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Humans are social beings who live in groups. Depen-
dency on group living is not unique to humans, but
the nature of relations among and between in-group
and out-group members is especially complex in
human societies. Decades of research in psychology
has established the central role of emotional processes
in facilitating social relationships and guiding group
behavior. ‘Social emotions,’ which are complex sub-
jective experiences (e.g., pride, admiration, jealousy,
envy, irritation, and flirtatiousness), serve many
important social functions that promote long-term
relationships and group stability. From a functional
perspective, social emotions enable people to be good
group members, thereby avoiding rejection and
enhancing their survival and reproduction. Thus,
social emotions are essential to human social life.
Social emotions facilitate successful social relation-

ships through two primary pathways: they provide
incentives to engage in social interactions (e.g., affec-
tion, love, feelings of pride, or admiration for those
with whom we interact), and they increase the likeli-
hood that people will adhere to societal norms that
are necessary for group living. When such norms are
violated, people experience negative social emotions
(e.g., feelings of guilt, embarrassment, or shame) that
subsequently encourage them to act within the
bounds of socially acceptable conduct, thereby reduc-
ing the risk of social exclusion and promoting positive
social interactions. Moreover, long-lasting social
emotions (such as remembering an embarrassing
moment from adolescence) reduce the likelihood of
repeat violations.
Although it is possible that nonhuman animals

experience emotional states that modulate behavior,
it is apparent to most researchers that complex social
emotions are particularly characteristic of humans
and some are possibly uniquely human. An open
question, however, is whether social emotions are
innate or learned behaviors. From an evolutionary
perspective, social emotions serve the adaptive func-
tion of fostering social relationships within groups.
Thus, it is possible that people have evolved dedicated
neural circuits for social emotions, much as has been
argued for the more basic emotions, such as fear. At
the same time, some evidence suggests that many
social emotions are influenced more by socialization
than by genes, indicating that important aspects of

social emotions develop within a social context.
Indeed, research suggests that the influence of the
shared environment on feelings of guilt increases
over time, whereas the influence of genes disappears.
Nonetheless, for most people, social emotions play a
powerful and prominent role in their interactions
with other people. Extensive evidence from patient
research, as well as recent efforts using the methods
of neuroscience to study human social emotions (i.e.,
neuroimaging), have started to provide important
insights into the factors that produce and maintain
social emotions.

Neuropsychological Evidence for Discrete

Neural Networks in Social Emotions

Extensive evidence from patient research suggests
that there are two primary neural regions involved
in perceiving social emotions. The first (the amygda-
la) contributes to the identification of the social emo-
tion, whereas the second (discrete regions of the
prefrontal cortex) translates those emotions into
information that can be used to facilitate social inter-
actions. The process of garnering socially relevant
information from social emotions involves three crit-
ical components. First, social emotions require people
to be aware of their behavior, so as to gauge it against
societal or group norms. Second, people need to
understand how others are reacting to their behavior
so as to predict howotherswill respond to them.To do
so requires them to be able to make attributions about
the mental states of others, a capacity often called
‘theory of mind’ (ToM). Finally, there need to be
mechanisms for detecting discrepancies between self-
knowledge and social expectations of norms, thereby
motivating behavior to resolve any conflict that exists.

The first evidence that regions of the prefrontal
cortex plays a critical role in social emotions came
from the case of Phineas Gage, who suffered pro-
found frontal lobe damage when a railroad tamping
rod misfired into his head. Formerly described by
friends as dependable, polite, and hardworking,
Gage became capricious, volatile, and lewd after the
accident, showing no evidence of embarrassment or
remorse at his socially inappropriate behavior. Gage’s
radical personality change after his injury provided
convincing evidence that the prefrontal cortex plays a
crucial role in the social emotions that regulate
behavior (e.g., guilt, embarrassment, and remorse).
Since Gage’s accident, abundant evidence from
patient research, and more recently neuroimag-
ing studies, has further identified discrete neural
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networks involved in both identifying and using so-
cial emotions.

Neuroimaging and Patient Research on

Self-Awareness

Social emotions require that people be aware of the
effects of their behavior on others, which necessitates
self-awareness. That is, when people commit a faux
pas, they must be able to recognize that the behavior
they performed is inappropriate and that the feelings
they are experiencing are embarrassment at having
committed the faux pas. Self-awareness occurs when
people themselves are the objects of their attention,
such as when they think about themselves or process
other information in a personal manner. Many years
of research in psychology has revealed that informa-
tion processed with reference to self seems to be
treated ‘specially.’ For instance, people show a robust
enhancement in memory for material that has person-
al meaning. This self-reference memory enhancement
effect has been observed in many contexts, such as
when people remember information processed with
reference to self better than information processed
with reference to other people (i.e., friends and poli-
ticians). The use of functional neuroimaging has
provided key insights into the brain regions that
support self-awareness.
A series of functional magnetic resonance imaging

(fMRI) studies conducted over the past 10 years have
indicated that the medial region of the prefrontal
cortex (MPFC) plays a vital role in self-awareness.
This region is more active, for example, when people
report on their personality traits, make self-relevant
judgments about pictures, or retrieve autobiographi-
cal memories of past events. Recent research indicates
that regions of the ventral anterior cingulate cortex
(ACC) may work in conjunction with MPFC to
reflect the valence of self-relevant information. Inter-
estingly, the MPFC has also been identified as part
of a ‘default network,’ which also includes the poste-
rior cingulate gyrus and precuneus. This network is
active when the brain is at rest (i.e., not engaged in an
overt cognitive task). An abundance of positron emis-
sion tomography (PET) and fMRI data suggest that
the default network plays a dominant role in self-
awareness. As such, the default network supports
important components of social emotions.
It is interesting to note that converging evidence

from patient research indicates that frontal lobe
lesions, particularly to the MPFC and adjacent
structures, have a deleterious effect on personality,
mood, motivation, and self-awareness. Patients with
frontal lobe lesions show dramatic deficits in recog-
nizing their own limbs, engaging in self-reflection and

introspection, identifying a faux pas as being socially
inappropriate, and even reflecting on personal knowl-
edge. Indeed, frontal lobe patients are particularly
impaired in social emotions, such as feeling embar-
rassed in appropriate contexts. The convergence of
patient and imaging data support the conclusion that
MPFC plays a prominent role in self-awareness, a
necessary and critical contributor to the experience
of social emotions.

ToM and the MPFC

In addition to recognizing our own mental states,
social emotions require that we are able to accurately
interpret the emotional states of others. For instance,
to feel guilty about hurting a loved one, people need
to understand that other people have feelings. Indeed,
all social emotions related to empathy require the
capacity to attribute specific mental states to others.
Similarly, at the core of many social emotions is the
belief that one is being evaluated by others (thereby
giving rise to emotions such as embarrassment and
social anxiety), which means recognizing that other
people make evaluative judgments. The ability to
infer the mental states of others is commonly referred
to as mentalizing, or having the capacity for ToM.
ToM enables the ability to empathize and cooperate
with others, accurately interpret other people’s
behavior, and even deceive others when necessary.
The rapidly emerging neuroimaging literature on
ToM has consistently implicated MPFC as a central
component of the neural systems that support menta-
lizing. Patient research in this area primarily focuses
on people who have syndromes that involve impaired
ToM (i.e., Asperger’s or autism). This line of research
indicates that such people have decreased neural
activity and cerebral blood flow to the MPFC during
ToM tasks. Such findings suggest that the MPFC
plays a vital role in mentalizing tasks.

It is interesting to note that the ability to mentalize
relies heavily on similar neural networks engaged in
processing self-relevant information, notably MPFC.
However, this region of MPFC tends to be more
dorsal in ToM studies than in self-reference studies,
although overlap in activity has been observed. In a
typical neuroimaging study of ToM, participants are
required to make judgments about other people’s
mental states after reading scripted scenarios or
observing pictures of people with differing facial
expressions. For instance, early investigations com-
pared neural activity observed during trials in which
participants were asked to judge the motivations of
an actor’s behavior (e.g., ‘‘he turned himself into the
police because they knew he had committed a crime’’)
with that observed during nonmentalizing tasks, such
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as judging a person’s physical actions, and revealed
MPFC activation in the mentalizing task only. MPFC
activation can also be observed when participants are
asked to determine the underlying motivation of an
actor as depicted by pictures that convey specific
social behavior (i.e., stealing, sharing). This region is
also engaged when perceivers are asked to infer the
mental states of targets that are most similar to them.
This latter finding suggests that self-reflection is pos-
sibly engaged in mentalizing tasks, illustrating per-
haps a common role that MPFC is playing for both
self-awareness and ToM. Indeed, deficits in this brain
region are associated with a reduction in ToM, rein-
forcing the importance of MPFC in ToM tasks. Al-
though activity in other brain regions has been
observed during ToM tasks, notably the superior
temporal sulcus (STS), the temporoparietal junction,
and less often the amygdala, MPFC appears to play
a central role in the ability to make mental state
attributions about other people. This ability is critical
for social emotions because it enables us to modify
our behavior in order to promote smooth social
interactions.

Social Emotions and the Amygdala

In addition to MPFC, a distributed network of brain
regions has been implicated in selecting and proces-
sing social emotions. One such region is the amygda-
la. For decades, the amygdala was considered most
often in the context of fear learning and attention
tasks. More recently, however, amygdala activation
has been observed in making social judgments, such
as evaluating stigmatized individuals. Not surprising-
ly, then, evidence has emerged from patient and neu-
roimaging research to implicate the amygdala in
perceiving social emotions. For instance, patients
with unilateral or bilateral amygdala damage have
been shown to be impaired at recognizing specific
social emotions from facial expressions (e.g., arro-
gance, guilt, admiration, and flirtatiousness). Inter-
estingly, this deficit appears to be limited to social
emotions, and does not extend to other emotions,
suggesting that the amygdala plays a central role in
recognizing social emotions.
Neuroimaging studies have also demonstrated an

important role for the amygdala in processing a variety
of social emotions. For instance, when participants
are asked to choose the appropriate reaction (from
varying perspectives) to sentences that represented dif-
ferent social emotions (e.g., embarrassment, pride,
shame, guilt, admiration, irritated, and impressed), as
compared to sentences conveying nonsocial emotions,
heightened amygdala activation is observed, regardless
of perspective taken during the task. Interestingly,

when participants are asked to examine intentional
violations of social norms through stories (e.g., ‘‘You
are invited for dinner at your friend’s house’’) that have
one of three endings: one that was descriptive of nor-
mal social behavior (e.g., ‘‘You have a bite of the first
course and like it, congratulate your friend for her
good cooking’’); one that described an embarrassing
conclusion (e.g., ‘‘You have a bite of the first course,
you choke and spit out the food while you are cough-
ing’’); or one in which the protagonist violated a social
norm (e.g., ‘‘You have a bite of the first course, but do
not like it and spit the food back onto your plate’’), a
similar pattern of activation is observed. When taking
their own perspective, participants showed greater
amygdala activation in response to intentional viola-
tions of social norms. These results suggest that
the amygdala is indeed involved in processing social
emotions.

Based on the extant literature on the amygdala, it is
not surprising that this area may be involved in pro-
cessing social emotions. It has long been argued that
the primary role of the amygdala is to automatically
respond to arousing emotional stimuli, particularly
fear-inducing or aversive items. From this perspec-
tive, the role of the amygdala in processing social
emotions may simply be to respond to the highly
arousing nature of the unique conditions that produce
social emotions. More recently, however, this region
also has been implicated in drawing attention to
novel stimuli that have biological relevance. Under
this argument, it is plausible that the amygdala plays
a role in processing social emotions because they have
direct relevance in maintaining long-term social rela-
tions, which is a fundamental biological need. Regard-
less, the role of the amygdala in processing social
emotions suggests that an automatic response network
exists in the brain for distilling social emotions.

Social Emotions and the ACC

In addition to the MPFC and amygdala, patient
research and neuroimaging have also implicated the
ACC in processing social emotions. Although the ACC
is anatomically part of the prefrontal cortex, a
wealth of evidence from patient and neuroimaging
research illustrates that ACC activity is functionally
distinct fromMPFC regions involved in self-awareness
and ToM. Evidence from patient studies suggests that
the ACC is involved in integrating cognitive and affec-
tive information to guide behavior appropriately. For
instance, imaging research has implicated the ACC
in resolving cognitive conflicts. With respect to social
emotions, the anterior cingulate appears to be engaged
in social interactions that provide conflicting social
feedback, thereby eliciting conflicting emotions.
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Although emerging evidence from neuroimaging
research has yielded disparate results as to the roles
of discrete regions of the ACC in processing social
feedback, it has provided a working framework for
understanding the ACC. Rejection, for instance, is a
social emotion that results from a violation of the
expectancy that people believe they are valued.
Some neuroimaging research has found that a region
of the dorsal ACC (dACC) is responsive during tasks
designed to elicit social rejection, such as when virtual
interaction partners suddenly and surprisingly stop
cooperating with research participants. It is possible,
however, that the dACC activity observed in these
types of tasks indicates cognitive conflict more than
social pain resulting from rejection, per se. Indeed,
being rejected may violate the fundamental expectan-
cy of social inclusion. Other research has indicated
that a more ventral region of the ACC (vACC) is
important for the social emotion of feeling rejected.
Interestingly, interpersonal distress, such as feeling
unloved, is often involved in depression, and abnorm-
alities in vACC activity have been observed in unipo-
lar depression. For instance, imaging research has
found differential patterns of vACC activity to emo-
tional facial expressions between depressed and non-
depressed subjects. Thus, one possible role for vACC
reflects its involvement in general affective state,
thereby affecting social emotions indirectly.
Another possible role for ACC in social emotions is

its involvement in detecting and attempting to resolve
cognitive conflict. Thus, information that conflicts
with pre-established knowledge signals errors that
must be resolved, a situation that produces ACC
activity. From this perspective, then, the ACC may
be involved in processing social emotions by detecting
conflict between actions and outcomes. For instance,
when a social norm is violated, the ACC may play a
role in identifying this error because it detects differ-
ences between the expectation (social norm) and
action (violation). The detection of errors in social
behavior may produce social emotions that guide
future appropriate behaviors.

Self-Conscious Emotions

An important distinction that emerges in the psycho-
logical literature is the subcategory of ‘self-conscious
emotions’ from the more general social emotions.
Self-conscious emotions, including embarrassment,
guilt, and shame, occur when the emotional experience
reflects an evaluation of the self. People feel embar-
rassed when they believe that others are evaluating
them negatively, and ashamedwhen they do it to them-
selves. Either way, the self is implicated in a way that is

more specific than emotions such as jealousy, admira-
tion, or flirtatiousness. The primary adaptive value of
self-conscious emotions is that they provide a clear
disincentive for people to act in a socially inappropriate
manner. Although, neuroimaging research on self-
conscious emotions is still in its infancy, patient
studies and a handful of imaging studies shed light
on the neural networks involved in this specific cate-
gory of social emotions.

Patient research has provided compelling evidence
that damage to the orbitofrontal cortex, a region
adjacent to the medial prefrontal cortex, severely
impairs self-conscious emotions. Patients with lesions
to this area exhibit extremely socially inappropriate
behavior (e.g., making inappropriate jokes, kissing or
hugging strangers, disclosing intimate information
about themselves to strangers). Imaging studies of
self-conscious emotions such as guilt and embarrass-
ment implicate additional brain regions, including
anterior cingulate gyrus, MPFC, STS, and insula.
For example, asking people to recall the most guilt
they ever experienced produces greater activity in
these regions than does recalling events when they
did not feel guilty. In research comparing guilt and
embarrassment, both self-conscious emotions elicited
MPFC activation, but guilt apparently does so more
than embarrassment. Robust MPFC activity in self-
conscious emotions may reflect the unique circum-
stances under which people mentalize about how
others are evaluating them.

Imaging Moral Emotions

Another category of social emotions, namely, moral
emotions, dictate what is ethically ‘right’ or ‘wrong’
in a given situation. As might be expected by the
foregoing discussion, when participants are asked to
resolve various moral dilemmas during imaging,
MPFC activation is observed. Specifically, compari-
sons between making moral-personal (e.g., the foot-
bridge dilemma), moral-impersonal (e.g., the trolley
dilemma), and neutral (or nonmoral) decisions
revealed that MPFC and posterior cingulate gyrus
are significantly more active in the moral-personal
condition than in the moral-impersonal and the
nonmoral conditions. MPFC activation also emerges
when morality is measured by eliciting disgust
or indignation from the observer. For instance, parti-
cipants who read a series of disgust-inducing (e.g.,
‘‘A friend told you about a newspaper headline.
A man had died after he ate a living rat’’) or indigna-
tion-causing (e.g., ‘‘As you arrived home, you
saw that the nurse has put a spider on the baby’s
face’’) statements showed heightened MPFC and
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orbitofrontal activation to both the disgust- and in-
dignation-inducing statements. Disgust also elicited
greater amygdala and anterior cingulate response as
compared to indignation, whereas the latter elicited
greater insula and right inferior frontal gyrus.
Substantial evidence has also been found in the

patient literature that lends support to these findings.
Patients who have experienced damage to regions of
the prefrontal cortex, including MPFC and orbito-
frontal cortex, early in life (i.e., before 2 years) show
extensive deficits in their ability to engage in moral
reasoning tasks. Together, the findings from emerging
neuroscience and patient research suggest that the
prefrontal cortex, particularly the MPFC, has a criti-
cal role in moral reasoning.

Conclusions

Although neuroimaging research on social emotions
is in its early days, it has already revealed a strong
overlap with the neural networks that give rise to
social cognition and processing emotions. Imaging
studies have indicated a prominent role of the
MPFC for social emotions (especially self-conscious
emotions) that require inferences to be made about
the mental states for self or others. The extant litera-
ture also implicates the amygdala in social emotions,
although it remains an open question as to whether
the amygdala is selectively responsive to specific
social emotions or whether it plays a more general
role in emotional responding (i.e., arousal or vigi-
lance). Moreover, initial imaging studies also indicate
an important role for the anterior cingulate in detect-
ing conflicting social information, such as detecting
social rejection, and perhaps in getting behavior back
on track. Indeed, burgeoning research on the neural
correlates of social emotions include studies on the
neural networks underlying attachment, love, and
perceiving stereotypes. Considered as a whole, patient
and neuroimaging research are producing important
insights into social emotions. In order to successfully
guide social interactions, social emotions require self-
awareness, the ability to understand the mental states
of others, and mechanisms to detect conflicts between
personal behavior and appropriate social rules. It is

likely that neuroimaging research will continue to pro-
vide insights into this important aspect of emotion.

See also: Cognition: An Overview of Neuroimaging

Techniques; Emotion Systems and the Brain; Emotion:

Neuroimaging; Emotion: Computational Modeling;

Neuroimaging.
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