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Our ability to explain and predict other people’s behav-

iour by attributing to them independent mental states,

such as beliefs and desires, is known as having a ‘theory

of mind’. Interest in this very human ability has engen-

dered a growing body of evidence concerning its evol-

ution and development and the biological basis of the

mechanisms underpinning it. Functional imaging has

played a key role in seeking to isolate brain regions

specific to this ability. Three areas are consistently acti-

vated in association with theory of mind. These are the

anterior paracingulate cortex, the superior temporal

sulci and the temporal poles bilaterally. This review dis-

cusses the functional significance of each of these areas

within a social cognitive network.

One aspect of social cognition sets us apart from other
primates. It underpins our ability to deceive, cooperate
and empathize, and to read others’ body language. It also
enables us to accurately anticipate other people’s behav-
iour, almost as if we had read their minds. This exceptional
capacity is known as having a ‘theory of mind’, or men-
talizing. It underlies our ability to explain and predict the
behaviour of ourselves and others by attributing to them
independent mental states, such as beliefs, desires, emo-
tions or intentions. Theory of mind is an automatic, high-
level and – almost without exception – human function. In
these circumstances we can have no data from animal
studies directly relevant to the brain systems underlying
this ability. Furthermore, neuropsychology data, although
identifying involvement of brain regions such as the
frontal lobes and amygdala, are limited by their ability
to pinpoint functions to specific structures. Thus, in recent
years, functional imaging has become one of the more
powerful methods for studying the neural correlates of this
important human ability.

Theory of mind mechanisms

There is, as yet, no computational account of the mech-
anisms that underlie theory of mind or mentalizing ability.
However, it is thought to depend on an innate cognitive
mechanism [1], possibly dedicated and domain specific
[2,3]. Evidence from studies of autism support this theory.
Autism is a biologically based disorder that seems to be
characterized by a selective impairment in theory of mind
[4,5] (for example, see Box 1) that is able to account for
many of the deficits in communication, socialization and
imagination that are manifest in individuals with this
disorder [6]. Leslie’s model of mentalizing [1,7] proposes
that the theory-of-mind mechanism (ToMM) depends on a

representation of imaginary circumstances ‘decoupled’
from reality. When explaining a person’s behaviour in
terms of a belief, we have to recognize that this belief might
not correspond to reality. Even when it conflicts with
reality, it is the belief, not the reality, that determines
behaviour. To have a theory of mind, we must recognize
that other people are agents whose behaviour is deter-
mined by their goals. In addition, we have to recognize that
other people have a different perspective on the world
from ours. To understand their behaviour we have to take
account of their perspective as well as the state of the world
from our own perspective. We have to be able to separate
and compare the two perspectives.

The importance of this distinction is most clear-cut in
situations involving false beliefs. Chris knows that Helen
wants a chocolate. He also knows that the chocolates are
in the cupboard. So does he expect Helen to go to the
cupboard? No. Because he also knows that Helen believes
that the chocolates are still in the drawer. Chris’s knowl-
edge of Helen’s desire enables him to predict that she will
go to the chocolate, but his recognition of her false belief
enables him to predict that she will go to the drawer and
not to the cupboard where the chocolates really are.

Our ability to understand the behaviour of others in
terms of their goals and beliefs requires that we have some
expectations as to what these goals and beliefs are likely to
be. These expectations derive from our general knowledge
of the world, from our specific knowledge of this person
and from our observations of what he or she is doing. Of
particular relevance is the kind of knowledge of the world
that is referred to as a script [8]. Scripts record the
particular goals and activities that take place in a
particular setting at a particular time. For example, the
goals associated with the ‘restaurant script’ would include
reading the menu, ordering a drink and getting the bill. If I
catch the waiter’s eye and make the gesture of writing on
my left palm with my right forefinger he will usually bring
me the bill. He correctly interprets my action on the basis
of his knowledge of my likely goals. He will not bring me
pencil and paper (although this did happen to one of us,
C.D.F., on one occasion).

The primary aim of functional imaging is to isolate
the neural basis of the theory-of-mind mechanism. This
mechanism is likely to have evolved from several pre-
existing processes that contributed to its development and
are probably still involved during mentalizing. It has been
suggested that such functions might include the ability to
distinguish between animate and inanimate entities, the
ability to share attention by following the gaze of another
agent, the ability to represent goal-directed actions and
the ability to distinguish between actions of the self andCorresponding author: Helen L. Gallagher (h.l.gallagher@gcal.ac.uk).
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others [9]. Thus we would expect that the mentalizing
mechanism is a component of a network of functionally
related regions. We would also predict that such a uniquely
human mechanism might involve regions of the brain that
have undergone recent evolutionary changes.

Neuroimaging studies of theory of mind

Several functional imaging studies have been undertaken
to isolate the neural substrates of mentalizing ability
[10–18]. These have demonstrated remarkably consistent

results despite using multimodal and diverse cognitive
paradigms, such as verbal and non-verbal or on- and off-
line tasks. In accordance with Leslie’s theory [1], the
findings of these studies indicate that this ability is
mediated by a highly circumscribed region of the brain,
the anterior paracingulate cortex (approximately corre-
sponding to Brodmann area (BA) 9/32). Two other
regions of the brain, the superior temporal sulcus (STS)
and the temporal poles bilaterally, also consistently
activate in these studies but are not uniquely associated

Box 1. Theory-of-mind tasks

A good illustration of what is meant by ‘theory of mind’, or mentalizing,

and how it differs from other non-mentalizing social predicaments is the

‘sabotage/deception task’ [a] (Fig. I). This test makes a distinction

between two behaviours differing only in the demands they make upon

the ability to mentalize. Several other tests have been devised that make

similar ‘fine-cut’ comparisons between intact and impaired abilities

by using cognitively similar tasks: false photograph/false belief test

[b,c], understanding see/understanding know [d], and understanding

literal/metaphorical expression [e], recognition and spontaneous use of

instrumental gestures (gestures that are intended to regulate or change

the behaviour of others by communicating commands, e.g. go away)

but not expressive gestures (gestures deliberately expressing inner

feeling states, or responses to feeling states in others, e.g. embarrass-

ment) [e,f]. These types of tasks lend themselves well to functional

imaging paradigms and cognitive subtraction analyses.
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Fig. I. The sabotage and deception task. In this task, a child is shown two puppets: one is the ‘friend’ and the other the ‘thief’. A sweet is placed in a box and the child is

given the instruction: “always help the friend; never help the thief”. In the sabotage task (a) this would require the child to sabotage the thief’s attempts to steal the

sweet by locking the box. If the child sees the friend puppet coming, however, he should leave the box open. In the deception task (b) the box is unlocked and the child

is asked what he will say when the puppet asks if the box is open. The child should lie to the thief but tell the truth to the friend. It was found that when autistic children

were required to lie, they performed worse than control and mentally retarded children matched for mental age. However, they performed as well when required to

sabotage using physical manipulation (locking the box), demonstrating that their failure on the deception task was not due to an inability to understand the task but an

inability to ‘understand the mind’ of their opponent. (Reproduced with kind permission of the artist Axel Scheffler).
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with mentalizing. These two regions provide clues to the
origins of this mechanism as they both support pre-
existing functions and are involved in processing explicit
behavioural information such as the perception of inten-
tional behaviour (the STS) and the retrieval from memory
of personal experiences (the temporal poles), which are
believed to be essential prerequisites for the development
of such an ability. In this review we argue that the anterior
paracingulate cortex is the location of the cognitive mech-
anism underpinning the ability to represent mental states
‘decoupled’ from reality. We also speculate on the roles of
other key brain regions believed to comprise the ‘social
brain’ [12,19] and their role in the development of this
ability.

Anterior paracingulate cortex: the decoupling

mechanism

To date, functional imaging studies have activated net-
works of regions in association with theory of mind
[10–16] that involve both common areas (the anterior
paracingulate, the STS and the temporal poles) and
unique task-related areas. However, two recent studies
suggest that the anterior paracingulate cortex is the key
region for mentalizing [17,18]. In contrast to the earlier
studies that have all used ‘off-line’ paradigms requiring
the volunteer to consider a scenario and retrospectively
explain the behaviour of the person or persons involved,
both of these studies have used paradigms that require
their volunteers to mentalize in real time or, in other
words, ‘on-line’ [7].

Using positron emission tomography (PET), Gallagher
et al. [18] asked volunteers to play a competitive game
that was a computerized version of the children’s game
‘stone, paper, scissors’. The game was played under three
different experimental conditions that allowed tight con-
trol of other cognitive demands. In the mentalizing con-
dition volunteers believed they were playing against the
experimenter and thus adopted what Dennett [20] describes
as an ‘intentional stance’, which is to treat a system as an
agent, attributing to it beliefs and goals. In the comparison
condition, volunteers believed they were playing against a
computer using a predetermined, rule-based strategy, and
thus treated their opponent not as an agent but as a
machine. In fact, in both instances during the critical
scanning window they played against a random sequence.
The only difference between the conditions was the atti-
tude, or ‘stance’, adopted by the volunteer. In a third
condition the volunteers were told they were playing
against a random sequence that acted as a low-level
control. The main comparison of the mentalizing condition
versus rule solving showed only one region of significant
activation – the anterior paracingulate cortex bilaterally
(x ¼ 8, y ¼ 54, z ¼ 1; Fig. 1). No further regions appeared
even when the statistical threshold was lowered to p ¼ 0.1.

McCabe et al. [17] also found activation in the anterior
paracingulate cortex in association with cooperation,
which the authors suggest ‘requires the ability to infer
each other’s mental states to form shared expectations over
mutual gains and make cooperative choices that realize
these gains’. In this functional magnetic resonance imaging
(fMRI) study, volunteers played standard two-person ‘trust

and reciprocity’ games with both human and computer
counterparts for cash rewards. Activity in the anterior
paracingulate cortex was seen in a group of volunteers who
consistently cooperated with the person they were playing
against. This activity was not seen when they played the
same game against a computer. These two studies differ
from the earlier functional imaging studies of mentalizing
ability in two important characteristics. As mentioned
earlier, both studies examined ‘on-line’ mentalizing ability.
In addition, the only difference between the mentalizing
condition and the control conditions in both of these
studies lay in the ‘stance’ adopted by the volunteers.
Because the interactions occurred via a computer, no
explicit behavioural cues such as eye gaze or expressive
body language were available. Furthermore, the cues that
were available were identical in the various conditions.
This lack of differential cues to aid mentalizing might
explain why these studies failed to activate any other
regions in association with mentalizing. Had the volun-
teers been able to view their opponents it is probable that
some of the other regions seen in previous studies of
mentalizing, such as the STS or the temporal poles, might
also have activated. We propose that activity in the medial
prefrontal cortex occurs when cues are used in a particular
way; that is, to determine an agent’s mental state, such as
a belief, that is decoupled from reality, and to handle
simultaneously these two perspectives on the world.

Anterior paracingulate cortex: anatomical features

The medial prefrontal region activated by these studies
and all of the previous studies of mentalizing ability
[10–16] can be described as the most anterior part of the
paracingulate cortex, where it lies anterior to the genu of
the corpus callosum and the anterior cingulate cortex
(ACC) proper. The paracingulate cortex (approximately
corresponding to BA 32) is often considered to be part of the

Fig. 1. Region of maximum activity in the region of the anterior paracingulate

cortex elicited when subjects adopted an ‘intentional stance’. This image displays

group data mapped onto a template brain.
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ACC that incorporates the cytoarchitecturally defined
Brodmann areas 24, 25 and 33. The ACC is an ancient
structure that has been broadly defined by Broca as
belonging to the limbic lobe [21]. However, the existence of
an unusual type of projection neuron (spindle cell) found
in the human, and in some other higher primates (pongids
and hominids) but not in monkeys, is evidence that the
ACC has undergone changes in recent evolution [22].
Furthermore, in humans these cells are not present at
birth, but first appear at around 4 months of age [23]. In
the human brain BA32 often extends anteriorly into
the paracingulate gyrus [24]. This is dependent on the
presence or absence of a paracingulate sulcus, the inci-
dence of which is approximately 50% [24]. The presence of
a paracingulate sulcus indicates that this frontal region is
likely to be located on a gyral crown and this increased
cortical folding might be indicative of a progressive evolu-
tion of this region in humans [25]. However, BA32 has
been described cytoarchitectonically as a cingulofrontal
transition area [26] and therefore anatomically (and
speculatively functionally) distinct from the ACC proper.
It remains to be seen whether the recent evolutionary
changes observed in the ACC are relevant to the more
anterior region of the medial frontal lobe, where activations
associated with mentalizing are observed.

Theory-of-mind: lesion studies

As yet, we have no information about the effects of lesions
in circumscribed regions of the paracingulate cortex. How-
ever, there is evidence from studies of neurological patients
that intact frontal cortex, in particular the medial frontal
region, is necessary for good performance of mentalizing
tasks. Rowe et al. [27] found that patients with frontal
lesions had difficulties with mentalizing tasks and these
difficulties were independent of problems they had with
traditional executive tasks. Stuss et al. [28] also found that
patients with frontal lesions had difficulties with mental-
izing tasks. In particular, patients with medial frontal
lesions (especially on the right) were unable to detect the
deception of a protagonist, a classic task requiring mental
state attribution.

Alternative accounts of paracingulate activity

Could the activation of the anterior paracingulate cortex in
studies of theory of mind simply reflect autonomic arousal?
This idea is based on evidence from neuroimaging studies
that have attributed activation in regions of the ACC to
autonomic arousal, in particular cognitive uncertainty
and anticipatory arousal [29,30], However, the region
activated in those studies was significantly more posterior
to the anterior paracingulate cortex seen in the mentalizing
studies (see Fig. 2).

Is it possible that mentalizing tasks activate the medial
prefrontal cortex because they are intrinsically difficult
and involve components typical of executive tasks? This
also seems unlikely. In a meta-analysis of functional
imaging studies in which cognitive demand was mani-
pulated, Duncan and Owen [31] found a dorsal part of
the ACC to be associated with increasing task difficulty.
However, the coordinates of the anterior paracingulate
activations seen in the imaging studies of mentalizing

are more anterior to this region. Similarly, in the meta-
analysis of ACC activations associated with Stroop-like
tasks reported by Barch et al. [32], the focus of activity
was posterior to that observed in studies of mentalizing
(see Fig. 2).

There are, however, several studies in which this region
of the medial prefrontal cortex has been activated by tasks
that did not involve thinking about the mental states of
other people. For example, activation of this area is seen in
studies of emotion [33], especially when volunteers are
asked to reflect upon the emotions they are currently
experiencing [34,35]. These tasks also involve mentaliz-
ing, except that it is our own mental states rather than
those of other people that have to be represented. The
paracingulate cortex has been activated in imaging studies
involving many forms of this kind of self-monitoring: visual
self-recognition [36], autobiographical memory [37,38],
verbal self-monitoring [39], self-generated thoughts [40],
externally produced tickling [41], and perception of pain
[42]. Gusnard et al. [35] have noted that the paracingulate
cortex is active during the ‘rest’ condition in many studies
of cognitive processes. They speculate that this might
reflect a ‘default’ mode of functioning in which we think
about ourselves when there is nothing external to attend
to. It is well established that the ACC has a role in directed
attention. Perhaps its most anterior section is specialized
for directing attention to mental states.

The role of the STS

In addition to the anterior paracingulate cortex, two
regions, the STS and the temporal poles bilaterally,
consistently activate in studies of theory-of-mind ability.
This activity is probably not related to the decoupling
that is necessary for mentalizing. The functions of
these regions might relate to abilities that aid mental-
izing. It is from these pre-existing abilities that
mentalizing has evolved. The precise role of the STS is
still unclear. Gallagher et al. [13] found predominantly
right STS to be associated with understanding the
meaning of stories and cartoons involving people, with
or without the requirement to mentalize. Other func-
tional neuroimaging studies of theory-of-mind tasks

Fig. 2. The points of maximum activity in the anterior cingulate cortex found to be

associated with autonomic arousal, cognitive demand and response conflict

displayed with the same data from theory-of-mind studies in the anterior

paracingulate cortex.
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have associated STS activity with the involvement of
people when understanding causality and intentionality
[14], the attribution of intentions to the movements of
geometric shapes [15] and taking the self-perspective
[16]. It is likely that all of these tasks share one common
function that is able to account for this consistent
activation.

Biological motion

Functional imaging studies that examine the per-
ception of biological motion activate the same region
of the STS in association with hand actions [43,44],
body movements [45–47], mouth movements and lip
reading [48,49], implied biological motion [46,50] and
eye movements and gaze direction [48,51–53]. In
addition, Narumoto et al. [54] found that the right
STS was part of a network of face-responsive brain
regions. Selective attention to facial emotion specifi-
cally enhanced the activity of the right STS compared
with attention to the face per se. They attribute this
activation to facial emotion recognition within a
distributed face-processing system.

Consideration of these findings has led researchers to
speculate on the role of this region within a social cognitive
network. Allison et al. [55] suggest that the STS is sensi-
tive to stimuli that signal the actions and intentions of
another individual. The results of neuroimaging, electro-
physiological and single-cell recording studies converge to
suggest that initial analysis of social cues occurs in the
STS region, which is anatomically well sited to integrate
information derived from both the ventral and dorsal
visual pathways. In accordance with this notion, Frith and
Frith [9] suggest that the STS is involved in the detection
of the behaviour of agents and analysis of the goals and
outcomes of this behaviour. The results of the Gallagher
et al. [13] study, in particular, indicate that the right STS
is involved in explaining the behaviour of others as a result
of recognizing a physical cause or their mental state. This
idea gains support from a recent fMRI study of social
judgement. Winston et al. [56] asked volunteers to view
faces and make judgements on either trustworthiness or
age. They found right STS activity when volunteers made
explicit judgements about trustworthiness. The authors
attribute this activity to intention detection from visual
cues, a critical component in determining whether or not to
trust an individual.

The role of the temporal poles

The temporal poles are generally associated with object
and face recognition in primates [57]. However, func-
tional imaging studies of humans have activated the
temporal poles in association with the broader context
of episodic memory retrieval in visual and auditory
domains. Thus the temporal poles are active during the
recollection of familiar faces and scenes [58], the
recognition of familiar voices [59], emotional memory
retrieval [60] and autobiographical memory retrieval
[61]. Taken together, these results suggest that the
temporal poles are a store for personal semantic and
episodic memories.

There are several reasons why episodic memory might

be useful for mentalizing. If we are engaged in deception
we need to remember what we said to someone the last
time we met them. We might remember past episodes in
which the behaviour we are observing now was associated
with a particular mental state. We might draw on our past
experience to imagine ourselves in the situation of another
person and thereby ‘simulate’ their experience [62]. We
have already mentioned the importance of semantic
memory for generating the scripts that enable us to
anticipate the likely goals of particular people in particular
situations. Patients with semantic dementia show atrophy
in the anterior temporal lobes, especially on the left [63].
As this atrophy progresses, these patients lose knowledge
of all but the simplest and most concrete scripts [64]. This
should lead to specific difficulties with theory-of-mind
tasks.

The amygdala and orbitofrontal cortex

It is clear that mentalizing recruits regions of the
brain involved in the general interpretation of beha-
viour that contribute to a neural network of social
cognition, the extent of which remains to be identified
and the specific functions to be determined. Other
brain regions have been implicated in social cognition,
which might also contribute to this network, in parti-
cular the amygdala and the orbitofrontal cortex [19].
There have been suggestions that the amygdala might
play a part in either the development or functioning
of theory of mind [12,65]. However, among all the
functional imaging studies of theory of mind [10–18,66],
only Baron-Cohen et al. [12] found amygdala activa-
tion. In this study volunteers were required to read a
mental or emotional state from another individual’s eye
expression. It is feasible that this finding might reflect
the amygdala’s responsiveness to eye gaze information
[67] or the recognition of emotional behaviour.

It has been suggested that the amygdala responds
automatically to socially salient stimuli. A functional
imaging study of social cognition [56] found automatic
amygdala activation in response to untrustworthy
faces, independent of whether the volunteer was
making judgements about gender or explicitly judging
trustworthiness. This is in contrast to the STS, which
was only active during explicit judgements of trust-
worthiness. The rapid and automatic response of the
amygdala to socially salient stimuli might have an
important role in the development of theory of mind.
Recognizing that the mother is afraid is the cue for the
child to find out what the mother is afraid of. This idea
would explain the theory-of-mind impairments seen in
a patient who suffered a congenital lesion of the left
amygdala [65]. Taken together, these findings suggest
that although the amygdala might have a role in the
appropriate development of theory of mind, it might
not be involved in mentalizing per se.

Baron-Cohen and Ring [68] have proposed that the
orbitofrontal cortex is also part of a theory-of-mind
circuit and suggested that damage to this region would
produce subtle impairments in theory of mind, rather
than the complete loss of mentalizing ability. However,
as in the case of the amygdala, only one neuroimaging
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study of theory of mind, to date, has found increased
activity in the orbitofrontal cortex [66] and this was
relative to the left frontopolar region. No other regions
were analysed in this study and so interpretation of
the results is limited. Clinical observations in humans
and experimental reports in primates have consistently
indicated that the orbitofrontal cortex is engaged in the
regulation of social behaviour [69,70]. A study by Stone
et al. [71] found that patients with bilateral damage to
the orbitofrontal cortex were found to be impaired on a
sophisticated test of theory of mind – the faux pas test,
leading to suggestions that this area of the brain is
important to theory of mind. However, these patients,
who did not suffer any damage to the paracingulate
region of the brain, performed well on standard first-
and second-order false belief tasks. This indicates that
their theory-of-mind abilities remained intact. Recog-
nizing a faux pas requires both an understanding of
false or mistaken belief and an empathic inference of
the effect it has on someone. In a recent neuroimaging
study examining the neural basis of social norm
violations (Berthoz et al., unpublished), the orbito-
frontal cortex was activated in association with both
intentional and unintentional (embarrassing) violations
of social norms. The authors suggest that the orbito-
frontal cortex is a component of a system that responds
to the aversive reactions of others, in particular others’
anger. Therefore, although the orbitofrontal cortex
seems to form part of the social brain with respect to
processing aversive or more generally affective social
stimuli, it is unlikely to be directly responsible for
theory of mind.

Conclusions

Neuroimaging data have provided compelling evidence to
suggest that our ability to mentalize is mediated by a
circumscribed region of the anterior paracingulate cortex.
Nonetheless, this region seems to be strongly associated
with a more widespread network of brain regions involved
in social cognition. Neuroimaging is set to play a signifi-
cant role in determining the precise functions of the neural
substrates comprising this network and the mechanisms
underlying theory of mind. In particular, the specific
involvement of the amygdala and the orbital frontal cortex
in mentalizing needs to be examined. Do these areas
support functions that are essential prerequisites for
acquiring a theory of mind? Or is their role to provide
additional information for processing more heterogeneous
social tasks such as faux pas. Imaging normal children,
with fMRI, at different stages of social development might
answer some of the enduring questions about the brain
systems involved in the acquisition of this highly special-
ized ability – which could help to elucidate the brain basis
of autism.
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