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People are social animals. They play, work, eat, and compete with one another. Yet people differ greatly from one
another in the number of relationships they form and maintain. In the smallest social circles people maintain
between 6 and 20 emotionally close relationships (Dunbar and Spoors, 1995). In larger circles, composed of
relatively weaker relationships in which people still individually know each network member, they may maintain
between 100 and 300 relationships (Hill and Dunbar, 2003). The size of social networks has been shown to
decrease with age (Fung et al., 2001; McPherson et al., 2006) and increase with level of education (Roberts et al.,
2008), emotional intelligence (Austin et al., 2005), self-monitoring (Mehra et al., 2001), and propensity to connect
with others . Yet contrary to what might be expected, there is no clear and consistent link between measures of
personality, like extraversion, and social network size (Austin et al., 2005; Roberts et al., 2008).
For humans, larger social networks confer benefits. Individuals who participate in more relationships
experience positive health outcomes, such as a lower susceptibility to the common cold (!!! INVALID CITATION !!!
(Cohen, 2004; Cohen, et al., 1997)), whereas those who are more socially isolated are more susceptible to health
problems . Although there are demonstrable benefits for belonging to larger social networks, forming and
managing more relationships requires investing more cognitive and emotional resources. Indeed social network
size seems to be constrained by limits in cognitive capacity (Stiller and Dunbar, 2007) and the emotional
demands of each relationship (Roberts et al., 2010).
Social information is multifaceted, dynamic, and ambiguous. To cultivate social relationships people must
monitor and detect social signals from one another that provide clues to their internal states and future behaviors,
remember these for future reference, and generate interpersonal behavior accordingly. As we learn more about
social function, it is becoming clear that multiple types of cognitive and affective processes contribute to social
behavior.
As in other domains of cognition, social information processing relies initially on attending to, perceiving,
and decoding relevant cues. Again as with other types of information, the nature and importance of social
information is then determined by rapid, automatic emotion-driven mechanisms. Social information is further
processed via more conscious and controlled mechanisms, involving reasoning about others’ thoughts, emotions
and intentions, while using acquired knowledge about social concepts and common sequences of behavior that
typically occur in social interchanges. After perceiving and interpreting social information, a behavioral response is
selected and enacted, often requiring executive and regulatory processes. This syllabus will provide a brief
overview of fundamental social cognitive functions and their neuroanatomical correlates.
How do we detect and interpret socially-relevant information?
Sensory perceptual systems
The exchange of information between individuals—social signals—necessarily engages multiple sensory systems
involved in detecting and interpreting this information. In humans, the detection of socially-relevant information
relies heavily on visual and auditory processes, in addition to somatosensory and olfactory processes subserved
by sensory systems. Ultimately, this sensory information converges on limbic cortical and subcortical structures
that determine the relevance of social signals in the context of past experience and current and future goals.
In the visual domain, a number of cortical regions in humans and non-human primates appear specialized
for the processing of specific types of social information. The fusiform gyrus contains a region called the “fusiform
face area” that is engaged by a variety of types of visual information but more robustly by faces. The “extrastriate
body area” in the lateral occipitotemporal cortex responds most robustly to images of parts of the body. The
direction and movement of another person’s eye gaze and so-called “biological movement” (such as postures and
gait) are processed by the superior temporal sulcus. Once this information is detected in these occipitotemporal
regions it is further processed along more rostral areas of the temporal cortex and prefrontal cortex in order to
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more fully interpret its meaning and relevance. The amygdala plays a central role in further processing social
visual information, receiving input from many of these regions as well as subcortical structures such as the
superior colliculus, which may process some of this visual information in a rapid and potentially unconscious
fashion.
Besides visual systems, other sensory systems are also critical to the processing of social signals.
Auditory cortical regions—particularly unimodal and heteromodal regions in the superior temporal gyrus and
sulcus bilaterally—respond more robustly to the sound of human voices than other sounds. Prosodic elements of
speech perception appear to be processed by right temporal auditory regions. The touch of another person is
processed not only by somatosensory cortices but also insular cortex, and the latter is particularly important for
decoding somatosensory stimuli as pleasant or unpleasant. Although seemingly much less important in humans
than many animals, the olfactory system also processes information relevant to social exchange.
Heteromodal association and paralimbic cortical regions in the anterior temporal lobe and medial and
orbital prefrontal cortex perform important integrative operations on this sensory information, decoding its
meaning based on emotion, general knowledge (semantic memory), and past experience (episodic memory), as
well as the present context, needs, and goals (see the next sections). This information is then integrated and used
to make decisions and take action.
How do we use sensory information in order to understand other people’s minds?
Mirroring and theory of mind
A number of investigators have discussed the potential importance of “mirroring” or simulating other people’s
actions in our own minds as a means of communication. Some behavioral displays convey another person’s
intended goals while others convey their feelings. Observing someone else’s emotion or pain typically causes a
“mirroring” reaction that is thought to duplicate their experience within oneself, extending in some cases to
automatic mimicry of the other person’s facial expression and/or body posture. Anatomically, the anterior insula
and the anterior cingulate cortex (ACC) are involved in our own experiences of emotion and in viewing others’
emotions; the inferior frontal gyrus and inferior parietal lobule are involved in both our own movements and in
simulating others’ motor movements, including their facial displays. Some investigators believe that these
systems provide a substrate for empathy via shared representations. This instinctive aspect of empathy, which
can be seen in various forms in many other species, is thought to be supplemented in humans by additional
higher cognitive abilities important for communication, including consciously taking another person’s emotional
perspective and making inferences about it—so-called theory of mind.
Theory of mind (ToM) refers to the awareness that other people have their own mental representations
that are distinct from one’s own. Distinguishing others’ thoughts from one’s own is partly subserved by the right
temporoparietal junction (TPJ, the junction of the inferior parietal cortex and posterior temporal cortex), which
attributes internal or external agency to an intention. Additionally, the medial prefrontal cortex (MPFC) is engaged
in both self-referential thinking as well as imagining the perspective of others. Within the MPFC, a dorsal region is
involved in taking another’s cognitive perspective and in representing their typical behavior traits, while a ventral
MPFC region, which is highly interconnected with limbic structures, represents and reasons about others’
emotions.
How do we determine the relevance of this information?
Calculation of salience and value
In many situations including social interactions, we rapidly process sensory information and attempt to determine
what other people are thinking, feeling, or intending to do. With all of this information, how do we quickly
determine what is most relevant? The determination of the salience of information depends on a network of limbic
subcortical and cortical structures including the insula and ACC, orbitofrontal cortex, amygdala, ventral striatum,
and brainstem structures.
The lateral orbitofrontal cortex and amygdala are thought to receive sensory information about social and
emotional stimuli from temporal cortex visual areas, update the reinforcement value of these cues according to
the social context, and subsequently guide attention to gather more information from the environment (Rolls,
2007). Electrophysiological recording studies in monkeys for example demonstrate neurons in the amygdala,
lateral orbitofrontal cortex, and temporal lobe visual areas responsive to facial identity (Rolls, 1984; Leonard et al.,
1985; Hasselmo et al., 1989; Rolls et al., 2006; Rolls, 2007) and changeable aspects of faces like expressions,
eye gaze, and lip movement (Baylis et al., 1985; Hasselmo et al., 1989; Haxby et al., 2002; Rolls, 2007), which all
serve as signals for social communication. Task-based fMRI studies in humans demonstrate a similar topography
of brain responses to socially salient features in the human face such as facial expressions (Morris et al., 1996;
Phillips et al., 1997; Allison et al., 2000; Haxby et al., 2000; Winston et al., 2003), eye gaze (Kawashima et al.,
1999; George et al., 2001; Richeson et al., 2008), facial identity (Iidaka et al., 2003; Schwartz et al., 2003;
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Pourtois et al., 2005; Gobbini and Haxby, 2006; Wright and Liu, 2006), racial or group identity (Hart et al., 2000;
Phelps et al., 2000; Phelps, 2001; Cunningham et al., 2004; Freeman et al., 2010), and trustworthiness (Winston
et al., 2002; Engell et al., 2007; Todorov et al., 2008; Todorov and Engell, 2008; Said et al., 2009; Bzdok et al.,
2011).
Primary processing of sensory information is tuned by the salience system: for example, increased visual
acuity is linked to enhanced activity in the amygdala (Lim et al., 2009) and visual cortex including area V1
(Padmala and Pessoa, 2008), where the amygdala might directly modulate visual cortex responses to relevant
stimuli.
The representation of value or salience is further performed by structures including the insula and
orbitofrontal cortex. The insula is specifically involved in representing information about the “internal mileu” of the
body at a given moment, thereby enabling the relevance of information to be determined in relation to a person’s
current needs. The orbitofrontal cortex also contributes to the interpretation of information in the current context.
In addition to representing the positive (rewarding) or negative (aversive) value of information, the orbitofrontal
cortex continuously updates this value based on the outcome of actions. Many other structures are involved in
approach and avoidance behavior, including the nucleus accumbens (reward) and fear or threat (amygdala).
How do we know how to behave in different situations?
Social episodic and semantic memory
Like all experience, we learn about social concepts from our own experience and from the collective experiences
or normative rules. Episodic memory systems are critical for learning and remembering information about other
people and the contexts in which we have encountered them. The hippocampus and other medial temporal lobe
structures are critical for episodic memory for both social and non-social information. Semantic memory systems
are essential for learning about societal rules, etiquette, and how to interpret others’ social signals. Anterior and
ventrolateral temporal cortices, as well as medial and lateral prefrontal cortices, are critical for these forms of
memory.
How do we make decisions about social actions and carry them out?
Regulation of comportment and social decision making
Ultimately, all of the processing power that is used to understand other people is then put to use when we make
decisions about how to act. In certain situations, substantial executive control and response inhibition may be
necessary in order to regulate behavior appropriately for the context. Dorsolateral prefrontal cortex and
ventrolateral prefrontal cortex are key regions that are critical to the regulation of emotion and play important roles
in the execution of appropriate social behavior. Anterior cingulate cortex is also important for monitoring conflicts
and errors and for response inhibition.
Several investigators have recently developed highly consistent neurobehavioral models that implicate
many of these structures in social judgment and decision-making (Moll et al., 2005a; Sanfey, 2007; Rilling et al.,
2008; Moll and Schulkin, 2009; Rilling and Sanfey, 2011). These neural models for social judgment and decisionmaking were derived primarily from lines of human neuroimaging and neuropsychological work examining the
neural correlates of social interaction and morality. This body of work demonstrates a partial separation in the
neural correlates of social affiliative and avoidant judgments and decisions.
Some regions associated with reward are responsive to pictures of loved ones and positive social
feedback (e.g. complimentary peer reviews or cooperation from a partner) that elicit prosocial sentiments (e.g.
compassion or empathy) and in turn motivate decisions to behave altruistically and cooperate (e.g. donation to
charities or repaying trust in kind). For example, in neuroimaging studies when people look at pictures of their own
babies or romantic partners the ventral tegmental and striatal areas (Bartels and Zeki, 2004; Aron et al., 2005) as
well as the amygdala (Leibenluft et al., 2004) demonstrate increased activity. Stimuli and scenarios that elicit
prosocial sentiments like compassion, guilt, pity, gratitude, and pride also activate structures within the social
affiliation network including the ventromedial prefrontal cortex, subgenual anterior cingulate cortex, ventral
striatum, as well as septal and hypothalamic areas (Takahashi et al., 2004; Moll et al., 2007; Zahn et al., 2009a;
Zahn et al., 2009b). Similarly, receiving fair treatment from other people in simulated social interactions or positive
peer evaluation evokes neural responses in ventromedial prefrontal and mesolimbic structures (Izuma et al.,
2008) as well as the amygdala (Tabibnia et al., 2008). These regions also demonstrate increases in activity when
people make prosocial decisions such as choosing to treat others fairly or cooperate with them during simulated
social interactions (Rilling et al., 2002; Rilling et al., 2004; Delgado et al., 2005; King-Casas et al., 2005; Li et al.,
2009) or when deciding to donate money to charitable causes (Moll et al., 2006; Harbaugh et al., 2007; Izuma et
al., 2009).
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In contrast, regions associated with aversive behavior are responsive to untrustworthy-appearing faces
and negative social feedback (e.g. disapproval or violations of trust) that elicit sentiments of social aversion (e.g.
disgust or contempt) and in turn motivate decisions to defect cooperation or disengage from a group. For
example, the amygdala is consistently activated when participants view faces that appear untrustworthy (Winston
et al., 2002; Engell et al., 2007; Todorov et al., 2008; Todorov and Engell, 2008; Willis et al., 2010). Stimuli or
scenarios that elicit sentiments of social aversion like disgust, contempt, and anger or indignation preferentially
activate some of these areas (Phillips et al., 1998; Rizzolatti et al., 2003; Decety et al., 2004; Moll et al., 2005b;
Moll et al., 2007; Buckholtz et al., 2008; Zahn et al., 2009b). Similarly, negative social feedback activates the
caudal anterior cingulate cortex and ventral anterior insula (Klucharev et al., 2009), and participants who exhibit
the greatest increases in caudal anterior cingulate cortex activity change their behavior most in response to the
negative social feedback. Similarly, activity in the ventral anterior insula, which is elicited by unfairness (Sanfey,
2007), social exclusion (Eisenberger et al., 2003), and unreciprocated cooperation (Rilling et al., 2008) predicts
the likelihood that participants will reject cooperation with someone who has treated them unfairly in a previous
simulated interaction (Sanfey et al., 2003). The caudolateral orbitofrontal cortex and neighboring ventral anterior
insula display activation when participants decide not to donate to charitable causes (Moll et al., 2006). In
addition, recent neuroimaging studies reveal that in addition to pain responsive areas in the caudal anterior
cingulate cortex and anterior thalamus, dorsal and posterior sectors of the insula and its neighboring parietal
operculum, which includes the secondary somatosensory cortex, also demonstrate responses to second hand
pain, actual pain, and the pain of social rejection (Decety et al., 2006; Eisenberger et al., 2006; Cheng et al.,
2007; Kross et al., 2007; Moriguchi et al., 2007; Benuzzi et al., 2008; Cheng et al., 2008; Decety and Lamm,
2008; Akitsuki and Decety, 2009)
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