with
distinguishable and generalizable profiles of activation in the viscera
(Cacioppo, Klein, Berntson, & Hatfield, 1993). We outlined several rea-
sons that this state of the literature may not provide the final word on
the ANS differentiation of emotion, however. The end-organ responses
(e.g., tachycardia) of dually innervated viscera (e.g., the heart) provide
little information about the activation of autonomic nerves innervating
the viscera; the peripheral effects of the activation of emotional centers
in the brain may be more apparent in autonomic traffic than in homeostat-
ically organized visceral responses (Berntson, Cacioppo, & Quigley, 1991,
1993). Furthermore, the effects of specific emotions on neuroendocrine
responses were and remain understudied.
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Peripheral physiology also changes across the life span. If age-related
changes in physiological function alter the autonomic manifestations of
emotions, the autonomic differentiation of specific emotions might be
masked. Thus, the autonomic differentiation of emotions may be more
apparent when age is treated as a moderator variable. Finally. methodologi-
cal problems have plagued much of the research on the autonomic differen-
tiation of emotions, problems that diminish the definitiveness of null
results (see Cacioppo et al., 1993; Stemmler, 1992). The methodological
issues involved in testing this hypothesis are compounded, of course,
when age is added as a factor (e.g., Nesselroade & Labouvie, 1985;
Siegler, Nowlin, & Blumenthal, 1980).

In the present chapter, we reexamine the evidence for the physiological
differentiation of and contributions to emotion with an emphasis on age-
related effects, where possible. Numerous theories of emotion have been
proposed since James (1884) proposed that emotional experiences were
a function of peripheral responses, but those dealing with emotions accom-
panied by significant peripheral physiological changes are bracketed by:
(1) theories that hold that discrete emotional experiences stem from distinct
somatovisceral patterns (e.g., Ekman, Levenson, & Friesen, 1983; Leven-
son, 1988; Levenson, Ekman, & Friesen, 1990), and (2) theories that hold
that discrete emotional experiences derive from cognitive appraisals that
were initiated by the perception of undifferentiated physiological arousal
(e.g., Mandler, 1975; Schachter & Singer, 1962). We begin by examining
representative studies on the somatic differentiation of emotions and the
role of somatic factors in emotional experience and behavior. We then
review evidence analyses for the autonomic differentiation of emotions.
Given the large number of studies and conflicting results in this latter
area of research, we use meta-analytic techniques to guide this review
and to examine age as a possible moderator variable. Although cognitive,
social, and developmental factors influence human emotions (e.g., Izard &
Malatesta, 1987; Lazarus, 1966), we focus in this chapter on the psycho-
physiological responses associated with emotions and their likely role in
emotional experience. Thus, we end with a discussion of the role peripheral
physiology may play in emotional experience and behavior.

SOMATIC ACTIVITY AND EMOTION

The classic observations of Charles Darwin (1872) suggested that facial
expressions of emotion were universal. Contemporary developments in
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facial expression as a marker of emotion can be traced to Tomkins’ (1962)
ascription of an instrumental role to facial movement and feedback in the
experience of emotion and to his suggestion that high-speed filming be
used to perform microscopic analyses of facial expressions and emotion.
These proposals led to important methodological advances in facial coding
(e.g., Ekman & Friesen, 1978; Izard, 1971, 1977). Building on this founda-
tion, investigators over the past three decades have provided provocative
evidence that: (1) at least a subset of discrete emotions have been associated
with distinct overt facial expressions; (2) the induction of states in which
individuals report positive and negative emotions are associated with
distinctive facial actions; and (3) displays similar to those of the adult
can be found in neonates and the congenitally blind (e.g., see Ekman,
1973, 1992a, 1994; Ekman & Friesen, 1978; Ekman et al., 1987; Izard,
1971, 1977, 1992; Steiner, 1979). Although observers across cultures
attribute the same emotional meaning to the expressions of happiness,
sadness, fear, anger surprise, and disgust, these attributions are not perfect
(Russell, 1994). Complicating research in this area, the specific emotion
that is evoked (or the sequence or blend of emotions that are evoked)
by a stimulus may vary across individuals and cultures; the individuals
expressing emotions can invoke display rules to mask or hide the emotion
‘they are feeling; and observers can confuse the meaning of expressions
(e.g., fear and surprise).

Based on research that identified a small set of emotions which were
accompanied by unique configurations of facial actions and which were
labeled reliably across cultures, Ekman (e.g., 1973, 1992b) and Izard (e.g.,
Izard, 1977, 1992) have proposed that there is a small number of basic
emotions. These basic emotions are hypothesized to be associated with
distinctive innate response patterns and neural substrates. Happiness (or
Joy), sadness, anger, fear, and disgust are generally considered to be basic
emotions, but a different five emotions (Fischer, Shaver, & Carnochan,
1990), fewer than five emotions (e.g., Panksepp, 1982), and more than
five emotions (e.g., Frijda, 1986; Oatley & Johnson-Laird, 1987) have
also been suggested. Ortony and Turner (1990) have challenged the very
premise that there are basic emotions, and they have proposed instead
that emotions are constructed from valent and nonemotional component
processes. In addition, Russell (1994, 1995) has questioned whether the
evidence for the universality of emotions is definitive. These are important
and continuing debates that likely have implications for which emotions
might be expected to have distinctive psychophysiological substrates (see
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Ekman, 1992b, 1994; Izard, 1992, 1994; Panksepp, 1992; Turner & Or-
tony, 1992).

Facial Electromyographic (EMG) Responses as a Function of Emotion

Not all feelings and emotions are accompanied by visually perceptible
facial actions, and this has limited the utility of analyses of facial actions in
emotions. Approximately 20 years ago, therefore, facial electromyography
(EMG) began to be used to investigate emotions. As Rinn (1984) noted,
overt facial expressions are the result of varied and specific movements
of the facial skin and connective tissue caused by the contraction of facial
muscles. These movements create folds, lines, and wrinkles in the skin
and the movement of facial landmarks, such as the brows and corners of
the mouth. Although muscle activation must occur if these facial actions
are to be achieved, muscle action potentials in the face can occur in the
absence of any overt facial action if the activation of the muscle(s) is
weak or very transient or if the overt response is aborted sufficiently early
in the facial action. Facial EMG activity has therefore been especially
useful in studies of emotions or emotional processes that are so weak that
facial action coding is insensitive (Cacioppo & Petty, 1982; Cacioppo et
al., 1990; Schwartz, Fair, Salt, Mandel, & Klerman, 1976).

Evidence from several laboratories now indicates that: (1) EMG activity
over the brow (corrugator supercilii) muscle region is lower and EMG
activity over the cheek (zygomaticus major) and periocular (orbicularis
oculi) muscle regions is higher when mild positive than when mild negative
emotions are evoked, and (2) EMG activity over the forehead (medial
frontalis, lateral frontalis), perioral (orbicularis oris, depressor anguli
oris) muscle regions does not consistently differentiate mild positive from
mild negative emotions (see, also, Bush, Barr, McHugo, & Lanzetta, 1989;
Cacioppo, Bush, & Tassinary, 1992; Cacioppo, Petty, Losch, & Kim,
1986; Cacioppo, Martzke, Petty, & Tassinary, 1988; Dimberg, 1986, 1988;
Englis, Vaughan, & Lanzetta, 1982; Greenwald, Cook, & Lang, 1989;
Lang, 1995; McCanne & Anderson, 1987; McHugo, Lanzetta, Sullivan,
Masters, & Englis, 1985).

Research on facial EMG activity as a function of discrete emotions is
more limited, but has produced a similar pattern of results. For instance,
the early research was conducted by Schwartz and his colleagues using
emotional imagery to study facial EMG responses as a function of discrete
emotions. In an especially comprehensive study of facial EMG activity
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in discrete emotions, Brown and Schwartz (1980) paced 60 subjects
through 48 imagery conditions designed to elicit happiness, sadness. fear,
and anger at three levels of intensity while EMG activity was recorded
- over the corrugator supercilii. zygomaticus major, masseter, and lateral
Jfrontalis muscle regions. Results revealed that fear, anger. and sad imagery
were associated with higher EMG activity over the corrugator supercilii
muscle regions than was happy imagery . EMG activity over the zygomati-
cus major region was highest during happy imagery, but was also elevated
during fear imagery, and, to a lesser extent, during anger imagery. Whether
these latter elevations reflect some subjects engaging in miserable or
distress smiling (Ekman, Friesen, & Ancoli, 1980), to cross-talk from
other muscles of the middle and lower facial regions, or to the putative
phylogenetic origin of smiling and laughter in primitive agonistic displays
(Andrew, 1963; van Hooff, 1972) is unclear. Increasing emotional intensity
led to increased EMG activity, particularly over the corrugator supercilii
muscle regions, during sad, anger, and fear imagery, and over the zygomati-
cus major muscle region during happy imagery. Again, EMG activity over
the masseter and lateral frontalis muscle regions did not vary significantly.

Hess, Kappas, McHugo, Lanzetta, and Kleck (1992) also used emotional
imagery to explore the facial EMG and autonomic patterns associated
with discrete emotions. Twenty-seven female undergraduates performed
three tasks: feel each of four emotions (sadness, anger, happiness, peace-
fulness); express these emotions without trying to feel them; and feel and
express these four emotions. Participants pressed a button when they
achieved the specified state, and EMG activity over the zygomaticus
major, corrugator supercilii, depressor anguli oris, and masseter muscle
regions were recorded during the baseline prior to each task and for 15
seconds before and after the button press during each task. Results, which
were expressed as standardized difference scores from baseline, indicated
that EMG activity over the corrugator supercilii muscle region was higher
and over the zygomaticus major muscle region was lower during sad and
anger states than during happy or peaceful states. This replicates prior
research. Hess et al. (1992) further reported that ‘‘Qualitatively distinct
reactions were found for the four self-generated emotions. . . . Facial EMG
revealed tensional patterns that distinguished not only between negative
and positive emotions, but also between emotions within the same va-
lence’” (p. 261). For instance, peacefulness was associated with relaxed
facial muscles; EMG activity over the corrugator supercilii muscle region
was lower during self-generated feelings of peacefulness than during
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baseline, whereas EMG activity over the remaining facial sites did not
differ from baseline. Happiness, in contrast, was associated with increased
EMG activity over the zygomaticus major, masseter, and depressor anguli
oris muscle regions (relative to baseline). In addition, Hess et al. (1992)
reported that EMG activity over the masseter muscle region was higher
in the anger than sad emotional states, but the figure and caption depicting
these results showed the opposite effect. Schwartz et al. (1976) also
reported that EMG activity over the masseter region was higher during
anger than sad emotional states, but it was as high in happy as anger
states in this study. In other studies, EMG activity over the masseter
region has been comparable for the emotions of happiness, sadness, anger,
and fear (e.g., Brown & Schwartz, 1980). These discrepancies may reflect
differences in the intensity or social context of the emotional display.

Summary and Caveats

The evidence to date suggests that facial efference varies as a function
of emotional valence at weak levels of emotional intensity (Cacioppo,
Petty, & Tassinary, 1989), and that greater emotion-specific differentiation
is achieved across the facial muscles at higher levels of emotional intensity
(Ekman, 1980, 1989). Interestingly, developmental studies of overt emo-
tional expressions reveal a pattern similar to that found for weak emotional
states. Positive or negative hedonic reactions to olfactory and gustatory
stimuli are detectable in neonates (Steiner, 1979) but the identification
of distinct patterns of fear, anger, and sadness cannot be coded reliably
until the end of the first year (Camras, Malatesta, & Izard, 1991). Fox
(1991) further notes that the differentiation of emotions during the first
year occurs through the process of addition and integration of new motor
patterns associated with approach or withdrawal. Thus, facial EMG activity
during low-intensity emotions may reflect a rudimentary bivalent evalua-
tive disposition or motivational tendency (Cacioppo & Bernston, 1994),
rather than discrete emotions.

There are also several important limitations to this research that warrant
comment. First, college undergraduates have served as participants in
virtually all of the research in this area. Studies with different age groups,
preferably from across the life span, are needed. Second, one of the major
reasons facial expressions (and somatic activity generally) has been of
interest in studies of emotion is that they have been posited to play a role
in the generation or modulation of an emotion. Thus, the reasoning goes,
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if facial expressions contribute to discrete emotional experiences, these
emotions should be associated with distinct configurations of facial activa-
tion. However, it is clear that the probability of distinct emotional expres-
‘sions occurring as a function of discrete emotional states can differ
dramatically from the probability of discrete emotional states as a function
of distinct emotional expressions (see Cacioppo & Tassinary, 1990: Sarter,
Berntson, & Cacioppo, 1996).

The research discussed thus far bears on the probability of distinct
emotional expressions given discrete emotional states, whereas it is the
probability of discrete emotional states given distinct emotional expres-
sions that is of interest if facial EMG activity underlies or contributes to
emotional experiences or indexes emotions. That is, prior research has
demonstrated that mild negative emotional imagery and unpleasant sen-
sory stimuli leads to greater EMG activity over the corrugator supercilii
muscle region than mild positive imagery and stimuli, even in the absence
of significant changes in visceral and general facial EMG activity. This
corpus of research has not addressed whether EMG responses over the
corrugator supercilii muscle region are a sensitive and specific index of
emotion, however, because a multiplicity of events lead to changes in
brow activity. To address this problem, Cacioppo et al. (1988) interviewed
participants about themselves while facial EMG and audiovisual re-
cordings were obtained. Afterwards, participants were asked to describe
what they had been thinking during specific segments of the interview
marked by distinctive EMG responses over the corrugator supercilii mus-
cle region in the context of ongoing but stable levels of activity elsewhere
in the face. Analyses of the videotapes indicated that observers could not
differentiate the recorded segments associated with different emotions.
Nevertheless, relatively low levels of EMG activity over the corrugator
supercilii muscle region marked feelings of merriment and warmheart-
edness, whereas relatively high levels of EMG activity over this region
marked feelings of fear, sadness, disgust, tension, irritation, and contempt.
That is, increased EMG activity over the corrugator supercilii muscle
region was associated with lower reports of positive emotions and higher
reports of negative emotions. Further differentiation based on facial EMG
activity over this region was not reliable, consistent with the extant research
linking EMG activity over the corrugator supercilii muscle region to
various negative affective reactions rather than to a specific negative
emotion.
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Emotion as a Function of Somatic Activation

One can also examine emotional states by manipulating somatic activity
(e.g., facial expression). Tourangeau and Ellsworth (1979) decomposed
the facial feedback hypothesis into three specific hypotheses: (1) an appro-
priate (i.e., prototypical) facial expression is necessary for the subjective
experience of an emotion (the necessity hypothesis); (2) the appropriate
facial expression is sufficient to produce a subjective emotional experience
(the sufficiency hypothesis); and (3) intensifying an appropriate facial
expression in the presence of an emotionally salient stimulus intensifies
the emotional experience (the monotonicity hypothesis). There is little
support for the necessity or sufficiency hypotheses, but considerable evi-
dence for the monotonicity hypothesis (e.g., see Hess et al., 1992: Rhode-
walt & Comer, 1979; Strack, Martin, & Stepper, 1988; Vaughan &
Lanzetta, 1981). Several of these studies have been criticized for method-
ological shortcomings (e.g., demand characteristics; cf. Matsumoto, 1987;
Winton, 1986), and failures to support the monotonicity hypothesis also
exist (Tourangeau & Ellsworth, 1979). Importantly, therefore, affectively
relevant bodily movements, including arm contraction/extension (Caci-
oppo, Priester, & Berntson, 1993), head nods/turns (Petty, Wells, Hee-
sacker, Brock, & Cacioppo, 1983; Wells & Petty, 1980), and postural
variations (Riskind, 1984) have also been shown to modulate affective
responses. Importantly, these collateral somatic influences are small and
appear to be especially evident when the eliciting stimulus is neutral or
unfamiliar (Cacioppo et al., 1993; Priester & Cacioppo, 1996).

A study by Levenson, Carstensen, Friesen, and Ekman (1991) on physi-
ology, expression, and discrete emotions in old age also found evidence
consistent with the contributory role of somatic activity to the emotions.
Twenty elderly individuals participated in a study in which they were to
express specific facial configurations that corresponded to prototypical
expressions of anger, disgust, fear, happiness, sadness, and surprise. All
subjects had been screened to ensure they were able to intentionally
manipulate the facial muscles required to achieve the target configurations.
The quality of the facial configurations, subjective reports of emotion,
and autonomic patterning were recorded and compared to data from a
sample of young adults initially reported by Levenson et al. (1990). Results
revealed that the quality of the facial configurations was lower, subjective
reports of a corresponding emotional state were less common, and auto-
nomic activation was less intense in the elderly than young participants.
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In sum, the literature on somatic response contains considerable evi-
dence for the somatic differentiation of positive from negative affective
reactions, as well as for weak somatic influences on affective reactions
to stimuli. The evidence for the somatic differentiation of and influence
on discrete emotional states is more limited, although it is clear that
specific patterns of somatic activation are neither necessary nor sufficient
for discrete emotional states. In the next sections, we provide a brief
review of autonomic responses within the context of psychophysiological
arousal theory, and we survey age-related effects on autonomic activation.

AUTONOMIC ACTIVITY

Psychophysiological Activation Theory

The notion of autonomic arousal has been central to analyses of emotion for
more than half a century (e.g., Cannon, 1927; Mandler, 1975; Schachter &
Singer, 1962). The groundwork for arousal theory can be traced to three
important historical developments in the early part of this century. The
first was the advent of the concept of drive in the behavioral literature
(Yerkes & Dodson, 1908). The second was the concept of an ascending
reticular activation system, in which the reticular formation in the lower
regions of the brain was thought to control the nonspecific arousal of higher
neural systems (Moruzzi & Magoun, 1949; cf. Steriade, McCormick, &
Sejnowski, 1993). The third can be traced to the studies of Gaskell (1916)
and Langley (1921) regarding the structure and function of the autonomic
nervous system.

Cannon (1929) advanced the hypothesis that there was a diffuse, non-
specific sympathetic outflow through the interconnections in the sympa-
thetic ganglia during emergency states and that this sympathetic discharge
was integrated with expressive/behavioral states—the so called *‘fight-
or-flight”” reaction. Cannon’s view emphasized the energy-releasing func-
tion of the sympathetic nervous system and the sympathetic adrenomedul-
lary system in autonomic regulation. Research in the mid-1900s on
brainstem and limbic structures reinforced the notion that autonomic,
electrocortical, and somatic/behavioral states were highly intercorrelated
(e.g., Lindsley, 1952; Moruzzi & Magoun, 1949), and research on the
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effects of physical (Selye, 1956) and psychological (Mason, 1972) stres-
sors on the actions of the hypothalamic pituitary adrenocortical system
reinforced this thinking. Thus. a foundation was laid for a broad class
of theories in which autonomic (Cannon. 1929: Duffy. 1934). somatic
(Balshan. 1962; Malmo. 1959. 1975). and electrocortical (Lindsley. 1952,
1957) response channels are activated. and proprioception is intensified
(Mandler, 1975; Schachter & Singer, 1962) as bodily resources are mobi-
lized in intense motivational or behavioral states.

Differences among arousal theories typically centered on the neurophys-
iological implementation of the arousal mechanism. rather than on differ-
ential antecedents or functional properties of this arousal mechanism. or
on its implications for social processes and behavior. In Duffy’s (1957,
1962), Malmo's (1959), and Lindsley’s (1952) arousal theories. cognitive
and behavioral organization and efficiency were posited to increase as
arousal increases to some optimal level. after which point cognitive and
behavioral organization and efficiency were posited to decrease. The
energization or intensive aspect of behavior. on the other hand. was
posited to manifest in a straightforward fashion as general increases in
physiological activity, observable in internalized responses (e.g.. skin
conductance, EEG) and in externalized responses (e.g., muscle tension.
expressiveness).

In sum, variations on psychophysiological activation theories have been
proposed to account for the low intercorrelations typically observed across
autonomic indices (e.g.. see reviews by Cacioppo, Uchino, et al., 1992:
Fowles, 1980). but all are founded on the fundamental premise that the
greater the stimulation. the greater the metabolic resources that are needed
to support action demands. and the greater the autonomic change. From
the perspective of activation theories, therefore. autonomic response may
differentiate discrete emotions when the strength of the stimulation or
consequent action implications varies, but the variability along these di-
mensions within discrete emotions across contexts is thought typically to
be greater than the variability between (at least most) discrete emotions.
Age-related changes in autonomic activation are also evident. If autonomic
activity contributes to emotional experiences, these age-related changes
in autonomic activation should have predictable effects on people’s emo-
tional experience. We therefore turn next to autonomic activity in adults
as a function of age.
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Autonomic Activity as a Function of Age

Peripheral physiology changes across the life span. If age-related changes
in physiological function alter the autonomic manifestations of emotions,
the autonomic differentiation of specific emotions might be masked. Fortu-
nately, a good deal is known about the effects of aging on autonomic
nervous response.

Between the ages of 30 and 70, for instance, decreases in the muscle
mass of the heart and the contractility of the myocardium produce declines
in stroke volume. Maximal heart rate (HR) declines by about 24 bpm,
contributing to a 30% reduction in cardiac output and a 25% to 30%
reduction in maximal work capacity in elderly individuals (Smith, 1984).
Although cardiac performance and variability tend to decrease with age,
resistance to blood flow tends to increase (Palmer, Ziegler, & Lake, 1978).
Increases in systolic blood pressure (SBP) at rest and in response to
physical and psychological stressors (Faucheux, Bourliere, Baulon, &
Dupuis, 1981; Fleg, Tzankoff, & Lakatta, 1985; Garwood, Engel, &
Capriotti, 1982; Harrison & Kelly, 1989; Johansson & Hjalmarson, 1988;
Steptoe, Moses, & Edwards, 1990; Uchino, Kiecolt-Glaser, & Cacioppo,
1992) have also been associated with aging.

The age-related effects on cardiovascular activity are due to declines
in vagal and sympathetic activation. Sympathetic adrenergic activity (e.g.,
Dambrink & Wieling, 1987; Schocken & Roth, 1977) decreases with age
and there is a downregulation of beta-adrenergic receptors across age (for
reviews, see Collins, Exton-Smith, James, & Oliver, 1980; Pfeifer et al.,
1983). In addition, there is a significant reduction in vagal innervation of
the heart across age (Hellman & Stacy, 1976; Low, Opfer-Gehrking,
Proper, & Zimmerman, 1990; Vita et al., 1986; see Ingall, McLeod, &
O’Brien, 1990). Consistent with the diminished innervation of the viscera
with age, age-related decreases in HR reactivity have been demonstrated
with psychological stressors (Barnes, Raskind, Gumbrecht, & Halter,
1982; Faucheux, Dupuis, Baulon, Lille, & Bourliere, 1983; Furchtgott &
Busemeyer, 1979; Garwood et al., 1982; Uchino et al., 1992; but see
Steptoe et al., 1990), physical challenges (Bertel, Buhler, Kiowski, &
Lutold, 1980; Fleg et al., 1985; Hossack & Bruce, 1982; Johansson &
Hjalmarson, 1988; Palmer et al., 1978), and postural changes (Palmer et
al., 1978; Simpson & Wicks, 1988). Reductions in autonomic reactivity
with age have also been found in pupillary functions (Pfeifer et al., 1983),
and in skin conductance responses to thermal stimulation (Hellon & Lind,

N
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1956; Low, 1993), and intradermal injection of the neurotransmitter acety]-
choline (Ewing, Martyn, Young, & Clark, 1985). with changes in sudomo-
tor activity due in part to decreases in sweat gland density with age (Ferrer,
Ramos, Perez-Sales, Perez-Jimenez, & Alvarez, 1995).

If somatovisceral response contributes to emotional experience, and if
the age-related diminutions in visceral activation are seen in response to
emotional stimuli as well, then a dampening of emotional experience
should be seen in the aged. Although the evidence is limited, this is
precisely what has been found (Levenson et al., 1991). Individual response
stereotypy in visceral responding—or the tendency for individuals to show
a stereotypic pattern of visceral response to any excitatory stimulus—also
appears to increase with age in adults (Garwood et al., 1982). This effect,
combined with decreases in autonomic reactivity and a relative shift toward
(relatively diffuse) sympathetic control of the viscera, should lessen any
autonomic differentiation of emotions with age. We consider these issues
next in our review of research on the autonomic differentiation of dis-
crete emotions.

Autonomic Activity and Emotion

James (1884, 1890/1950) suggested that emotions were differentiated by
somatovisceral responses, but James did not specify what these patterns
should be, or for what reason particular somatovisceral patterns would
be linked to specific emotions.” Without theoretical guidance regarding
what autonomic responses to measure and why, investigations have been
reduced to descriptive explorations. Systematic empirical investigations
of the autonomic differentiation of the emotions were therefore stimulated
when Arnold (1945) proposed that fear and anger differed autonomically
due to the differential involvement of the neurotransmitters epinephrine
(fear) and norepinephrine (anger). Consequently, Arnold reasoned that
blood pressure would be higher and, possibly, the heart rate lower, in
anger than fear.

Wolf and Wolff (1947) subsequently described a patient with a gastric
fistula whose stomach could be observed visually. Visual observations
of this patient suggested that feelings of anxiety were associated with
reductions in stomach acidity, blood flow, and motility, whereas feelings
of anger were associated with increases in stomach acidity, blood flow, and
motility. Although not strong evidence for the epinephrine/norepinephrine
hypothesis, the appearance of different physiological responses being
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shown during anxiety/fear and anger was seen as consistent with this
hypothesis. Consistent with the epinephrine/norepinephrine hypothesis,
anger was associated with higher peak diastolic blood pressures (AX,
1953) and lower heart rate (Schachter, 1957) than fear. Unfortunately.
research over the next several decades produced somewhat inconsistent
results (Funkenstein, King, & Drollette, 1954) and, despite its early prom-
ise, the epinephrine/norepinephrine hypothesis is viewed as less plausible
(Wagner, 1989).

This early research on the autonomic differentiation of discrete emotions
emerged within the context of a literature that indicated autonomic activity
varied as a function of the strength of the emotional stimulus but not as
a function of specific emotions or even the valence of the emotion.
Dysinger (1931), for example, monitored skin resistance as participants
were presented with words that varied in their rated pleasantness. Dysinger
found that skin resistance responses were positively and significantly
correlated with the extremity of the words (r = +.85) but were unrelated
to the pleasantness of the word. When early studies did differentiate the
valence of the stimuli, the results could still be interpreted in terms of
emotional intensity. Dickson and McGinnies (1966), for instance, exposed
students who held positive, neutral, or negative attitudes toward the church
to prochurch or antichurch opinion statements. A significant interaction
revealed that prochurch students showed the largest skin resistance re-
sponses to antichurch statements, whereas antichurch students showed
the largest skin resistance responses to prochurch statements (see review
by Cacioppo & Sandman, 1981).

The early focus on electrodermal activity and emotion had its strengths
and weaknesses. Skin resistance is a sensitive measure of sudomotor
response that is under the control of the sympathetic branch of the auto-
nomic nervous system. Unlike most viscera innervated by the sympathetic
branch, however, the presynaptic neurotransmitter for the eccrine (sweat)
glands is acetylcholine. Consequently, this measure may not mimic the
effects of sympathetic activation generally on the viscera. Furthermore,
electrodermal responses are unidirectional; the extent to which sweat is
secreted and the number of glands activated may vary, but there is no
inhibitory neural control of the sudomotor response. Thus, electrodermal
responses may be exquisitely sensitive to changes in the level of stimula-
tion but may be less sensitive to qualitative (e.g., valent) differences in
the stimuli. The heart and the pupils of the eye, in contrast, are capable
of a bidirectional response. Sympathetic activation elevates heart rate,
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myocardial contractility, and blood pressure and produces pupillary dila-
rion, whereas parasympathetic activation has the opposite effects. Prior
research has examined the relationship of each to emotion.

Heart rate responses have been reported to differentiate pleasant from
unpleasant stimuli, but the direction of the effect has been inconsistent.
Significantly greater heart rate deceleration has been reported to aversive
than nonaversive pictorial content (e.g., Cacioppo & Sandman, 1978;
Greenwald et al., 1989; Hubert & de Jong-Meyer, 1991; Winton. Put-
nam, & Krauss, 1984). Imagery or negatively valent material, on the other
hand, has been associated with greater heart rate acceleration (Jones &
Johnson, 1980; Vrana, Cuthbert, & Lang, 1989; Vrana & Lang, 1990).
Thus, the covariation between heart rate and valence is small and differs
directionally across tasks.

Studies of pupillary responses were also initially encouraging, with
early reports of pupillary dilation (measured in percentage difference in
mean pupil area) to pleasant visual stimuli (Hess & Polt, 1960) and
pupillary constriction to unpleasant visual stimuli (e.g., Hess, 1965). Hess
(1965), for example, claimed that ‘‘constriction is as characteristic in the
case of certain aversive stimuli as dilation is in the case of interesting or
pleasant pictures’’ (p. 53), and reported evidence that female participants
tended to show vasoconstriction to pictures of sharks. Most of the replica-
tion studies have failed to support Hess’ hypothesis, however, especially
in studies in which precautions were taken to control for possible method-
ological problems (e.g., differences in luminance and visual fixation)
and potential confounding psychological variables (e.g., orienting, mental
effort, fatigue, and arousal) (e.g., see Beatty, Barth, Richer, & Johnson,
1986; Goldwater, 1972; Kahneman, 1973; Stern & Dunham, 1990; Wood-
mansee, 1970). Furthermore, Skinner (1980) reexamined Hess and Polit’s
(1960) original data and reported that much of the support for the hypothe-
sis was attributable to atypical responses from one subject. Perhaps most
problematic is that no one has found a significant relationship between
pupillary response and affective state when auditory, olfactory, or tactile
stimuli were used (Goldwater, 1972). Thus, as in the case of heart rate
and sudomotor responses, the cumulative evidence indicates that pupillary
responses do not reliably differentiate positive from negative emotions.

Ekman et al. (1983), in an influential Science article, breathed new life
into the hypothesis that the activity of the autonomic nervous system
was emotion-specific. They argued that methodological problems were
responsible for the null findings in prior research and reported evidence
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of the autonomic differentiation of discrete emotions. Using the directed
facial action task, they found that: (1) heart rate was higher in anger, fear,
and sadness than in happiness, disgust, and surprise: and (2) anger could
be further differentiated from fear and sadness by higher skin temperature.
Ekman et al. (1983) further reported that ‘‘additional differentiation in
the relived emotions task enabled distinction between sadness and other
negative emotions on the basis of significantly larger decreases in skin
resistance in sadness than in [fear, anger, and disgust]’’ (p. 1209).

This study stimulated activity and excitement in the literature, although
considerable skepticism existed about the replicability of specific patterns
of autonomic activation associated with discrete emotions (e.g., see Leven-
son, 1992; Zajonc & Mclntosh, 1992). A report of replications by Levenson
et al. (1990), which included data from the Ekman et al. (1983) study,
determined four distinctions among negative emotions to be the most
reliable: (1) heart rate increased less during disgust than anger; (2) heart
rate increased less during disgust than sadness; (3) heart rate increased
less during disgust than fear; and (4) finger temperature decreased less
in anger than fear. These patterns, although much weaker, were reported
by Levenson et al. (1991) in their study of emotion in an elderly sample.

Autonomic Responses as a Function of Discrete Emotions:
A Meta-Analytic Review

Given the complexities and diversity of results that have been reported
in this literature, we employed meta-analytic techniques to evaluate the
reliability of these relationships. Table 2.1 lists in chronological order
published research that has contrasted the effects of at least two discrete
emotions on two or more autonomic measures in humans. Data from the
 Ekman et al. (1983) study served as Study 1 in the Levenson et al. (1990)
study, so only data from the Levenson et al. (1990) studies were tabled
and meta-analyzed.

The emotions of happiness, sadness, anger, fear, disgust, and surprise
have been investigated in at least two independent studies. Data from the
studies in Table 2.1 were subjected to meta-analysis, the significant results
of which are summarized in Table 2.2. We focus here on meta-analyses
that are based on data from at least two independent studies.

Consistent with Levenson et al.’s (1990) contention, meta-analyses
revealed that (1) heart rate increased less during disgust than anger; (2)
heart rate increased less during disgust than sadness; and (3) heart rate
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increased less during disgust than fear (see Table 2.2). There was also a
tendency for disgust to be associated with a smaller increase in heart rate
than happiness. However, disgust was associated with the same heart rate
response as control conditions; indeed. disgust did not differ from control
on any autonomic measure. In an illustrative study, Levenson. Ekman,
Heider, and Friesen (1992) found that heart rate was higher in Minangka-
bau subjects during directed facial expressions of fear, sadness, and anger
than during the directed facial expression of disgust, but the mean change
score for disgust was not greater than zero. Whether the absence of a
change in heart rate during the expression of disgust reflects differences
in the weak intensity of the emotion that was evoked, or instead an emotion-
specific autonomic response (e.g., coactivation of vagal and sympathetic
activity; see Berntson et al., 1991) remain an important question to address
in future research.

Alternatively, Boiten (1996) suggested that differences in heart rate
between emotions were attributable to effort-related changes in respiration.
Boiten’s suggestion was based on a study in which participants voluntarily
adopted emotional facial expressions. Boiten found that anger, fear, and
sadness were associated with larger increases in heart rate than disgust (and
surprise), results that contributed to the meta-analytic findings summarized
above. Based on cardiorespiratory responses to a nonemotional facial
expression and self-report data, however, Boiten found that changes in
heart rate could be interpreted in terms of effort-related changes in respira-
tion rather than in terms of emotion-specific autonomic activation.

Heart rate responses were also found to be larger in anger than happi-
ness, in fear than happiness (which also differed on finger pulse volume),
in fear than sadness (which differed also on respiration rate), in anger
than surprise, in sadness than surprise, and in happiness than surprise.

The only other replicable autonomic differentiation noted by Levenson
et al. (1990, 1991) was that finger temperature decreased less in anger
than in fear. Meta-analyses revealed this effect did not achieve statistical
significance when the results of all studies were considered.

Several other reliable results also emerged from the meta-analysis.
Consistent with prior claims, anger was associated with higher diastolic
blood pressure than fear, and meta-analyses further revealed that anger
was associated with more nonspecific skin conductance responses, smaller
increases in heart rate, smaller increases in stroke volume and cardiac
output, larger increases in total peripheral resistance, larger increases in
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TABLE 2.1 Studies Comparing Two or More Physiological Measures as 3
Function of Two or More Emotions

Age Range

(Mean or
Study Mode) Emotions [Induction] Dependent Variables
- Ax, 1953 21-55 (27) Anger, Fear [Real life] SBP, DBP, SV. HR.
n=43" FCT, FT, NNSCRs.
# MTP, SCL. EMG, RR
Funkenstein, 19-24 Anger In (21 Ss), HR. SBP, DBP, SV. CO
King, & Dro- n=>52" Anger Out (22 Ss), Fear
lette, 1954 {Anxiety; 9 Ss) [Psycho-
logical stressor]
Schachter, 1957 (normotensives: Anger, Fear, Pain [Real HR. SBP, DBP. FCT,

38, potential hy-
pertensives: 41;

hypertensives:

42)

n = 48!
Sternbach, all 8 years old
1962° n=10
Averll, 1969 17-24 (18)

n=>54
Tourangeau &  undergrads
Ellsworth, 1979 n = 123
Schwartz, undergrads
Weinberger. & 1 =32
Singer, 1981
Roberts & undergrads
Weerts, 1982 n=16

life]

Fear. Happiness, Hu-
mor, Sadness [Film]

Happiness, Sadness,
Control [Film]

Fear. Sadness, Neutral
[Film?] crossed with

Fear, Sadness, Neutral
expression, Undirected
as to expression [DFA]

Anger, Fear, Happiness,
Sadness, Relaxation,
Control [Imagery?]

Anger, Fear, Neutral
[Imagery]

HT, SCL. EMG. II. RR,
SV, CO, TPR

SRL, gastric motility,
RR, HR, EOG, FPV

HR. SBP, DBP, FCT,
FT, SCL, FPV, NNSCRs,
RR, RI

HR, SRL, NNSCRs

HR, SBP, DBP

HR. SBP, DBP
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W

Study

Ekman, Leven-
son, & Friesen,

1983°

Age Range
(Mean or .
Mode) Emotions [Induction] Dependent Variables
nonundergrads  Anger, Disgust, Fear, HR, FT. SRL. EMG
n=16 Happiness, Sadness, Sur-
Only “‘best prise {DFA, Relived
faces’ and emotion]
‘‘best imag-
ery’’ trials were
reported.
Stemmler, 1989 (23) Anger, Fear, Happiness, HR, FT, SCL. EMG.
n=42 Control [Real life, Imag- MVT (finger and head ac-

Tassinary, Caci-
oppo, & Geen,
1989

Levenson, Ek-
man, & Friesen,
1990

Levenson, Cars-
tensen, Frie-
sen, Ekman,
1991

Hess, Kappas,
McHugo, Lan-
zetta, & Kleck,
1992

Levenson, Ek-
man. Heider, &
Friesen. 1992

undergrads &
grads
n=15

18-30
n =629

71-83 (77)

n =20

Only “*best
faces™ and
‘‘best imag-
ery’’ were re-
ported.
undergrads
n=27

16-27

n=46"

Only “‘best
faces'® were re-
ported.

ery]

Anger, Happiness, Con-
trol [DFA]

Anger, Disgust, Fear,
Happiness, Sadness, Sur-
prise [DFA]

Anger, Disgust, Fear,
Happiness, Sadness, Sur-
prise [DFA, Relived
emotion]

Anger, Happiness,
Peacefulness, Sadness
[Feel, Express, Feel-
and-express]

Anger. Disgust, Fear,
Happiness. Sadness
[DFA]

celeration). RR, PTT,
FPV, BV, NNSCRs, FCT

SCL, HR
HR, FT, SCL, EMG/

MVT

HR, FT, SCL, MVT

Facial EMG, SCL, HR

HR, FT, SCL, PTT, FPV,
RSP (rate and depth)

(Continued)
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TABLE 2.1 (Continued)

Age Range

{Mean or
Study Mode) Emotions [Induction] Dependent Variables
Sinha, Lo- 21-35 Anger. Fear, Joy, Sad- HR, SBP. DBP, SV, CO,
vallo, & Par- n=26" ness, Neutral state [Im- TPR, PEP. LVET
sons, 1992 agery]
Boiten, 1996 undergrads Anger, Disgust, Fear, RSP (Ti, Te. Pi. Ttot. Vt.
n=15 Happiness, Sadness, Sur- FRC). HR
data also bro-  prise, Non-emotion,
ken into emo- Standard control [DFA]
tional and
nonemotional
responders

Note: BV = Blood Volume; CO = Cardiac Output: DBP = Diastolic Blood Pressure: DFA = Directed
Facial Action: EMG = Muscle Activity: EOG = Eyeblink Rate: FCT = Face Temperature: FPV =
Finger Pulse Volume: FRC = Functional Residual Capacity: FT = Finger Temperature: HR = Heart
Rate: HT = Hand Temperature; II = Inspiratory Index: LVET = Left Ventricular Ejection Time:
MVT = Movement. # MTP = Number of Muscle Tension Peaks; NNSCRs = Number of Nonspecific
Skin Conductance Responses; PEP = Pre-ejection Period; Pi = Postinspiratory Pause: PTT = Pulse
Transit Time; RSP = Respiration; RI = Respiration Irregularity: RR = Respiration Rate: SBP =
Systolic Blood Pressure; SCL = Skin Conductance Level; SRL = Skin Resistance Level; SV = Stroke
Volume: Te = Expiratory Time; Ti = Inspiratory Time: TPR = Total Peripheral Resistance; Ttot =
Total Cycle Duration; Vt = Tidal Volume

118 hypertensives. 8 potential hypertensives, and the same 15 normotensives as in Ax, 1953.
2Although this study is included in this descriptive table. it is not included in the meta-analyses
because no inter-emotion comparisons were reported.

3No significant effects were found for differences in facial expressions during the film.
4Participants imagined a scene in which they felt the appropriate emotion as they were (in their
imagination) exercising on a one-step.

5The DFA results of this study were subsequently incorporated into Levenson et al.. 1990.

6This article combined results from three experiments: Ekman et al., 1983; a group of 16 Ss selected
from 103 screened: and a group of 30 Ss selected from 109 screened.

TParticipants were from the Minangkabau community in West Sumatra.

*Indicates that participants were selected based on ability to control facial muscles, on ability to
produce appropriate imagery. or on whether they experienced the emotions of interest.
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TABLE 2.2 Autonomic Differentiation of Emotion Across Studies

Emotion Contrast Measure d+ p
Anger-Control DBP* 1.06 .000
HR 0.22 011
SBP* 1.05 .000
Anger-Disgust HR 0.65 .000
Anger-Fear CO -0.66 .000
DBP 0.43 .000
FCT -0.25 ) 045
FPV* 0.2464 012
HR -0.16 019
NNSCRs 0.320 014
Sv —0.25 015
TPR 0.522 .002
Anger-Happiness DBP* 1.00 .000
HR 0.18 .021
Anger-Relaxation HR® 0.84 .000
Anger-Sadness DBP* 0.72 .000
Anger-Surprise HR 0.62 .000
Disgust-Fear HR —0.43 .000
Disgust-Happiness ~ SCL -0.27 .031
Disgust-Sadness HR -0.43 .000
Disgust-Surprise SCL -0.40 012
Fear-Control FCT” -0.39 012
HR ' 0.32 .000
NNSCRs’ 0.23 .004
SBP* 1.02 .000
SCL -0.18 .009
Fear-Happiness FPV* -0.31 013
HR 0.32 .000
Fear-Sadness HR 0.15 018
RR’ -0.39 .005
Fear-Surprise HR 0.64 .000
SCL 0.31 052
Happiness-Control  DBP ~ 0.32 017
MVT” -0.33 033
NNSCRs” 0.72 .000
SBP* 0.51 .000
SCL 0.29 .001
Happiness- HR*® 0.84 .000
Relaxation SCL” 0.65 .000

(Continued)
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TABLE 2.2 (Continued)

Emotion Contrast Measure d+ p
Happiness-Sadness  DBP ~ —0.69 .000
SBP” -0.42 002
Happiness-Surprise  HR 0.33 025
Sadness-Control DBP’ 0.94 .000
' FPV” ~0.48 .000
HR 0.21 .000
NNSCRs® 0.21 014
SBP* 0.96 .000
Sadness-Relaxation HR” 0.92 .000
SCL” 0.52 .001
Sadness-Surprise HR 0.50 .001

* . . . . . .
Indicates that for the particular measure, the emotion contrast was studied only in young populations.
Therefore, no analyses of age-moderation is possible because there was no older comparison group.

facial temperature, and larger increases in finger pulse volume than fear.
Thus, anger appears to act more on the vasculature and less on the heart
than does fear. Whether these differences reflect the negative feedback
effects of the baroreceptors requires further research.

The diastolic blood pressure response was also higher in anger than
sadness or happiness, and in sadness than happiness (which also differed
on the measure of systolic blood pressure); no other differences were
reliable. The diastolic blood pressure response associated with fear did
not differ from that associated with sadness or happiness. Most of these
meta-analytic results were characterized by high heterogeneity, however,
suggesting that anger, fear, sadness, and happiness may have differential
effects on peripheral vascular function, and that one or more unspecified
variables are also likely moderating these relationships.

There is little evidence for replicable autonomic differences in pairwise
comparisons of the emotions on the measures of bodily tension, facial
temperature, respiration amplitude, inspiration volume, and cardiac stroke
volume. Furthermore, Ekman et al. (1983) reported that skin resistance
level decreased (i.e., skin conductance increased) more during sadness
than in fear, anger, and disgust. This differentiation was found in Ekman
et al. (1983) only when imagery was used to elicit the emotions; however,
these differences have not been replicated. Meta-analyses did show that
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ckin conductance level increased less in happiness than disgust and less
;n surprise than disgust but, as noted above, disgust did not differ from
control conditions in terms of any autonomic response.

Finally, fear was associated with greater increases in skin conductance
jevel than surprise, and greater increases in nonspecific skin conductance
responses and smaller increases in skin conductance level than sadness.
Too little data exists on several other measures (e.g., systolic time intervals,
finger pulse volume, pulse transit time, body movement) to draw
strong conclusions.

Autonomic Activity and Emotion Across the Life Span

Ancillary analyses were performed to determine whether age served as
a moderator variable. It is important to note that research in this area has
focused almost exclusively on young adults. The study by Levenson et
al. (1991) represents a notable exception. As would be expected based
on age-related changes in autonomic activity reviewed in the preceding
section, the magnitude of the autonomic responses observed by Levenson
et al. (1991) was much smaller than those observed in young adults using
identical procedures (e.g., the directed facial action task). Interestingly, the
elderly participants also showed a weaker subjective emotional response to
these emotion-eliciting tasks. Although this result is nonexperimental, it
raises the possibility that visceral as well as somatic feedback contributes
to emotional experience.

For the meta-analysis, the studies by Levenson et al. (1991, M,,. =77
years), Schachter (1957, M,,. = 40 years), and Ax (1953, M, = 27 years)
were classified as testing older participants, and the remaining studies
were classified as testing younger participants. (Finer distinctions, treating
for instance Ax, 1953, as moderate age did not alter the results of the
meta-analyses.) The results are summarized in Table 2.3. It is worth
keeping in mind that the effect size statistics refer to the size of the
difference between the specified conditions, not the magnitude of the
autonomic response. For instance, the effect sizes for diastolic blood
pressure of .21 and .67 for the older and younger subjects, respectively,
mean that: (1) the discrimination of anger from fear by diastolic blood
pressure was greater for the younger than older subjects; and (2) in both
cases, the change scores reported in the literature for diastolic blood
pressure were larger in anger than fear. The number in the right column
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TABLE 2.3 Age-Moderated Autonomic Differentiation of Emotion

d+
Emotion Contrast Measure Older Younger p

Anger-Fear DBP 21 .67 .032
FCT -.28" 57 .001
FT -.13 .24 .030
HR -.37 -.05 021
NNSCRs .85° .06 004
RR =31 .09 027

SCL -.61 A2 0.00
Sv -.09 -.67 012
Anger-Surprise HR .00" 79 027
Fear-Control SCL .00 -71 028
Fear-Surprise HR .00° .82 022

*The d+ estimate is based on a single study.

of Table 2.3 represents the p value for the meta-analytic test comparing
the difference in effect sizes for younger and older participants.

As in the general meta-analysis, the pair of emotions that has received
the most attention is anger-fear. The effect size for older participants in
the comparisons of anger-fear for NNSCRs, and of anger-surprise, fear-
control, and fear-surprise are based on a single study and, therefore, are
summarized in Table 2.3 for descriptive purposes only. The remaining
entries suggest greater autonomic differentiation of anger-fear in younger
than older participants on the measures of diastolic blood pressure, facial
temperature, finger temperature, and stroke volume, and greater autonomic
differentiation in older than younger participants on the measures of heart
rate, respiration period, and skin conductance. Respiration can affect both
heart rate and skin conductance, so research is needed to determine whether
the latter effects (wherein autonomic differentiation is greater for older
than younger participants) are due simply to older participants showing
larger changes in breathing during anger than fear. The balance of the
data are consistent with a diminution of autonomic specificity with age.

Summary and Caveats

Although some evidence was found for selected differences in autonomic
response between some emotions, it is not yet clear that this differentiation
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is a function of the discrete emotions per se. The meta-analytic results
summarized in Table 2.2 represent the outcomes of 281 comparisons of
different sets of effect sizes in this literature. Given the large number of
comparisons that were performed, even the significant comparisons, and
especially those that are based on only a few studies, should be interpreted
cautiously. Additional research is required to determine the mechanisms
contributing to the significant effect sizes uncovered in this meta-analysis,
whereas the various null effects revealed by this meta-analysis may help
steer research to potentially more productive areas of inquiry.

For instance, potential patterns of autonomic activation that discriminate
emotions may not be describable by gross measures of end-organ response
(e.g., heartrate). A major obstacle in identifying autonomic patterning as a
function of emotion, particularly for dually and antagonistically innervated
organs such as the heart, is the many-to-one mappings that may obtain
between underlying neural changes and organ response. Emotional stimuli
do not invariably evoke reciprocal activation of the sympathetic and
parasympathetic branches of the autonomic nervous system. For instance,
the presentation of an aversive conditioned stimulus can produce coactiva-
tion of the sympathetic and parasympathetic nervous system, with the
consequent heart rate response being acceleratory, deceleratory, or un-
changed from prestimulus levels, depending upon which activational input
was greater (see Berntson et al., 1991). Berntson et al. (1991) recently
proposed a theory of autonomic control and modes of autonomic activation
that resolves the loss of fidelity in the translation between changes sympa-
thetic and parasympathetic activation and organ responses. It is possible
that emotions (e.g., disgust), or components of emotions (e.g., attention),
could be differentiated if the focus were on indices of the sympathetic
and the parasympathetic innervation of the viscera rather than on visceral
responses per se. For instance, Quigley and Berntson (1990) found the
deceleratory heart rate response to a low-intensity nonsignal (‘‘orienting’’)
stimulus was small because both parasympathetic and sympathetic activity
increased. The acceleratory heart rate response to a high-intensity nonsig-
nal (‘‘defense’’) stimulus, on the other hand, was larger not because
sympathetic activation was greater than shown to the low-intensity stimu-
lus, but because parasympathetic activity was unchanged or decreased
slightly in response to the high-intensity stimulus.

An additional issue that requires further study concerns the elicitation
procedures that have been used. Imagery is not an emotional elicitation
procedure that has produced reliably differentiated ANS activity, even
though subjects have reported differential emotional experiences (see
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Stemmler, 1989; Zajonc & Mclntosh, 1992). It is unclear why this woulg
be the case unless ANS activity is responsive to the metabolic requirements
of the anticipated or realized response to the emotional challenge—g
requirement that would tend to be uniformly low in emotional imagery,
The procedure that has produced the greatest differentiation of emotiong
appears to be Ekman, Levenson. and their colleagues’ directed facial action
task, whereby subjects are instructed to contract specific configurations of
facial muscles to form prototypical emotional expressions. The subjects
who qualify for participation for this procedure, however, are highly select.
representing either experts in facial behavior (e.g., Ekman et al., 1983)
or only about a quarter to a third of the subjects who were prescreened
for their ability to contract specific facial muscles and combinations of
muscles on command (e.g., Levenson et al., 1990). Even for these selected
individuals, analyses have sometimes been based on fewer than half
the trials (e.g., Levenson et al., 1991). These features may affect the
generalizability of the significant results that did emerge from the
meta-analyses.

Finally, emotion-specific ANS activity was thought by James (1884)
to underlie the percept of a discrete emotional state. Due to the causal
nature of this relationship, the following conditions are implied, at least
idiographically (see James, 1890/1950, pp. 447—-449): (1) emotion-specific
somatovisceral patterns exist which generate emotional experiences, (2)
a somatovisceral pattern begins before the experience of the corresponding
emotion, and (3) the somatovisceral pattern is always followed by the
experience of the corresponding emotion. Importantly, to the extent that
emotional experiences are multiply determined, the experience of a dis-
crete emotion can occur in the absence of the ‘‘corresponding’’ somatovi-
sceral pattern even if somatovisceral afference is an antecedent of the
emotion (Cacioppo & Tassinary, 1990). As we noted in the review of
somatic activity and emotion. an important implication of this reasoning
is that it is more informative to ask under what conditions and for what
emotions 1s differential physiological activity observed than to search for
an invariant relationship between emotional experience (or expressions)
and physiological response. Additional research is needed on age-related
changes in emotional experience as a function of variations in autonomic
feedback rather than, as has tended to be the focus, looking for autonomic
patterns as a function of discrete emotions (Cacioppo & Tassinary, 1990:;
Sarter et al., 1996).

The notion that autonomic activation and its associated feedback can
influence emotional states was advanced perhaps most forcibly by
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Schachter and Singer (1962, 1979). According to Schachter and Singer
(1962). the sensation of physiological arousal, if unaccounted for, creates
an -evaluative need’’ that leads to an active search for a plausible cause
of. and label for, the experienced change in arousal (see, also. Mandler.
1975; Reisenzein, 1983; Schachter, 1964). What begins as a diffuse and
ambiguous (general arousal) signal from the body is thereby transformed
into a specific feeling of emotional experience by the addition of an
appropriate cognitive label. Investigators have subsequently questioned
the likelihood that sudden physiological changes are perceived as being
peutral, but two principles derived from Schachter and Singer’s (1962)
model can be found in numerous psychological theories: (1) changes in
perceived autonomic activation are thought to be elicited by a wide variety
of emotional stimuli; and (2) when an explanation for such a change is
not apparent, the individual is thought to utilize the available contextual
information to interpret the somatovisceral sensations.

An interesting example is provided by Berscheid and Walster’s (1978)
theory of the development of intense sexual or romantic attraction (i.e.,
passionate love). According to this model of interpersonal attraction, the
detection of a new and high level of autonomic arousal, regardless of the
source of the activation, leads to passionate love as long as one attributes
his agitated state to passion (see, also, Zillmann, 1984). Thus, passionate
love is posited to result from a combination of perceptible visceral activa-
tion and a passion-appropriate label gleaned from situational cues associ-
ated with that activation. If the situational cues lead an individual to label
his or her felt arousal in a manner inconsistent with passionate love, then
passionate love will not be realized, even though the physiological reaction
may be identical to one that, when coupled with a passion-appropriate
label, results in the feelings of passionate love. Moreover, even if a
passion-appropriate label is selected, passion wanes as the feelings of
arousal diminish. In an interesting variation on this principle, Zillmann
(1978, 1983) reviews evidence that affective and behavioral responses
can be intensified by the residual autonomic activation produced by an
irrelevant event.

THE ROLE OF SOMATOVISCERAL AFFERENCE IN EMOTION

Whether or not the conditions for and the elements of emotion-specific
autonomic patterns of activity can be identified, two findings do appear
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warranted: (1) discrete emotional percepts can occur even when the auto.
nomic changes do not discriminate fully the emotions that are experienced;
and (2) autonomic activation can alter the intensity, if not the nature, of
emotional experience. If discrete emotional percepts can occur even whep
the autonomic changes do not discriminate fully the emotions that are
experienced, does it necessarily follow that somatovisceral afference plays
no role in defining these discrete emotional percepts? Cannon’s (1927)
answer to this question was yes; autonomic events were too slow, too
insensitive, and too undifferentiated to contribute to emotions. Schachter
and Singer (1962) revolutionized thinking about emotions when they
suggested that undifferentiated autonomic activity could subserve discrete
emotions. The mechanism by which this was accomplished, according to
Schachter and Singer (1962; Schachter, 1964; see, also, Mandler, 1975;
Reisenzein, 1983), was the arousal of an ‘‘evaluative need,”” which moti-
vates the individual to understand and label cognitively his or her bodily
feelings. The consequent attributional processes were thought to produce
specific emotional states and influence emotional behavior. There is yet
another distinct way in which peripheral bodily reactions may contribute
to emotional experience—an active perceptual process by which an ambig-
uous pattern of somatovisceral afference is disambiguated to produce an
immediate, spontaneous, and indubitable emotional percept (Cacioppo,
Berntson, & Klein, 1992).

Somatovisceral Model of Emotion

These considerations led to the development of a general framework
within which to view the various mechanisms by which somatovisceral
afference may influence emotional experience (see Figure 2.1). The Soma-
tovisceral Afference Model of Emotion, or SAME, specifies psychophysi-
ological conditions under which (1) the same pattern of somatovisceral
afference leads to discrete emotional experiences, and (2) quite different
patterns of somatovisceral afference lead to the same emotional experience
(Cacioppo et al., 1992; Cacioppo, Klein, et al., 1993). A stimulus is
depicted in Figure 2.1 as initially undergoing a rudimentary evaluation.
This rudimentary evaluation is represented in a central state that determines
the initial motivational (e.g., approach/withdrawal) tendency and generates
peripheral and central changes.

Somatovisceral changes are not depicted as being involved in this initial
appraisal, but may nevertheless play an important role in the arousal of
discrete emotional states. Specifically, the model considers the possibility
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FIGURE 2.1 The somatovisceral afference model of emotion (SAME). The same pattern
of somatovisceral activity has been associated with surprisingly different emotions. and
the same emotion has been associated with quite different patterns of somatovisceral
activity. These results have been viewed as evidence against the importance of somatovisc-
eral afference in emotion. The SAME, depicted above and described in the text, encom-
passes both of these findings while emphasizing the instrumental role of somatovisceral
afference and cognitive/perceptual processes in producing each.

From ‘‘What Is an Emotion? The Role of Somatovisceral Afference, with Special Emphasis on
Somatovisceral ‘Illusions,” ' by J. T. Cacioppo, G. G. Berntson, D. J. Kiein, 1992, Review of
Personality and Social Psvchology, 14, p. 87.

that somatovisceral activity could range from emotion-specific patterns
of activation to completely undifferentiated activation, with ambiguous
somatovisceral activation (i.e., partially differentiated activation patterns
specific to multiple emotions) falling between these two endpoints along
a continuum of somatovisceral patterning (see Figure 2.1, left column).
The nodes along this continuum represent important transitions in the
constitution of the autonomic response, but the openings between these
nodes underscore the continuous nature of this dimension. The pattern of
somatovisceral activation produces a parallel continuum of somatovisceral
sensory input to the brain. The arrows between nodes denote the major
pathways for information flow.

In addition to these peripheral events, the emotional significance of
the stimulus and the somatovisceral afference undergo more extensive
cognitive evaluation in normal adults. Thus, Figure 2.1 also depicts the
cognitive operations performed on the somatovisceral afference required
to produce discrete emotional states. The extent of the cognitive elabora-
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tion of the somatovisceral afference required to produce an €motiong)
experience ranges from simple informational analyses such as pattery,
recognition (€.g., James’s theory of emotion as the perception of discrete
patterns of somatovisceral afference) to much more complex attributiong)
analyses and hypothesis-testing (e.g., Mandler’s theory of emotion), with
simple cognitive appraisals of the stimulus and perceptual priming of ap
emotion-schema falling between these two endpoints. The more extensive
these cognitive operations, the longer it requires for them to be completed
and, consequently, the longer it takes for the somatovisceral afference to
affect emotional experience. Thus, simple pattern recognition can produce
an emotional experience relatively quickly, whereas detailed cognitive
appraisals, attributional analyses, and systematic hypothesis testing cap
take longer. Note that quite different patterns of somatovisceral afference
(see Figure 2.1, left column) can lead to the same emotional experience
via three very different psychophysiological mechanisms (see Figure 2.1,
right column), whereas the same pattern of somatovisceral afference can
lead to discrete emotional experiences by two distinct psychophysiological
mechanisms: (1) somatovisceral ‘‘illusions,”” when the afference is ambig-
uous and an emotion-schema has been primed (see below); and (2) cogni-
tive labeling, when the perception of the afference is undifferentiated with
respect to an emotion and there is an evaluative need. The former of these
mechanisms is outlined briefly here.

Emotional Percepts as Somatovisceral Illusions

The essential feature of the proposition that discrete emotions can result
from *‘somatovisceral illusions’” can be illustrated by analogy using the
ambiguous visual figure depicted in Figure 2.2 (see Cacioppo, Uchino,
et al., 1992, for a more complete description of the model). Even though
there is only one set of visual contours and features in Figure 2.2, top-
down processes make it possible for a person looking at this picture to
see or experience two very different perceptual images: the face of an
old woman, or the face of a young woman. Once these images have been
identified, individuals can alternate quickly between seeing these discrete
images, but they cannot both be seen at once. That is, the same visual
afference can lead to two different, discrete, and indubitable perceptual
experiences.

Ambiguous visual figures such as the one depicted in Figure 2.2 are
constructed using elements from two (or more) unambiguous images in
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FIGURE 2.2 An ambiguous figure constructed from overlapping unambiguous
elements. The picture can be seen as an old woman or a young woman. These
discrete images are derived from the same line drawing and, although one can
switch rapidly between these images, one cannot perceive both images
simultaneously.

“My Wife and My Mother-in-Law,”” by W. E. Hill, 1915, Puck.

such a way that the figure created by overlapping or slightly modifying
the elements of the unambiguous images can be interpreted in multiple
discrete ways (Sekuler & Blake, 1985). Because the same sensory informa-
tion in an ambiguous figure can produce such strikingly different, immedi-
ately obvious, and unambiguous perceptions, Leeper (1935) referred to
ambiguous figures as reversible illusions. These illusions do not decay |
with age; consequently, aging would be expected to be associated with
diminished emotional intensity as autonomic reactivity to emotional stim-
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uli declined, but the experience of discrete emotions should be just ag
possible through this mechanism in the aged as in the young.

The middle nodes of Figure 2.1 denote that the active perceptual pro-
cesses underlying reversible visual illusions are not limited to visyy
information processing, but can also operate on interoceptive (e.g.. vis.
ceral) and proprioceptive (e.g., postural, facial, vocal) input. For Instance,
the architecture of the somatovisceral ‘apparatus is more likely to yield
ambiguous afference than is the visual system (Reed, Harver, & Katkip,
1990), and it seems likely that events as important and commonplace g
the emotions have cognitive representations which include somatoviscerg]
attributes. Thus, two important features required for the production of
somatovisceral illusions are plausibly in place. A unique implication of
somatovisceral illusions is that discrete emotions can result from the
perception of the same somatovisceral input when this input contains
somatovisceral attributes of two or more discrete emotions. A second
important implication is that these discrete emotional percepts are *‘revers-
ible’” (but can not be blended) as different emotional schema are serially
activated. Thus, just as top-down processes make it possible for a person
looking at Figure 2.2 to alternate quickly between seeing the face of an
old woman and a young woman, they may also make it possible for the
person on a ride at an amusement park to alternate rapidly between the
states of happy excitement and near-panic fear.

Finally, inspection of Figure 2.1 indicates boundary conditions for each
of these theories. For instance, James' (1884) theory focused on the
mechanism outlined in the nodes at the top of the continua, and he did
not consider the direct effects of the evaluation of the evocative stimulus
on the emotional state. Cannon’s (1927) theory of emotion was limited
to the direct effects of the evaluation of the evocative stimulus on the
rudimentary evaluative processing circuit and on the resulting activation
of the viscera. Cognitive labeling theories such as Schachter and Singer's
(1962) and Mandler’s (1975) have focused more on the mechanism repre-
sented in the nodes at the bottom of the continua in Figure 2.1. And the
processes underlying discrete emotions as somatovisceral ‘‘illusions’’ are
represented by the middle nodes in these continua.

The framework outlined in Figure 2.1 is heuristic at this point. It
remains important to determine what are the moderating variables govern-
ing whether discrete, ambiguous, or undifferentiated somatovisceral re-
sponses are evoked by an emotional stimulus. Once this is achieved, it
may be possible to specify the mechanism by which discrete emotions
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are linked to particular ANS changes (although the SAME does allow for
the possibility that the discriminating features of somatovisceral afferences
may be largely somatic in origin). Nevertheless. the model does posit a
role for somatovisceral afference in emotional experience even when that
somatovisceral afference is not unique across discrete emotions; it points
to the fact that diminished emotionality in old age corresponds to the
reduction in somatovisceral afference with aging; and it underscores the
importance of going beyond the search for distinguishable somatovisceral
patterns across the discrete emotions to examine emotional states as a
function of somatovisceral afference across the lifespan. At the very
least, it should diminish the tendency to view the psychophysiological
mechanisms underlying emotion in terms of a simple central-peripheral
dichotomy or as static across the lifespan.

CONCLUSIONS

The biological substrates of emotions are beginning to be understood. In
addition to behavioral data (see reviews by Cacioppo & Berntson, 1994;
Cacioppo, Gardner, & Berntson, 1997), evidence from the neurosciences
suggest the partial independence of positive and negative evaluative mech-
anisms or systems (Berntson et al., 1993; Gray, 1987, 1991). The notion
dates back at least to the experimental studies of Olds (1958; Olds &
Milner, 1954), who spearheaded a literature identifying separate neural
mechanisms to be related to the subjective states of pleasure and pain.
Gray (1991) has proposed that the septohippocampal system, together
with closely related structures such as central noradrenergic and serotoner-
gic fibers ascending from the locus coeruleus and raphe nuclei respectively,
play a central role in fear and anxiety in animals. Reiman et al. (1986)
used positron emission tomography (PET) scanning to compare patients
who suffer from spontaneous panic attacks to normal controls (cf. Fredrik-
son, Wik, Annas, Ericson, & Stone-Elander, 1995; Zohar et al., 1989).
Consistent with Gray’s theory, the PET scans from the two groups differed
in only one brain region, the area containing the major neocortical inputs
to the septohippocampal system (the entorhinal area) and its major output
(the subicular area). Gray has termed this brain subsystem the behavioral
inhibition system, which at the behavioral level organizes reactions to
conditioned stimuli associated with punishment or the termination or
omission of reward.
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Gray (1991) also posits the existence of what he terms the **approach
system,”” so named because it is responsive to conditioned appetitive
stimuli. In Gray’s theory. the specific response to a reward differs dramati-
cally depending on the particular reward (e.g.. food. sex partner. omission
of shock). ‘‘but the successful gaining of rewards would not normally
differ in this way as a function of the nature of the reward concerned.
Thus, it is reasonable to suppose the existence of a single system for
approach to rewards, whatever these may happen to be’” (p. 282). Although
the neurological basis of this system is not yet fully delineated. an im-
portant role appéars to be played by the dopaminergic fibers that ascend
from the substania nigra and the ventral tegmental area and innervate
regions in the basal ganglia, neocortex, and limbic system, with the dopa-
minergic projections to the nucleus accumbens particularly important in
mediating incentive motivation (see, also, Hoebel, 1985, 1988).

Davidson (1992) reviews evidence for approach and withdrawal-related
systems being localized in different cerebral hemispheres, with the left
frontal region implicated in approach-related emotional behavior and the
right frontal region in withdrawal-related emotional behavior. For instance,
Davidson and his colleagues have found that individual differences in the
relative activation of the right and left frontal EEG are related to disposi-
tional differences in positive and negative moods (Tomarken, Davidson,
Wheeler, & Doss, 1992), and relative right versus left frontal EEG activity
varies as a function of positive and negative events (e.g., Ahern &
Schwartz, 1985; Davidson, Ekman, Saron, Senulis, & Friesen, 1990; Fox,
1991). More importantly in the present context, Davidson and his col-
leagues have reported electrocortical data bearing on the separability of
positive/approach and negative/withdrawal substrates, including that: (1)
the experimental arousal of disgust and fear is associated with an elevation
of right-sided frontal activation compared with either a nonemotional
baseline or a positive emotional state (Davidson et al., 1990), (2) left
frontal EEG activity is diminished in depression (Henriques & Davidson,
1990, 1991; Schaffer, Davidson, & Saron, 1983), (3) toddlers whose
temperamental style it is to be reticent about approaching novel and
unfamiliar people and objects show lower left frontal activation when
compared to toddlers who display an uninhibited temperamental style
(Davidson, Finman, Straus, & Kagan, 1992), and (4) the administration
of diazepam, a benzodiazepine that reduces freezing and avoidance behav-
ior in novel and unfamiliar settings, increased left-frontal activation in
rhesus monkeys (Davidson, Kalin, & Shelton, 1993).
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Brain imaging research in humans is also consistent with the notion
that different cerebral structures are involved in positive and negative
hedonic processes. In a recent study by George and his colleagues (George
et al., 1993), regional cerebral blood flow was measured using PET in
11 healthy women who induced happiness, sadness, or neutral emotions
py recalling affect-laden or neutral memories while looking at congruent
happy. sad, or neutral human faces. Comparisons between the sadness-
minus-neutral and the happy-minus-neutral conditions revealed that. rather
than reciprocal changes in blood flow to the same brain regions, a change
from sad to happy affective state produced increased cerebral blood flow
1o entirely different brain regions. These results supply suggestive human
evidence that the neural mechanisms involved in the experience of positive
and negative states differ.

Emotions, particularly negative emotions, have also been linked to
increases in health problems, including an enhanced susceptibility to
infection (see review by Cohen & Herbert, 1996), poorer response to
an influenza vaccine (Kiecolt-Glaser, Glaser, Gravenstein, Malarkey, &
Sheridan, 1996), and impaired wound healing (Kiecolt-Glaser, Marucha,
Malarkey, Mercado, & Glaser, 1995). The mechanisms underlying the
relationship between emotion and health are complex and are not yet fully
understood, but several different mechanisms are likely involved, some of
which imply autonomic differentiation of positive from negative affective
states. Health problems increase with aging, as well, with negative emo-
tions augmenting age-related declines in health and well-being (e.g., Kie-
colt-Glaser, Dura, Speicher, Trask, & Glaser, 1991) and positive emotions
having less an impact (Ewart, Taylor, Kraemer, & Agras, 1991). Given
this backdrop, it is understandable why investigators have been receptive
to the idea that the emotions have distinct somatovisceral effects.

Although the present review points to some distinctions, one of the
more interesting questions concerning the psychophysiology of emotions
is the role of somatovisceral afference in emotional experience. Although
the data indicate that neither somatic nor visceral feedback is necessary
or sufficient for emotional experience, we did find evidence for somatic
and visceral afference playing a role in emotional experience, and we
reviewed three routes by which somatovisceral afferentiation may exert
this influence.

We also found that age has been largely ignored in research on the
psychophysiology of emotion. This is regrettable, because age-related
effects on somatovisceral activity may help illuminate the means by which
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somatovisceral afference influences emotional percepts. For instance, so-
matovisceral reactivity declines with age. If the somatovisceral afferentia-
tion associated with an emotional stimulus contributes to emotional
percepts, the diminished somatovisceral reactivity with age would foster
reductions in the intensity, if not the frequency, of discrete emotional
experiences. Of course, the events that evoke emotions are not constant
across the life span, and little research is available to gauge whether
the somatovisceral responses to emotional stimuli that are matched for
extremity across age would or would not be diminished. Only a single
study (Levenson et al., 1991) has examined somatovisceral response and
emotions in an elderly population. Additional research, therefore, is needed
to determine whether age-related changes in somatovisceral response are
mirrored in changes in somatovisceral responses to emotional stimuli;
whether these somatovisceral responses and emotional experience are
related; and whether any such relationships are causal or adventitious
across the life span.
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