I Know How You Feel

SOCIAL AND EMOTIONAL INFORMATION PROCESSING
IN THE BRAIN

Catherine J. Norris and John T. Cacioppo

Hominids are believed to have walked the earth for the past 7 million
years, or approximately 0.1% of the earth’s history. Homo sapiens (Latin
for “wise man”) were not the first bipedal creatures, nor apparently were
they the first to use tools; and they have evolved only recently (100,000
years ago, or 0.15%), even within the epoch of hominids (Calvin, 2004).
Of the brief span humans have roamed the earth, take less than the last
10% of this time—merely the past 3,000-5,000 years—and you find
achievements unparalleled by anything before it: the engineering of the
Great Pyramids, the elegance of Beethoven’s Ninth Symphony, the discern-
ment of heterotic string theory, the efficiency of mass production, the tri-
umph of modern medicine, and the wonder of space exploration. We,
apparently uniquely, contemplate the history of the earth, the reach of the
universe, the origin of the species, and the genetic blueprint of life. We may
take due pride in our collective achievements, cultivated tastes, and dispas-
sionate problem solving when confronted with life-threatening challenges,
but Homo sapiens, also apparently uniquely among species, carelessly or
arrogantly extinguish species en masse, exploit essential environments and
resources, wage war on one another, and concoct nuclear and biological
weapons that threaten to render humans extinct. The properties of Homo
sapiens responsible for this state of affairs continue to be debated, but big
brains that make mental simulations and strategies possible, hands with
fingers and thumbs that permit precise manipulations, and social bonding
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and language that promote complex and coordinated collective actions are
commonly thought to be among those that are important.

Given their evolutionary heritage and daily currency, there is little
wonder that both emotional and social processes are biologically rooted
nd culturally molded. Evidence of both biological and sociocultural con-
qributions to emotions is now so plentiful that few would doubt this asser-
rion, and evidence for biological and emotional contributions to social pro-
cesses is rapidly accumulating. Altruistic reward and punishment, for
instance, are thought to have been crucial for the evolution of a level of
cooperation in human societies that is unparalleled (e.g., Boyd, Gintis,
Bowles, & Richerson, 2003; Fehr & Gachter, 2002).

The past decade has even seen a virtual explosion of research on the
neural networks underlying human emotions and, for the most part quite
separately, on the neural substrates underlying social perception, reasoning,
and behavior. Surprisingly little attention has been devoted to the relation-
ship between these neural systems, however, despite the essential role that
emotions play in social development and discourse. Our focus in this chap-
ter is on this latter question. We begin by considering the adaptive signifi-
cance of emotional and social stimuli, as well as the inherent links between
them, as many emotion elicitors are social in nature and emotions are criti-
cal for the formation and maintenance of social relationships. Furthermore,
we argue that social processes may have co-opted existing neural networks
for affective processing to promote interactive and synergistic processing.
Finally, we consider the importance of the social context for interpreting
the intentions of conspecifics and for the culturally appropriate expression
and experience of emotion.

EMOTIONS AS ADAPTIVE
NEUROBEHAVIORAL ORGANIZATIONS

From 1831 to 1836, Charles Darwin sailed on the naval survey ship HMS
Beagle, invited as company for Robert FitzRoy, the ship’s captain whose
rank precluded his socializing with anyone but another gentleman. The
observations and specimens with which Darwin returned led to the realiza-
tion that all organisms compete for resources and that those that had some
advantage in a habitat would be more likely to transmit this advantage to
future generations via their offspring. Following the publication of Origin
of the Species (Darwin, 1859), Darwin turned his attention to explaining
the evolution of behavior. For example, pondering the nature of facial
expressions, he wrote: “No doubt as long as man and all other animals are
viewed as independent creations, an effectual stop is put to our natural
desire to investigate as far as possible the causes of Expression” (Darwin,
1872, p. 12). Thus, Darwin observed that to understand the expression of
emotion, humans must be understood as falling on a continuum of species;
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observing the behavior of other animals, therefore, could shed light on the
expression and function of emotion for humans,

The evolutionary approach to studying emotions has given rise to the
notion of emotions as response packages, as predispositions to respond in
specific, adaptive ways to environmental stimuli. Emotion theorists dis-
agree about the number of emotions, the structure of emotions, the pri-
macy of emotions, and the relationship between feelings and emotions, but
there is general agreement that emotions have adaptive utility. Whether
fleeing from a potentially harmful stimulus, such as a snarling bear giving
chase, or pursuing something beneficial, such as food or a caring partner,
emotions promote adaptive responses and future guidance regarding ap-
proach and avoidance behavior. Fear and disgust provide clear illustrations
of the value of emotional experience—without these two emotions, an indi-
vidual (whether human or a nonhuman animal) is unlikely to survive long
in most environments. Both fear and disgust are emotional responses to
threatening stimuli that often result in avoidance; whereas fear promotes
avoidance of predators and potentially harmful encounters, the adaptive
utility of disgust includes the avoidance of poisons, rancid foodstuffs, and
materials that may promote disease (Curtis, Aunger, & Rabie, 2004).

Many contemporary theorists have approached the study of emotion
from a cognitive but equally adaptive perspective, arguing that emotions
serve as signals that provide information regarding pursuit of current goals.
Positive emotions (e.g., joy, contentment, pride) are experienced when
progress is made toward a goal; whereas negative emotions (e.g., fear, sad-
ness, anger) indicate the potential or confirmed loss of a goal or otherwise
thwarted efforts toward goal attainment (e.g., Carver & Scheier, 1990,
Stein & Trabasso, 1992). Others have emphasized the continuity across the
neuraxis of the partially separable substrates for positive and negative
affect, including a focus on differences in the stimuli that trigger positivity
and negativity, the behavioral responses that each guides, and the heter-
archical control of these substrates (for reviews, see Berntson, Boysen, &
Cacioppo, 1993; Berridge, 2004). Regardless of the different perspectives
of current emotion researchers, agreement on the fundamentally adaptive
nature of emotion is ubiquitous.

Views of the evolutionary advantage of emotions often focus on the
benefit of an emotional response for an individual; for example, being
frightened and consequently avoiding a poisonous snake has immediate
benefits for the potential victim but does not necessarily affect anyone else.
However, Homo sapiens are characteristically social beings, and emotions
may therefore have adaptive significance not only for an individual but also
for the social group to which an individual belongs. To this end, recent
research has tested hypotheses regarding altruistic punishment, the costly
punishment of social defectors in the service of the public good. Fehr and
Gichter (2002) argue that when some group members fail to cooperate
(e.g., by keeping all resources to themselves rather than sharing reciprocally
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and fairly, a behavior referred to as defecting), other members may, at a
personal cost, punish such “defectors” to encourage socially responsible
behavior in the future. Importantly, altruistic punishment occurs even
when punishers can expect no benefit to themselves (i.e., they have no
future encounters with defectors and cannot gain a reputation as no com-
munication between group members is possible) and when punishment is
costly for them. In a recent study using positron emission tomography
(PET) to study the neural basis of altruistic punishment, de Quervain and
her colleagues (2004) suggest that the anticipation of a pleasant emotional
response following the punishment of a defector may motivate punishers.
Consistent with this reasoning, they found activation of the caudate
nucleus (a neural structure implicated in reward processing) correlated with
degree of punishment levied. In other words, emotions may serve to
encourage individual behaviors that promote collective over self-interests.

The question remains as to whether the evolution of behaviors that
benefit the group at the expense of personal gains is viable. To address this
question, Boyd and colleagues (2003) developed a set of simulation models
in which the frequency of cooperation within a group over many time peri-
ods (2,000 years) was measured as a function of the presence or absence of
altruistic punishment, in addition to other factors such as group size and
rate of intergroup conflict. Results indicated that models of group selection
in which altruistic punishment was present were more effective in maintain-
ing high frequency of cooperation across all group sizes, suggesting that
altruistic punishment is a viable solution to the evolutionary puzzle of
social cooperation. In sum, research on altruistic punishment indicates that
in the case of Homo sapiens, emotions evolved not only to protect the indi-
vidual from predators and to encourage the pursuit of appetitive stimuli
but also to promote reciprocity, cooperation, communication, and collec-
tive action, which allowed for the creation of organizations, institutions,
and cultures in their wake.

HUMANS ARE SOCIAL ANIMALS

Although emotions have adaptive utility for humans as well as for animals
(as Darwin originally suggested), it is important to note that human beings
are fundamentally social creatures. And as emotions may have evolved to
promote cooperation and communication in a social group, conspecifics
are a major source of adaptive emotions in these groups, societies, and
institutions. Social information is highly valued and critical for survival
throughout the lifespan, as it contributes to successful attachment, repro-
duction, vigilance toward threatening encounters, and protection of terri-
tory and significant others. From birth, we engage in behaviors intended to
ensure affiliation with other members of the species, especially caregivers
(Bowlby, 1969/1982). Quality of social interactions in infancy, including
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maternal responsiveness and attachment style, is associated with physical
growth (e.g., insufficient interactions result in failure to thrive; Ward, Lee,
& Lipper, 2000); successful emotion regulation (Cassidy, 1994; Thomp-
son, 1994); language and social cognition skills in preschool (Beckwith &
Rodning, 1996); and intellectual competence in adolescence (Cohen, 1995).
Healthy social relationships continue to be important for emotional and
physical well-being throughout the lifespan, as evidenced by research dem-
onstrating that social isolation is a major risk factor for morbidity and
mortality (House, Landis, & Umberson, 1988) and that loneliness, an emo-
tional response to broken or inadequate social connections, is related to
cardiovascular function and sleep quality (Cacioppo et al., 2002). In fact,
loneliness may be an adaptive emotional response that evolved to encour-
age the maintenance of pair bonds, maternal care, and the return of hunter-
gatherers to dependent others even in times of dire need (Cacioppo &
Hawkley, 2005).

In addition to long-standing social relationships, daily interactions
with conspecifics are also critical for survival, as they provide information
about the environment and are the primary elicitors of emotions designed
to promote both affiliative and protective behaviors (cf. Keltner & Kring,
1998). A set of recent studies highlights the relationship between quality of
everyday interactions, emotional experience, and loneliness. Hawkley,
Burleson, Berntson, and Cacioppo (2003) demonstrated that lonely individ-
uals report feeling more negative and less positive about their interaction
partners than do socially connected individuals, in addition to reporting
higher negative affect and lower positive affect over the course of a week.
Furthermore, multilevel modeling of data collected using experiential sam-
pling methodology (ESM; Larson & Csikszentmihalyi, 1983) provided evi-
dence that loneliness has a pervasive influence on everyday affective experi-
ence and quality of social interactions and, importantly, that these two
outcome factors have reciprocal effects on each other (Hawkley, Preacher,
& Cacioppo, in press). In other words, both the chronic perception of one’s
social belongingness (i.e., loneliness—social connectedness) and fluctuations
in the quality of social interactions appear to have effects on one’s daily
emotional life. In addition, loneliness relates to cardiovascular functioning
and stress appraisals, such that lonely individuals exhibit greater total
peripheral resistance (TPR) and lower cardiac output (CO) than their
socially embedded counterparts (Cacioppo et al., 2002; Hawkley et al.,
2003). Thus daily social interactions have consequences not only for emo-
tional experience but also for cardiovascular functioning and health.

Social relationships are so fundamental for humans that nonsocial
stimuli or events are often anthropomorphized, or infused with social
meaning. In an historical example, Heider and Simmel (1944) developed a
short film depicting geometrical figures (e.g., triangles) in motion and
reported that most individuals spontaneously describe the film in terms of
social interactions between three human-like characters through attribution
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of intentions, emotions, gender, relationships, and personality to the three
shapes. Heberlein and Adolphs (2004) have recently argued that these
spontaneous social attributions rely on the functioning of an intact amyg-
dala, based on evidence that S.M., a patient with bilateral damage to the
amygdala, failed to spontaneously provide a social interpretation of the
film. Interestingly, S.M. performed normally on direct questions regarding
the film that relied on social attributions {e.g., “What was the large triangle
like?™), suggesting that her impairment lies in automatically inferring social
meaning from a nonsocial stimulus and that the amygdala may play an
important role in these social inferences. The tendency to spontaneously
make social attributions about stimuli or events may be an adaptive mecha-
nism for a highly social species.

SOCIAL STIMULI POSSESS
INHERENT ADAPTIVE SIGNIFICANCE

Research on emotion often focuses on responses to nonsocial stimuli, such
as dangerous creatures (e.g., snakes, spiders, bears) and primary rewards
(e.g., food) and, in addition, tends to treat social and nonsocial stimuli as
comparable; however, most emotion elicitors in life are social. Facial
expressions provide both social and emotional information, conspecifics
often generate and reciprocate our own emotional reactions, and social
fears (e.g., speaking in public) and triumphs (e.g., a home team victory)
dominate our emotional lives. In their social-functional account of emo-
tion, Keltner and Kring (1998) argue that emotions serve a set of functions
that are critical for coordinating social interactions. A conspecific can serve
either as an emotional stimulus (e.g., encountering an unknown person on
a dark street late at night) or as a cue to an emotionally relevant stimulus
present in the environment {e.g., a fearful individual may indicate the pres-
ence of a dangerous stimulus, such as a snake). In addition, our perception
of others’ emotions can elicit emotional states that are either reflective (e.g.,
empathy) or complementary (e.g., fear of an unknown individual express-
ing anger), thus providing information regarding the relationship and pro-
moting adaptive behaviors in the context of social interactions.

Because of the inherent connections between and the relative impor-
tance of social and emotional information, we have argued that social and
emotional processes may interact, as well as share some basic neural mech-
anisms {Norris, Chen, Zhu, Small, & Cacioppo, 2004). Specifically, we
proposed that social and emotional information is interactively processed
in order to produce adaptive behavior and serve regulatory functions for an
individual embedded in a social environment. We suggest that because
social stimuli are strong elicitors of emotion, they have the same adaptive
utility as emotional stimuli and may possess inherent, latent emotional sig-
nificance.

oRey BT
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The adaptive advantage of discerning social signals and organizing
flexible behavioral responses may have been achieved in part by co-opting
and building on selected neural systems that evolved originally for dealing
with hedonic events (threats, appetitive stimuli). This would mean that
social stimuli can be processed quickly by neural regions implicated in
motivational processes (e.g., medial orbitofrontal cortex) and in generating
(e.g., amygdala, insula, motor cortex) and regulating (e.g., ventrolateral
and medial prefrontal cortex) an emotional response.

A recent study using functional magnetic resonance imaging (fMRI)
provides an appropriate illustration of this co-option hypothesis. Eisenberger,
Lieberman, and Williams (2003) reported neural activation in a dorsal por-
tion of the anterior cingulate cortex (ACC) implicated in the affective com-
ponent of the pain response when participants were excluded from a social
situation (i.e., a ball-tossing game). The authors argue that the similarity in
activation of the dorsal ACC to physical pain (e.g., Rainville, Duncan,
Price, Carrier, & Bushnell, 1997) and to social pain suggests that the expe-
riences of physical and social pain may share a common neuroanatomical
basis. Furthermore, Eisenberger and her colleagues suggest that “Because
of the adaptive value of mammalian social bonds, the social attachment
system ... may have piggybacked onto the physical pain system to pro-
mote survival” (p. 291). The co-option of neural systems for purposes
other than their primary function is potentially a flexible, conservative
answer to challenges presented over the course of evolution.

Additional evidence for the hypothesis that the neural mechanisms
contributing to the detection of social cues may have co-opted and built on
existing emotion networks is provided by data implicating certain brain
regions in processing both social and emotional stimuli. The amygdala, a
limbic structure occasionally referred to oversimplistically as the emotional
brain, is clearly involved in social behavior, as well as emotional experi-
ence. Kluver and Bucy (1939/1997) first reported disturbances in the
social behavior of primates with extensive amygdala damage; research by
Heberlein and Adolphs (2004) using the Heider and Simmel (1944) para-
digm discussed earlier provides convergent evidence for the role of the
amygdala in making social inferences in humans. Much of the research on
amygdalar function has focused on judgments and responses to facial dis-
plays of emotion, either using fMRI to investigate patterns of neural activ-
ity in nondamaged individuals or examining the behavior of people with
amygdala damage. These studies suggest that the amygdala is involved in
processing emotional expression, particularly fear (cf. Adolphs, Tranel,
Damasio, & Damasio, 1994; Breiter et al., 1996); in making judgments
regarding the trustworthiness of unknown individuals (Adolphs, Tranel, &
Damasio, 1998; Winston, Strange, O’Doherty, & Dolan, 2002); and in the
attribution of internal states, beliefs, and desires to other people (Baron-
Cohen et al., 2000). However, it is important to note that each of these
studies confounds social and emotional processes; for example, as deter-
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mining the emotion expressed by a conspecific requires distilling emotional
information from a social context, an impairment in one necessarily affects
the other.

One recent study has attempted to compare amygdalar activation in
response to faces and scenes in order to examine whether the amygdala is
implicated in processing only emotional stimuli that contain social cues
(c.g., faces) or whether amygdalar activation generalizes to other kinds of
emotional stimuli as well. Hariri, Tessitore, Mattay, Fera, and Weinberger
(2002) used fMRI to measure amygdalar activation while participants
viewed fearful and threatening faces and ‘scenes’ taken from the Interna-
tional Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 1999).
Importantly, none of the IAPS pictures contained human faces, but rather
included natural threats (i.e., dogs, snakes, spiders, sharks) and other
threats (i.e., guns, car accidents, plane crashes, explosions). The authors
report that the amygdala showed significant activation to both types of
stimuli; however, activation of the right amygdala was significantly greater
when participants viewed fearful and threatening faces than scenes. These
results suggest that the amygdala is involved in processing both emotional
and social stimuli, consistent with the hypothesis that social cognition may
have co-opted existing neural networks underlying hedonic processes.

The study conducted by Hariri et al. {2002) contained a number of
design features that limit its interpretation. For instance, the authors sug-
gest that differences in complexity, arousal, or similarity of the stimuli
across conditions could potentially account for observed differences in acti-
vation for faces and scenes (Hariri et al., 2002); none of these explanations
can be ruled out. Furthermore, the study by Hariri et al. (2002) does not
directly address the question of whether the amygdala is involved in pro-
cessing emotional stimuli or whether activation would be observed in
response to neutral stimuli, as well.

We recently conducted an fMRI study to investigate the interactive
and independent effects of social and emotional processes in the brain in
which we controlled for the confounding factors in the Hariri et al. study
(2002) and included neutral stimuli to allow a test of effects due to emo-
tionality (Norris et al., 2004). Participants viewed a set of IAPS pictures
that varied in two dimensions, such that each picture was either neutral or
emotional (pleasant or unpleasant stimuli) and was either social (i.e., con-
tained one or more faces or bodies of conspecifics) or nonsocial (i.e.,
scenes, objects). Animals were excluded from the design; all four groups of
stimuli were matched on complexity; and social and nonsocial stimuli were
equally arousing. Results for the amygdala, one of our regions of interest,
indicated two main effects, such that amygdalar activation was greater for
emotional than for neutral stimuli and greater for social than for nonsocial
stimuli (Norris et al., 2004; see Figure 5.1). Thus the amygdala, a central
component of many neuroanatomically based theories of emotion, is also
clearly implicated in social cognition. These findings suggest that the
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FIGURE 5.1. Patterns of neutral activation in the amygdala (top), medial pre-
frontal cortex (middle), and middle occipitotemporal cortex (bottom) during view-
ing of pictures that vary in social and emotional content. Bars represent the mean
percent signal change for the peak of the hemodynamic response in a priori regions
of interest. Based on Chen, Zhu, Small, and Cacioppo (2004).
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amygdala may be involved in more general motivational processes, with
both emotional (negative and positive) and social stimuli possessing strong
motivational significance. However, social stimuli have arguably acquired
motivational significance through the process of the evolution of Homo
sapiens and their inherently social nature; whereas emotional stimuli (e.g.,
babies, snakes, diseased things) may be more primary motivators. Patterns
of amygdalar activation to emotional and social stimuli therefore suggest
that social cognition may have co-opted existing neural networks for pro-
cessing stimuli with hedonic value.

The hypothesis that social information processing co-opted neural
organizations that are involved in emotional information processing is also
in line with our finding that the amygdala was not alone in being affected
by social stimuli. Norris et al. (2004) found the medial prefrontal cortex
(mPFC) and the middle occipitotemporal cortex (i.e., visual association
cortex), neural regions often reported as being activated by emotional pic-
tures, were also more active when participants viewed pictures that
depicted conspecifics than those that did not (see Figure 5.1). Phan, Wager,
Taylor, and Liberzon’s (2002) meta-analysis indicated that the mPFC is
commonly activated in studies of emotion. Specifically, they found mPFC
to be active during experiences of happiness, fear, anger, sadness, and dis-
gust, regardless of whether elicitation occurred visually, auditorially, or
through guided recall. Although the specific role of mPFC in emotional
processes has yet to be specified, it is noteworthy that the mPFC appears
also to be more active to social than nonsocial stimuli matched for extrem-
ity, arousal, visual complexity, and luminance (Norris et al., 2004). More-
over, a good deal of research supports the claim that portions of the occipi-
tal cortex are more active to emotionally arousing pictorial stimuli than to
neutral, unarousing stimuli (cf. Phan et al., 2002; Lane, Chua, & Dolan,
1999; Lang et al. 1998). We replicated this effect and further found that the
middle occipitotemporal cortex was also more active to social than to
nonsocial stimuli (Norris et al., 2004), suggesting that both emotional and
social information garner attentional resources.

Interestingly, complementary findings suggest that neural regions im-
plicated in social cognition (e.g., gaze pursuit, perception of biological
motion, face perception and recognition) are also sensitive to emotional
content. One of the first studies to demonstrate this pattern was a PET
study conducted by Geday, Gjedde, Boldsen, and Kupers (2003) in which
participants viewed a set of pictures that varied both in social complexity,
from low (e.g., faces) to high (e.g., social situations), and in emotional
valence (positive, negative, neutral). Results demonstrated that regional
cerebral blood flow (rCBF) in the fusiform gyrus, a neural region previ-
ously implicated in face perception (cf. Kanwisher, McDermott, & Chun,
1997), was not only greater when participants viewed more complex versus
less complex social stimuli but was also greater when participants viewed
emotional (i.e., positive and negative) as compared with neutral stimuli (see
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also Dolan et al., 1996; Vuilleumier, Armony, Driver, & Dolan, 2001). In
other words, neural structures involved in processing social signals, such as
eye gaze, faces, and biological motion, may have evolved to also be sensi-
tive to emotional content based on the fact that social stimuli have inherent
emotional value for human beings and other social species.

We recently replicated the finding that the fusiform gyrus is more
active to emotional than to neutral stimuli; furthermore, this pattern was
driven by activation to social stimuli, consistent with the proposed role of
the fusiform in social cognition (Norris et al., 2004). In addition, our
results indicated that two other neural regions implicated in processing
social information were also sensitive to emotional content: the superior
temporal sulcus (STS) and the inferior frontal gyrus (IFG). Although the
STS is most often considered to be involved in the perception of biological
motion (cf. Puce & Perrett, 2003; Grossman & Blake, 2001), a growing lit-
erature supports the conclusion that the STS is also sensitive to emotional
content. Narumoto, Okada, Sadato, Fukui, & Yonekura {2001) showed
that selective attention to emotional expression versus to the face itself
enhanced activation of the right STS. In a study examining the neural corre-
lates of basic and moral emotions, Moll et al. (2002) reported that the STS
was recruited by viewing scenes evocative of moral emotions. Kilts, Egan,
Gideon, Ely, and Hoffman (2003) demonstrated that whereas dynamic
emotional displays of anger expressions elicit greater activation of the STS
than do static emotional displays of anger, this finding does not generalize
to expressions of happiness. Thus the STS is not just activated by dynamic
(i.e., moving) stimuli but is also selectively responsive to different emo-
tional content, and particularly to emotional stimuli that may have stronger
motivational significance for the observer (anger vs. happiness).

The IFG has also been implicated in social cognition, particularly face
processing, as evidenced by studies examining visual imagery of famous
faces (Ishai, Haxby, & Ungerleider, 2002), integration of visual faces and
names (Campanella et al., 2001), viewing of unfamiliar faces (McDermott,
Buckner, Petersen, Kelley, & Sanders, 1999), and performing a face-
matching task (Haxby, et al., 1994). In addition, regions of the IFG in the
left hemisphere are critically important for speech perception and poten-
tially for the integration of heard speech and speech read from a mov-
ing face (Calvert & Campbell, 2003). Rizzolatti and his colleagues (cf.
Rizzolatti, Fadiga, Gallese, & Fogassi, 1996) have argued that the human
IFG may correspond to area FS of the monkey premotor cortex, which con-
tains mirror neurons that discharge both when an action is performed and
when it is observed (cf. Rizzolatti, Fogassi, & Gallese, 2001; Gallese,
Fadiga, Fogassi, & Rizzolatti, 1996; Koski et al.,, 2002). These findings,
taken together, have led some researchers to suggest that the IFG is
involved in empathy, an emotion that derives its meaning from the social
context and that may function through imitative mechanisms {cf. Carr,
lacoboni, Dubeau, Mazziotta & Lenzi, 2003; Meltzoff & Decety, 2003).
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In sum, converging evidence supports the notion that neural structures
mvolved in social information processing, such as perception of faces and
biological motion, are also involved In emotional processing. The fusiform
gvrus, the STS, and the IFG have al] been shown to be recruited both when
individuals process social stimuli and when stimuli have emotional signifi-
cance.

Finally, it is also possible that social and emotional information may
be interactively processed in the brain such that emotional stimul; that
depict or implicate conspecifics may elicit much stronger activation than
cither social or emotional stimuli alone. In our recent fMR] study (Norris et
al., 2004), three neural regions showed evidence of the interactive process-
ing of social and emotional information: the thalamus, the middle occipito-
temporal cortex, and the STS all exhibited the same pattern, such that pic-
tures that were emotional in nature and that contained social cues elicited
greater activation than those that were either emotional, social, or neither.
Importantly, these three neural regions are relatively early in the processing
stream, suggesting that emotional stimulj depicting conspecifics may garner
greater attentional resources. Thus emotional and social information ap-
pear to interact at very early stages of processing, consistent with the evolu-
tionary significance of social and emotional stimuli,

ET TU, BRUTE: THEORY OF MIND

As exemplified by perhaps the most famous betrayal in history—that of
Caesar by Brutus, his fellow statesman and confidante—it can be dangerous

(Doebeli, Hauert, & Killingback, 2004). Thus the achievement of a steady
state in a cooperative environment may require the presence of both types of
individuals. However, this is not to say that interpersonal interactions neces-
sarily benefit from such a mixed society of givers and takers. Accurate evalua-
tion of the motives of others and decryption of their current emotional states
are skills necessary for navigating our social world,

Although every social species may possess specialized systems for the
perception of social cues (e.g., biological motion, eye gaze), humans appear
unique in their ability to empathize with and infer the intentions of
conspecifics. Recent evidence supports the existence of neural mechanisms
for these high-level social computations. Much of our emotional life relies

into consideration motives, context, past experience, and relationship his-
tory. This is particularly true for emotion elicitors that are social, such as
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an unknown person encountered in an alley or a late-night call from a close
friend.

One example of the effects of social context on emotion is that of
empathy, in which the emotional meaning of an event is completely de-
pendent on the social context and in which the experienced emotion mir-
rors that of a conspecific. By definition, empathy cannot occur in the
absence of a social context. Recent research on the neural mechanisms
underlying empathy suggests that empathic responses are accompanied
by, if not generated through, imitation of facial expressions. In one such
study, Carr and her colleagues (Carr, Iacoboni, Dubeau, Mazziotta, &
Lenzi, 2003) argue that imitation produces an action representation in
premotor areas (including the IFG) that modulates the activity of emo-
tional networks containing the insula and amygdala, thereby eliciting an
empathic response.

A recent study suggests that empathy does not rely merely on mirror
neurons and activation of motor networks or imitation of emotional
expression but may have also co-opted other neural structures involved in
emotional processing. Singer and her colleagues (2004) conducted an fMRI
study to investigate the neural networks underlying both the firsthand
experience of pain and the observation of the pain of a loved one. Partici-
pants either received a painful stimulus or viewed a cue when their partners
(located in the same room) received the painful stimulus. Activation of the
ACC, a neural structure known to be involved in the affective experience of
pain, when the partner received the painful stimulus correlated with empa-
thy as measured by self-report. Thus the experience of empathic pain for a
loved one may have co-opted the existing pain network, similar to the
experience of social rejection (Eisenberger et al., 2003).

Empathy, however, is not always the adaptive response to a con-
specific’s emotion display; motives, intentions, and context must be taken
into consideration to generate an appropriate response. Literary accounts
of Brutus’s betrayal of Caesar (such as Shakespeare’s play Julius Caesar)
suggest that the murderous Romans knelt before Caesar and asked his par-
don moments before stabbing him. Though Darwin (1872; see Ekman,
2003) spoke little of the ability to control expression for the purpose of
deception, it is clear that we cannot always take emotion displays at face
value. For example, if one were to arrive late to a movie only to view a
grown man weeping onscreen, one might be inclined to feel empathic
toward him. If 5 minutes later, one were to discover that the character was
mourning his failed attempt to murder the hero of the film, one’s response
would change dramatically. Thankfully, we are not dependent on blind
faith attributions of the motivations that drive fellow human beings; rather,
we are able to reason and make inferences about others’ mental states. Such
inferences constitute additional contextual (and social) influences on emo-
tional experience. The neuroscientific study of “theory of mind” (ToM) has
consistently revealed a set of neural regions involved in understanding the
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intentions of others, including the STS and temporoparietal junction (TPJ;
saxe & Kanwisher, 2003), as well as the mPFC and anterior paracingulate
(Gallagher, Jack, Roepstortf, & Frith, 2002). Accurate assessment of
conspecifics’ intentions, beliefs, and motivations is critical for adaptive
emotional responses in a social environment. Thus we might predict that
neural regions implicated in ToM will show some evidence of an interac-
ron between social and emotional processes. Indeed, the STS and mPFC
are sensitive to both the emotional and social content of pictures; both
regions also appear to interactively process social and emotional informa-
tion, such that emotional stimuli depicting conspecifics recruit greater neu-
ral resources (Norris et al., 2004).

Further evidence for the influence of social context on emotional pro-
cesses comes from research on autism, a neurodevelopmental syndrome
thought to result in the selective impairment of theory of mind abilities.
Autistic individuals show deficits in social functioning, as well as in emo-
tion perception (Abdi & Sharma, 2004), empathy (Baron-Cohen, 2004),
perception of biological motion (Blake, Turner, Smoski, Pozdol, & Stone,
2003), face processing (Dawson et al., 2002; Grelotti, Gauthier, & Schultz,
2002), gaze pursuit (Emery, 2000), and spontaneous mimicry of emotional
expressions (MclIntosh, Riechmann-Decker, Winkielman, & Wilbarger, in it
press). In addition, studies using a wide range of methods, including func- !
tional neuroimaging, postmortem measurements, and behavioral studies,
have begun to examine the neuroanatomical correlates of autism. Many
researchers have focused on the amygdala as a potential neural mediator of
autism (Baron-Cohen, 2004; Baron-Cohen et al., 2000; Howard et al.,

2000). Di Martino and Castellanos (2003) reviewed the neuroimaging liter-
ature and suggest that autism is associated with decreased neural activation
in ventromedial PFC, the TP], and extended amygdala and with increased
activation in primary sensory cortices. All of this research is consistent with
a deficit in ToM that potentially has downstream consequences for emo-
tional processes that are dependent on the social context (e.g., facial
expressions, empathy). Furthermore, autistic children do not differ from
normally developing children in patterns of emotional modulation of the
startle response, a task that relies heavily on basic emotional responses and
does not require modulation by the social context (Salmond, de Haan,
Friston, Gadian, & Vargha-Khadem, 2003); and it has been argued that
basic responses to emotional expressions remain intact in autism, whereas
the true deficit lies in an impaired ability to represent the individual dis-
playing the emotion (Blair, 2003). In sum, although autism is characterized
by impairments in spontaneous “socio-emotional” processing, such as a
lack of spontaneous activation of premotor cortex to action observation
(McIntosh et al., in press), additional impairments are evident in the modu-
lation of emotional responses as a function of interpretations of and judg-
ments about the social context, that is, of the ability of the social context to
influence emotional processes.
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SOCIAL MODULATION OF EMOTIONAL PROCESSES

The immediate social context can not only provide many clues as to a
conspecific’s goals and intentions as intimated by theory of mind research
but can also affect the emotional meaning of an event, and therefore it
needs to be considered when determining an adaptive response in any envi-
ronment. In other words, the emotional meaning of an event can be influ-
enced by social context and culture. Take, for example, a standard practice
on reality television programs such as Survivor and The Apprentice that
involves mixing teams over the course of the competition. A victory by a
single contestant can be experienced either as a triumph (if he or she is a
teammate) or a defeat (if he or she is an opponent); in addition, one contes-
tant’s emotional response to another’s victory can change over the course
of the season as contestants are shuffled among teams. In sum, the social
context of an event can modulate our emotional experience to produce
even polar-opposite reactions to the same event (see Englis, Vaughan, &
Lanzetta, 1982).

The social context can also modulate how one responds to the event.
Appropriate emotional displays and responses in different social contexts
are prescribed by display rules (e.g., cultural prescriptions for displays of
emotion), which are acquired through social learning. Failure to regulate
emotional expressions in the socially prescribed fashion can have signifi-
cant and immediate effects. In the first presidential debate of the 2004 cam-
paign between President George W. Bush and Senator John Kerry, Presi-
dent Bush was observed showing a range of unpleasant facial expressions
when Senator Kerry was speaking. President Bush’s immediate decline in
the voter polls has been partially attributed to his inappropriate emotion
displays.

In contrast to the “emotion expression view” of facial displays, which
suggests that expressions of emotion are simply “readouts” of a person’s
internal emotional state (e.g., Buck, 1994), Fridlund (1991, 1994) has pro-
posed that facial expressions are social signals and, as such, can be modi-
fied by the social context (the “behavioral ecology view” of emotional
expression). Although the two views are clearly not mutually exclusive (cf.
Cacioppo, Bush, & Tassinary, 1992) because facial expression may serve
both purposes, Fridlund’s research illustrates the point that emotional
expression can be influenced by the social context. In one such study,
degree of smiling to a pleasant film varied as a function of the social con-
text, such that participants smiled more when a friend was present in the
same room than when they were alone and had not arrived with a friend;
importantly, self-reported feelings did not differ across contexts (i.e., the
social environment did not simply increase enjoyment of the film; Fridlund,
1991). This finding clearly suggests that the presence or absence of a close
friend can influence facial displays of happiness. However, a similar study
investigating responses to sad films found that participants expressed less
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.adness when in the presence of a friend or a stranger (Jakobs, Manstead,
L\ Fischer, 2001). Although this finding may seem contrary to the hypothe-
.is that facial expressions are social signals that promote behaviors in oth-
ors. it suggests that some emotions are regulated in certain social contexts;
it 15 not often appropriate or comfortable to show signs of extreme sadness
\c.g., crying) to either close friends or strangers. Thus context can also pro-
mote socially learned attempts at regulation of emotion expression.

The idea that emortional expression can be modulated by the social
context, and specifically by socially learned display rules and appropriate
regulation of responses, poses the question of how individuals acquire these
norms. Mesquita and Frijda (1992) provide an excellent review of the
cross-cultural literature on emotion, from emotion antecedents and inter-
pretation of events (e.g., death as a loss vs. a gain) to physiological
responses and facial expressions to appropriate, culturally dependent emo-
rional experience (e.g., guilt vs. shame; acceptance of anger). New research
on the development of emotion regulation suggests that infant imitation of
facial acts (Meltzoff & Decety, 2003) and early caregiver relationships
(Cole, Martin, & Dennis, 2004) are critical for appropriate development
of empathy and emotion regulation. Furthermore, Anderson, Bechara,
Damasio, Tranel, and Damasio (1999) have shown that the ventromedial
prefrontal cortex (PFC) may be required for the learning of social norms
and rules regarding emotion regulation and display. The authors performed
detailed case studies on two individuals who had acquired large lesions of
the ventral PFC during the first few months of life and compared their
behavior with that of patients who acquired comparable lesions much later
in life. Major differences in behavior observed between patients with early
and late acquisition of ventral PFC lesions appear to stem from a difference
in learned social norms regarding behavior and emotional expression, such
that those who acquire lesions early in life fail to learn socially appropriate
responses.

Finally, there exist a small subset of emotions that depend heavily on
both the immediate social context and on acquired cultural norms; such
“social emotions” include guilt, shame, pride, embarrassment, and others
(Barrett & Nelson-Goens, 1997). The social emotions serve to protect and
uphold cultural norms of behavior, as they promote socially acceptable
behaviors while discouraging behaviors that would be harmful for the soci-
ety. Pride and admiration may function as rewards for individuals who
attain culturally mandated standards of excellence; guilt and shame as pun-
ishments for inappropriate, potentially detrimental behaviors. Thus culture
plays an important role in determining the conditions under which social
emotions are experienced, in addition to which social emotions are promi-
nent (e.g., guilt in the United States; shame in Japan). Clearly, social emo-
tions serve as an illustration of the interaction of social and emotional pro-
cesses. Recently, Adolphs, Baron-Cohen, and Tranel (2002) conducted a
study investigating the role of the amygdala, a structure implicated in both
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social and emotional processes, in the recognition of social emotions. Indj-
viduals with amygdala damage were impaired in recognizing social emo-
tions, more so than in recognizing basic emotions (e.g., happiness, anger).
The authors suggest that the amygdala may be involved in processing com-
plex social stimuli. Furthermore, they suggest that, as people with autistism
also are impaired in the recognition of social emotions, the deficits
observed in social cognitive abilities in autism may be due to dysfunction of
the amygdala.

SUMMARY

Interest in the overlap and influences between social and emotional infor-
mation processes as illuminated by a neuroscience perspective, although
relatively recent, is leading to new findings and insights on a weekly basis.
Both emotional and social stimuli have adaptive utility for humans. To pro-
mote flexible, accurate, and efficient responding, we have suggested that
social information processing may have co-opted existing structures spe-
cialized for affective processing and that neural regions that have evolved
to serve social information processing may also be involved in a variety of
emotional processes (Norris et al., 2004; Eisenberger et al., 2003). Emotion
is critical for our social relationships (e.g., Keltner & Kring, 1998), and
relationships are important for our and the collective emotional well-being
(Cacioppo & Hawkley, 2005). We, therefore, reviewed evidence that social
and emotional stimuli can have additive and synergistic effects on neural
substrates in cortical and limbic regions, as well as evidence that social
stimuli can also modulate the experience and expression of emotions.

ACKNOWLEDGMENT

This work was supported by National Institute of Mental Health Grant No. P50
MHS52384-01A1.

REFERENCES

Abdi, Z., & Sharma, T. (2004). Social cognition and its neural correlates in schizo-
phrenia and autism. CNS Spectrums, 9, 335-343.

Adolphs, R., Baron-Cohen, S., & Tranel, D. (2002). Impaired recognition of social
emotions following amygdala damage. Journal of Cognitive Neuroscience, 14,
1264-1274.

Adolphs, R., Tranel, D., & Damasio, A. R. (1998). The human amygdala in social
judgment. Nature, 393, 470-474.

Adolphs, R., Tranel, D., Damasio, H., & Damasio, A. (1994). Impaired recognition
of emotion in facial expressions following bilateral damage to the human
amygdala. Nature, 372, 669-672.

r

Spcial and Emotional Informa

Anderson, S. W., Bechara,
Impairment of social
prefrontal cortex. N

Baron-Cohen, S. (2004). .
Rebabilitation, 7, 73

Baron-Cohen, S., Ring, H.
liams, S. C. (2000)
Biobehavioral Revier

Barrett, K. C., & Nelson
development of the s
emotion: Current re.
cisco: Jossey-Bass.

Beckwith, L., & Rodnin
preterm infants: Dev
nal, 17, 322-333.

Berntson, G. G., Boysen, !
zation and the cardi
York Academy of Sc

Berntson, G. G., & Cacic
Past, present, and fut

Berntson, G. G., & Cacio
J. Y. Shah & W. Ga
psychological perspe

Berridge, K. C. (2004). M
¢ Behavior, 81, 17

Blair, R. J. (2003). Facia
cognitive substrates.
don: Series B. Biolo

Blake, R., Turner, L. M
Visual recognition ¢
Psychological Scienc

Bowlby, J. (1982). Atta
Books. {Original we

Boyd, R., Gintis, H., Bow
tic punishment. Pro.
100, 3531-3535.

Breiter, H. C., Etcoff, N.
R. L., et al. (1996).
visual processing of

Buck, R. (1994). Social a
cation: The readout

Cacioppo, J. T., Bush, I
actions as a functior

ity and Social Psycl

Cacioppo, J. T., & Has

vicious cycle of beir
P. Forgas, & W. 1
exclusion, rejection,
Cacioppo, J. T., Hawkle




SES

wdi-
no-
er).
ym-
ism
cits
10f

‘or-
1gh
sis.
ro-
hat
pe-
ved
- of
ion
ind
ing
sial
iral
sial

50

70~

sial
14,

Aal

ion
1an

Social and Emotional Information Processing 101

Anderson, S. W, Bechara, A., Damasio, H., Tranel, D., & Damasio, A. R. (1999).
Impairment of social and moral behavior related to early damage in human
prefrontal cortex. Nature Neuroscience, 2, 1032-1037.

Baron-Cohen, S. {2004). Autism: Research into causes and intervention. Pediatric
Rehabilitation, 7, 73-78.

Baron-Cohen, S., Ring, H. A., Bullmore, E. T., Wheelwright, S., Ashwin, C., & Wil-
liams, S. C. (2000). The amygdala theory of autism. Newuroscience and
Biobehavioral Reviews, 24, 355-364.

Barrett, K. C., & Nelson-Goens, G. C. (1997). Emotion communication and the
development of the social emotions. In K. C. Barrett (Ed.), Communication of
emotion: Current research from diverse perspectives (pp. 69-88). San Fran-
cisco: Jossey-Bass.

Beckwith, L., & Rodning, C. (1996). Dyadic processes between mothers and
preterm infants: Development at ages 2 to 5 years. Infant Mental Health Jour-
nal, 17, 322-333.

Berntson, G. G., Boysen, S. T., & Cacioppo, ]J. T. (1993). Neurobehavioral organi-
zation and the cardinal principle of evaluative bivalence. Annals of the New
York Academy of Sciences, 702, 75~102.

Berntson, G. G., & Cacioppo, J. T. (2000). Psychobiology and social psychology:
Past, present, and future. Personality and Social Psychology Review, 4, 3-15.

Berntson, G. G., & Cacioppo, J. T. (in press). The neurcevolution of motivation. In
J. Y. Shah & W. Gardner (Eds.), Handbook of motivation science: The social
psychological perspective. New York: Guilford Press.

Berridge, K. C. (2004). Motivation concepts in behavioral neuroscience. Physiology
& Behavior, 81, 179-209.

Blair, R. J. (2003). Facial expressions, their communicatory functions and neuro-
cognitive substrates. Philosophical Transactions of the Royal Society of Lon-
don: Series B. Biological Sciences, 358, 561-572.

Blake, R., Turner, L. M., Smoski, M. J., Pozdol, S. L., & Stone, W. L. (2003).
Visual recognition of biological motion is impaired in children with autism.
Psychological Science, 14, 151-157.

Bowlby, J. (1982). Astachment and loss: Vol. 1. Attachment. New York: Basic
Books. (Original work published 1969)

Boyd, R., Gintis, H., Bowles, S., & Richerson, P. J. (2003). The evolution of altruis-
tic punishment. Proceedings of the National Academy of Sciences of the USA,
100, 3531-3535.

Breiter, H. C., Etcoff, N. L., Whalen, P. J., Kennedy, W. A., Rauch, S. L., Buckner,
R. L, et al. {1996). Response and habituation of the human amygdala during
visual processing of facial expression. Neuron, 17, 875-887.

Buck, R. (1994). Social and emotional functions in facial expression and communi-
cation: The readout hypothesis. Biological Psychology, 38, 95~115.

Cacioppo, J. T., Bush, L. K., & Tassinary, L. G. (1992). Microexpressive facial
actions as a function of affective stimuli: Replication and extension. Personal-
ity and Socital Psychology Bulletin, 18, 515-526.

Cacioppo, J. T., & Hawkley, L. C. (2005). People thinking about people: The
vicious cycle of being a social outcast in one’s own mind. In K. D. Williams, J.
P. Forgas, & W. von Hippel (Eds.), The social outcast: Ostracism, social
exclusion, refection, and bullying (pp. 91-108). New York: Psychology Press.

Cacioppo, J. T., Hawkley, L. C., Crawford, L. E., Ernst, . M., Burleson, M. H.,

tne £ s
N L Yhus
- e g

e

Ay




102 EMOTION PROCESSES

Kowalewski, R. B., et al. (2002). Loneliness and health: Potential mechanisms.
Psychosomatic Medicine, 64, 407-417.

Calvert, G. A., & Campbell, R. (2003). Reading speech from still and moving faces:
The neural substrates of visible speech. Journal of Cognitive Neuroscience, 15,
57-70.

Calvin, W. H. (2004). A brief bistory of the mind: From apes to intellect and
beyond. Oxford, UK: Oxford University Press.

Campanella, S., Joassin, F., Rossion, B., De Volder, A., Bruyer, R., & Cromme-
linck, M. (2001). Association of the distinct visual representations of faces and
names: A PET activation study. Neurolmage, 14, 873-882.

Carr, L., Jacoboni, M., Dubeau, M. C., Mazziotta, J. C., & Lenzi, G. L. (2003).
Neural mechanisms of empathy in humans: A relay from neural systems for
imitation to limbic areas. Proceedings of the National Academy of Sciences of
the USA, 100, 5497-5502.

Carver, C. S., & Scheier, M. F. (1990). Origins and functions of positive and nega-
tive affect: A control-process view. Psychological Review, 97, 19-35.

Cassidy, J. (1994). Emotion regulation: Influences of attachment relationships.
Monographs of the Society for Research in Child Development, 59, 228-283.

Cohen, S. E. (19935). Biosocial factors in early infancy as predictors of competence
in adolescents who were born prematurely. Journal of Developmental and
Bebavioral Pediatrics, 16, 36-41.

Cole, P. M., Martin, S. E., & Dennis, T. A. (2004). Emotion regulation as a scien-
tific construct: Methodological challenges and directions for child develop-
ment research. Child Development, 75, 317-333.

Curtis, V., Aunger, R., & Rabie, T. (2004). Evidence that disgust evolved to protect
from risk of disease. Proceedings of the Royal Society of London: Series B.
Biological Sciences, 271, S131-8§133.

Darwin, C. (1859). The origin of the species by means of natural selection: Or, the
preservation of favored races in the struggle for life. London: Murray.

Darwin, C. (1872). The expression of the emotions in man and animals. London:
Murray.

Dawson, G., Webb, S., Schellenberg, G. D., Dager, S., Friedman, S., Aylward, E., et
al. (2002). Defining the broader phenotype of autism: Genetic, brain, and
behavioral perspectives. Development and Psychopathology, 14, 581-611.

de Quervain, D. J.-F., Fischbacher, U., Treyer, V., Schellhammer, M., Schnyder, U.,
Buck, A, et al. (2004). The neural basis of altruistic punishment. Science, 305,
1254-1258.

Di Martino, A., & Castellanos, F. X. (2003). Functional neuroimaging of social
cognition in pervasive developmental disorders: A brief review. Annals of the
New York Academy of Sciences, 1008, 256-260.

Doebeli, M., Hauert, C., & Killingback, T. (2004). The evolutionary origin of
cooperators and defectors. Science, 306, 859-862.

Dolan, R. J., Fletcher, P., Morris, J., Kapur, N., Deakin, J. F., & Frith, C. D.
(1996). Neural activation during covert processing of positive emotional facial
expressions. Neuroimage, 4, 194-200.

Eisenberger, N. L, Lieberman, M. D., & Williams, K. D. (2003). Does rejection
hurt? An fMRI study of social exclusion. Science, 302, 290-292.

Ekman, P. (2003). Darwin, deception, and facial expression. Annals of the New
York Academy of Sciences, 1000, 205-221.

conninsea on Dack fiap

Social and Emotional Information Pro

Emery, N. J. (2000). The eyes hav
social gaze. Neuroscience an

Englis, B. G., Vaughan, K. B., &
empathic emotional response
375-391.

Fehr, E., & Géchter, S. (2002).
137-140.

Fridlund, A. J. (1991). Sociality of
ence. Journal of Personality

Fridlund, A. J. (1994). Human fa
Academic Press.

Gallagher, H. L., Jack, A. L., Rot
intentional stance in a comp

Gallese, V., Fadiga, L., Fogassi, L
the premotor cortex. Brain,

Geday, J., Gjedde, A., Boldsen, A-
ulates activity in the posteri
cortex in social perception. |

Grelotti, D. J., Gauthier, 1., & Sch
ment of cortical face special
cessing. Developmental Psyc

Grossman, E. D., & Blake, R. (2(
ined biological motion. Visic

Hariri, A. R., Tessitore, A., Matt
The amygdala response to
scenes. Neuroimage, 17, 317

Hawkley, L. C., Burleson, M. H.,
liness in everyday life: Car
health behaviors. Journal of ;

Hawkley, L. C., Preacher, K. J., ¢
of social interactions and m.
The MacArthur social neurc
(Eds.), Handbook of Methoc
versity Press.

Haxby, J. V., Horwitz, B., Ungerl
C. L. (1994). The function:
PET-rCBF study of selective
roscience, 14, 6336-6353.

Heberlein, A. S., & Adolphs, R.
izing despite intact percept
National Academy of Scienc

Heider, F., & Simmel, M. (194«
American Journal of Psychc

House, J. S., Landis, K. R., & Um
Science, 241, 540-545.

Howard, M. A., Cowell, P. E., B¢
(2000). Convergent neuroar
dala hypothesis of autism. ?

Ishai, A., Haxby, J. V., & Unge




€~

1d

or

of

a-

e

'd

Social and Emotional Information Processing 103

Emery, N. J. (2000). The eyes have it: The neuroethology, function and evolution of
social gaze. Neuroscience and Biobebavioral Reviews, 24, 581-604.

Englis, B. G., Vaughan, K. B., & Lanzetta, J. T. (1982). Conditioning of counter-
empathic emotional responses. Journal of Experimental Social Psychology, 18,
375-391.

Eehr, E., & Gichter, S. {2002). Altruistic punishment in humans. Nature, 415,
137-140.

Fridlund, A. J. (1991). Sociality of solitary smiling: Potentiation by an implicit audi-
ence. Journal of Personality and Social Psychology, 60, 229-240.

Fridlund, A. J. (1994). Human facial expression: An evolutionary view. San Diego:
Academic Press.

Gallagher, H. L., Jack, A. I, Roepstorff, A., & Frith, C. D. (2002). Imaging the
intentional stance in a competitive game. Neurolmage, 16, 814-821.

Gallese, V., Fadiga, L., Fogassi, L., & Rizzolatti, G. (1996). Action recognition in
the premotor cortex. Brain, 119, 593-609.

Geday, J., Gjedde, A., Boldsen, A-S., & Kupers, R. (2003). Emotional valence mod-
ulates activity in the posterior fusiform gyrus and inferior medial prefrontal
cortex in social perception. Neurolmage, 18, 675-684.

Grelotri, D. J., Gauthier, 1., 8 Schultz, R. T. (2002). Social interest and the develop-
ment of cortical face specialization: What autism teaches us about face pro-
cessing. Developmental Psychobiology, 40, 213-225.

Grossman, E. D., & Blake, R. (2001). Brain activity evoked by inverted and imag-
ined biological motion. Vision Research, 41, 1475-1482,

Hariri, A. R, Tessitore, A., Mattay, V. S., Fera, F., & Weinberger, D. R. (2002).
The amygdala response to emotional stimuli: A comparison of faces and
scenes. Neuroimage, 17, 317-323.

Hawkley, L. C., Burleson, M. H., Berntson, G. G., & Cacioppo, J. T. (2003). Lone-
liness in everyday life: Cardiovascular activity, psychosocial context, and
health behaviors. Journal of Personality and Social Psychology, 85, 105-120.

Hawkley, L. C., Preacher, K. J., & Cacioppo, J. T. (in press). Multilevel modeling
of social interactions and mood in lonely and socially connected individuals:
The MacArthur social neuroscience studies. In A. D. Ong & M. van Dulmen
(Eds.), Handbook of Methods in positive psychology. New York: Oxford Uni-
versity Press.

Haxby, J. V., Horwitz, B., Ungerleider, L. G., Maisog, J. M., Pietrini, P., & Grady,
C. L. (1994). The functional organization of human extrastriate cortex: A
PET-rCBF study of selective attention to faces and locations. Journal of Neu-
roscience, 14, 6336~6353.

Heberlein, A. S., & Adolphs, R. (2004). Impaired spontaneous anthropomorph-
izing despite intact perception and social knowledge. Proceedings of the
National Academy of Sciences of the USA, 101, 74877491,

Heider, F., & Simmel, M. ( 1944). An experimental study of apparent behavior.
American Journal of Psychology, 57, 243-259.

House, J. S., Landis, K. R., & Umberson, D. {1988). Social relationships and health.
Science, 241, 540-545.

Howard, M. A., Cowell, P. E., Boucher, J., Broks, P., Mayes, A., Farrant, A, et al.
(2000). Convergent neuroanatomical and behavioural evidence of an amyg-
dala hypothesis of autism. Neuroreport, 11, 2931-29335.

Ishai, A., Haxby, J. V., & Ungerleider, L. G. (2002). Visual imagery of famous




104 EMOTION PROCESSES

faces: Effects of memory and attention revealed by fMRI. Neuroimage, 17,
1729-1741.

Jakobs, E., Manstead, A. S. R., & Fischer, A. H. (2001). Social context effects on
facial activity in a negative emotional setting. Emotion, 1, 51-69.

Kanwisher, N., McDermott, J., & Chun, M. M. (1997). The fusiform face area: A
module in human extrastriate cortex specialized for face perception. Journal of
Neuroscience, 17, 4302—4311.

Keltner, D., & Kring, A. M. {1998). Emotion, social function, and psychopatholo-
gy. Review of General Psychology, 2, 320-342.

Kilts, C. D., Egan, G., Gideon, D. A., Ely, T. D., & Hoffman, J. M. (2003).
Dissociable neural pathways are involved in the recognition of emotion in
static and dynamic facial expressions. Neurolmage, 18, 156-168.

Kluver, H., & Bucy, P. C. (1997). Preliminary analysis of functions of the temporal
lobes in monkeys. Journal of Neuropsychiatry and Clinical Neurosciences, 9,
606-620. (Original work published 1939)

Koski, L., Wohlschlager, A., Bekkering, H., Woods, R. P., Dubeau, M. C.,
Mazziotta, J. C., et al. (2002). Modulation of motor and premotor activity
during imitation of target-directed actions. Cerebral Cortex, 12, 847-855.

Lane, R. D., Chua, P. M-L., & Dolan, R. J. (1999). Common effects of emotional
valence, arousal, and attention on neural activation during visual processing of
pictures. Neuropsychologia, 37, 989-997.

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1999). International Affective Pic-
ture System (IAPS): Instruction manual and affective ratings (Technical
Report No. A-4). Gainesville: University of Florida, Center for Research in
Psychophysiology.

Lang, P. J., Bradley, M. M., Fitzsimmons, J. R., Cuthbert, B. N., Scott, J. D.,
Moulder, B., et al. (1998). Emotional arousal and activation of the visual cor-
tex: An fMRI analysis. Psychophysiology, 35, 199-210.

Larson, R., & Csikszentmihalyi, M. (1983). The experiences method. New Direc-
tions for Methodology of Social and Behavioral Science, 15, 41-56.

McDermott, K. B., Buckner, R. L., Petersen, S. E., Kelley, W, M., & Sanders, A. L.
(1999). Set- and code-specific activation in frontal cortex: An fMRI study of
encoding and retrieval of faces and words. Journal of Cognitive Neuroscience,
11, 631-640.

Mclntosh, D. N., Reichmann-Decker, A., Winkielman, P., & Wilbarger, J. L. (in
press). When the social mirror breaks: Deficits in automatic, but not volun-
tary, mimicry of emotional facial expressions in autism. Developmental Sci-
ence.

Meltzoff, A. N., & Decety, J. (2003). What imitation tells us about social cognition:
A rapprochement between developmental psychology and cognitive neurosci-
ence. Philosophical Transactions of the Rovyal Society of London: Series B.
Biological Sciences, 358, 491-500.

Mesquita, B., & Frijda, N. H. (1992). Cultural variations in emotions: A review.
Psychological Bulletin, 112, 179-204.

Moll, J., de Oliveira-Souza, R., Eslinger, P. J., Bramati, 1. E., Mourao-Miranda, J.,
Andreiuolo, P. A, et al. (2002). The neural correlates of moral sensitivity: A
functional magnetic resonance imaging investigation of basic and moral emo-
tions. Journal of Neuroscience, 22, 2730-2736.

Narumoto, J., Okada, T., Sadato, N., Fukui, K., & Yonekura, Y. (2001). Attention

Social and Emotional Information Proc

to emotion modulates fMRI ¢
Cognitive Brain Research, 12

Norris, C. J., Chen, E. E., Zhu, D.
interaction of social and emot
Neuroscience, 16, 1818-182¢

Phan, K. L., Wager, T., Taylor, ¢
anatomy of emotion: A meta-;
fMRI. Neurolmage, 16, 331-

Puce, A., & Perrett, D. (2003). El
motion. Philosophical Transa
Biological Sciences, 358, 435

Rainville, P., Duncan, G. H., Price
Pain affect encoded in humai
tex. Science, 277, 968--971.

Rizzolatti, G., Fadiga, L., Gallese,
the recognition of motor acti

Rizzolatti, G., Fogassi, L., & Gall
underlying the understanding
science, 2, 661-670.

Salmond, C. H., de Haan, M., Fris
{2003). Investigating individu
Philosaphical Transactions of
cal Sciences, 358, 405—413.

Saxe, R., & Kanwisher, N. (2003).
of the temporo-parietal juncti
1842.

Singer, T., Seymour, B., O’Doher
(2004). Empathy for pain inv«
pain. Science, 303, 1157-11¢

Stein, N. L., & Trabasso, T. (19
Creating links among emoti
Cognition and Emotion, 6, 2

Thompson, R. A. (1994). Emotic
Monographs of the Society |
250-283.

Vuilleumier, P., Armony, J. L., Dr
tion and emotion on face p
fMRI study. Neuron, 30, 82!

Ward, M. ]., Lee, S. S., & Lipper,
disorganized infant-mother a
Infant Mental Health Journa

Winston, J. S., Strange, B. A., O’D
intentional brain responses
Nature Neuroscience, 5, 277




'S ! Social and Emotional Information Processing 105

to emotion modulates fMRI activity in human right superior temporal sulcus.
Cognitive Brain Research, 12, 225-231.

n Norris, C. J., Chen, E. E., Zhu, D, C,, Small, S. L., & Cacioppo, J. T. (2004). The
interaction of social and emotional processes in the brain. Journal of Cognitive
A : Neuroscience, 16, 1818-1829.
of Phan, K. L., Wager, T., Taylor, S. F., & Liberzon, . {2002). Functional neuro-
: anatomy of emotion: A meta-analysis of emotion activation studies in PET and
> fMRI. Neurolmage, 16, 331--348.

; Puce, A., & Perrett, D. (2003). Electrophysiology and brain imaging of biological
). : motion. Philosophical Transactions of the Royal Society of London: Series B.

n Biological Sciences, 358, 435-445.
Rainville, P., Duncan, G. H., Price, D. D., Carrier, B., & Bushnell, M. C, (1997).
al Pain affect encoded in human anterior cingulate but not somatosensory cor-
9, tex. Science, 277, 968-971. 1
Rizzolatti, G., Fadiga, L., Gallese, V., & Fogassi, L. (1996). Premotor cortex and ;
L the recognition of motor actions. Cognitive Brain Research, 3, 131-141. 11| -
y Rizzolatti, G., Fogassi, L., & Gallese, V. (2001). Neurophysiological mechanisms i1 !
underlying the understanding and imitation of action. Nature Reviews. Neuro- i ;i ‘ :
al science, 2, 661-670. i
f Salmond, C. H., de Haan, M., Friston, K. J., Gadian, D. G., & Vargha-Khadem, F. S
(2003). Investigating individual differences in brain abnormalities in autism. A
- Philosophical Transactions of the Royal Society of London: Series B. Biologi-
il cal Sciences, 358, 405-413.
n Saxe, R., & Kanwisher, N. (2003). People thinking about thinking people: The role
of the temporo-parietal junction in “theory of mind.” Neurolmage, 19, 1835~
. 1842.

- Singer, T., Seymour, B., O’Doherty, ]., Kaube, H., Dolan, R. J., & Frith, C. D.

(2004). Empathy for pain involves the affective but not sensory components of

e pain. Science, 303, 1157-1162.

Stein, N. L., & Trabasso, T. (1992). The organization of emotional experience:

. Creating links among emotion, thinking, language, and intentional action.

f Cognition and Emotion, 6, 225-244,

i Thompson, R. A. (1994). Emotion regulation: A theme in search of definition.

Monographs of the Society for Research in Child Development, 59, 15-52,

1 250-283.

- Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2001). Effects of atten-

= tion and emotion on face processing in the human brain: An event-related
fMRI study. Neuron, 30, 829~841.

Ward, M. ., Lee, S. S., & Lipper, E. G. (2000). Failure-to-thrive is associated with

. disorganized infant-mother attachment and unresolved maternal attachment.
Infant Mental Health Journal, 21, 428-442.

Winston, J. S., Strange, B. A., O’Dobherty, J., & Dolan, R. J. (2002). Automatic and

intentional brain responses during evaluation of trustworthiness of faces.

Nature Neuroscience, 5, 277-283.

TR TR RS

.

- Y L




