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We present a framework for discussing two major aspects of social cognition: the ability to
predict what another person is like and what another person is likely to do next. In the first
part of this review, we discuss studies that concern knowledge of others as members of a
group and as individuals with habitual dispositions. These include studies of group
stereotypes and of individual reputation, derived either from experience in reciprocal social
interactions such as economic games or from indirect observation and cultural information.
In the second part of the review, we focus on processes that underlie our knowledge about
actions, intentions, feelings and beliefs. We discuss studies on the ability to predict the
course of motor actions and of the intentions behind actions. We also consider studies of
contagion and sharing of feelings. Lastly, we discuss studies of spatial and mental
perspective taking and the importance of the perception of communicative intent. In the
final section of this review, we suggest that the distinction between top–down and bottom–
up processes, originally applied to non-social cognitive functions, is highly relevant to social
processes. While social stimuli automatically elicit responses via bottom–up processes,
responses to the same stimuli can be modulated by explicit instructions via top–down
processes. In this way, they provide an escape from the tyranny of strong emotions that are
readily aroused in social interactions.
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1. Introduction

A principal function of the various processes that are involved
in social cognition is to enable us to predict what other people
are going to do. In this essay, we will present a framework for
discussing the different components of this aspect of social
cognition and explore their neural underpinnings. The neural
substrates we will mainly focus on are well-accepted compo-
nents of the social brain, such as the medial prefrontal cortex
(MPFC), the superior temporal sulcus (STS), orbitofrontal
cortex (OFC), the amygdala and the anterior insula (Adolphs,
1999; Brothers, 1990). All these regions are activated when we
try to understand other people.
D. Frith).
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Because we have not been impressed by the consistency
of the pattern of activations obtained in different studies,
we will not attempt to delineate in detail the anatomy of
social cognition. However, when reviewing neuroimaging
studies, which indicate differential activations, we will refer
to brain regions in terms of Tailarach coordinates. We
believe that the coordinates can prevent confusion that is
often introduced by using different labels to refer to similar
brain regions.

The simple framework that we will use distinguishes two
kinds of knowledge on which our predictions of other people's
behaviour are based: knowing who people are and knowing
what people do. Each of these categories spansmany different
.
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domains that rely on a range of neural mechanisms and brain
regions.

Cutting across these categories is the distinction between
top–down and bottom–up processes, which can be loosely
mapped onto explicit and implicit knowledge. This distinction
emerged from the study of processes that evolved for making
predictions about the physical world. We believe that it is also
useful for making predictions about the social world.

1.1. The structure of this review

Our review is divided into three parts. The first part deals with
knowledge about people; within the broad category of
knowledge of people, we will discuss two subcategories, one
to do with group stereotypes, the other with individual
dispositions. Here, we focus on one major aspect of this
knowledge, namely, reputation. Knowledge about people is
relatively enduring.

The second part deals with knowledge about what people
do, feel or believe. This section is accordingly divided into a
number of subheadings: prediction of actions and intentions,
contagion and sharing feelings and, lastly, prediction from
belief and knowledge. This last section reviews studies on
spatial perspective taking, mental perspective taking and
communicative intent. Knowledge of what people do, feel
and believe can be computed on the fly and is constantly
updated.

In the third part of the review, we will consider the effects
of top–down and bottom–up processes on our predictions of
what people are going to do. In our conclusions, we comment
on the interplay and sometimes conflict between the different
types of knowledge and on the success and failure of our
ability to predict the behaviour of other people.
2. Knowledge of other people

2.1. Knowledge of other people as members of groups

Individuals may be experienced as members of a group, and
this enables prediction of their behaviour in terms of stereo-
types when we know nothing about them as individuals. The
two major types of stereotypes studied to date are race and
gender. Group stereotypes can be remarkably effective pre-
dictors of behaviour, even though they are very rough and
often incorrect. For instance, to boost sales, retailers offer
different lists of presents to choose for men and for women.
This is despite the fact that some women like to have toolkits
for presents and some men would like to have baking trays.
Here, we are simply categorising the person as a member of a
group.

Race prejudice has been studied in a number of imaging
paradigms, and amygdala activation has been consistently
shown as a sign of fear that is elicited unconsciously by
viewing a face from another race. When white Americans
were shown the faces of unknown black Americans, activity
was elicited in the amygdala (Phelps et al., 2000). The
magnitude of the activity in the amygdala correlated with
implicit measures of race prejudice. In this experiment, the
amygdala is responding to black faces in the same way as it
responds to any object that has acquired a conditioned fear
response (Buchel et al., 1998).

Extensive research with animals has shown that the
amygdala is part of a system that learns to associate value
with stimuli (Dolan, 2002) whether or not these stimuli are
social (LeDoux, 2000). This system operates on both positive
and negative values. For example, the amygdala responds to
objects that elicit fear because of their association with
punishment (negative value), but the amygdala also responds
to objects associated with food and sex (positive value). The
involvement of this system in social cognition arises because
social prejudices are fundamentally about howmuchwe value
other groups of people, but there is nothing specifically social
about this system.

Amygdala damage does not remove race prejudice (Phelps
et al., 2003), and amygdala response magnitude does not
correlate with explicit measures of race prejudice. Our
consciously held attitudes about race are often at variance
with our implicit prejudices, and there is evidence that we try
to suppress these rapid automatic responses. The amygdala
response to black faces was reduced when the faces were
presented for 525 ms rather than 30 ms, and, associated with
this reduction, there was increased activity in areas of frontal
cortex concerned with control and regulation (Cunningham et
al., 2004). Amodio et al. (2004a) had subjects perform a task,
which purported to measure their race bias while measuring
EEG. ‘Errors’ in performance (i.e. race-biased responses)
elicited larger error-related negativity waves (ERNs). In both
these studies, the brain system implicated in the control of
race bias is one generally concerned with the top–down
regulation and control of action. Likewise, Wheeler and Fiske
(2005) discuss attention to particular social goals as ameans to
modify prejudice.

Of course, there is more to prejudice than fear. Fiske et al.
(2002) demonstrated that the perception of out-group could
evoke distinctly different feelings of envy, pity, admiration
and contempt. Trust is another emotion that plays a vital role
in interaction with people even when we do not know them
individuals. There is quite good agreement about what
untrustworthy people look like, even though this has nothing
to dowith reality. Amygdala damage impairs the ability to rate
trustworthiness (Adolphs et al., 1998). In healthy volunteers,
presentation of the faces of unknown people rated as
untrustworthy elicits activity in the amygdala and the insula.
Activity in these areas is seen even when subjects are not
required to rate the trustworthiness of the faces explicitly.
Activity in posterior STS, in contrast, is only observed when
subjects make explicit trustworthiness judgements (Winston
et al., 2002).

The neural systems that support gender stereotypes have
been studied less frequently. However, a study by Milne and
Grafman (2001) showed that patients with ventromedial
lesions did not show the typical effect that is obtained in the
well-known implicit association task (Greenwald et al., 1998),
here involving female and male names and adjectives
denoting strength and weakness. These patients therefore
seemed to lack access to the implicit knowledge of gender
stereotypes, which appears to be dependent on intact
ventromedial cortex functioning. However, they still showed
explicit knowledge of gender stereotype.
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The studies reviewed in this section give evidence of the
huge importance of emotions and value judgements that are
often implicit when predicting the behaviour of people not as
individuals, but as members of a group. The studies also
remind us of the important distinction between implicit and
explicit knowledge. Prejudice may be counteracted by explicit
knowledge in top–down control over automatically elicited
knowledge.

2.2. Knowledge of other people as individuals

Other people are not only experienced as members of a group,
but also as individuals, especially when we know them over a
period of time. This knowledge is manifest in attribution of
traits and dispositions to other people. Just like group
stereotypes, this individual knowledge may have little to do
with reality but can nevertheless be useful in the absence of
more specific knowledge. Knowledge about an individual's
reputation allows us to make risky emotional decisions. For
example, if we know someone is trustworthy, we can predict
that they will return our lost wallet and we are happy to trade
with them, to confide in them and even to adopt their friends
and enemies. How do we acquire enduring knowledge of
individuals? We propose that we learn it in just the same way
as we typically learn to associate value with objects. This
learning can be acquired from different sources: directly
interacting with people, observing people interacting with
others and being told about people.

2.2.1. Learning about other people through direct experience
Direct experience is perhaps the most basic way of learning. If
we repeatedly experience an electric shock shortly after seeing
a red square, then mere presentation of the red square will
eventually elicit a response in the amygdala (e.g. Buchel et al.,
1998). The red square has acquired a conditioned fear
response. This response can be extinguished when we learn
that the red square is no longer followed by a shock (e.g. Phelps
et al., 2004).

Once we have interacted with people, they gain individual
reputations based on how they have treated us. Singer et al.
(2004a) had subjects play trust and reciprocity games with
previously unknown people. In fact, the ‘people’ in these
games were just faces randomly associated with particular
playing modes. Some faces reliably reciprocated trust (co-
operators), while others reliably defected. In addition, there
were neutral faces that were associated with neither trust
nor defection. Subjects rapidly came to like the faces of co-
operators and to dislike the faces of the defectors. In the next
stage of the experiment, subjects were scanned while
observing the faces and making gender judgements. Faces
that had acquired value (co-operators and defectors vs.
neutral) elicited activity in OFC, amygdala and anterior
insula.

It is important to note that these effects did not arise
simply because the faces had become associated with
monetary gain or loss. Subjects had been told that some of
the ‘players’ were simply obeying the instructions of a
computer rather than deciding for themselves how much
money to return to the subject. The subsequent responses to
the faces were modified by this factor of intentionality. Faces
of intentional co-operators elicited more activity in anterior
insula, OFC and posterior STS than faces of non-intentional
co-operators. Subjects were not simply learning which faces
were associated with reward. They were learning whom to
trust. If someone is simply obeying the instructions of a
computer, then we can learn nothing about how trustworthy
they are. An important question for social neuroscience is to
discover how the brain modifies its value learning system in
order to take account of the intentionality and hence
responsibility of agents. Our feelings are strongly engaged
when we blame others for betrayal of trust, and we feel
satisfaction when they are punished (see below).

In learning about the reputation of other individuals, their
familiarity is an important factor. Schmitz et al. (2004) looked
at processes associated with the task of reporting trait
attributions to a close friend or relative (is she daring, shy,
intelligent, etc.) contrasted with the task of judging whether
these same adjectives were of positive or negative valence.
Anterior medial prefrontal cortex (aMPFC) was activated when
subjects thought about the reputation of a friend (or of
themselves). Ochsner et al. (2005) went a step further and
compared metacognitive processes involved in self and other
appraisal. Direct appraisal of the self recruited MPFC and right
rostrolateral PFC. Reflected appraisal (how we think we might
be seen through the eyes of others) recruited regions
associated with emotion and memory (insula, orbitofrontal
and temporal cortex).

2.2.2. Learning about other people through observation
We can learn through observation as well as experience. If we
watch the emotional expression of someone else being
conditioned to associate a shock with a red square, we will
also acquire a fear response to the red square (Olsson and
Phelps, 2004). We can also learn about the reputation of people
by watching them interact with others. Extensive work with
economic games such as the public good game has demon-
strated the existence of altruistic third party punishment. A
third party observing an economic transaction will punish an
unfair player, even at some cost to themselves (Fehr and
Fischbacher, 2004). Preliminary data suggest that the willing-
ness to punish unfair people, even though this comes with a
cost, arises because such punishment is associated with
activation in the reward system of the dorsal striatum (de
Quervain et al., 2004). However, in this experiment, the
subjects had direct experience of the unfairness of the person
that they were punishing. It seems very likely that the same
system would be engaged after third person observation of
unfair behaviour.

2.2.3. Learning about other people through cultural
information
A special feature of human culture is that we can learn from
the experiences of others. We do not ourselves have to
experience the electric shock that always comes after a red
square to acquire a conditioned response to that square. It is
not even necessary to observe; it is sufficient to be told by
someone that the red square will be followed by a shock for
the red square to elicit activity in the amygdala (Phelps et al.,
2001). In the same way, we do not need to interact with others
to acquire knowledge about them. We can learn about their
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reputation from other people who have interacted with them.
Delgado et al. (2005) had subjects play a trust game with
‘trading partners’ about whom they had just read vivid
vignettes concerning their moral character. As in previous
experiments, activity in the caudate nucleus distinguished
whether the outcome of trials was positive or negative.
However, this effect was much reduced for trials involving
partners with a prior reputation. Again, it seems that the brain
modifies its value learning system in circumstances where an
agent has already acquired some status.

The different ways of learning about the enduring qualities
of other people are likely to be as often implicit as explicit. The
studies reviewed here demonstrate profound effects on
emotional valuation, which arise automatically according to
the value we give to individuals. An escape from these
automatic processes is provided by top–down control via
explicit knowledge. For example, we can forgive a wrong in an
economic game despite the anger this has aroused and can re-
establish trust after it was lost.

2.2.4. Knowledge in conflict
Group stereotypes can be brought into conflict with individ-
ual reputation. How would we predict behaviour in this case?
The amygdala response elicited by the faces of unknown
black Americans is not elicited by the faces of familiar and
positively regarded black Americans (Phelps et al., 2000).
These people have been individuated. What we have learned
about them as individuals overrides crude information based
on categories. Similarly, Richeson and Trawalter (2005a)
showed that responses to famous individuals from different
racial groups differed from responses to ordinary members
of the groups.

How do we predict what someone will do when a gender
and race stereotypes are brought into conflict with individual
predispositions? Hirschfeld et al. (submitted for publication)
presented children with pictorial vignettes of the following
type: “Here are two people (points to picture containing amale
and a female). This is James and this is Susan. Susan doesn't
like to cook for people. One of these people has baked biscuits.
Which person baked biscuits?” Children aged 6, but not
children aged 3, avoided a response in line with group
stereotype (women typically bake) and predicted behaviour
in line with disposition (this particular woman doesn't like to
bake).

This study included also 8-year-old children with autism.
These children, whose social behaviour was impaired, were
nevertheless able to predict other people's behaviour in
terms of stereotypes. This was also true for normally
developing 3-year-olds, whose social experience was very
limited. This result suggests that race and gender stereo-
types can be acquired very early and in the presence of other
social deficits.

Social knowledge is learned fast perhaps because there are
so many ways to acquire it: directly from experience and
indirectly from observation or cultural transmission. It is also
likely that innate predispositions play a role. For example,
learning fear through observation occurs much faster for
objects that have had survival threat in evolutionary history
(Mineka and Ohman, 2002). This effect may also operate in the
development of race prejudice (Olsson et al., 2005).
3. Knowledge of actions, intentions, feelings
and beliefs

In this section, we review studies that reveal neural processes
underlying our ability to predict ‘what happens next’ in a
social interaction. Social interactions involve predicting a
person's movements, intentions, bodily states and mental
states. If we observe where someone is going to throw a ball,
we can anticipate the trajectory with more or less accuracy
and can catch the ball. The motor systemworks by prediction.
The prediction of where and howpeople are going tomove has
obvious relevance for social interactions.We can also infer the
intentions behind movements and can judge whether move-
ments are intended or not (e.g.Wolpert et al., 2003). In contrast
to the previous section, here, it is not important what sort of a
person the actor is. This type of prediction applies to any
person.

3.1. Predicting the course of actions

We can learn about other peoples' intentions and goals by
watching their movements. At the most basic level, from
seeing the start of a movement, we can predict how it will
finish. However, your own expertise matters. Romani et al.
(2003) showed expert and novice basketball players 10-frame
film clips of free throw shots. By frame 3, experts were already
much better than novices at predictingwhether the ball would
enter the basket. Sebanz and Shiffrar (2006) showed film clips
of basketball players about to make a pass or a fake. While
both experts and novices could predict better than chance
how the movement would finish, experts outperformed
novices.

There are many studies showing that watching human
movements elicits activity in posterior STS (e.g. Puce and
Perrett, 2003). However, activity in this region is also
associated with learning to predict complex movements of a
target with no biological features (Maquet et al., 2003
Talairach coordinates 40, −50, 12). Schultz et al. (2004) showed
subjects an animation in which one circle followed and
sometimes caught another. The catching circle either fol-
lowed exactly in the track of the target circle or, through
prediction, moved directly to the endpoint of the target's
movement. In pSTS (−8, −44, 12), watching the prediction
condition elicited more activity than watching the simple
following condition. This effect was enhanced when the
subject's task was to report the strategy being used by the
chasing circle. The movement of the circles in this experi-
ment was not biological in the way the movements of a cat or
a human arm are biological. It therefore seems likely that the
brain system involved is concerned with analysing all kinds
of complex predictable movements rather than being
specialised for biological movements.

3.2. Predicting intentions from movements

Wolpert et al. (2003) have suggested that, whenwe observe the
movements of other people, we make implicit inferences
about the intentions and goals associated with these move-
ments. These inferences are made at the start of the
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movements and tested by predicting how the movement will
continue. The experiments described below all involve condi-
tions in which such predictions are violated. These violations
elicit increased activity in pSTS consistent with the idea that
this region has a special role in reading intentions from
movements.

Pelphrey et al. (2003) have demonstrated an important
effect of context on the activity elicited in pSTS when
observing eye movements. On congruent trials, subjects saw
a virtual actor move her eyes towards a target that has just
appeared at the side of the screen. On incongruent trials, the
actor moved her eyes towards empty space rather than the
target. Both trials elicited activity in pSTS, but the activity
was significantly greater for the incongruent trials (41, −51,
11 from Pelphrey et al., 2005). The authors suggest that the
subjects expected the actor to look at the target. When this
did not occur, they had to think again about the intention
behind the movement, thus eliciting more processing in
pSTS.

Similarly, Saxe et al. (2004b) showed subjects a video in
which an actor walked across a room but was unseen for a
time because he passed behind a bookcase. On some trials,
the actor remained hidden by the bookcase for a longer
period, indicating that he had stopped moving for a time.
This unexpected delay elicited more activity in pSTS (54,
−42, 9).

Grezes et al. (2004b) also studied what happened when
subjects observed unexpected behaviour. They showed sub-
jects a video in which an actor picked up a box that varied in
weight. On some trials, the actor had been misinformed about
the weight of the box. This produced a just detectable change
in the kinematics of her movement as a result of postural
adjustments. Watching lifting associated with false expecta-
tions elicited more activity in pSTS (−48, −46, 14). This effect
seems to be a bottom–up effect, driven largely by the
kinematics of the movement since it is observed even when
subjects incorrectly classified a trial as one involving true
expectations. Activity that reflected the subject's top–down
classification rather than the kinematics of the movement
was observed in a number of areas includingmedial prefrontal
cortex (−2, 26, 52; BA 8).

This study also gives a hint as to how we might be able to
recognise whether an action is intended or unintended. When
the actors in the experiment picked up boxes with a different
weight from what they expected, they automatically made
postural adjustments. Thesemovements were not planned by
the actor and, in that sense, were unintended. The observers
in this experiment were able to recognise that these move-
ments were unintended. As mentioned in Section 2.2.1, the
ability to distinguish intended from unintended actions has
implications for our ability to assign responsibility and blame
to another person.

3.3. Contagion and sharing feelings

In recent years, one of the most influential suggestions of a
neural mechanism underlying prediction of actions is the
mirror neuron system (e.g. Rizzolatti and Craighero, 2004).
This system may be responsible for the fact that observing
physiological states and emotional expressions in others
affects our own bodily state. If we see someone yawn, we
are likely to yawn ourselves.

There is now abundant evidence that we have an
automatic tendency to share another person's experiences.
Similarly, observing someone making a specific movement
activates the representation of that same movement in the
observer, to the extent that there will be interference if the
observer is required to performa differentmovement from the
one he is observing (e.g. Kilner et al., 2003).

Facial expressions and body postures are also contagious.
This helps us to share what other people are currently
feeling and hence to experience empathy. Seeing a facial
expression of disgust activates the same brain regions as the
direct experience of a disgusting smell (Wicker et al., 2003 AI
−38, 25, −6: ACC 4, 24, 30). Seeing a facial expression of pain
activates the same areas as the direct experience of pain
(Botvinick et al., 2005). We can share the pain of others from
cues other than facial expression. Seeing a painful stimulus
being applied to someone's body activates the same areas (AI
and ACC) as having the same pain applied to oneself
(Jackson et al., 2005; Morrison et al., 2004), and even a
symbolic cue indicating that a loved one is receiving a
painful stimulus will activate these areas (Singer et al.,
2004b). The stimulus does not have to be painful for us to
share the experience of the person we are observing. Seeing
someone being touched will elicit activity in somatosensory
brain regions in the observer (Keysers et al., 2004). The
location of this activity can show precise correspondence
between what is seen and what is felt. Seeing someone else
being touched on the face will elicit activity in the same area
of primary somatosensory cortex as being touched on the
face of oneself (Blakemore et al., 2005).

This automatic tendency to imitate the actions and share
the feelings of others at the neural level provides a possible
basis for the ‘chameleon effect’ (Chartrand and Bargh, 1999).
Interacting partners show a non-conscious mimicry of each
other's movements and facial expressions, which improves
the quality of the interaction and increases the liking between
partners.

However, there is preliminary evidence that this social
contagion is modified by the reputation of the person we are
observing. Singer et al. (2006) used a trust and reciprocity game
to create good and bad reputations for two previously
unknown partners. Subjects showed empathy (i.e. neural
activity in AI and ACC) for the pain of partners who had
played cooperatively. In contrast, far less empathywas shown
for partners who had acquired a bad reputation through
defecting. Indeed, for male subjects at least, knowledge that a
defector was receiving pain activated the ventral striatum, a
brain region associated with reward.

Most of the studies discussed in this section have
concerned automatic, bottom–up effects of signals about the
feelings of others. These signals elicit activity in the brain
regions in the observer associated with the same feelings.
However, there is also some evidence about top–down signals
relevant to such tasks. Ochsner et al. (2004) showed subjects
slides and asked them either to say what the people in the
slides were feeling (pleasant, neutral or unpleasant) or
whether the slides were of indoor or outdoor scenes. The
task of attributing feelings to the people in the slides was
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associated with activity in medial prefrontal cortex (−2, 56, 10;
−6, 52, 32), precuneus (−10, −58, 32) and STS (44, −42, 6).

3.4. Perspective taking: predicting from belief and
knowledge

A third and hugely important factor for our ability to predict
behaviour from moment to moment is how well we can
appreciate another person's point of view. This is subtly
different from mirroring another person's states and actions
and relies on the ability to put ourselves into someone else's
shoes, regardless of whether we share their feelings.

We can take another person's spatial perspective and
predict what they can see, which may be different from what
we can see. Likewise, we can take another person's mental
perspective and predict what they can know. This is referred
to as mentalising (Frith and Frith, 2003). For example, if we
know that someone does not know that their chocolate has
beenmoved, we can predict that they are likely to look for it in
the wrong place. Mental states other than knowledge or
ignorance, for instance, pretence, desire and belief, and even
more complex mental states, such as deception and double
bluff, are also computed when we mentalise. Like social
knowledge of actions and feelings, mentalising relies on
processes that act over the short term and need constant
updating. Mentalising applies to any agent we are observing,
reading about or interacting with, friend or foe, member of our
own group or an out-group. Thus, it allows very powerful
prediction. It may well be that through mentalising we come
to understand ourselves in exactly the same way as we
understand other people.

The bottom line of the idea ofmentalising is thatwe predict
what other individuals will do in a given situation from their
desires, their knowledge and their beliefs, and not from the
actual state of the world. In the classic false belief task
(Wimmer and Perner, 1983), little Max looks for his chocolate
in the blue cupboard because he does not know that his
mother has moved the chocolate into the red cupboard. It is
his belief that the chocolate is in the blue cupboard that
determines his behaviour, not the presence of the chocolate in
the red cupboard. It is this type of social prediction that is
impaired in autism (Baron-Cohen et al., 1985).

3.4.1. Spatial perspective taking
In the simplest case, we do not know about things we cannot
see. Things that are visible from one spatial perspective may
not be visible from another spatial perspective. Thus, by
adopting the spatial perspective of another person, we can
predict what they can see and therefore what they know.

Zacks et al. (2003) asked subjects what a scene would look
like from another point of view (a perspective transformation),
contrasting this task with an object-based rotation. The
perspective transformation elicited activity in the left tem-
poro-parietal junction (−59, −50, −2). It is interesting to note
that abnormal activity (or electrical stimulation) of this region
(on the left or the right) is associated with ‘out of the body
experiences’ in which patients experience their own bodies
from a third person perspective (Blanke et al., 2004). Vogeley et
al. (2004) obtained rather different results when they explicitly
asked subjects to indicate what someone else would see from
a different position in a simple scene. The greatest activity
when taking a third person perspective (reporting what
someone else would see), rather than a first person perspec-
tive (reporting what I see), was seen in the precuneus (2, −60,
56). There may well be an important effect on spatial
perspective taking when we are asked to think about what
another person would see in contrast to thinking about what
the scene would look like from another position.

3.4.2. Mental perspective taking
Studies on the topic ofmental perspective identify themselves
with terms such as ‘theory of mind’ or mentalising and have
been concerned more generally with thinking about the
contents of other people's minds. Most of these studies have
used off-line tasks. Rather than interacting directly with
another person, subjects are given verbal or pictorial narra-
tives and are asked to explain the behaviour of the protago-
nists or infer what they are thinking. Studies using a variety of
such task have consistently reported activation in the medial
prefrontal cortex and the pSTS (Frith and Frith, 2003; Saxe et
al., 2004a).

These tasks engage many cognitive processes including
both bottom–up and top down effects. One kind of stimulus
that seems automatically to engagemental perspective taking
is the animated cartoon. Even abstract shapes such as
triangles can be made to move about in such a way that
viewers will readily attribute emotions, desires and false
beliefs to them (Heider and Simmel, 1944). Imaging studies
have shown that viewing such animations (in contrast to
animations showing random movements or mechanical
movements) elicits robust increases in activity in pSTS along
with lesser increases in a number of brain areas including
MPFC (Castelli et al., 2000; Martin and Weisberg, 2003). In the
study of Castelli et al., subjects were given advance informa-
tion on half the trials as to whether the movements would be
intentional or random, but this information had no effect on
the activations elicited.

Pure top–down effects in mental perspective taking can be
studied by presenting the same stimuli, but giving subjects
different instructions. Gallagher et al. (2002) told subjects that
they were playing the competitive game rock–paper–scissors
either against a person or against a computer. During the PET
scanning window, the sequence of moves made by the
competitor were identical in these two conditions. However,
activity was elicited in MPFC when playing against a person in
contrast to playing against computer, but not in pSTS or any
other region. Similar results were obtained by McCabe et al.
(2001) when subjects played a cooperative trust game with a
person or a computer. Rilling et al. (2004) also observed greater
activity in MPFC when subjects believed that they were
playing an economic game against a person rather than a
computer, but found similar effects in other areas too,
including pSTS.

The ‘theory of mind’ tasks used in the above studies have
not typically been designed to isolate our ability to predict
people's behaviour on the basis of what they know. While this
is often an important component, subjects may also need to
make inferences about feelings and intentions. Most studies
so far have made little attempt to isolate these aspects of
mental perspective taking. Likewise, when subjects interact
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directly while playing economic games, a number different
processes are involved, depending upon the precise nature of
the game. In some games, such as the dictator game and the
ultimatum game, subjects must decide whether offers are fair
or unfair, and there is little demand for predicting the
behaviour of the other player. In other games, such as the
prisoners' dilemma, subjects do need to predict whether or not
the other player will reciprocate trust, but this is asmuch to do
with attributing a habitual disposition rather than transitory
intentions or knowledge.

The study by Brunet et al. (2000) is exceptional since
subjects were specifically required to attribute intentions
rather than any other mental state to characters in comic
strips. Activity was observed in mPFC (among other areas) in
comparison with a physical logic condition. Future research
could benefit from taking this strategy a stage further and
making direct comparisons between tasks involving the
attribution of intentions, desires, emotions or knowledge.

One recent study to adopt this strategy is that of Walter et
al. (2004). Subjects were shown comic strips, like those used by
Brunet et al. (2000). In one condition, the intention to be
attributed was directed toward the physical world (private
intention), e.g. changing a light bulb in order to be able to read
a book. In another condition, the intention was directed
towards another person (communicative intention), e.g.
showing a map to request directions. Consistent differences
were observed between these conditions. In comparison with
control conditions, attributing communicative intent activat-
ed anterior mPFC (para-cingulate cortex; 0, 60, 18), while
attributing private intent activated a more posterior and
superior region of ACC proper (−6, 18, 45) (see Amodio and
Frith, in press for a more detailed discussion of the distinct
roles of these two regions of mPFC). Activity in pSTS seems to
be similar in both conditions, althoughno direct comparison is
reported.

3.5. Communicative intent

The study by Walter et al. (2004) reminds us that social
interactions are not normally a one-way process. We do not
simply observe other people, make inferences about their
mental states and predict what they are going to do. We use
our inferences to help us communicate with others so that
they, in their turn, can make inferences about our mental
states. There are relative few imaging studies investigating
such communicative intent.

To initiate a communication, an ‘ostensive signal’ is
required such as calling someone's name or making eye
contact. Kampe et al. (2003) presented these signals to subjects
and observed that both modalities elicited activity in anterior
mPFC (6, 60, 20), but not pSTS.

Grezes et al. (2004a,b) reported a highly relevant pair of
experiments, one of whichwe have referred to already. In both
studies, subjects observed the movements of a person picking
up a box. However, only in the second experiment did this
movement have a communicative intent since the actor was
asked to pretend that the box had a different weight from
what was actually the case. In other words, the actor had to try
to move in such a way as to make the observer think the box
had a different weight. On the basis of the movement
kinematics, the observers could detect better than chance
the trials on which the actor was trying to deceive them. As in
the previous experiment (see Section 3.1), activity in pSTS (66,
−44, 22) reflected the kinematics of the movements rather
than the subjects' judgement, with deceptive movements
eliciting greater activity. Observation of unintentional move-
ments with no communicative intent also elicited activity in
this area. In contrast, activity in mPFC (−8, 42, 20) was
determined by the subjects' judgement rather than kinemat-
ics of the movement, with greater activity when the move-
ment was judged to be deceptive. Activity in this location was
significantly greater when subjects were trying to detect
deception than when they were observing unintentional move-
ments with no communicative intent.

Communicative intent can also be a component of
economic games. For example, in sequential trust and
reciprocity games (Berg et al., 1995), players are concerned
not only to find out how trustworthy the other player is, but
also to signal that they themselves are trustworthy. King-
Casas et al. (2005) attempted to study this communicative loop
directly by scanning both players of a trust game at the same
time. Activity associated with both signalling and expecting
trustworthy behaviour was observed in caudal and rostral
regions of anterior cingulate cortex (0, 12, 40, 8, 40, −8).
4. Bottom–up and top–down processes in
social cognition

In this essay, we have frequently referred to the distinction
between bottom–up and top–down processes. However, in
many of the experiments we have discussed, it is not made
explicit which of these processes is predominant. Bottom–up
processes relate to the stimuli being presented, while top–
down processes relate to the task being performed. Thus, a
social task like assessing the character traits of faces will
engage different brain regions from a physical task like rating
the symmetry of the faces, even though the same stimuli are
being presented in both tasks.

The distinction is best developed in studies of selective
attention (Desimone and Duncan, 1995). The problem is to
pick out from among all the sensory stimuli that deluge us
those that are most important for our current activity. A
bottom–up winner-take-all mechanism allows the most
salient stimulus to take control, with salience determined
intrinsically (e.g. the loudest) or through conditioning. How-
ever, this competition can be biased by top–down signals so
that a stimulus can be made temporarily salient to suit the
task in hand. Bottom–up effects occur in sensory processing
areas specific to the signal being processed, while top–down
signals are thought to arise in frontal cortex. For example, in
conflict situations, such as the Stroop task, frontal areas are
involved in detecting conflict and engage appropriate cogni-
tive control systems. One aspect of this cognitive control is the
transient amplification of cortical activity in posterior brain
regions processing task-relevant stimuli (Egner and Hirsch,
2005).

However, top–down signals do more than increase the
activity elicited by task-relevant stimuli. They also alter the
way the signals are processed. Sugase et al. (1999) showed that
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single neurons in visual temporal cortex of themonkey at first
make global distinctions between stimuli, distinguishing
between faces and shapes. Only at a later stage of processing
the signal do they make fine distinctions about the identity or
the emotional expression of the face. The authors speculate
that the neurons' ability to make fine social distinctions
depends upon feedback frommore anterior brain regions such
as the prefrontal cortex and the amygdala.

More direct evidence for this speculation comes from a
study by Vuilleumier et al. (2004). In the normal case,
presentation of emotional faces elicits greater activity in
inferior temporal cortex than neutral faces. This effect is no
longer found in patients with amygdala damage. The impli-
cation is that, in the normal case, feedback signals from the
amygdala, which indicate that a face has emotional signifi-
cance, enhance processing of the signal in inferior temporal
cortex.

However, activity in the amygdala is modulated in turn by
top–down signals. For example, Ochsner et al. (2004) showed
that amygdala responses to emotional stimuli were modified
when subjects attempted to exert voluntary control over their
emotional responses. The source of this modulation was
located in prefrontal cortex.

As we have already seen, studies of race prejudice reveal a
very similar system. Increased amygdala activity is a largely
automatic response to people of other races. However, this
activity too can be modulated by conscious, controlled
processes associated with frontal activity (Amodio et al.,
2004b; Cunningham et al., 2004; Richeson and Trawalter,
2005b).

A similar story is beginning to emerge for the mechan-
isms underlying mentalising with mPFC exerting top–down
modulation of pSTS. Activity in pSTS seems to be more
related to the precise nature of the stimulus. This is most
obviously the case in the studies of Grezes et al. (2004a,b) in
which activity in pSTS (66, −44, 22) relates to the kinematics
of the movement rather than the judgement of the subject.
In contrast, activity in mPFC relates more to the task
reflecting the judgements of the subjects rather than the
kinematics of the movement.

Further evidence favouring this interpretation comes from
the study of Saxe and Wexler (2005). In this study, subjects
were given sequential information about a person, starting
with descriptions of their social background and continuing
with statements about their desires. Activity in right temporo-
parietal junction (rTPJ; 54, −54, 24) did not respond to
background information but was tightly linked to the time of
presentation of information about mental states. Activity in
mPFC (0, 60, 12), in contrast, increasedwith the presentation of
background and showed much less temporal linkage with the
presentation of the mental state information.

These results would be consistent with the idea that
activity in mPFC is concerned with the ‘set’ appropriate to
social tasks and is the source of top–down signals that modify
signal processing in more posterior brain areas, such as pSTS,
concerned with the analysis of social signals.

It is possible that different regions of mPFC are concerned
with different kinds of social task, but, at this stage, this is very
speculative (see Amodio and Frith, in press). In particular, we
suggest that the most anterior part of mPFC (approximately in
the vicinity of 0, 60, 20) might be the source of top–down
signals in tasks involving communicative intent. A signal
initiating communication, such as eye contact, activates this
region. As a result, the processing of any stimulus occurring
thereafter is modified in order to maximise the extraction of
socially relevant information.

This control mechanism linked to communicative intent
operates on all aspects of social cognition. For example, we
have seen how automatic amygdala responses reflecting race
prejudice can be modified by top–down control processes
originating in prefrontal cortex. Such modification is particu-
larly likely to occur in public situations where we wish to
demonstrate to others that we are not prejudiced. We have
already mentioned the study by Amodio et al. (submitted for
publication) of just such a situation inwhich themonitoring of
prejudiced responses was associated with signals originating
in anterior mPFC.

There is even behavioural evidence that empathy for pain,
that most contagious and automatic of responses, can be
modified by communicative intent. A subject sat in a waiting
room, unaware that his or her behaviour was being recorded.
The experimenter entered the room carrying a television set
which he dropped on his hand in a manner that looked very
painful. The subject responded with facial gestures indicating
somedegree of empathywith the pain. However, this response
was dramatically larger if the experimenter was looking at the
subject when the accident occurred (Bavelas et al., 1986).

Emotions are the joker in the pack of our social knowledge,
but not the trump card. Emotions aroused by social interac-
tions tend to capture our tendencies to reward and punish
others. Emotions also dominate our predictions of actions,
feelings and beliefs. We get angry when we observe an
incident of cheating and feel elated when we watch a player
score a goal. But, we are not entirely at the mercy of our
automatic reactions to social stimuli. Top–down processes
allow us an escape route. Thus, inhibition of impulses
generated by negative emotions allows us to stop retaliation
and to reinstate normal interpersonal relations.
5. Conclusions

One of the many exciting features of social cognitive
neuroscience is that data from a wide range of disciplines
must be considered. In this review, we have developed a
framework for discussing two aspects of social cognition: the
ability to predict what other people are like, a more enduring
type of knowledge, and the ability to predict what other people
are going to do, amore transient type of knowledge that has to
be updated constantly. On the basis of a wide range of studies,
we have categorised the various components of these two
different types of knowledge and related them to other
psychological processes. We have shown how some basic
psychological mechanisms, such as conditioning, reward
evaluation and top–down control, are essentially the same
as those that enable us to deal with the physical world. These
processes seem to govern the type of knowledge that we have
classified as being about people rather than actions.

As regards the type of knowledge that we have classified as
being about actions, feelings and beliefs, at least some of this
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may be supported by dedicated neural processes, such as
inferring intention from action, mirroring feelings and body
states and perspective taking. We have speculated at a very
basic level on how some of these processes are supported by
specialised brain systems.

The effect of top–down processes on all our predictions of
social behaviour is an example of a general cognitive process
that applies to all the information that we process, either from
the physical or from the social world. Thus, top–down
processes allow us to become aware of what we are doing
and in this way allow us to repair and redirect inappropriate
but powerful automatic responses.

It is often stated that human social interactions are far
less predictable than interactions between physical agents.
This is why the brain has evolved special purpose mechan-
isms for dealing with the social domain. Thus, we conclude
that if anything the human brain is particularly well
equipped to predict social behaviour. Of course, predictions
are not always correct. More often than not, knowledge of
group membership or knowledge of an individual's dispo-
sition and reputation may not lead to accurate predictions.
More often than not, predicting actions, intentions, com-
munications and feelings of others from moment to
moment are mere working models, and not necessarily a
true reflection of the other person's bodily and mental
states.

Does this matter? We believe that prediction in social
interactions is so vital for our social life that occasional errors
do not detract from the usefulness. Errors usually can be
sorted out throughmutual feedback. Indeed, the nature of the
errors allows us to improve our predictions in future.
Perspective taking makes us aware that our interacting
partners also may view our actions erroneously, and this
makes clear to us that uncertainty will remain in all our social
interpretations. This uncertainty is often exploited to advan-
tage, for instance, in diplomatic negotiations where deception
and double bluff are routinely employed and the content of
agreements may be deliberately left ambiguous.

In this review, we have focussed entirely on the prediction
of other people's behaviour. Yet, a number of studies have
shown that, when introspecting on one's own feelings,
intentions and motives for actions, very similar brain regions
are activated. This is especially true for the medial prefrontal
cortex. This overlap in neural substrates when thinking
about one's own and other's behaviour is clearly not a
coincidence. However, there is not space in this review to
speculate about the nature of this overlap and the close
relationship between explaining our own actions and the
actions of others.

It is likely that almost all our speculations will turn out to
be wrong, but we believe our framework provides a useful
starting point for developing new experiments in social
cognitive neuroscience.
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