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You see me here, you gods, a poor old roan,

As full of grief as age; wretched in both!
If it he you that stir these daughters' hearts
Against their father, fool Tile not so much
To bear it tamely-; touch me with noble anger.

-SHAKFSPI.ARt, King, Lcai; 11.5

Just as Shakespeare used words to give voice to
King Leans outrage at his daughters' betrayal,
psychology has often used the words that peo-
ple use to describe their emotions to under-
stand those emotions (e.g., Green, Salovey,
'Truax, 1999; Osgood, Suci, & Tannenbaum,
1957; cf. Cacioppo, Gardner, & herntsoth,
1999; L.elloux, I996). Psychology's reliance on
self-reports has been remarkably successful III
terms of uncovering functional relationships
between different variables. The words people
use to describe their current emotions typically
show consistent patterns (e.g., Russell, I980).
Those who report feeling happy, for instance,
are unlikel\ to report feeling sad (Russell
Carroll, 1999; but sec Larsen, McGraw,
( acioppo, 20))1). In addition, situational ma-
nipulation, reliably elicit different patterns of
self-reported emotional states. People gencrall}

report feeling happy when hearing fast music in
a major keti, and sad when hearing slow niusic
in a minor key (Gagnon & Peret7, h(I()-)!.
Moreover, children as young as 6 years of age
can find words that describe not only their
emotions, but the putative causes of their enho>
bons (e.g., Stein L", Levine, 1987).

One factor that allows people to use w)j tls
to convey their emotions is the fact that the
world's languages are rich in emotional terms
(e.g., Clore, Ortony, & Foss, 1987; Rti eel,
I978), which are supplemented vsith evcu
richer metaphors (Fainsilber & Ortony, l ')S
Roffman, Waggoner, & Palermo, 19911. Yet
words have their limitations. They are some`
times used to deceive rather than inform
llePaulo et al., 2003). Even when used in r:ir
nest, they are subject to contextual distortion,
that operate outside of aWareness
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Schwarz & Clore, I983). One implication is

[hat emotions are not merely cerebral; they are

cnihodied. Indeed, Lear's emotions are most

powerfully conveyed not when his lines are

read, but when they are portrayed by an actor

un the stage. It is perhaps not surprising, then,

that many of the metaphors people use to ex-
press emotion involve bodily sensations. People
express anxiety by remarking that they have
butterflies in their stomachs, or anger by re-

uuiarking that their blood is boiling. Of course,

such metaphors are just that. They are not

emotions; they merely symbolize emotions-

.,Illicit imperfectly.

Dating hack to Freud, research from clinical

psychology has revealed that some aspects of
emotional states can be reported and that oth-

ers cannot (e.g., Bradley, 2000; Lang, 1971). In

addition, research from the neuroseiences (e.g.,
Gazzaniga & LeDoux, 1978; Tranel &

Damasio, 2000) and social psychology (e.g.,

Winkielman, Berridge, & Wilbarger, 2005) has

shown that emotional processes can occur in

the absence of emotional experience, which is a

prerequisite for the verbal expression of emo-
tion. Thus self-reports of emotion tend to he

only modestly related to somatovisceral and
behavioral aspects of emotion (e.g., Bradley &
Lang, 2000a; but see Mauss, Levenson,
McCarter, Wilhelm, & Gross, 2005). One goal
of the psychophysiology of emotion, then, is to

investigate the physiological processes by
which emotion is embodied, and thereby to
complement and clarify insights gleaned from
ratings of emotions that people are willing and
able to report. A second goal is to use
psychophysiological methods to decompose
the component processes that result in an emo-
tional experience or response (Cacioppo &
Petty, 1987).

Most contemporary definitions of emotion
share several features. Most important is the

notion that emotions consist of affective,
yalenced (i.e., positive and/or negative) reac-
tions to meaningful stimuli (Frijda, 1994). Yet
not all valenced reactions constitute emotions.
Emotions typically are directed at particular
Objects, unlike moods which tend to he more
diffuse

( Frijda, 1994 i. Emotions also tend to he
,hart-lived, lasting on the order of seconds to
minutes

(Fkman, 1994). Other affective reac-
tions, such as moods (Ekman, 1994; Frijda,
1994) and especially attitudes (cf. sentiments;
I-riid,t, 1994), tend to he more enduring (Eagly.

` -haiken 199;!. l has individuals who fear
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dogs do not live in a constant state of fear, but
the appearance of a dog is likely to elicit fear
(Frijda, Chapter 5, this volume).

Fear can be conceptualized as a discrete
emotion, along with anger, sadness, happiness,
relief, and other states that putatively differ in
terms of a variety of factors, including anteced-
ent appraisals (e.g., Scherer, Schorr, & John-
stone, 200 1), facial expressions (Fkman,
1994), and action tendencies (Frijda, 1986).
Alternatively, emotions can he conceptualized
in terms of a small number of dimensions, such
as valence and arousal (Russell & Barrett,
1999), positive and negative activation (Wat-
son, Wiese, Vaidya, & Tellegen, 1999), or
positivity and negativity (Cacioppo et at.,
1999). Though a review of the relative merits
of each approach is beyond the scope of this
chapter, we have argued that discrete and di-
mensional approaches are not incommensura-
ble, and that both approaches can be useful
(Cacioppo et at., 1999). Indeed, many of the
findings reviewed in this chapter indicate that
the psychophysiological substrates of emotion
are organized in terms of dimensions (e.g., va-
lence), but other findings highlight the utility of
postulating the existence of discrete emotions.

OVERVIEW

The nervous system is divided into two broad

components. The central nervous system com-
prises the brain and spinal cord, which send
and receive inputs from the peripheral nervous
system. In turn, the peripheral nervous system
comprises the autonomic and somatic nervous
systems. The autonomic nervous system
innervates smooth muscles (e.g., the heart) and
glands, and is divided into the sympathetic and
parasympathetic branches. Whereas the sym-
pathetic branch generally prepares the body for

action (e.g., by stimulating heart rate), the

parasympathetic branch aids restorative func-
tions (e.g., by stimulating digestion). Finally,

the somatic nervous system innervates skeletal
muscles, including those of the face.

Common to all definitions of psycho-
physiology is that it involves the use of physio-
logical signals to understand psychological
processes (e.g., Cacioppo, Tassinary, &
Berntson, 2007; Coles, Donchin, & Porges,
1986; Stern, Ray, & Quigley, 2001). Cognitive
psychophysiology, for instance, is largely con-
cerned with mental processes and has therefore



relied heavily on the electroencephalogram

(EEG), which reflects electrical activity under-

lying central nervous system processes (e.g.,

Coles et al., 1986). So extensive is the embodi-

ment of emotion, however, that surface record-

ings of both central and peripheral nervous

system activity have shed light on the physio-
logical substrates of emotion. Early theory and

research on the psychophysiology of emotion

focused on the autonomic portion of the pe-

ripheral nervous system, so we begin there. We

then turn to the somatic nervous system, where

research has investigated relationships between

emotional states and activation of the facial
musculature. Finally, we turn to the central ner-

vous system, where EEG research has helped
delineate the neural mechanisms underlying
emotion.

THE PERIPHERAL NERVOUS SYSTEM

As mentioned above, many metaphors used to
describe emotions involve bodily states. Most
of those metaphors make reference to per-
ipheral physiological processes in particular.
Though most individuals in Western cultures
presumably recognize that the heart is in reality
a mere pump, it is often described as the seat of
emotion in general and love in particular. Thus
our hearts go aflutter when we are in love, but
break when our beloved departs. Though intu-
ition about psychological phenomena is often
imprecise at best and inaccurate at worst,
psychophysiology has demonstrated that pe-
ripheral processes in the form of autonomic
(i.e., visceral) and somatic (e.g., motor, expres-
sive) events are indeed associated with emo-
tional processes.

The Autonomic Nervous System

The rich connections between the central and
peripheral nervous systems have long fueled
debates over the precise role of peripheral ac-
tivity in emotion. These connections are recip-
rocal, such that the central nervous system
both sends and receives input from the viscera.
The fact that the brain sends efferents to the pe-
riphery raises the possibility that the experience
of emotions (i.e., "feelings") cause peripheral
changes. On the other hand, the fact that the
central nervous receives afferents from the pe-
riphery raises the perhaps more counter-
intuitive possibility that the peripheral changes

contribute to the experience of Cluotioll. File

former possibility was set forth by \V'il1iam

James (1884, 1890/1950) more than a century

ago. By this account, specific somatov isLeral

patterns can not only precede but also generate

the experience of emotion. In an early critique

of James's position, however, Cannon (11)27)
argued that different autonomic patterns do

not produce different emotions; rather, differ-

ent emotions produce different autonomic pat-
terns.

Schachter and Singer (1962) proposed an al-
ternative to both James (1884, 1890/1950) and
Cannon (1927). Like James, Schachter and
Singer contended that autonomic activity could
generate different emotions. Unlike James,
however, they also suggested that the same pat-
tern of autonomic activity could result in the
experience of different emotions (see also
Mandler, 1975). By this account, the percep-
tion of neutral, unexplained physiological
arousal creates an "evaluative need" that moti-
vates the individual to come up with a cogni-
tive label for the arousal state. Depending on
situational cues, the individual may come to
experience different emotional states (e.g., an-
ger, euphoria; Schachter & Singer, 1962; cf.
Reisenzein, 1983).

Thus theories have proposed three distinct
relationships between somatovisceral activity

and emotional state. Whereas Cannon (1927)

contended that different emotions produce dif-
ferent patterns of somatovisceral activity,
James (1884) contended that different patterns
of somatovisceral activity can produce differ-
ent emotions. Finally, Schachter and Singer
(1962) contended that even undifferentiated
somatovisceral activity can produce distinct
and different emotions depending on the situa-
tional context. Several subsequent theories of

emotion can be seen as falling within each of
these camps. Damasio's (1994) somatic marker

hypothesis and Barrett's (2006) somatic marker
hypothesis and conceptual act model of emo-
tion, for instance, hear resemblance to the con-

ceptualizations of James (1884) and Schachter
and Singer (1962), respectively. Researchers
have marshaled empirical evidence both for
and against each position. Vianna, Weinstock.

Elliott, Summers, and Tranel (2006) studied in-
dividuals with Crohn's disease, which is associ-

ated with excessive visceral outflow from the

gut. As both James and Schachter and Singer
would expect, individuals with Crohn's disease
showed greater gastric myoelectrical activity
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during emotionally evocative films than did
comparison participants, which may help ex-
plain why they also experienced more sub-
jective arousal. (For a review of work on
interoception and emotion, see Craig, Chapter
16, this volume.) Indirect evidence for James's
position comes from Barrett, Quigley, Bliss-
Moreau, and Aronson's (2004) recent finding
that individuals who are more sensitive to their
heartbeats also tend to emphasize the arousal-
related meanings of emotion words (see also
Critchley, Wiens, Rotshtein, Ohman, & Dolan,
2004).

On the other hand Cannon (1927) provided
evidence from animal studies that autonomic
events are too slow, insensitive, and undifferen-
tiated to influence emotions. More recently,
neuropsychological research with humans sug-
gests that spinal cord injuries have little impact
on individuals' experience of emotion
(Chwalisz, Diener, & Gallagher, 1988; see also
Cobos, Sanchez, Garcia, Vera, & Vila, 2002).
Perhaps most problematic for James's hypothe-
sis was that early research failed to demon-
strate replicable and generalizable emotion-
specific autonomic patterns. Ekman, Levenson,
and Friesen (1983; see also Levenson, 1988) at-
tributed such inconsistency to a variety of
methodological limitations . For instance, pre-
vious investigators made no attempt to equate
the intensity of different emotions, and they
failed to synchronize physiological recordings
with the likely onset and offset of the emotion,
or even to collect self-reports or behavioral ob-
servations to confirm that the expected emo-
tions had been elicited. Furthermore, Ekman
and colleagues argued that differentiation re-
quires simultaneous examination of a number
of indices of autonomic nervous system activ-
ity.

Ekman et al. (1983) overcame these limita-
tions in a groundbreaking article published in
Science that provided evidence for emotion-
specific autonomic patterns. Ekman et al. mea-
sured heart rate, finger temperature, skin resis-
tance, and forearm flexor muscle tension as
Participants completed two sets of tasks de-
Signed to elicit anger, fear, sadness, happiness,
surprise, and disgust. In one task participants
were asked to remember and relive past emo-
Donal episodes. Participants also completed a
directed facial action task in which they were
asked to contract sets of muscles to produce fa-
cial expressions associated with each emotion .
Dpring the an er conditi r i ce -f tg on, ns , paro an

ticipants were asked to pull their eyebrows
down and together, raise their upper eyelids,
push the lower lips up, and press their lips to-
gether.

Ekman et al. (1983) found that in addition
to differentiating positive from negative emo-
tions, combinations of autonomic measures
could differentiate some negative emotions
(e.g., fear) from others (e.g., anger). During the
facial action task, for instance, happiness was
characterized by decreased heart rate, anger by
increased heart rate and increased skin temper-
ature, and fear by increased heart rate and de-
creased skin temperature. Based on such find-
ings, Levenson, Ekman, and Friesen (1990)
proposed that each discrete emotion is associ-
ated with an innate affect program that coordi-
nates changes in the organism's biological
states. They further argued that such changes
support the behavioral reactions most often as-
sociated with particular emotions (e.g., fleeing,
in the case of fear).

Levenson and colleagues' work sparked a
flurry of research on emotion-specific auto-
nomic patterning, which has been reviewed by
numerous researchers (e.g., Wagner, 1989).
Different reviewers, however, have come to
strikingly different conclusions (e.g., Levenson,
1992; Zajonc & McIntosh, 1992). Levenson
contended that the literature provided compel-
ling evidence for emotion-specific autonomic
responding. For instance, he reviewed evidence
that sadness is associated with greater heart
rate acceleration than anger and fear, which are
both associated with greater acceleration than
happiness. Disgust, on the other hand, is asso-
ciated with heart rate decelerations. Zajonc
and McIntosh, however, contended that the
evidence for emotion-specific autonomic re-
sponding was inconsistent at best.

In an attempt to resolve the debate, we
(Cacioppo, Berntson, Klein, & Poehlmann,
1997; Cacioppo, Berntson, Larsen, Poehl-
mann, & Ito, 2000) conducted meta-analyses
of all published studies comparing the effects of
at least two discrete emotions on at least two
autonomic measures. Though meta-analyses
allow one to examine statistically the differen-
tiation of discrete emotions by individual mea-
sures, it is possible that discrete emotions differ
in terms of the patterns of autonomic re-
sponses, even if they do not differ in terms of
each isolated autonomic response. Nonethe-
less, the literature contains claims that emo-
tions can be differentiated with individual au-

11
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tonomic measures , and such hypotheses can be
rigorously tested with meta-analysis.

The results of our (Cacioppo et a]., 2000)
meta-analysis were consistent with some of
Levenson 's (1992 ) claims. For instance , anger,
fear, and sadness were associated with greater
heart rate acceleration than disgust . Anger was
also associated with higher diastolic blood
pressure than fear, and disgust was associated
with larger increases in skin conductance level
than happiness . Other claims were not sup-
ported. For instance, fear was not associated
with larger decreases in finger temperature
than control conditions, nor was fear associ-
ated with larger increases in skin conductance
level. Several other reliable results emerged
from our ( Cacioppo et al., 2000) meta-
analyses. In addition to being associated with
higher diastolic blood pressure than fear, anger
was associated with more nonspecific skin con-
ductance responses , smaller heart rate accelera-
tion, smaller increases in stroke volume and
cardiac output , and larger increases in total pe-
ripheral resistance , facial temperature , and fin-
ger pulse volume than fear . Thus anger appears
to be more strongly associated with vascular
activity than is fear, but less strongly associated
with cardiac activity.

Only a handful of studies were available for
many of ou r (Cacioppo et al., 2000 ) compari-
sons, so these results should only be accepted
tentatively and may need to be revisited, pend-
ing more recent and future research . For in-
stance, we found that anger was associated
with greater total peripheral resistance and
more nonspecific skin conductance responses
than fear, but only a few previous studies had
examined these relationships. Thus it is not es-
pecially surprising that whereas Pauls and
Stenimler (2003) more recently found that an-
ger was associated with greater total peripheral
resistance , they also found that anger was asso-
ciated with fewer skin conductance responses
than fear. By way of comparison , Pauls and
Stemmler's results corroborated our finding
that fear was associated with larger increases in
heart rate, which was based on 15 studies. Re-
cent and future research will also allow meta-
analytic comparisons that Cacioppo et al.
(2000) were unable to complete because the
necessary data were simply unavailable.
Britton, Taylor, Berridge , Mikels , and Iberzon
(2006), for instance , measured participants'
heart rate and skin conductance as they

watched films that elicited happiness, sadness,
and disgust. They found that disgust was asso-
ciated with greater skin conductance than
sadness-a comparison that no studies in our
database had reported.

As a research literature develops. meta-
analysis becomes especially useful for identify-
ing moderator variables. Several narrative re-

views (e.g., Zajonc & McIntosh, 1992) have

noted that different emotion inductions appear

to elicit different autonomic patterns. Skin re-

sistance level, for instance, declines more dur-

ing sadness than during other negative emo-

tions (e.g., anger) when emotions are induced
with imagery tasks; these patterns are not ob-

tained, however, when emotions are induced
with facial action tasks (Ekman et al., 1983).
Similarly, whereas Cacioppo et al. (2000)
found that fear is associated with greater heart

rate increases than anger, Labouvie-Vief,
Lumley, Jain, and Heinze (2003) found that

imagery-induced fear and anger elicited com-

parably large increases in heart rate. As it turns
out, Labouvie-Vief et al.'s null effect is consis-
tent with the results of a more recent nleta-

analysis by Stemmler (2004) that focused ex-
clusively on the autonomic differentiation of
fear and anger. Stemmler's meta-analysis re-
vealed that whereas "real-life" fear inductions
(e.g., unanticipated sudden darkness after hear-
ing a frightening short story; Stemmler, 1989)
elicited larger heart rate increases than real-life

anger inductions (e.g., an experimenter's ag-
gressive demands; Pauls & Stemmler, 2003),
fear imagery elicited no larger heart rate in-
creases than anger imagery. Stenimler's (20041
rneta-analysis revealed the opposite pattern for
diastolic blood pressure: Fear imagery elicited
larger increases than anger imagery, but real-
life fear elicited no larger increases than real-
life anger. Moreover, whereas sadness is typi-

call)l associated with increased heart rate, sad

music seems to decrease heart rate (Etzcl.
Johnsen, Dickerson, Tranel, & Adolphs, 2006:
Krumhansl, 1997). Such intriguing findings arc
problematic for the notion of emotion-specific
patterning (e.g., Cacioppo et al., 1 997; Zajonc

McIntosh, 1992).
Lang, Bradley, and Cuthbert's (I 990; see

also Bradley, 2000) distinction between "stra
tegic" and "tactical" aspects of emotions Wray
help explain the limited evidence for emotion
specific patterning. Tactics are the specific,
context-hound patterns of action aimed at
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achieving narrow goals. The same discrete
emotion may call for different tactics in differ-
ent situations. Lang et al. (1990), for instance,
note that the behaviors associated with fear can
range from freezing to vigilance to flight, all of
which pose different metabolic demands. Such
tactical variability may account in part for the
limited evidence of emotion-specific autonomic
patterning (Zajonc & McIntosh, 1992).

In contrast to tactics, strategies direct actions
aimed at achieving broad end goals. Securing
appetitive stimuli (e.g., food) and avoiding
aversive stimuli (e.g., predators), for instance,
represent strategic aspects of emotion (Lang et
al., 1990). The ability of the autonomic ner-
vous system to mobilize metabolic resources in
response to hostile and hospitable stimuli is
crucial to survival, so valence-specific pattern-
ing may be more pronounced than emotion-
specific patterning. Among the ways in which
negative and positive affective processes appear
to differ, for instance, is the tendency for the
change in negative motivational output to be
larger than the change in positive motivational
output per unit of activation. Though subject
to contextual factors (e.g., Smith et al., 2006),
this "negativity bias" (Cacioppo & Berntson,
1994; Cacioppo, Larsen, Smith, & Berntson,
2004) has been observed in animal learning
(Miller, 1961), risky decision making
(Kahneman & Tversky, 1979), human affective
judgments (Ito, Cacioppo, & Lang, 1998), and
event-related brain potentials to affective stim-
uli (Ito, Larsen, Smith, & Cacioppo, 1998;
Smith, Cacioppo, Larsen, & Chartrand, 2003).

A variety of theoretical and empirical work
suggests that, ceteris paribus, negative emo-
tions may also elicit greater autonomic activity
than positive emotions (e.g., Taylor, 1991). To
examine this hypothesis further, we (Cacioppo
et al., 2000) conducted additional meta-
analyses of autonomic activity in response to
all negative emotions combined compared with
all positive emotions combined. Diastolic
blood pressure, blood volume, cardiac output,
left ventricular ejection time, preejection pe-
riod, pulse transit time, and heart rate all
showed significantly greater activation during
negative than positive emotions, and no auto-
nomic responses showed the opposite pattern.
Thus, whereas Cacioppo et al.'s (2000) meta-
analyses indicated that even a limited set of dis-
crete emotions such as happiness, sadness, fear,
anger, and disgust could not be fully differenti-

ated by visceral activity alone, they also indi-
cated that negative emotions are associated
with stronger autonomic responses than are
positive emotions.

Of course, Cacioppo et al.'s (1997, 2000)
meta-analyses are mute with respect to the en-
during theoretical question of whether auto-
nomic activity contributes to or follows from
emotional experience. At first glance, the de-
bate between James (1884) and Cannon (1927)
presupposes the existence of a single invariant
relationship between emotional experience and
peripheral physiological activity. Overlooked is
the fact that James actually viewed emotions
as being multiply determined. At the outset,
James (1884) stated that "the only emotions I
propose expressly to consider here are those
that have a distinct bodily expression"
(p. 189). Thus, in addition to contending that
peripheral patterns can produce emotions in a
bottom-up fashion, he acknowledged that
emotional experiences are sometimes governed
by top-down processes that fail to produce
somatovisceral activity (Ellsworth, 1994).
Along these lines, one neurobiological model
delineates the reciprocal relations between as-
cending and descending systems that may con-
tribute to anxiety (Berntson, Satter, &
Cacioppo, 1998). This model contends that af-
fective states may be primed by top-down pro-
cesses (e.g., appraisals) or bottom-up processes
(e.g., visceral reactivity), and that the top-down
and bottom-up mechanisms may mutually re-
inforce one another (e.g., as in panic disorder).

We (Cacioppo, Berntson, & Klein, 1992)
provided a general framework for conceptual-
izing the multiple pathways by which periph-
eral activity may shape emotional experience.
At one end of the continuum, discrete emo-
tional experiences result from the apperception
of distinct somatovisceral patterns (e.g.,
Ekman et al., 1983; James, 1884; Levenson,
1988; Levenson et al., 1990). At the other end
of the continuum, attributional processes insti-
gated by the perception of undifferentiated
physiological arousal generate discrete emo-
tional experiences (e.g., Mandler, 1975;
Schachter & Singer, 1962). Falling between
these extremes is yet another process by which
peripheral bodily reactions may contribute to
emotional experience. By this account,
"somatovisceral illusions" represent the result
of an active perceptual process by which am-
biguous patterns of somatovisceral afference
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are immediately and spontaneously disarnbigu-
ated to produce distinct emotional experiences.

The essential feature of the proposition that

discrete emotions may result from somato-
visceral illusions can he illustrated by analogy,

using the ambiguous visual figure depicted in

Figure 11.1 (see Cacioppo, Berntson, et al.,
1992, for a more complete description of the
model). Even though the figure itself is un-
changing, top-down processes allow viewers to

perceive two very different images: a young

FIGURE 11.1. This anthiguous figure is called

"My wife and mother-in-law" and is constructed

from overlapping unambiguous elements. The

perceptual system tends to group like or related

information together. Rather than presenting

smite odd mixture of the two alternative pictures,

partial identification of a young woman or an old

woman in this figure supports a stable: perception

of a single coherent image. The identification of

wholes and of parts is reciprocally supportive,

contributing further to the locking-in process. ,X

shift in ga/e is not necessary for a perceptual
change to occur. In what m a^ he analogous to dis-

crete emotional feelings' being spawned by the

same ambiguous pattern of somatovisceral infor-
mation, ambiguous visual figures denionstrlte

that discrete images can derive Wo the same am-

biguous pattern of visual information. WHY Y Bor-
ing ( 1930).

woman facing left or an elderly- woman facia;;
right Weeper, 1935n Thus the same visual
afference can lead to two different , discrete,
and indubitable perceptual experiences , just as
Schachter and Singer (1962) argued that the
same physiological afference may lead to two
different, discrete , and indubitable rin itional
experiences . Indeed, the architecture of the
somatovisceral apparatus play be better suited
to produce ambiguous afference than that of
the visual system (Reed , Harver, & Katkin,
1990). For instance, in the perception of am-
biguous visual figures, the stimulus is a visual
array outside the body. I n contrast , the central
nervous system serves both to create and to in-
terpret the stimulus and the response to
somatovisceral information.

Cacioppo , Berntson , et al.'s ( 1992) model ar-
gues against the tendency to view the psycho-
physiological mechanisms underlying emotion
in terms of a simple central-peripheral dichot-
only . It is also in accord with robust findings ill
the literature that discrete emotional percepts
can occur even when the autonomic changes do
not fully discriminate the emotions that are ex-
perienced , and that autonomic activation can
alter the intensity, if not the nature, of emo-
tional experience . From this perspective, the
question is not whether emotion-specific auto-
nomic patterns occur, but under what condi-
tions such patterns occur. We have e . nlphasi/ed
visceral contributions to emotional experience
to this point, but, like Tomkins (1962),

Cacioppo , Berntson, et al. (1992) also sug-
gested that somatic processes can als o affect

emotional experience . In an ingenious test of
this hypothesis, Struck, Martin , and Stepper
( 1988) reported that participants who had un-
knowingly been induced to smile found comic
strips funnier than participants ill a control
condition. In the next section we examine the
relationships between emotion and somatic ac
tiyity, particularly facial expressions.

Tile Somatic Nervous System

Scientific studies of the link hetwecn facial ey-

pnessiolas an d elllotion s originated with Da r-

win (I 89O/ 19891, who noted, for instance, that
eyelidsamong grief- stricken individuals, "the

droop, ... the lips, cheeks, and lower jaw all
sink downwards from their own weight. Hence
all the features are lengthened ; and the face of a
person who hears had news is said to fall"
(p. 130 Investigators have since provided pro-
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vocative evidence that each of at least a subset
of discrete emotions is associated with distinct
overt facial expressions (Ekman, 1973). Addi-
tional evidence suggest that congenitally blind
individuals, members of non-Western cultures,
and infants make emotional facial expressions
similar to those of sighted Western adults,
thereby raising the possibility that emotion-
specific facial expressions are not merely the
product of social learning (e.g., see Ekman,
1973; Ekman & Friesen, 1978; Izard, 1977).

Although facial expressions may often reveal
the nature of underlying emotions, many emo-
tional reactions are not accompanied by visible
facial actions (Cacioppo & Petty, 1981). Fur-
thermore, although there is evidence that ob-
servers across cultures recognize the facial ex-
pressions of happiness, sadness, fear, anger,
surprise, and disgust (Ekman, 1973), the data
are open to alternative interpretations (Russell,
1994). In addition, individuals can invoke dis-
play rules to mask or hide the emotion they are
feeling, and observers can confuse the meaning
of expressions (e.g., fear and surprise; Ekman,
1973; but see Cacioppo, Bush, & Tassinary,
1992). As a result, the coding of overt facial ex-
pressions can be a less than perfect measure of
emotion. An important complement to visual
inspection of facial expression has been the
measurement of patterns of electrical activity
associated with contraction of the facial mus-
cles. This technique-facial electromyography
(EMG)-has made it possible to index muscle
activity even in the absence of visible facial ex-
pressions (Cacioppo & Petty, 1981; Cacioppo,
Tassinary, & Fridlund, 1990).

In pioneering research, Schwartz and col-
leagues demonstrated that different types of
emotional imagery can elicit different patterns
of EMG activity over the brow (corrugator
supercilii ), cheek (zygomaticus major), and
perioral (depressor anguli oris ) muscle regions.
Schwartz, Fair, Salt, Mandel, and Klerman
(1976), for instance, asked participants to
imagine positive or negative events in their
lives. Results revealed that sad imagery elicited
more EMG activity over the brow and less ac-
tivity over the cheek than happy imagery. Thus
facial EMG patterns associated with emotional
states appeared to represent "miniature repre-
sentations " of those occurring during overt fa-
cial expressions (Schwartz, Fair, Greenberg,
Foran, & Klerman , 1975). Subsequent research
has examined whether the facial EMG patterns
observed by Schwartz et al. (1975, 1976) with

emotional imagery tasks generalize to other
types of emotion inductions. Hess, Banse, and
Kappas (1995), for instance, found that hu-
morous films elicited greater activity over
zygomaticus major and orbicularis oculi, par-
ticularly when participants were accompanied
by friends. Patterns similar to those obtained
with emotional imagery and films have also
been obtained with emotional pictures
(Cacioppo, Petty, Losch, & Kim, 1986; Lang,
Greenwald, Bradley, & Hamm, 1993; Larsen,
Norris, & Cacioppo, 2003) and sounds
(Bradley & Lang, 2000b; Larsen et al., 2003).

More recent research also indicates that af-
fective stimuli can automatically elicit facial
EMG reactions. Neumann, Hess, Schulz, and
Alpers (2005) instructed participants to smile
or frown whenever a word appeared on the
screen. Facial EMG recordings indicated that
participants smiled more quickly when pleas-
ant words appeared and frowned more quickly
when unpleasant words appeared. Dimberg,
Thunberg, and Elmehed (2000) exposed partic-
ipants to backwardly masked pictures of angry
and happy faces for a mere 30 milliseconds.
Results indicated that subliminal happy faces
elicited more activity over zygomaticus major
and less activity over corrugator supercilii than
did angry faces. Taken together, these results
indicate that facial reactions to affective stimuli
occur spontaneously (Neumann et al., 2005),
even when the eliciting stimulus is presented
outside of awareness (Dimberg et al., 2000).
An unresolved issue is whether the facial EMG
patterns observed by Dimberg et al. (2000) re-
flect emotional reactions or mere mimicry (cf.
Hess, Philippot, & Blairy, 1998). In any event,
such mimicry may reflect the operation of cir-
cuitry involving mirror neurons in the
prefrontal cortex, which fire not only when an
individual performs some action ( e.g., smiling;
Leslie, Johnson-Frey, & Grafton, 2004), but
also when the individual observes someone else
performing that action.

Though most research has investigated the
effects of valence on EMG activity, some re-
search has focused on discrete emotions.
Schwartz, Ahern, and Brown (1979) asked sub-
jects to engage in thought and imagery tasks
that involved happiness, excitement, sadness,
fear, and neutral emotional states. The only sig-
nificant main effects for discrete emotional
states indicated higher EMG activity over the
cheek and lower EMG activity over the brow
during positive than negative emotions. In a
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similar study by Brown and Schwartz (1980),
fear, anger, and sadness imagery elicited greater
activity over the brow than did happiness im-
agery. Happiness imagery elicited the most ac-
tivity over the cheek, but fear and anger also
elicited elevations over the cheek. Whether
these latter elevations reflect "miserable
smiles" (Ekman, Friesen, & Ancoli, 1980),
cross-talk from other muscles of the middle
and lower facial regions, or the putative phylo-
genetic origin of smiling and laughter in primi-
tive agonistic displays (Andrew, 1963; van
Hooff, 1972) is unclear. More recently, Vrana
(1993) found that disgust and anger imagery
elicited similar levels of activity over the brow
and that disgust imagery also elicited greater
activity over the levator labii, which elevates
the upper lip and wrinkles the nose. Thus the
literature provides some evidence for distinct
covert facial expressions associated with some
emotions, but a great deal more evidence for
distinct covert facial expressions associated
with broad positive and negative affective
states (Cacioppo et al., 2000).

THE CENTRAL NERVOUS SYSTEM

EMG activity reflects the end result of central
nervous system activity and can therefore shed
some light on central processes involved in
emotion. Early research by Schwartz et al.
(1979) suggested that negative and positive
emotional imagery elicited greater activity over
the right and left sides of the face, respectively.
The facial musculature is to some extent
contralaterally innervated, so Schwartz et al.'s
findings are consistent with neuropsychologi-
cal evidence suggesting that the left and right
hemispheres are differentially involved in nega-
tive and positive emotional processing, respec-
tively (Robinson & Downhill, 1995). Whereas
left anterior brain lesions are more likely to
produce major depression, for instance, right
anterior brain lesions are more likely to pro-
duce mania. Subsequent research, however, has
provided limited evidence for asymmetries in
EMG responses (Hager & Ekman, 1985).

Unlike EMG activity, EEG activity directly re-
flects central nervous system activity and has
therefore been more useful in exploring the
hemispheric specialization of emotion. Much of
this work has focused on measurement of EEG
power in the alpha band (8-13 Hz), which is in-

versely related to hemispheric activity (Lindsley
& Wicke, 1974). A variety of EEG evidence has
corroborated the neuropsychological evidence
that the right hemisphere is more strongly asso-
ciated with negative affect and the left hemi-
sphere with positive affect. For instance, those
with greater relative left frontal activity tend to
report higher levels of subjective well-being
(Urry et al., 2004) and dispositional behavioral
activation (Coan & Allen, 2003; Sutton &
Davidson, 1997). Earlier in life, toddlers with
greater relative left frontal activity tend to be less
behaviorally inhibited (Davidson, 1993).

Davidson (1993, 2003) has integrated these
and other findings into a diathesis-stress model
linking individual differences in anterior corti-
cal asymmetry to dispositional affective ten-
dencies. According to this model, differences in
cerebral asymmetry have greater impact on af-
fective reactions to stressors and other chal-
lenges than on baseline affect (e.g., Davidson,
1993; Davidson & Tomarken, 1989). Consis-
tent with the diathesis-stress model, partici-
pants with greater relative left frontal asymme-
try reported stronger positive affective
reactions to pleasant film clips and weaker neg-
ative affective reactions to unpleasant film
clips, but did not differ from those with greater
relative right frontal asymmetry in terms of
baseline mood (Tomarken, Davidson, &
Henriques, 1990; see also Wheeler, Davidson,
& Tomarken, 1993). Similarly, infants who
cried when their mother left the room had
greater relative right-hemisphere activity prior
to the separation (Davidson & Fox, 1989).
Some evidence also suggests that those with
greater relative left frontal activity experience
shorter bouts of negative affect in response to,
unpleasant pictures (Jackson et al., 2003).

To this point, EEG asymmetry has been re -
lated to differences in affective traits , but there
is also substantial state-dependent variance in
EEG asymmetry (Hagemann, Naumann,
Thayer, & Bartussek, 2002), and some of that
that variance may be due to differences in af,'
fective states. Davidson, Ekman, Sawn,
Senulis, and Friesen (1990) recorded EEG dur-
ing a variety of evocative film clips. Particlr^
pants showed greater relative left frontal actz
vation during those moments when t
displayed facial expressions of happiness"th G:
when they displayed facial expressions of c ,'
gust. Analyses conducted across all artifact
EEG data (i.e., including those times in wh

t

i
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facial expression was not present) failed to re-
veal an effect of film valence on EEG asymme-
try. Thus it may be that only emotional experi-
ences strong enough to produce overt facial
expressions are associated with measurable
hemispheric asymmetry.

Recent research has clarified whether frontal
activity better reflects approach- and avoidance-
related behavioral motivation or positive and
negative affective valence. Motivation and va-
lence tend to be correlated, such that positive
emotions are associated with approach and neg-
ative emotions with avoidance. An interesting
exception is anger, which is a negative emotion
that is associated with approach motivation.
Harmon-Jones and Allen (1998) found that
those who tend to experience anger show grater
relative left frontal, as opposed to right frontal,
activity. Similarly, anger induced with facial ac-
tion tasks is associated with greater relative left
frontal activation (Coan, Allen, & Harmon-
Jones, 2001). Such findings indicate that frontal
activity reflects approach-withdrawal motiva-
tion more than it does positive-negative valence
(Harmon-Jones, 2003).

Early conceptualizations of EEG asymmetry
focused on the relative difference between ac-
tivity in the left and right hemispheres. In light
of neurophysiological and psychological evi-
dence for separable approach- and avoidance-
related motivational systems (e.g., Cacioppo &

Berntson, 1994; Larsen et al., 2001), current
conceptualizations explicitly link activity in the
left hemisphere with approach motivation and
activity in the right hemisphere with avoidance
motivation. Individuals with depression or a

history of depression show less left anterior ac-
tivity than comparison participants, but do not

differ in right anterior activity (Henriques &
Davidson, 1990, 1991). These findings suggest

that depression reflects hypoactive approach
motivation rather than hyperactive avoidance

motivation (Henriques & Davidson, 1990,
1991).More recently, Schmidt (1999) extended
prior evidence that shyness and sociability are

separable by demonstrating that women who
report high levels of shyness and sociability
show greater right and left frontal activity.
Schmidt's findings, in particular, highlight the
utility of considering left and right frontal ac-

tivity separately. Indeed, difference scores

would have failed to disambiguate individuals

who are both shy and sociable from those who
are neither shy nor sociable.

EPILOGUE

189

As the varied perspectives represented in this
volume suggest, a comprehensive understand-
ing of emotions must encompass a wide range
of viewpoints. One of the more interesting
questions concerning the psychophysiology of
emotions in particular is the role of
somatovisceral afference in emotional experi-
ence. Although it appears that negative emo-
tions are associated with greater autonomic re-
activity than positive emotions, the cumulative
evidence for emotion-specific patterns remains
inconclusive. In addition, facial EMG activity
over the cheek (zygomaticus major) and
periocular (orbicularis oculi) muscle regions in-
crease with positivity, whereas EMG activity
over the brow (corrugator supercilii) muscle re-
gion increases with negativity and decreases
with positivity; research on EEG asymmetries
similarly suggests that anterior brain regions
are differentially involved in approach-related
versus avoidance-related behavioral processes.
Thus EEG activity can differentiate approach-
and avoidance-related negative emotions such
as anger and fear, respectively.

As detailed above, the patterns of autonomic
activity associated with emotion have not been
thoroughly delineated. Among the obstacles to
identifying emotion-specific autonomic pat-
terns, particularly for dually and antagonisti-
cally innervated organs such as the heart, are
the multiple causal pathways connecting neural
changes and end-organ response (e.g., heart
rate). Emotional stimuli do not invariably
evoke reciprocal activation of the sympathetic
and parasympathetic branches of the auto-
nomic nervous system. For instance, aversive
conditioned stimuli can produce coactivation
of the sympathetic and parasympathetic
branches system, yielding accelerated, deceler-
ated, or even unchanged heart rate, depending
on the relative strength of sympathetic versus
parasympathetic activation (see Berntson,
Cacioppo, & Quigley, 1991). Rainville,
Bechara, Nagvi, and Damasio (2006) recently
provided initial evidence that measures of sym-
pathetic and parasympathetic activity can dif-
ferentiate discrete emotions even when end-or-
gan responses cannot. Heart rate increased
during both anger and fear imagery in their
study, but spectral analyses of heart rate vari-
ability indicated that the effect of anger imag-
ery was mediated by sympathetic activation
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and the effect of fear imagery by parasympa-
thetic deactivation. Whether Rainville et al.'s
findings will be replicated with larger samples,
different types of emotion inductions (cf.
Stemmler, 2004), and different discrete emo-
tions remains to be seen.

Whether or not the conditions for and ele-
ments of emotion-specific peripheral patterns
of activity can be identified, what does seem
clear from the extant research is that discrete
emotions can be experienced even in the ab-
sence of completely differentiated autonomic
patterns. Though Cannon (1927) took this as
evidence that somatovisceral afference has no
influence on the experience of emotion, we
(Cacioppo, Berntson, et al., 1992) outlined
three routes by which somatovisceral
afferentiation may influence emotional experi-
ence: emotion-specific autonomic patterns,
somatovisceral illusions, or cognitive labeling
of unexplained physiological arousal. From
this perspective, the traditional tendency to
view the mechanisms underlying emotion in
terms of a simple central-peripheral dichotomy
is untenable.

Emotions, particularly negative emotions,
have also been linked to increases in health
problems, including an enhanced susceptibility
to infection (e.g., Cohen, Doyle, Turner, Alper,
& Skoner, 2003; see review by Herbert & Co-
hen, 1993), poorer response to an influenza
vaccine (Kiecolt-Glaser, Glaser, Gravenstein,
Malarkey, & Sheridan, 1996), and impaired
wound healing (Kiecolt-Glaser, Marucha, Ma-
larkey, Mercado, & Glaser, 1995). Mediators
of the relationship between emotion and health
have not yet been fully delineated, but several
mechanisms are likely to be involved, some of
which imply autonomic differentiation of posi-
tive from negative affective states. Health prob-
lems increase with aging as well, with negative
emotions augmenting age-related declines in
health and well-being (e.g., Kiecolt-Glaser,
Dura, Speicher, Trask, & Glaser, 1991), and
positive emotions having less impact (Ewart,
Taylor, Kraemer, & Agras, 1991).

Studies of the psychophysiology of emotion
have tended to treat autonomic, somatic, and
central nervous system activity in isolation (cf.
Davidson et al., 1990; Mauss et al., 2005). Re-
cent work highlights the utility of studying the
relationships among these systems and related
systems (e.g., the immune system). In a recent
study investigating autonomic and immune re-

sponses to stress, for instance, individuals who
responded to an experimenter's demands with
fear, as assessed by facial action coding,
showed greater cardiovascular and cortisol re-
activity than did those who responded with a
combination of anger and disgust (Lerner,
Gonzalez, Dahl, Hariri, & Taylor, 2005). In an-
other study Waldstein et al. (2000) found that
those who showed greater left frontal EEG ac-
tivation during anger inductions also showed
greater cardiovascular activation. Hagemann,
Waldstein, and Thayer (2003) have incorpo-
rated such findings into a model that integrates
the roles of the central nervous system and
autonomic nervous systems in emotion.
Hagemann et al.'s (2003) model relied in part
on evidence from positron emission tomogra-
phy (PET) and functional magnetic resonance
imaging (fMRI), which now allow psycho-
physiologists to visualize the human brain dur-
ing emotional episodes with tremendous spa-
tial resolution (Wager et al., Chapter 15, this
volume). One must bear in mind, however, that
PET and fMRI have limited temporal resolu-
tion, because they rely on relatively gradual
changes in blood flow through the brain. Emo-
tional reactions tend to be fleeting (Ekman,
1994), so a useful approach may be to conduct
studies combining fMRI data with traditional
psychophysiological recordings, many of
which offer superior temporal resolution (e.g.,
Critchley et al., 2003). In the years to come,
such integrative approaches promise to yield
ever clearer insights into the physiological sub-
strates of emotion.

REFERENCES

Andrew, R. J. (1963). The origin and evolution of the
calls and facial expressions of the primates. Behav-

iour, 20, 1-109.

Barrett, L. F. (2006). Solving the emotion paradox: Cat-
egorization and the experience of emotion. Personal-

ity and Social Psychology Review, 10, 20-46.

Barrett, L. F., Quigley, K. S., Bliss-Moreau, E., &
Aronson, K. R. (2004). Interoceptive sensitivity and
self-reports of emotional experience. Journal of Per-

sonality and Social Psychology, 87, 684-697.

Berntson , G. G., Cacioppo, J. T., & Quigley, K. S.

(1991). Autonomic determinism : The modes of auto-

nomic control, the doctrine of autonomic space, and
the laws of autonomic constraint . Psychological Re-

view, 98, 459-487.

Berntson, G. G., Sarter, M., & Cacioppo, J. T. (1998).



I I. The Psychophysiology of Emotion 191

Anxiety and cardiovascular reactivity: The basal
forebrain cholinergic link. Behavioural Brain Re-
search, 94, 225-248.

Boring, E. G. (1930). A new ambiguous figure. Ameri-

can Journal of Psychology, 42, 444.

Bradley, M. M. (2000). Emotion and motivation. In J. T.

Cacioppo, L. G. Tassinary, & G. G. Berntson (Eds.),

Handbook of psychophysiology (2nd ed., pp. 602-

641). New York: Cambridge University Press.

Bradley, M. M., & Lang, P. J. (2000a). Measuring emo-

tion: Behavior, feeling, and physiology. In R. D. Lane

& L. Nadel (Eds.), Cognitive neuroscience of emotion

(pp. 242-276). New York: Oxford University Press.

Bradley, M. M., & Lang, P. J. (2000b). Affective reac-

tions to acoustic stimuli. Psychophysiology, 37, 204-

215.

Britton, J. C., Taylor, S., F., Berridge, K. C., Mikels, J.

A., & Liberzon, 1. (2006). Differential subjective and

psychophysiological responses to socially and

nonsocially generated emotional stimuli. Emotion, 6,

150-155.

Brown, S. L., & Schwartz, G. E. (1980). Relationships
between facial electromyography and subjective ex-
perience during affective imagery. Biological Psychol-
ogy, 11, 49-62.

Cacioppo, J. T., & Berntson, G. G. (1994). Relationship

between attitudes and evaluative space: A critical re-

view, with emphasis on the separability of positive

and negative substrates. Psychological Bulletin, 115,

401-423.

Cacioppo, J. T., Berntson, G. G., & Klein, D. J. (1992).

What is an emotion?: The role of somatovisceral

afference, with special emphasis on somatovisceral

"illusions." Review of Personality and Social Psy-

chology, 14, 63-98.

Cacioppo, J. T., Berntson, G. G., Klein, D. J., &

Poehlmann, K. M. (1997). The psychophysiology of

emotion across the lifespan. Annual Review of Ger-

ontology and Geriatrics, 17, 27-74.

Cacioppo, J. T., Berntson, G. G., Larsen, J. T.,

Poehlmann, K. M., & Ito, T. A. (2000). The

psychophysiology of emotion. In M. Lewis & J. M.

Haviland-Jones (Eds.), Handbook of emotions (2nd

ed., pp. 173-191). New York: Guilford Press.

Cacioppo, J. T., Bush, L. K., & Tassinary, L. G. (1992).
Microexpressive facial actions as a function of affec-
tive stimuli: Replication and extension. Personality
and Social Psychology Bulletin, 18, 5 15-526.

Cacioppo, J. T., Gardner, W. L., & Berntson, G. G.

(1999). The affect system: Form follows function.

Journal of Personality and Social Psychology, 76,
839-855.

Cacioppo, J. T., Larsen, J. T., Smith, N. K., & Berntson,

G. G. (2004). The affect system: What lurks below

the surface of feelings? In A. S. R. Manstead, N. H.

Frijda, & A. H. Fischer (Eds.), Feelings and emo-

tions: The Amsterdam Conference (pp. 223-242).

New York: Cambridge University Press.

Cacioppo, J, T., & Petty, R. E. (1981). Electromyograrps

as measures of extent and affectivity of information

processing. American Psychologist, 36, 441-456.

Cacioppo, J. T., & Petty, R. E. (1986). Stalking rudi-

mentary processes of social influence: A

psychophysiological approach. In M. P. Zanna, J. M.

Olson, & C. P. Herman (Eds.), Social influence: The

Ontario Symposium (Vol. 5, pp. 41-74). Hillsdale,

NJ: Erlbaum.

Cacioppo, J. T., & Petty, R. E. (1987). Stalking rudi-

mentary processes of social influence: A

psychophysiological approach. In M. P. Zanna, J. M.

Olson, & C. P. Herman (Eds.), Social influence: The

Ontario Symposium (Vol. 5, pp. 41-74). Hillsdale,

NJ: Erlbaum.

Cacioppo, J. T., Petty, R. E., Losch, M. E., & Kim, H. S.

(1986). Electromyographic activity over facial mus-

cle regions can differentiate the valence and intensity

of affective reactions. Journal of Personality and So-

cial Psychology, 50, 260-268.

Cacioppo, J. T., Tassinary, L. G., & Berntson, G. G.

(Eds.). (2007). Handbook of psychophysiology (3rd

ed.). New York: Cambridge University Press.

Cacioppo, J. T., Tassinary, L. G., & Fridlund, A. J.

(1990). The skeletomotor system. In J. T. Cacioppo

& L. G. Tassinary (Eds.), Principles of

psychophysiology: Physical, social, and inferential el-

ements (pp. 325-384). New York: Cambridge Uni-

versity Press.

Cannon, W. B. (1927). The James-Lange theory of emo-

tions: A critical examination and an alternative the-

ory. American Journal of Psychology, 39, 106-124.

Chwalisz, K., Diener, E., & Gallagher, D. (1988). Auto-

nomic arousal feedback and emotional experience:

Evidence from the spinal cord injured. Journal of

Personality and Social Psychology, 54, 820-828.

Clore, G. L., Ortony, A., & Foss, M. A. (1987). The psy-

chological foundations of the affective lexicon. Jour-

nal of Personality and Social Psychology, 53, 751-

766.

Coan, J. A., & Allen, J. J. B. (2003). Frontal EEG asym-

metry and the behavioral activation and inhibition

systems. Psychophysiology, 40, 106-114.

Coan, J. A., Allen, J. J. B., & Harmon-Jones, E. (2001).

Voluntary facial expression and hemispheric asym-

metry over the frontal cortex. Psychophysiology, .38,

912-925.

Cobos, P., Sanchez, M., Garcia, C., Vera, M. N., & Vila,

1. (2002). Revisiting the James versus Cannon debate

on emotion: Startle and autonomic modulation in pa-

tients with spinal cord injuries. Biological Psychol-

ogy, 61, 251-269.

Cohen, S., Doyle, W. J., Turner, R. B., Alper, C. M., &

Skoner, D. P. (2003). Emotional style and susceptibil-

ity to the common cold. Psychosomatic Medicine,

65, 652-657.

Coles, M. G. H., Donchin, E., & Porges, S. W. (Eds.).

(1986). Psychophysiology: Systems, processes, and

applications. New York: Guilford Press.

Critchley, H. D., Mathias, C. J., Josephs, 0., O'Doherty,



192 II. BIOLOGICAL AND NEUROPHYSIOLOGICAL APPROACHES

J., Zanini, S., Dewar, B., et al. (2003). Human

cingulate cortex and autonomic control: Converging

neuroimaging and clinical evidence. Brain, 126,
2139-2152.

Critchley, H. D., Wiens, S., Rotshtein, P., Ohman, A., &

Dolan, R. J. (2004). Neural systems supporting
interoceptive awareness. Nature Neuroscience, 3,
1049-1056.

Damasio, A. R. (1994). Descartes' error: Emotion, rea-
son, and the human brain. New York: Putnam.

Darwin, C. (1989). The expression of emotions in man
and animals (2nd ed.). New York: New York Univer-
sity Press. (Original work published 1890)

Davidson, R. J. (1993). Childhood temperament and ce-

rebral asymmetry: A neurobiological substrate of
behavioral inhibition. In K. H. Rubin & J. B.

Asendorpf (Eds.), Social withdrawal, inhibition, and
shyness in childhood (pp. 31-48). Hillsdale, NJ:
Erlbaum.

Davidson, R. J. (2003). Affective neuroscience and

psychophysiology: Toward a synthesis. Psychophysi-
ology, 40, 655-665.

Davidson, R. J., Ekman, P., Saron, C. D., Senulis, J. A.,

& Friesen, W V. (1990). Approach-withdrawal and

cerebral asymmetry: Emotional expression and brain
physiology I. Journal of Personality and Social Psy-

chology, S8, 330-341.

Davidson, R. J., & Fox, N. A. (1989). Frontal brain

asymmetry predicts infants' response to maternal
separation. Journal of Abnormal Psychology, 98,
127-131.

Davidson, R. J., & Tomarken, A.J. (1989). Laterality

and emotion: An electrophysiological approach. In F.

Boller & J. Grafman (Eds.), Handbook of neuropsy-
chology (Vol. 3, pp. 419- 441). New York: Elsevier.

DePaulo, B. M., Lindsay, J. J., Malone, B. E.,

Muhlenbruck, L., Charlton, K., & Cooper, H.

(2003). Cues to deception. Psychological Bulletin,
129, 74-112.

Dimberg, U., Thunberg, M., & Elmehed, K. (2000). Un-

conscious facial reactions to emotional facial expres-
sions. Psychological Science, 11, 86-89.

Eagly, A. H., & Chaiken, S. (1993). The psychology of
attitudes. Orlando, FL: Harcourt Brace Jovanovich.

Ekman, P. (1973). Cross-cultural studies of facial ex-
pression. In P. Ekman (Ed.), Darwin and facial ex-

pression: A century of research in review (pp. 1-83).
New York: Academic Press.

Ekman, P. (1994). Moods, emotions, and traits. In P.

Ekman & R. J. Davidson (Eds.), The nature of emo-
tion (pp. 56-58). New York: Oxford University
Press.

Ekman, P., & Friesen, W. V. (1978). The Facial Action
Coding System: A technique for the measurement of
facial movement. Palo Alto, CA: Consulting Psychol-
ogists Press.

Ekman, P., Friesen, W. V., & Ancoli, S. (1980). Facial

signs of emotional experience. Journal of Personality
and Social Psychology, 39, 1125-1134.

Ekman, P., Levenson, R. W., & Friesen, W. V. (1983).

Autonomic nervous system activity distinguishes
among emotions. Science, 221, 1208-1210.

Ellsworth, P. C. (1994). William James and emotion: Is a

century of fame worth a century of misunderstand-
ing? Psychological Review, 101, 222-229.

Etzel, J. A., Johnsen, E. L., Dickerson, J., Tranel, D., &

Adolphs, R. (2006). Cardiovascular and respiratory
responses during musical mood induction. Interna-
tional Journal of Psychophysiology, 61, 57-69.

Ewart, C. K., Taylor, C. B., Kraemer, H. C., & Agras, W.

S. (1991). High blood pressure and marital discord:

Not being nasty matters more than being nice.
Health Psychology, 10, 155-163.

Fainsilber, L., & Ortony, A. (1987). Metaphorical uses

of language in the expression of emotions. Metaphor
and Symbolic Activity, 2, 239-250.

Frijda, N. H. (1986). The emotions. Cambridge, UK:
Cambridge University Press.

Frijda, N. H. (1994). Varieties of affect: Emotions and

episodes, moods, and sentiments. In P. Ekman & R.
J. Davidson (Eds.), The nature of emotion (pp. 59-

67). New York: Oxford University Press.

Gagnon, L., & Peretz, I. (2003). Mode and tempo rela-

tive contributions to "happy-sad" judgements in

equitone mequitone. Cognition and Emotion, 17,
25-40.

Gazzaniga, M. S., & LeDoux, J. E. (1978). The integrat-
ed mind. New York: Plenum Press.

Green, D. P., Salovey, P., & Truax, K. M. (1999). Static,

dynamic, and causative bipolarity of affect. Journal
of Personality and Social Psychology, 76, 856-867.

Hagemann, D., Naumann, E., Thayer, J. E, &

Bartussek, D. (2002). Does resting electroencephalo-

graph asymmetry reflect a trait?: An application of

latent state-trait theory. Journal of Personality and
Social Psychology, 82, 619-641.

Hagemann, D., Waldstein, S. R., & Thayer, J. F. (2003).

Central and autonomic nervous system integration in
emotion. Brain and Cognition, 52, 79-87.

Hager, J. C., & Ekman, P. (1985). The asymmetry of fa-

cial actions is inconsistent with models of hemi-
spheric specialization. Psychophysiology, 22, 307-
318.

Harmon-Jones, E. (2003). Clarifying the emotive func-

tions of asymmetrical frontal cortical activity.
Psychophysiology, 40, 838-848.

Harmon-Jones, E., & Allen, J. J. B. (1998). Anger and

frontal brain activity: EEG asymmetry consistent

with approach motivation despite negative affective
valence. Journal of Personality and Social Psychol-
ogy, 74, 1310-1316.

Henriques, J. B., & Davidson, R. J. (1990). Regional

brain electrical asymmetries discriminate between

previously depressed and healthy control subjects.
Journal of Abnormal Psychology, 99, 22-31.

Henriques, J. B., & Davidson, R. J. (1991). Left frontal

hypoactivation in depression. Journal of Abnormal
Psychology, 100, 535-545.



11. The Psychophysiology of Emotion 193

Herbert, T. B., & Cohen, S. (1993). Depression and im-

munity: A meta-analytic review. Psychological Bulle-

tin, 113, 472-486.

Hess, U., Banse, R., & Kappas, A. (1995). The intensity

of facial expression is determined by underlying af-

fective state and social situation. Journal of Personal-

ity and Social Psychology, 69, 280-288.

Hess, U., Philippot, P., & Blairy, S. (1998). Facial reac-

tions to emotional facial expressions: Affect or cogni-

tion? Cognition and Emotion, 12, 509-531.

Hoffman, R. R., Waggoner, J. E., & Palermo, D. S.

(1991). Metaphor and context in the language of

emotion. In R. R. Hoffman & D. S. Palermo (Eds.),

Cognition and the symbolic processes: Applied and

ecological perspectives (pp. 163-185). Hillsdale, NJ:

Erlbaum.

Ito, T. A., Cacioppo, J. T., & Lang, P. J. (1998). Eliciting
affect using the International Affective Picture Sys-
tem: Bivariate evaluation and ambivalence. Personal-
ity and Social Psychology Bulletin, 24, 855-879.

Ito, T. A., Larsen, J. T., Smith, N. K., & Cacioppo, J. T.

(1998). Negative information weighs more heavily

on the brain: The negativity bias in evaluative catego-

rizations. Journal of Personality and Social Psychol-

ogy, 75, 887-900.

Izard, C. E. (1977). Human emotions. New York: Aca-

demic Press.
Jackson, D. C., Mueller, C. J., Dolski, I., Dalton, K. M.,

Nitschke, J. B., Urry, H. L., et al. (2003). Now you

feel it, now you don't: Frontal brain electrical asym-

metry and individual differences in emotion regula-

tion. Psychological Science, 14, 612-617.

James, W. (1884). What is an emotion? Mind, 9, 188-

205.

James, W. (1950). Principles of psychology (Vol. 1).

New York: Dover. (Original work published 1890)

Kahneman, D., & Tversky, A. (1979). Prospect theory:

An analysis of decisions under risk. Econometrica,
47, 263-291.

Kiecolt-Glaser, J. K., Dura, J. R., Speicher, C. E.,
Trask, O. J., & Glaser, R. G. (1991). Spousal care-
givers of dementia victims: Longitudinal changes in
immunity and health. Psychosomatic Medicine, 53,
345-362.

Kiecolt-Glaser, J. K., Glaser, R., Gravenstein, S., Malar-

key, W. B., & Sheridan, J. (1996). Chronic stress al-

ters the immune response to influenza virus vaccine

in older adults. Proceedings of the National Academy

of Sciences of the USA, 93, 3043-3047.

Kiecolt-Glaser, J. K., Marucha, P. T., Malarkey, W. B.,

Mercado, A. M., & Glaser, R. (1995). Slowing of

wound healing by psychological stress. Lancet, 346,

1194-1196.

Krumhansl, C. L. (1997). An exploratory study of musi-

cal emotions and psychophysiology. Canadian Jour-

nal of Experimental Psychology, 51, 336-353.

Labouvie-Vief, G., Lumley, M. A., Jain, E., & Heinze,

H. (2003). Age and gender differences in cardiac re-

activity and subjective emotion responses to emo-

tional autobiographical memories. Emotion, 3, 115-

126.
Lang, P. J. (1971). The application of

psychophysiological methods to the study of psycho-

therapy and behavior change. In A. E. Bergin & S. L.

Garfield (Eds.), Handbook of psychotherapy and

behavior change: An empirical analysis (pp. 75-125).

New York: Wiley.

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1990).
Emotion, attention, and the startle reflex. Psycholog-
ical Review, 97, 377-395.

Lang, P. J., Greenwald, M. K., Bradley, M. M., &

Hamm, A. O. (1993). Looking at pictures: Affective,

facial, visceral, and behavioral reactions. Psycho-

physiology, 30, 261-273.

Larsen, J. T., McGraw, A. P., & Cacioppo, J. T. (2001).

Can people feel happy and sad at the same time?

Journal of Personality and Social Psychology, 81,

684-696.

Larsen, J. T., Norris, C. J., & Cacioppo, J. T. (2003). Ef-

fects of positive affect and negative affect on

electromyographic activity over zygomaticus major

and corrugator supercilii. Psychophysiology, 40,

776-785.

LeDoux, J. (1996). The emotional brain. New York: Si-

mon & Schuster.

Leeper, R. (1935). A study of a neglected portion of

the field of learning-the development of sensory

organization. Journal of Genetic Psychology, 46,

41-75.
Lerner, J. S., Gonzalez, R. M., Dahl, R. E., Hariri, A. R.,

& Taylor, S. E. (2005). Facial expressions of emotion

reveal neuroendocrine and cardiovascular stress re-

sponses. Biological Psychiatry, 58, 743-750.

Leslie, K. R., Johnson-Frey, S. H., & Grafton, S. T.

(2004). Functional imaging of the face and hand imi-

tation: Towards a motor theory of empathy.

Neurolmage, 21, 601-607.

Levenson, R. W. (1988). Emotion and the autonomic

nervous system: A prospectus for research on auto-

nomic specificity. In H. L. Wagner (Eds.), Social

psychophysiology and emotion: Theory and clinical

applications (pp. 17-42). Chichester, UK: Wiley.

Levenson, R. W. (1992). Autonomic nervous system dif-

ferences among emotions. Psychological Science, 3,

23-27.
Levenson, R. W., Ekman, P., & Friesen, W. V. (1990).

Voluntary facial action generates emotion-specific

autonomic nervous system activity. Psychophysi-

ology, 27, 363-384.

Lindsley, D. B., & Wicke, J. D. (1974). The electroen-

cephalogram: Autonomous electrical activity in man

and animals. In R. Thompson & M. N. Patterson

(Eds.), Bioelectric recording techniques (pp. 3-79).

New York: Academic Press.

Mandler, G. (1975). Mind and emotion. New York:

Wiley.
Mauss, I. B., Levenson, R. W., McCarter, L., Wilhelm, F.

H., & Gross, J. J. (2005). The tie that binds?: Coher-



194 II. BIOLOGICAL AND NELIROPHYSIOLOGICAL APPROACHES

ence among emotion, experience, behavior, and phys-
iology. Emotion, S, 175-190.

Miller, N. E. (1961). Some recent studies on conflict

behavior and drugs. American Psychologist, 16, 12-

24.
Neumann, R., Hess, M., Schulz, S., & Alpers, G. W.

(2005). Automatic behavioural responses to valence:

Evidence that facial action is facilitated by evaluative

processing. Cognition and Emotion, 19, 499-513.

Osgood, C. E., Suci, G. J., & Tannenbaum, P. H. (1957).

The measurement of meaning. Urbana: University of

Illinois Press.
Pauls, C. A., & Stemmler, G. (2003). Repressive and de-

fensive coping during fear and anger. Emotion, 3,

284-302.
Rainville, P., Bechara, A., Naqvi, N., & Damasio, A. R.

(2006). Basic emotions are associated with distinct

patterns of cardiovascular reactivity. International

Journal of Psychophysiology, 61, 5-18.

Reed, S. D., Harver, A., & Katkin, E. S. (1990).

Interoception. In J. T. Cacioppo & L. G. Tassinary

(Eds.), Principles of psychophysiology: Physical, so-

cial, and inferential elements (pp. 253-294). New

York: Cambridge University Press.

Reisenzein, R. (1983). The Schachter theory of emotion:

Two decades later. Psychological Bulletin, 94, 239-

264.
Robinson, R. G., & Downhill, J. E. (1995). Lateral-

ization of psychopathology in response to focal brain

injury. In R. J. Davidson & K. Hugdahl (Eds.), Brain

asymmetry (pp. 693-711). Cambridge, MA: MIT

Press.
Russell, J. A. (1978). Evidence of convergent validity on

the dimensions of affect. Journal of Personality and

Social Psychology, 36, 1152-1168.

Russell, J. A. (1980). A circumplex model of affect.

Journal of Personality and Social Psychology, 39,

1161-1178.
Russell, J. A. (1994). Is there universal recognition of

emotion from facial expressions?: A review of the

cross-cultural studies. Psychological Bulletin, 115,

102-141.
Russell, J. A., & Barrett, L. F. (1999). Core affect, proto-

typical emotional episodes, and other things called

emotion: Dissecting the elephant. Journal of Person-

ality and Social Psychology, 76, 805-819.

Russell, J. A., & Carroll, J. M. (1999). On the bipolarity
of positive and negative affect. Psychological Bulle-
tin, 125, 3-30.

Schachter, S., & Singer, J. E. (1962). Cognitive, social,

and physiological determinants of emotional state.

Psychological Review, 69, 379-399.

Scherer, K. R., Schorr, A., & Johnstone, T. (Eds.).

(2001). Appraisal processes in emotion. New York:

Oxford University Press.

Schmidt, L. A. (1999). Frontal brain electrical activity in

shyness and sociability. Psychological Science, 10,

316-320.
Schwartz, G. E., Ahern, G. L., & Brown, S.-L. (1979).

Lateralized facial muscle response to positive and

negative emotional stimuli. Psychophysiology, 16,

561-571.
Schwartz, G. E., Fair, P. L., Greenberg, P. S., Foran, J.

M., & Klerman, G. L. (1975). Self-generated affec-

tive imagery elicits discrete patterns of facial muscle

activity. Psychophysiology, 12, 234. (Abstract)

Schwartz, G. E., Fair, P. L., Salt, P., Mandel, M. R., &

Klerman, G. R. (1976). Facial muscle patterning to

affective imagery in depressed and nondepressed sub-

jects. Science, 192, 489-491.

Schwarz, N., & Clore, G. L. (1983). Mood, mis-

attribution, and judgments of well-being: Informa-

tive and directive functions of affective states. Jour-

nal of Personality and Social Psychology, 45, 513-

523.
Smith, N. K., Cacioppo, J. T., Larsen, J. T., &

Chartrand, T. L. (2003). May I have your attention,

please: Electrocortical responses to positive and neg-

ative stimuli. Neuropsychologia, 41, 171-183.

Smith, N. K., Larsen, J. T., Chartrand, T. L., Cacioppo,

J. T., Katafiasz, H. A., & Moran, K. E. (2006). Being

bad isn't always good: Evaluative context moderates

the attention bias toward negative information. Jour-

nal of Personality and Social Psychology, 90, 210-

220.
Stein, N. L., & Levine, L. J. (1987). Thinking about feel-

ings: The development and organization of emo-

tional knowledge. In R. E. Snow & M. Farr (Eds.),

Aptitude, learning, and instruction: Vol. 3. Cogni-

tion, conation, and affect (pp. 165-197). Hillsdale,

NJ: Erlbaum.
Stemmler, G. (1989). The autonomic differentiation of

emotions revisited: Convergent and discriminant val-
idation. Psychophysiology, 26, 617-632.

Stemmler, G. (2004). Physiological processes during

emotion. In P. Phillippot & R. S. Feldman (Eds.), The

regulation of emotion (pp. 33-70). Mahwah, NJ:

Erlbaum.
Stern, R. M., Ray, W. J., & Quigley, K. S. (2001).

Psychophysiological recording. New York: Oxford

University Press.
Strack, E, Martin, L. L., & Stepper, S. (1988). Inhibiting

and facilitating conditions of the human smile: A

nonobtrusive test of the facial feedback hypothesis.

Journal of Personality and Social Psychology, 54,

768-777.
Sutton, S. K., & Davidson, R. J. (1997). Prefrontal brain

asymmetry: A biological substrate of the behavioral

approach and inhibition systems. Psychological Sci-

ence, 8, 204-210.

Taylor, S. E. (1991). Asymmetrical effects of positive

and negative events: The mobilization-minimization

hypothesis. Psychological Bulletin, 110, 67-85.

Tomarken, A. J., Davidson, R. J., & Henriques, J. B.

(1990). Resting frontal asymmetry predicts affective

responses to films. Journal of Personality and Social

Psychology, 59, 791-801.

Tomkins, S. S. (1962). Affect, imagery, and conscious-

ness: Vol. 1. The positive affects. New York: Springer.

Tranel, D., & Damasio, A. (2000). Neuropsychology



1 1. The Psychophysiology of Emotion 195

and behavioral neurology. In J. T. Cacioppo, L. G.

Tassinary, & G. G. Berntson (Eds.), Handbook of

psychophysiology (2nd ed., pp. 119-141). New

York: Cambridge University Press.

Urry, H. L., Nitschke, J. B., Dolski, L, Jackson, D. C.,

Dalton, K. M., Mueller, C. J., et al. (2004). Making a

life worth living: Neural correlates of well-being.

Psychological Science, 15, 367-372.

van Hooff, J. A. R. A. M. (1972). A comparative ap-

proach to the phylogeny of laughter and smiling. In

R. Hinde (Ed.), Non-verbal communication

(pp. 129-179). London: Royal Society & Cambridge

University Press.

Vianna, E. P. M., Weinstock, J., Elliott, D., Summers, R.,

& Tranel, D. (2006). Increased feelings with in-

creased body signals. Scan, 1, 37-48.

Vrana, S. R. (1993). The psychophysiology of disgust:

Differentiating negative emotional contexts with fa-

cial EMG. Psychophysiology, 30, 279-286.
Wagner, H. (1989). The physiological differentiation of

emotions. In H. Wagner & A. Manstead (Eds.),

Handbook of social psychophysiology (pp. 77-89).

New York: Wiley.

Waldstein, S. R., Kop, W. J., Schmidt, L. A., Haufler, A.

J., Krantz, D. S., & Fox, N. A. (2000). Frontal

electrocortical and cardiovascular reactivity during

happiness and anger. Biological Psychology, 55, 3-

23.

Watson, D., Wiese, D., Vaidya, J., & Tellegen, A.

(1999). The two general activation systems of affect:

Structural findings, evolutionary considerations, and

psychobiological evidence. Journal of Personality

and Social Psychology, 76, 820-838.

Wheeler, R. E., Davidson, R. J., & Tomarken, A. J.
(1993). Frontal brain asymmetry and emotional reac-
tivity: A biological substrate of affective style.
Psychophysiology, 30, 82-89.

Winkielman, P., Berridge, K. C., & Wilbarger, J. (2005).

Unconscious affective reactions to masked happy

versus angry faces influence consumption behavior

and judgments of value. Personality and Social Psy-

chology Bulletin, 31, 121-135.

Zajonc, R. B., & McIntosh, D. N. (1992). Emotions

research: Some promising questions and some

questionable promises. Psychological Science, 3,

70-74.


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	BW 1 sided.PDF
	page 1

	BW 1 sided_2.PDF
	page 1


