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Humans crave the company of others and suffer pro-

foundly if temporarily isolated from society. Much of

the brain must have evolved to deal with social com-

munication and we are increasingly learning more

about the neurophysiological basis of social cognition.

Here, we explore some of the reasons why social cogni-

tive neuroscience is captivating the interest of many

researchers. We focus on its future, and what we

believe are priority areas for further research.

The field of social cognitive neuroscience is still relatively
new but builds on a variety of well established disciplines
including social, developmental and cognitive psychology,
evolutionary biology, neuropsychology and computer
science, each providing a solid basis of relevant research.
In the past few years, interest in the neurological under-
pinnings of social cognition has burgeoned, as demon-
strated by at least four special issues of major journals
in this field [1–4]. What drives this interest in social
cognitive neuroscience? And what is the future of this
flourishing discipline? In this article, we pick out several
areas of social cognitive neuroscience and focus on
where we believe each area might head in terms of
future research.

What is social cognitive neuroscience?

Most generally, social cognition encompasses any cognitive
process that involves conspecifics, either at a group level
or on a one-to-one basis. Social cognitive neuroscience
encompasses the empirical study of the neural mechan-
isms underlying social cognitive processes. One key
question is whether general cognitive processes involved
in perception, language, memory and attention, are
sufficient to explain social competence, or whether over
and above these general processes there are specific
processes that are special to social interaction. This
possibility is exciting because it can explain social
impairment in otherwise very able individuals, in par-
ticular in autism.

It may once have seemed foolhardy to work out
connections between fundamental neurophysiological
mechanisms and highly complex social behaviour,
let alone to decide whether the mechanisms are specific
to social processes. However, as we shall see, neuroimag-
ing studies have provided some encouraging examples.

The next step of linking brain mechanisms to genes
that contribute to social competence is already in sight
(see Box 1).

However, we need to be cautious when interpreting the
results of neuroimaging studies reporting brain acti-
vations during high level cognitive processes such as
moral reasoning, deception and fairness. These kinds of
processes are challenging to emulate and control within
the scanning environment, and in some cases, what is
labelled deception or morality in an experiment is far
from those concepts in everyday life. Furthermore, in the
context of social cognition there have as yet been relatively
few attempts to replicate findings. On the other hand, it

Box 1. Social genes

It is unknown just how biological factors interact with environmental

variables to produce individual differences and pathology. In the

future, we anticipate that the genetic basis for different aspects of

social cognition will be illuminated. This is feasible by studying

individuals who are born without the ability to develop normal social

communication, for example people with autism and people with

psychopathy.

Congenital abnormalities in the neural substrates of social cog-

nition can serve to identify endophenotypes that relate to disorders

of social cognition. The term endophenotype refers to the ‘inside

phenotype’ rather than overt behaviours, which are likely to be the

product of many different endophenotypes. These then can lead the

search for the genetic basis of specific social functions. Examples of

allelic variation combining with environmental conditions contribut-

ing to social phenomena, such as the development of antisocial

behaviour, are also being characterized [62]. The gene in this case

(MOA-A) is implicated in central neurotransmitter pathways, which

supports the contention that aspects of individual differences might

be characterized by such pathways [63].

Social cognitive processes can be genetically selected. A prime

example of this is in dogs, which are able to glean information about

the location of an object from a human’s eye gaze and pointing [64].

This appears to be specific to domesticated dogs; neither chimpan-

zees nor wolves are able to use a person’s eye gaze to search for an

object, demonstrating that this ability is neither specific to primates

or canine species in general. By contrast, young puppies can use eye

gaze information, implying that the ability is not learned from years

of experience with people. Instead it is suggested that this ability has

been bred into the dogs’ gene pool over centuries of domestication.

What do we know about social interaction in other species? A prime

example of social species are insects. Ants are known to be able to

change their social roles, say from worker to warrior, as the situation

demands. Insect societies could serve as analogies to human soci-

eties, and in particular, insects could provide genetic models for

human social adaptation.

Corresponding author: Sarah-Jayne Blakemore (s.blakemore@ucl.ac.uk).

Review TRENDS in Cognitive Sciences Vol.8 No.5 May 2004

www.sciencedirect.com 1364-6613/$ - see front matter q 2004 Elsevier Ltd. All rights reserved. doi:10.1016/j.tics.2004.03.012

http://www.sciencedirect.com


is reassuring that in certain areas, for example in the
study of mentalising (see section: Understanding others’
minds), there are now at least ten studies using different
stimuli and performed in different laboratories, which
have yielded strikingly similar results.

Even when a neuroimaging study is highly controlled
and the results have been replicated many times over,
what does it mean to know that a brain region is activated
by a certain task? Why does it matter and what does it add?
In isolation, brain imaging data has been criticized as
being of little importance for understanding the workings
of the mind. But we would argue that brain imaging data
complement and extend the results from behavioural,
singe cell and lesion studies. The next section provides an
example of a field where all of these methods have been
used to great effect. Scanning people’s brains while they do
nothing but observe another person do something has
opened a new door to research on the neuroscience of
social cognition.

Understanding others’ actions

In the past decade, neurophysiological research has
provided evidence of a brain system that decodes con-
specifics’ actions and may contribute to the understanding
of other people’s intentions, goals and desires. Mirror
neurons, found in ventral premotor cortex of macaque
monkeys, are activated both when the monkey executes
grasping actions and when it observes someone else
(or another monkey) making grasping actions [5]. Mirror
neurons appear to distinguish between biological and non-
biological actions, responding only to the observation of
hand-object interactions and not to the same action if
performed by a mechanical tool, such as a pair of pliers [6].

Following the discovery of mirror neurons in monkeys,
there is increasing evidence that a large proportion of the
human motor system is activated by the mere observation
of action [7]. Brain imaging studies have revealed that the
motor activation to observed action is functionally specific:
premotor cortex and parietal cortex are activated in a
somatotopic manner according to the modality of the
action being observed [8]. In addition, observing an action
affects the peripheral motor system in the specific muscles
that are used in the action being observed [9].

The study of the mirror system provides an example of
an attempt to identify the neurophysiological activity that
underlies the ability to understand the meaning of one’s
own and another person’s actions. This class of mechanism
may be fundamental to several higher level social pro-
cesses, where the actions of other agents are interpreted in
such a way that they directly influence one’s own actions.
This is the case in the attribution of intentions to others
and oneself, and the ability to imitate as well as to teach
others. Although it seems obvious that another person’s
actions can influence one’s own actions, insight into the
precise nature of this influence at the behavioural and
physiological level was provided only recently in an experi-
ment by Sebanz et al. [10]. When a subject performed a
spatial compatibility task, the presence of a partner
altered the timing of the subject’s responses in the same
way as when two simultaneous tasks were performed by a
single subject.

Observing another person’s actions also influences one’s
own ongoing movements. Recent evidence suggests that
observing an action interferes with one’s own actions when
these are different from those being observed [11–13]. This
interference effect seems to be specific for observed human
actions; observing a robot making a movement does not
interfere with ongoing actions [13] (Figure 1).

Understanding actions: future research

Why is it that mirror neurons require biological actions
to be activated [6]? What is special about biological actions
in this case? Why is it that the observation of biological
movements performed by a human interferes with action,
whereas robotic movements do not [13]? What is it about
the presence of another person that is the influential
factor? Does a human have to be present, or would a robot
programmed to show the characteristic kinematics of
biological motion have the same influence?

Does eye gaze, our own and that observed in people with
whom we communicate, play a crucial role in these
interactions [14,15]? Gaze bias can influence the perceived
attractiveness of faces, not merely reflecting a priori
preference [16]. Mere signals of an impending communi-
cation, either being looked at intently, or being called by
one’s name, activates significant portions of the brain
regions known to be involved in understanding others [17].

Figure 1. (a) Experimental design of a study of interference effects of observing

biological movements on actions [13]. The subject (S) made sinusoidal

movements with their right arm at the same time as observing movements that

were either congruent or incongruent with their own movements. The observed

movements were made either by another human (experimenter, E) or by a robotic

arm (R). There was also a baseline condition in which the subject moved their arm

without watching anything. Subject arm movements were recorded using an

Optotrak system. (b) Interference effects. For each arm movement, the variance in

the movement orthogonal to the dominant dimension of movement and in the

dominant dimension of the incongruent movement was calculated. Mean

variances (and standard error bars) are shown for the five conditions. The only

condition in which movement variance differed significantly from the baseline

movement condition was that in which subjects watched the human experimenter

making incongruent arm movements. Thus, the interference effect seems to be

specific for observed human actions. Reproduced with permission from [13].
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Can the mirror system be trained? In a recent study
monkeys were trained to rip paper [18]. When this was
learned, specific mirror neurons started to fire in response
to the action sound. Are mirror neurons sufficiently
flexible and dynamic that they can start to represent
any type of action in all modalities?

Does the mirror system enable us to understanding
other people’s minds? Is the mirror system functioning
normally in people with autism whose understanding of
other minds is impaired?

Understanding others’ minds

Autism research has led to the hypothesis that social
learning requires the detection of intentions and inner
mental states of other agents [19]. Specifically, it is
proposed that there is a brain mechanism that enables
us automatically to attribute mental states to self and
others, and this mechanism is faulty in autism. The search
for the genetic basis of this ability has begun (see Box 1).

So automatic and pervasive is this mind-reading
mechanism that ordinary adults feel compelled to attri-
bute intentions and other psychological motives to
animated abstract shapes, simply on the basis of their
movement patterns [20]. This has been exploited in
neuroimaging studies in which participants view anima-
tions of moving shapes [21,22] and has provided infor-
mation on the underlying brain system. In the study by
Castelli et al. [21], a comparison between animations that
evoked mental state attributions (e.g. one triangle mock-
ing another) and animations in which triangles moved
randomly demonstrated activation of the medial frontal
lobe, the superior temporal sulcus (STS) and the temporal
poles. These regions have consistently been activated in

brain imaging studies using a wide variety of verbal and
non-verbal stimuli to investigate mentalising (see [23]).
The subcomponents of this mentalising process and
the precise nature of the triggering stimuli still remain
to be revealed.

Meanwhile, work on mentalising is rapidly evolving to
the investigation of the neurophysiological basis of the
complex behaviour shown by people when playing econ-
omic games [24], during deception and when showing
empathy and moral sensitivity.

Cheating and bargaining

The ingenuity of people to outwit each other and to use
bluff and double bluff is an instance of advanced social
skills that rely on an intuitive mentalising ability. Several
neuroimaging studies have attempted to investigate
deception, but this is a challenging task because of the
confined and artificial context of the brain scanner. Tasks
have been devised in which subjects are instructed to
withhold truthful responses and answer with their oppo-
sites to questions concerning recent autobiographical
events [25], or to lie about a card’s identity [26] or past
events [27]. These studies have found activations in
components of the mentalising system when subjects are
lying. Whether this artificially engineered deception uses
the same mechanisms as spontaneous deception remains
to be seen.

It has been argued that being equipped with mechan-
isms for detection of cheaters would carry high evolution-
ary advantages [28]. An imaging study in which subjects
viewed faces that varied on trustworthiness found auto-
matic activation of the amygdala with magnitude pro-
portional to the perceived untrustworthiness of the face

Figure 2. Superior temporal sulcus (STS) is activated when making explicit trustworthiness judgements. STS has been activated in many imaging studies of social

cognition, for example mentalising, biological motion perception and even simple face perception. Here, greater STS activation was observed when subjects made explicit

judgments of trustworthiness about faces compared with when they made age judgments (implicit task) about the same faces. (a) The STS activation in the explicit task.

(b) The size of the response in the STS for the two tasks (age and trustworthiness judgment) and as a function of trustworthiness (low, medium or high) of the face. There is

a clear difference between activation in the two tasks, the STS being activated for the explicit trustworthiness judgment task only, but no relationship with the perceived

trustworthiness of the faces. Adapted from reference [29].
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and activation of the STS during explicit trustworthiness
judgements only [29]; (see Figure 2). What makes a face
appear trustworthy, and whether these characteristics
are universal or culturally specific, is still unknown. There
is some evidence that untrustworthy people might have
more memorable faces than trustworthy faces. This evi-
dence comes from a study in which many different faces
were presented to subjects whose memory for the faces was
subsequently tested. The faces of people who had pre-
viously chosen to defect in prisoner’s dilemma games were
better remembered than those who cooperated, even
though the subjects in the memory experiment saw only
the faces and had no information about the performance in
the prisoner’s dilemma game [30].

Fairness and justice

Moral judgements activate brain regions that are involved
in mentalising, including the medial frontal cortex, accord-
ing to a recent study in which subjects were scanned while
evaluating moral dilemmas [31]. Medial frontal cortex
appears to be critical to moral development according to a
study that compared patients who suffered lesions in this
region at a young age and those whose cortex was damaged
in adulthood [32]. Patients with childhood lesions showed
defective social and moral reasoning, whereas this was not
evident in those with later damage.

Mentalising: future research

Many aspects of social communication involve mentalis-
ing: understanding beliefs, intentions, desires of others;
knowing that these can differ from one’s own mental
states; understanding that to see is to know; attributing
intentions to actions, eye gaze and facial expressions, and
so on. Does the brain’s intuitive mentalising system play
an equally important role in each of these? Can mentalis-
ing be reduced to subcomponents, such as a representation
of intentional and contingent actions? What are the
different roles of the brain regions involved in mentalis-
ing? What is the role of top-down control when reflecting
on one’s own and others’ mental states?

How is mentalising related to competition and decep-
tion, cooperation and teaching, fairness and moral judge-
ment? What can we learn about the brain basis of
mentalising from individual differences in mentalising
skills? What social skills do not involve mentalising?

Understanding others’ emotions

The brain reads facial expressions extremely rapidly
[33–35]. Several brain imaging studies have shown that
the amygdala is activated by emotional expressions in
faces (e.g. [36,37]), even independent of attention or
awareness [38,39]. There is some suggestion that amyg-
dala responses to other emotions might depend upon
individual differences, such as extraversion [40]. More
recently, there has been interest in the perception of
dynamic displays of emotion in faces [41] and of emotion
from bodily posture [42].

Complex emotions, such as jealousy, pride, embarrass-
ment and guilt, are different from the simple emotions that

we might recognize in another person’s face. They often
imply awareness of another person’s attitude to oneself,
and an awareness of the self in relation to other people. If
so, they are likely to involve the mentalising system. There
is imaging evidence that this is the case for emotions such
as embarrassment [43] and forgiveness [44].

The study of empathy has recently been advanced by
scanning couples, where under highly controlled con-
ditions, one partner suffered an electric shock, and the
other’s brain was scanned as they anticipated the
partner’s pain [45]. In this study, brain regions activated
by the expectation of another’s pain overlapped with those
activated by the experience of one’s own pain. The anterior
cingulate and insula were the most critical regions acti-
vated in this study. These areas are not activated by
mentalising tasks, and this raises the possibility that
feeling another’s pain is independent of seeing the world
from another person’s point of view.

Complex emotions: future research

Is there a difference in the brain between empathy for
those we know and those we do not know? When does
empathy develop? To what extent is it learned? To what
extent is the brain equipped with an empathy system from
birth? Which emotions show the most and the least
cultural influence? The study of contagious emotions and
motor acts, such as smiling and yawning, might enlighten
these questions. Are the brain processes for empathy for
positive and negative emotions different? What genetic
basis underlies the brain abnormality that leads to dis-
orders of empathy, such as psychopathy? How can we
obtain information about how other people feel when we
cannot see their faces or hear their voices?

Social learning and development

In the past two decades, infants have been increasingly
recognized as seekers and providers of social interaction
and communication. If there are innate predispositions for
certain types of social abilities, and if lengthy periods of
cultural learning are not necessary prerequisites for these
abilities, it follows that infants should be socially compe-
tent right from birth. Indeed, much evidence has been
amassed to show that infants have certain social capa-
cities, for instance, recognizing faces, imitating (see Box 2)
following eye gaze [46] and knowing the sounds of their
language [47]. Our knowledge about neurophysiological
processes that underpin these predispositions for social
learning is as yet sparse.

Even though much of early learning appears to be
automatic, it nevertheless seems to require a naturally
rich and stimulating environment. The experience of social
interaction with other people seems to be key. Kuhl et al.
[48] demonstrated that infants older than nine months
were able to learn new speech sounds to which they had
never been exposed, after the previously established
‘sensitive period’ for sound categorisation. However,
later learning occurred only if the new sounds came
from a real person who interacted with the babies. No
learning occurred at this age if the same sounds were
presented on a tape recorder or video.

Review TRENDS in Cognitive Sciences Vol.8 No.5 May 2004 219

www.sciencedirect.com

http://www.sciencedirect.com


The enigma of adolescence

Adolescence is a time of profound mental change, affecting
social awareness, adaptation and character, as well as
disposition to several forms of mental illness. In the
teenage years, the incidence of antisocial behaviour
increases ten-fold [49]. Understanding the cognitive and
neural maturation during this period is vital, and yet, until
recently (see Box 3), there has been surprisingly little
empirical research on cognitive and neural development
during adolescence.

Social learning and development: future research

How does social reward and punishment shape, nurture or
eliminate behaviours that arise from innate social predis-
positions? Which type of learning requires the presence
of others? How do others shape an individual’s behaviour?
Is this a form of imitation that is ultimately rooted in the
mirror system of the brain? Is successful teaching faci-
litated by mentalising, e.g. evaluating the degree of
knowledge or skill already available to the pupil and
monitoring learning by adjusting the content of the
communication?

How does exposure to films and computer games
influence social learning and the social brain? Which
artificial social rules (e.g. etiquette) are easy and which are
hard to learn? How do individual differences in personality
and temperament interact with social learning?

Computational modelling and robot communication

It feels very different communicating with a quick check-in
machine at the airport than having the same ‘conversation’

Box 3. The adolescent brain

In the past few years, several structural MRI studies have been

performed to investigate the development of brain structure during

childhood and adolescence in humans. A consistent finding from

these studies is that the volume of grey matter decreases and the

volume of white matter increases in the frontal cortex throughout

adolescence. These data have been interpreted as reflecting a post-

pubescent increase in axonal myelination and concomitant decrease

in synaptic density [68–70]. Given these developmental changes in

the frontal cortex, cognitive abilities that rely on the frontal lobes,

including those involved in social communication, may change

during adolescence. A small number of studies, which have mainly

investigated executive function, have shown evidence of steady

improvement in performance speed and accuracy on certain exe-

cutive function tasks with age between childhood and late adoles-

cence [71]. A recent study, using a match-to-sample task in which

participants had to decide whether a facial expression matched a

word, revealed a dip in performance at puberty: 11–12 year olds were

,15% slower than younger children [72]. After puberty, performance

improved until it reached the pre-pubescent level by about16 years.

The researchers suggested that this pubertal dip in performance is

due to the proliferation of synapses in the frontal cortex that is

thought to occur at the onset of puberty [70].

Although a picture of a changing adolescent brain is beginning

to emerge, we still know relatively little about changes in social

cognition during this period of life. Whether brain development

during adolescence is linear or non-linear requires further research.

Very little is known about gender differences in cognitive or brain

development, and yet there is evidence that such differences exist.

In addition, future experiments could investigate the development

of non-executive functions, including social cognitive processes

such as self-awareness, awareness of others and interpretation of

complex emotions.

Box 2. Imitation

Although the finding that very young babies are capable of imitating

certain facial gestures suggests an innate, or early developed, system

for coupling the perception and production of movements [65], later

forms of imitation suggest a more sophisticated mechanism. 18-month-

old infants tend to imitate and complete actions made by a human

but not similar movements made by a mechanical device [66]. This

demonstrates that infants’ understanding of people, but not inanimate

objects, is within a framework that includes goals and intentions, which

can be gleaned from surface behaviour alone.

Another experiment showed that infants are capable of avoiding

slavish imitation [67]. Infants imitated an exact movement sequence

when an adult pressed a button with her forehead when both her hands

were free. However, they did not imitate the adult when she pressed the

button with her forehead while holding a shawl around her using both

hands (see Figure I). In this case, the infants generally used their hands

to press the button, presumably inferring that the woman would have

done so too, had her hands been free. These experiments suggest

that imitation might facilitate, through development, the interpretation

of the behaviours of others in terms of their underlying intentions

and desires.

Figure I. The behaviours shown to 14-month-old infants were: (a) an adult pressing a button with her forehead while holding a shawl around her using both hands,

and (b) pressing the button with her forehead when both her hands were free. (c) Infants imitated the exact movement sequence when the adult’s hands were free, but

usually did not when her hands were occupied (they used their hands to press the button instead). This demonstrates that infants do not slavishly imitate anything

they see, but are able to divide actions into means and goals. Reproduced with permission from [67].
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face to face with an airline employee. Robots are already
being developed that produce human-like emotional
expressions – such as smiling and frowning – and that
react to facial expressions of people. Robots already exist
that imitate complex human actions (such as bouncing a
ball on a tennis racquet; [50]). In the future, the develop-
ment of robotic toys that respond to the eye gaze of the
player, and change their behaviour according to the
player’s focus of attention, might become instrumental
in intra-disciplinary social cognition research [51]

Several aspects of social cognition are beginning to be
modelled computationally, and such endeavours have and
undoubtedly will continue to inform empirical research.
One example with a long history is the attempt to model
face recognition processes computationally. Recent attempts
have incorporated dissociable representations of identity
and expression in face perception [52] based on empirical
studies indicating different neural bases for coding these
aspects of faces [e.g., 53,54].

By contrast, an example of a computational approach
informing social cognitive neuroscientists comes from the
game-theory literature. This literature, with its long
history of computational simulation of interacting agents
with competing behavioural strategies [55,56], has begun
to enable predictions about the neural basis for cooperative
behaviour, for example, the salience of mutual cooperation
[24]. Why organisms will act altruistically in the absence
of direct pay back (indirect reciprocity) is a debated
problem, and recently ‘image scoring’ (reputation for-
mation) has been proposed as a solution [57]. This has been
shown to operate in experimental situations with humans
[58,59]. Moreover, it likely relates to aspects of face
perception that are beginning to be investigated in the
social cognitive neuroscience literature, such as trust-
worthiness [29].

Conclusions and outlook

There are many reasons then why social cognitive neuro-
science is currently exciting many researchers. The search
is on for brain mechanisms that reflect some of the most
complex aspects of human behaviour. However, mentalis-
ing, imitation, complex emotions, moral judgement, bar-
gaining, and fairness, appear to depend at least partly on
universal neurophysiological mechanisms, and precursors
of these complex social capacities are likely to exist in
many animal species.

Research on the neural correlates of social interactions
will be facilitated by the possibility of dual scanning in
which two brain scanners record the simultaneous neural
responses of two interacting people. Some studies have
duped subjects into believing that they are interacting
with another person outside the scanner, using interactive
games [60,61]. The natural reciprocity of human com-
munication requires that we look at two brains and not just
one. Important advances will be made when appropriate
techniques are available for developmental scanning
from birth to adulthood. This will allow us to understand
better the respective roles of innate predisposition and
cultural learning.
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