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Development and neurophysiology of mentalizing 

Uta Frith1 and Christopher D. Frith2* 

'Institute of Cognitive Neuroscience, and 2Wellcome Department of Imaging Neuroscience, University College London, 

Queen Square, London WC1N 3AR, UK 

The mentalizing (theory of mind) system of the brain is probably in operation from ca. 18 months of age, 

allowing implicit attribution of intentions and other mental states. Between the ages of 4 and 6 years explicit 

mentalizing becomes possible, and from this age children are able to explain the misleading reasons that 

have given rise to a false belief. Neuroimaging studies of mentalizing have so far only been carried out in 

adults. They reveal a system with three components consistently activated during both implicit and explicit 

mentalizing tasks: medial prefrontal cortex (MPFC), temporal poles and posterior superior temporal sulcus 

(STS). The functions of these components can be elucidated, to some extent, from their role in other tasks 

used in neuroimaging studies. Thus, the MPFC region is probably the basis of the decoupling mechanism 

that distinguishes mental state representations from physical state representations; the STS region is prob- 

ably the basis of the detection of agency, and the temporal poles might be involved in access to social 

knowledge in the form of scripts. The activation of these components in concert appears to be critical 

to mentalizing. 

Keywords: mentalizing; theory of mind; medial prefrontal cortex; anterior cingulated cortex; 

temporal poles; superior temporal sulcus 

1. DEVELOPMENT OF MENTALIZING 

In 1978 a paper by Premack and Woodruff appeared with 

the provocative title 'Does the chimpanzee have a "theory 
of mind"?' (Premack & Woodruff 1978). The phrase 

'theory of mind' was not to be taken literally of course, 
and certainly it did not imply the possession of an explicit 

philosophical theory about the contents of the mind. 

Instead, it crystallized the question of whether the mind 

of the chimpanzee works like the human mind, in that it 

makes the implicit assumption that the behaviour of others 

is determined by their desires, attitudes and beliefs. These 

are not states of the world, but states of the mind. Over 

the years, alternatives for the term 'theory of mind', such 

as 'ToM', 'mentalizing' and 'intentional stance', have also 

come into use. We will mainly use the term 'mentalizing'. 
Premack and Woodruff in their seminal paper reported 

studies that tested the possibility that chimpanzees are 

implicitly aware that different individuals can have differ- 

ent thoughts and use this ability to predict their behaviour. 

One of the more striking outcomes of this social insight 
would be the ability to deceive others and to understand 

deception. The results of the experiments were equivocal 
and subsequent studies have remained tantalizing 

(Byrne & Whiten 1988; Heyes 1998; Povinelli & Bering 

2002). While some studies reported an incipient but not 

very robust theory of mind in the chimpanzee and other 

great apes, the verdict fell the other way for monkeys: they 
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do not show any evidence of the ability to attribute mental 

states (Cheney & Seyfarth 1990). 
In contrast to the uncertainty about mentalizing in other 

species, the development of a fluent mentalizing ability, 
with far-reaching consequences for social insight, is 

undoubtedly a human accomplishment. How does this 

ability develop? When do children first show evidence of 

mentalizing? Evidence might come from explicit mental 

state language ('I think my brother is pretending to be a 

ghost'), but mentalizing might also be implicit in behav- 

iour (far from being frightened, the child removes the 

sheet to reveal her brother underneath). In his commen- 

tary on Premack and Woodruffs paper, Dennett (1978) 

proposed a stringent test for the presence of theory of 

mind, the prediction of another person's behaviour on the 

basis of this person's false belief. A true belief would not 

do, as in this case it would be impossible to decide 

unequivocally whether the other person behaves in 

accordance with reality or in accordance with his or her 

own belief about reality. So, if the child runs towards the 

curtain when another person is hiding there, this may be 

because the other person is indeed there, or because the 

child believes the other person to be there. A new experi- 
mental paradigm was needed, and this was created by 
Heinz Wimmer and Josef Perner (1983). This paradigm 

opened the door to a new era in the study of social cog- 
nition. It goes like this: Maxi has some chocolate and puts 
it into a blue cupboard. Maxi goes out. Now his mother 

comes in and moves the chocolate to a green cupboard. 
Maxi comes back to get his chocolate. Where will Maxi 

look for the chocolate? The answer is of course: Maxi will 

look in the blue cupboard, because this is where he falsely 
believes the chocolate to be. Control questions checked 

that the child understood the sequence of events: where 
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is the chocolate really? Do you remember where Maxi put 
the chocolate in the beginning? 

A series of subsequent studies established that children 

of ca. 4 years of age, but no younger, begin to understand 

this scenario and can verbally explain it when asked. At 

age 5 years over 90%, and at age 6 years all children, could 

understand the task (Baron-Cohen et al. 1985; Perner et 

al. 1987). Other researchers used variants of this task with 

essentially similar results. Studies were also carried out in 

other cultures indicating the universality of this clear 

developmental phenomenon (Avis & Harris 1991). 

(a) From age 5years 
Perner & Wimmer (1985) devised a more difficult task 

that required the attribution of a belief about another per- 
son's belief, a so-called second-order task. Here, Mary 
believes that John believes that something is the case. 

Children from the age of ca. 5 or 6 years effortlessly 
understand this task (Sullivan et al. 1994). Even more 

complex scenarios are used in suspense stories with detec- 

tives and spies where people carry around secrets and 

resort to bluff, and double bluff if necessary. These plots 
are popular from late childhood onwards and do not seem 

to require much mental effort. Of course to know about 

the full range of mentalizing situations and to use this 

knowledge to predict other people's behaviour, experience 
is necessary. There are many shades of social insight and 

social competence in adults. The successful Machiavellian 

individual probably has to practice for many years, and 

benefits from the study of suitable handbooks. Niccolo 

Machiavelli's (1469-1527) treatise on political acumen in 

The Prince is still unsurpassed. 

(b) From age 3 years 
But what happens before the age of five? Do young chil- 

dren not act as if they knew that other people had thoughts 
and that thoughts are different from physical states? Of 

course they do. A number of experimental paradigms 
suitable for younger ages have been invented to demon- 

strate this. Three-year-olds certainly know the difference 

between physical and mental entities. For instance, Well- 

man & Estes (1986) told children that one character had 

a biscuit and another was thinking about a biscuit. Chil- 

dren had no trouble saying which biscuit could be touch- 

ed. 

From 3 years of age or earlier children use words which 

refer to mental states, 'I thought it was an alligator. Now 

I know it's a crocodile', is an example quoted by Shatz et 

al. (1983) from a 3-year-old. Examples of mental state 

words in use by many 2-year-olds are want, wish and pre- 
tend. 

The false-belief scenario with Maxi and the chocolate, 
which at first glance is quite complicated, has been trans- 

formed into a little play that can be watched by young 
children aged 3 years. In this way, Clements & Perner 

(1994, 2001) were able to show that when Maxi comes 

back to look for his chocolate, 3-year-olds reliably look 

first at the door near the blue cupboard, where he initially 

put the chocolate rather than the door near the green cup- 
board. Nevertheless, when asked the test question, the 

same children point towards the green cupboard, and give 
the wrong answer. 

Three-year-olds also have an incipient understanding of 

the difference between knowing, thinking and guessing. 

Masangkay et al. (1974) and Flavell et al. (1981) showed 

that children aged 3 years, but not younger ones, could 

tell that if there were different pictures on each side of a 

card, the person sitting opposite would see a different pic- 
ture when the card was held up. Hogrefe et al. (1986) 
showed that 3-year-olds realize that only the person who 

has looked inside a box knows what is inside it, but not 

another person, who did not look inside. However, such 

understanding is evident even earlier in the right com- 

municative context. In the context of requesting an object, 

2-year-olds show themselves to be sensitive to the knowl- 

edge state of a parent. They actively direct their mother's 

attention to the location of an object, if, unbeknown to 

her, the object had been moved (O'Neill 1996). Four- 

year-olds are less dependent on this context and can give 
reasons why seeing leads to knowing, and not seeing to 

not knowing (e.g. O'Neill & Gopnik 1991; Povinelli & 

deBlois 1992). Remarkably, when tested in implicit form, 
infants from as young as 18 months of age appear to have 

a practical understanding of this logic (Poulin-Dubois et 

al. 2003). The infants in this study were surprised, and 

looked longer, if a woman pointed to the wrong place after 

she had observed where another person hid an object. By 

contrast, they were not surprised and, did not look longer, 
when she had been unable to observe the hiding place. 

(c) From 18 months of age 
The age of 18 months (or thereabouts) is, in many 

respects, a developmental watershed, which marks the end 

of infancy. Thus, beginning at around this time, language 

learning takes off rapidly. This may be because from that 

time onwards word learning is facilitated by the ability to 

track a speaker's intention when he or she utters a word 

(Baldwin & Moses 1996; Bloom 2000). The child knows 

when the mother is naming an object for the benefit of 

the child rather than saying words that have nothing to do 

with the object the child is holding at the time. Without 

making this distinction the child would learn accidental 

sound and object associations. In fact such errors are rare. 

This age is also significant for the onset of pretend play. 
As Leslie (1987) cogently argued, the understanding of 

pretence is an unequivocal manifestation of the ability to 

mentalize. Leslie's well-known example is the mother 

playfully picking up a banana and pretending to tele- 

phone. The child laughs and does not get confused about 

the property of telephones and bananas. To prevent such 

confusion the child must have the ability to represent the 

attitude the mother takes to the banana. This has to be 

different from the representation of the banana's real life 

use. A possible cognitive mechanism suggested by Leslie 

was termed 'decoupling'. This term vividly conveys the 

need to keep separate representations of real events from 

representations of thoughts that no longer need to refer to 

such events. 

The examples of pretend play and rapid language acqui- 
sition involve the joint attention of two people. Mother 

and child jointly attend to the object being named or to 

the object that is the target of pretence. When is joint 
attention first documented? The answer depends on 

whether strict or lenient criteria are used. The minimum 

requirement for joint attention is that both infant and 

adult look together at a third object. But this may be acci- 
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dental or contrived. A more stringent requirement is that 

one person's attention towards the object is deliberately 
drawn there by the other person, starting with a direct 

gaze. From approximately 12 months of age infants tend 

to look automatically at a target that an adult is looking 
at (Butterworth & Jarrett 1991). However, this achieve- 

ment is not as impressive as it seems, as this only happens 
when the target is already within the infant's point of view. 

It is not until approximately 18 months that the infant 

reliably turns towards a goal that an adult is pointing to 

or gazing at, when this goal is not already in the line of 

vision (Butterworth 1991; Caron et al. 1997). Using the 

most stringent criterion one might therefore date joint 
attention from 18 months, even though joint looking and 

gaze following can be observed much earlier. Strictly 
defined joint attention indicates an implicit awareness of 

the fact that different people can pay attention to different 

things at the same time, and of the fact that their attention 

can be 'directed' to coincide with one's own interests. The 

development of joint attention between 14 and 24 months 

has been shown to have an orderly progression by 

Carpenter et al. (1998) and to be correlated with other 

significant developments in social competence. Reliable 

imitation of intentional actions performed by others, 

regardless of whether these actions reach their goal, also 

emerges at approximately 18 months, as demonstrated in 

a classic study by Meltzoff (1995). 
At this stage, infants also seem to respond to a novel 

toy by taking into account their mother's emotional 

expression: they will not approach it if she signals fear 

(Repacholi 1998). Children at this age understand eye 

gaze as a communicative tool. They know that a person 
cannot see through an obstacle and they try to remove the 

hands if their mother covers her eyes when they want to 

show her a picture (Lempers et al. 1977). 
At earlier ages, examples of mentalizing have rarely been 

reported, and this may indicate that the index behaviour 

is less robust at younger ages. One highly interesting study 

by Onishi & Baillargeon (2002) suggests that appropriate 
methods using length of looking time, can reveal an 

implicit form of false-belief understanding in children 

aged 15.5 months. 

(d) From 12 months of age 
There are some achievements from the age of 

12 months (or thereabouts) that may well be vital mile- 

stones on the road to the development of mentalizing and 

suggest a dawning awareness of mental states such as 

intentions and desires. Perhaps the most impressive 
achievement is that from the age of 1 year onwards, infants 

can respond to an object as an intentional agent, purely on 

the basis of its interactive behaviour with another person 

(Johnson 2003). 
Some of the most important tools for communication 

outside language come from looking and pointing ges- 
tures. They allow even infants to predict the action of 

agents. Woodward et al. (2001) showed that from 

12 months of age but not before, there is a primitive 

understanding that gaze involves a relation between a per- 
son and the object of her gaze. 

From approximately 12 months of age infants use infor- 

mation about an adult's gaze direction and positive 
emotional expression to predict that the adult will reach 

for the object (Phillips et al. 2002). This indicates an early 

ability to appreciate that a person may have different goals 
and that these goals may have different meanings. Sod- 

ian & Thoermer (2003) demonstrated that infants expect 

agents to grasp the object that they look at, rather than 

another object that is also present. However, if a pointing 

gesture was used as a cue for grasping instead of gaze, 
infants were less surprised if the agent grasped the other 

object instead. 

(e) From nine months of age 

Gergely et al. (1995; see also Csibra 2003) obtained evi- 

dence from an ingenious experiment concerning infants' 

ability to reason about goals. They call it the principle of 

rationality: infants aged between 9 and 12 months expect 

agents to approach a goal in the most economic way. They 
are surprised if an agent does not do so, but jumps instead 

over an invisible hurdle. This demonstrates that they can 

separately represent goals of agents and the means used 

to reach the goal. The ability to represent goals and the 

ability to reason 'rationally' are likely to be an important 

prerequisite of the ability to represent intentions. 

(f) From six months of age 
Infants at about this age are surprised if an object moves 

on its own, but not if a person does (Spelke et al. 1995). 
This suggests that they can distinguish animate agents by 
the fact that they are self-propelled. By this definition a 

self-propelled agent need not be a biological creature, but 

can be a mechanical toy or even a car. The importance of 

agents is not that they are biological entities but that they 

may move unpredictably 'of their own will'. The represen- 
tation of the action of agents is likely to be an essential 

requirement for the representation of the intention of 

agents. 
Woodward (1998) showed that infants expected a 

human hand to reach towards the same goal objects when 

its location had been changed rather than for a different 

object that would have been easy to reach. By contrast, 
the infants did not show this differentiated expectation 
when no human hand was used, but instead a mechanical 

rod. The distinction between biological and mechanical 

movement is probably another prerequisite for the under- 

standing of intentions. As we shall see in ? 4b, in adults, 

specific regions in the STS of the brain are active in 

response to these different types of movement. That the 

difference is detected at such an early age suggests that 

these regions mature early and that learning must be 

ultra-fast. 

(g) From three months of age 
The range of behaviours that can be observed in the 

early months of life is quite limited, and this limits the 

sources of evidence. However, it is clear that infants only 
a few weeks old smile more and vocalize more towards 

people than towards objects (Legerstee 1992). This could 

well suggest an innate preference for social stimuli. 

Not only eye movements but also other forms of bio- 

logical motion seem to have a privileged status in 

attracting infants' attention at an extremely early age. 

They track objects with self-propelled movement 

(Crichton & Lange Kuettner 1999). They also show more 

interest in the kinematic patterns of point-light displays of 
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a person walking than of random movement (Bertenthal 

etal. 1984). 
The ability to react reflexively to movement of gaze as 

a priming cue for one's own eye movement is likely to be 

innate as it can already be observed at three months of age 

(Hood et al. 1998). This is different from the voluntary 

following of the general direction of an adult's gaze, which 

is not accomplished until ca. 12-18 months of age. The 

same observable action, gaze following, is guided by differ- 

ent mechanisms and thus can mean very different things. 
It is unlikely that the early gaze reflex evident at age three 

months rests on the same neural substrate as the type of 

sophisticated gaze following seen at age 18 months that 

implies the ability to mentalize. 

2. CONCLUSIONS 

Evidence of mentalizing becomes abundant only from 

ca. 18 months of age. Accomplishments at, and just be- 

fore, 12 months of age are nevertheless astounding in their 

own right. They suggest that the infant can represent sep- 

arately agents, goals and means of getting to the goal. Rep- 

resenting the visible goals of agents, however, is not the 

same as representing the invisible intentions in agents. It 

is unclear whether, and how, this early ability relates to 

the later understanding of intentions. Intentions, after all, 

can result in actions that may be thwarted or never ful- 

filled. So far, clear evidence for understanding intentions 

is only available from 18-month-olds, at the same time as 

they begin to understand other mental states. 

One remarkable fact about the studies reviewed is that 

they suggest universal developmental stages, applicable to 

all children, notwithstanding individual differences in the 

speed of development. For this reason it is possible to 

identify abnormal development in those children who 

appear to have a faulty mentalizing mechanism. This is 

suggested to be the case in autism (Baron-Cohen et al. 

1985). 

Perhaps it is difficult to find evidence for the intentional 

stance in the first year of life because there are limits set 

by the experience that is available to young infants, but 

there are also limits set by the state of maturation of the 

brain. The presence of developmental abnormalities in 

brain function that affect mentalizing would not be readily 
discovered at this young age. Would enhanced experience 
at this stage be helpful? Possibly, but even if experience is 

available, innate mechanisms may not be mature enough 
to take advantage of it. Cognitive mechanisms may go 

through a number of developmental stages, and this could 

well be the case for the mentalizing system. 

Tentatively, we can conclude that an implicit version of 

the intentional stance emerges first, concerned with 

desires, goals and intentions. This is usually dated at 

around 18 months. At 18-24 months there is a conver- 

gence of several important developmental milestones, 

including a true understanding of joint attention, deliber- 

ate imitation and the ability to track a speaker's intention 

while learning words. There is also evidence for the ability 
to understand knowing and seeing at an implicit level, and 

possibly even an implicit understanding of false belief. 

In summary, we can probably assume that the under- 

standing of many mental states (wanting, intending, 

knowing, pretending and believing) is already available in 

implicit form to 2-year-olds and governs their behaviour 

as well as their understanding of other people's behaviour. 

We would therefore expect that if functional brain imaging 
were done in children aged 2 years (for example, while 

watching an agent performing actions that do not reach 

their goal versus a robot performing mechanical goal- 
directed actions), the mentalizing system of the brain (see 

? 4) would already be in operation. Conversely, in children 

with autism, the presumed fault in this system should 

show up at this age too. 

We can also conclude that another major leap in the 

development of mentalizing occurs between the ages of 4 

and 6 years. It is only from 6 years of age onwards that 

we can safely attribute to a normally developing child a 

full and explicit awareness of mental states and their role 

in the explanation and prediction of other people's behav- 

iour. What explains this significant change? Different 

theories are currently debated. One assumes that the 

change is extraneous to mentalizing but has to do with 

the executive components of false-belief tasks (e.g. Russell 

1996). Another theory postulates that only the older child 

can apply the full ability to simulate another person's men- 

tal states, moving freely from their own to another's per- 

spective (Harris 1991). A third proposal is that the child 

behaves like a theorist who, from time to time, is com- 

pelled by the facts to change his concepts about the physi- 
cal and social world (Gopnik & Wellman 1994). While 

all these theories might help to explain changes in task 

performance, an even more parsimonious theory is that 

the mentalizing mechanism itself makes another leap in 

development at ca. 4 years of age. If it were possible to 

make visible the mentalizing system in the brain during 

implicit watching of a false-belief scenario before and after 

the observed changes in explicit task performance, this 

question might be answered. 

(a) What role for early components of social 

cognition in mentalizing? 
While other primitive neural mechanisms may facilitate 

social learning, we do not know whether they contribute 

directly to the social insight that is facilitated by the inten- 

tional stance. It is possible that strong connections 

between the brain regions that subserve these mech- 

anisms, strengthened through learning, eventually give rise 

to the ability to mentalize. It is also possible that an 

additional neural mechanism is needed for the develop- 
ment of this ability, which is, after all, of late origin in 

terms of evolution. 

We can only speculate about the role of early-appearing 

components of social cognition in mentalizing. There are 

three such functions, which might be particularly relevant. 

First, there is the preference for social stimuli. Evidence 

from behavioural and electrophysiological studies suggests 
that even newborn infants are responsive to human faces 

and preferentially orient towards stimuli that resemble 

faces. In adults the fusiform gyrus and STS are thought 
to subserve this function (Chao et al. 1999; Allison et al. 

2000). In newborn babies, however, these cortical areas 

are not yet mature, and subcortical regions are probably 
involved (Johnson & Morton 1991), Second, an agency 
detection mechanism might be the basis of the sensitivity 
of three-month-olds to biological motion and eye move- 

ment. This mechanism in adults is thought to be sub- 

Phil. Trans. R. Soc. Lond. B (2003) 



Mentalizing in the brain U. Frith and C. D. Frith 463 

served by the STS. Third, there may be a mechanism that 

enables an understanding of the meaning of actions, a dif- 

ferentiation of the goals of actions and the means to reach 

them. Mirror neurons, situated in the ventral part of the 

lateral premotor cortex, might be involved in such a mech- 

anism (Rizzolatti et al. 2002). 

Might these potentially innate components (a prefer- 
ence for conspecifics, a predisposition to detect agency 
and a predisposition to understand actions), contribute to 

the development of mentalizing? They might be necessary 

prerequisites. However, by themselves they are not suf- 

ficient for the development of mentalizing. This follows 

from the assumption that they are shared with a great 

many other species, most of which do not possess a trace 

of mentalizing ability. As we shall see in the review of neu- 

roimaging studies (? 4), the neural components of the 

mentalizing system comprise some of the putative pre- 

requisites that developmental studies have demonstrated. 

However, the mentalizing system comprises additional 

components whose function in development is as yet 
unknown. We speculate that only when all these compo- 
nents are connected together in the brain are both neces- 

sary and sufficient conditions for mentalizing present. One 

of the reasons that we cannot make more precise links 

from the detailed and ingenious behavioural studies with 

infants and young children to neuroimaging studies with 

adults is our lack of knowledge of the developing human 

brain either in terms of structure or function. 

The role of learning and experience in the development 
of mentalizing still needs to be investigated. Different indi- 

viduals have different experiences and this is likely to be 

reflected in their mentalizing competence. So far, studies 

have rarely focused on individual differences, and thus our 

knowledge is currently very limited. Wellman et al. (2000) 

report that the first achievement of explicit false-belief 

understanding can vary from between 2 years six months 

to 6 years. Some evidence exists that the presence of older 

siblings facilitates the understanding of false beliefs 

(after age 4 years) (Ruffman et al. 1998), and it is widely 
believed that girls achieve the developmental milestones 

of mentalizing somewhat earlier than boys. While cross- 

cultural studies do not suggest marked differences in early 

achievements, it is obvious that cultural differences could 

play a large, if not dominant, role in the development of 

the content of an adult theory of mind (Lillard 1998). 

3. NEUROIMAGING STUDIES OF MENTALIZING 

Neuroimaging provides another kind of evidence about 

the nature and components of the ability to mentalize. All 

the studies carried out so far have concerned adults rather 

than children. Most studies have been modelled on the 

story of Maxi and the chocolate. For example, while being 
scanned the volunteer reads a series of very short stories 

in which the behaviour of the protagonist is determined 

by his or her false belief about the situation. An example 
is the 'burglar story' from a set of stories testing mentaliz- 

ing ability (Happe 1994). 
'A burglar who has just robbed a shop is making his 

getaway. As he is running home, a policeman on his beat 

sees him drop his glove. He doesn't know the man is a 

burglar, he just wants to tell him he dropped his glove. 
But when the policeman shouts out to the burglar, "Hey, 

you! Stop!" The burglar turns round, sees the policeman, 
and gives himself up. He puts his hands up and admits 

that he did the break-in at the local shop'. 

Subsequently the volunteer is asked to explain the bur- 

glar's behaviour. An appropriate answer would be that the 

burglar falsely believes that the policeman knows he has 

just robbed the shop. Reading and understanding such 

stories engages many processes in addition to mentalizing 
and so control stories, matched for difficulty, are neces- 

sary. Such stories also involve people, but the critical 

events are explained in terms of physical causality. 
'A burglar is about to break in to a jewellers' shop. He 

skilfully picks the lock on the shop door. Carefully he 

crawls under the electronic detector beam. If he breaks 

this beam it will set off the alarm. Quietly he opens the 

door of the storeroom and sees the gems glittering. As he 

reaches out, however, he steps on something soft. He 

hears a screech and something small and furry runs out 

past him towards the shop door. Immediately the alarm 

sounds'. 

In this example, the appropriate answer to the question, 

'Why did the alarm go off?' would be because some animal 

had triggered it. 

4. A NEURAL SYSTEM FOR MENTALIZING 

In the first study to use such stories (Fletcher et al. 

1995) a comparison of mentalizing with physical stories 

revealed activity in the MPFC, posterior cingulate and 

right posterior STS. In comparison with a low-level base- 

line of unlinked sentences, activity was also seen in the 

temporal poles, bilaterally. The MPFC seemed to be 

particularly linked to mentalizing since it was the only area 

that was not also activated by the physical stories. Two 

subsequent fMRI studies used the same stories and 

obtained very similar results (Gallagher et al. 2000; Voge- 

ley et al. 2001). Activity was seen in the MPFC, temporal 

poles and STS when reading mentalizing stories compared 
with physical stories, although in Vogeley et al. the STS 

activity was most marked in a novel condition in which 

the volunteer imagined herself as the protagonist in a men- 

talizing story. 
Two studies have presented mentalizing scenarios using 

drawings rather than words. Brunet et al. (2000) presented 
cartoon strips in which the sequence could only be under- 

stood in terms of the goals and intentions of the protagon- 
ist. Gallagher et al. (2000) used cartoons without captions 
in which the jokes involved false beliefs. Again in both 

these studies activity was observed in the MPFC, temporal 

poles and STS. 

Goel et al. (1995) used a very different task to engage 

mentalizing. Volunteers were shown objects and had to 

indicate whether or not Christopher Columbus would 

have known what each object was used for. Such a 

decision involves inferring something about the knowledge 
and beliefs of someone who lived 500 years ago. In com- 

parison to various control tasks activity was again seen in 

MPFC, temporal pole and STS. 

Berthoz et al. (2002) have reported a study of social 

norm transgression that also involved mentalizing. Volun- 

teers read short vignettes in which social transgressions 
occurred. These could be accidental or deliberate. An 

example of an accidental transgression is as follows; 
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'Joanna is invited for a Japanese dinner at her friend's 

house. She has a bite of the first course, chokes and spits 
out the food while she is choking'. Volunteers were asked 

to try and imagine how the character in the story would 

feel. In comparison with matched stories in which no 

transgression occurred, both deliberate and accidental 

transgressions elicited activity in the MPFC, temporal 

poles and STS. Activity was also seen in areas responding 
to aversive emotional expressions such as anger. 

An implicit mentalizing task which activated all three of 

these areas was based on the observation by Heider & 

Simmel (1944) that people will attribute intentions and 

desires to moving geometric shapes if these movements 

are of sufficient complexity. Castelli et al. (2000), using 

positron emission tomography, presented an animated 

sequence in which two triangles interacted with each 

other. The more the observers attributed mental states to 

the triangles the greater the activity in the MPFC, tem- 

poral pole and STS. Schultz et al. (2003) used a similar 

task and, using fMRI, observed activations in the same 

regions. In both these studies where mentalizing was elic- 

ited by the movements of abstract shapes, the activity in 

the temporal pole extended into the amygdala and activity 
was also seen in the fusiform gyrus. 

All these studies, except possibly those using passive 

viewing of animations, have involved explicit mentalizing 
since the subjects were asked to describe the mental states 

of other people or make decisions based on the mental 

states of other people. In addition, in all these studies, 

mentalizing was elicited by the material presented. The 

approach is analogous to studies in which the colour area 

in the visual system is identified by comparing the activity 
elicited by stimuli with and without colour (Zeki et al. 

1991). An alternative approach is to keep the stimulus 

material constant and change the attitude of the volunteer. 

For example, the same visual stimulus is presented, but 

the volunteer is required to attend to colour in one con- 

dition and to motion in another (Corbetta 1993). Two 

studies have used this approach to identify brain areas 

associated with mentalizing. McCabe et al. (2001) 
scanned volunteers while they played an economic game 
with another person. In this game mutual cooperation 
between players increases the amount of money that can 

be won. In the comparison task the volunteers believed 

they were playing with a computer that used fixed rules. 

Gallagher et al. (2002) scanned volunteers while they 

played the game 'Stone-Paper-Scissors'. This is a com- 

petitive game in which success depends upon predicting 
what the other player will do next. In this study the com- 

parison condition was also created by telling the volun- 

teers that they were playing against a computer. In fact, 

the sequence of the opponent's moves was the same in 

both conditions. 

In these studies the volunteers were not explicitly 
instructed to mentalize while performing their task. How- 

ever, an intensive debriefing of the volunteers in the study 
of 'Stone-Paper-Scissors' confirmed that they had 

engaged in mentalizing while playing against a person. 

They described guessing and second guessing their 

opponent's responses and felt that they could understand 

and 'go along with' what their opponent was doing. Play- 

ing against a computer felt distinctly different. The volun- 

teers considered that the computer was in principle very 
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Figure 1. Lateral view of the brain shown in the Talairach 

coordinate system. Peak activations in the temporal pole are 

shown for five different tasks used in 10 studies of 

mentalizing. Where activation was bilateral the two sides 

have been combined. Inferred knowledge: Goel et al. (1995); 
stories: Fletcher et al. (1995), Gallagher et al. (2000), 

Vogeley et al. (2001), Ferstl & von Cramon (2002); social 

transgressions: Berthoz et al. (2002); cartoons: Brunet et al. 

(2000), Gallagher et al. (2000); animations: Castelli et al. 

(2000), Schultz et al. (2003). 

predictable, but the rules it used might be difficult to 

detect. They also felt that the computer might be too fast 

for them to keep up with. 

Both studies revealed activity in the MPFC when the 

volunteers believed that they were interacting with another 

person. But this was the only area that was more active in 

this condition than in the condition where they believed 

they were playing against a computer. This dissociation 

between the MPFC and the other regions suggests that 

the posterior regions are more concerned with the nature 

of the sensory signals that elicit mentalizing, whereas 

MPFC activity reflects the attitude taken towards those 

signals. In order to explore the precise role of the various 

areas in the mentalizing network we shall now consider 

studies that activate some or all of these areas, but which 

were not explicitly designed to engage mentalizing. 
In this review we have restricted ourselves to those 

imaging studies that declare mentalizing as an experi- 
mental variable and that have used appropriate controls 

and statistical analysis. Furthermore, throughout our 

review we have relied on those studies that report their 

results in Tailarach space. Without such standardized 

indicators of the location of changes of activity in the criti- 

cal conditions, a comparison with other studies is not 

possible. 

(a) Temporal pole 
Five different mentalizing tasks as used in 10 studies 

have elicited activity in the temporal poles bilaterally, with 

somewhat greater effects on the left (figure 1). This region 
of the anterior temporal lobe is a site for the potential con- 

vergence of all sensory modalities and also limbic inputs 

(Moran et al. 1987). As shown in figure 2, this region is 

frequently activated in studies of language and semantics, 

although in these cases the activity is restricted to the left 
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Figure 2. Lateral view of the brain shown in the Talairach 

coordinate system. The shaded area shows the region 
activated by the studies of mentalizing shown in detail in 

figure 1. Peak activations are shown for 11 studies of other 

processes that activate adjacent regions of the temporal 

poles. Familiar faces and voices: Nakamura et al. (2000, 

2001); coherence: Maguire et al. (1999); semantics: 

Vandenberge et al. (1996), Noppeney & Price (2002a,b); 
sentences: Bottini et al. (1994), Vandenberghe et al. (2002); 

autobiographical memory: Fink et al. (1996), Maguire & 

Mummery (1999), Maguire et al. (2000). 

temporal pole. In particular, this region is activated when 

sentences are compared with unrelated word strings 

(Bottini et al. 1994; Vandenberghe et al. 2002), when nar- 

ratives are compared with nonsense (Mazoyer et al. 1993) 

or with unrelated sentence strings (Fletcher et al. 1995), 

and when highly coherent narratives are compared with 

less coherent narratives (Maguire et al. 1999). The same 

region is also activated when volunteers make semantic 

decisions (e.g. Which is more similar to cow? Horse or 

bear? (Vandenberghe et al. 1996; see also Noppeney & 

Price 2002a,b)) In addition, this area is activated during 

memory retrieval. This is particularly the case during 
retrieval from autobiographical memory (Fink et al. 1996; 

Maguire & Mummery 1999; Maguire et al. 2000), during 
the incidental retrieval of emotional context in single-word 

recognition (Maratos et al. 2001) and during the recog- 
nition of familiar faces, scenes and voices (Nakamura et 

al. 2000, 2001). 
We tentatively conclude that this region is concerned 

with generating, on the basis of past experience, a wider 

semantic and emotional context for the material currently 

being processed. This function would aid the interpret- 
ation of stories and pictures whether or not they involve 

mentalizing. One component of the wider semantic con- 

text is sometimes referred to as a 'script' (Schank & Abel- 

son 1977). Scripts are built up through experience and 

record the particular goals and activities that take place in 

a particular setting at a particular time. A much used 

example is the 'restaurant script' which leads us to expect 
that we will first get the menu, then order, taste the wine, 

and so on. Identifying which script is most appropriate to 

a situation will be of considerable help in predicting what 

Figure 3. Lateral view of the brain shown in the Talairach 

coordinate system. Peak activations in the posterior STS are 

shown for 10 studies of mentalizing. Where activation was 

bilateral the two sides have been combined. Stories: Fletcher 

et al. (1995), Gallagher et al. (2000), Vogeley et al. (2001), 
Ferstl & von Cramon (2002); inferred knowledge: Goel et al. 

(1995); animations: Castelli et al. (2000), Schultz et al. 

(2003); cartoons: Brunet et al. (2000), Gallagher et al. 

(2000); social transgressions: Berthoz et al. (2002). 

people are going to do. The temporal poles, especially on 

the left, may well be concerned with the retrieval of 

scripts. Patients with semantic dementia show atrophy in 

the anterior temporal lobes, especially on the left (Chan 
et al. 2001). As this atrophy progresses, these patients lose 

knowledge of all but the simplest and most concrete 

scripts (Funnell 2001). 

Scripts provide a useful framework within which men- 

talizing can be applied. Events rarely conform exactly to 

the established script and mentalizing is needed to under- 

stand the deviations. 

(b) Posterior STS 

Mentalizing tasks elicit activity in the posterior STS 

(temporo-parietal junction extending towards the angular 

gyrus) bilaterally with somewhat greater effect on the right 

(see figure 3). The same 10 studies as shown in figure 1 

are represented in this diagram. Figure 4 shows activations 

of this region by 19 other studies, mostly concerned with 

living agents and biological motion. The posterior STS is 

also a multimodal convergence zone with connections to 

the limbic system (Barnes & Pandya 1992). It is well 

known that this region is activated when volunteers 

observe biological motion (see Allison et al. 2000; Puce & 

Perrett 2003). Activation is seen during presentation of 

moving bodies and parts of bodies (Grezes et al. 1998; 
Puce et al. 1998; Campbell et al. 2001), while hearing 

speech and seeing speaking mouths (Calvert et al. 2000), 
and during presentations of action reduced to moving 

points of light (Bonda et al. 1996; Grossman et al. 2000; 

Grezes et al. 2001). The location of the maximum 

response to biological motion is ca. 10 mm superior and 

anterior to V5, which responds to visual motion in general 

(Zeki et al. 1991). However, this region of the STS is also 

activated by static images of faces and animals (e.g. Chao 

et al. 1999) especially when attending to eye gaze (Wicker 
et al. 1998; Hoffman & Haxby 2000), by names of animals 

(e.g. Chao et al. 1999), and by making semantic decisions 
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Figure 4. Lateral view of the brain shown in the Talairach coordinate system. The shaded area shows the region activated by 
studies of mentalizing shown in detail in figure 3. Peak activations are shown for 19 studies of other processes that activate 

adjacent regions of the STS. Autobiographical memory: Vandenberge et al. (1996), Maguire & Mummery (1999), Maguire et 

al. (2000); memory retrieval: Maratos et al. (2001), Lee et al. (2002); moral judgement: Greene et al. (2001); biological 

motion, point light displays: Bonda et al. (1996), Grossman et al. (2000), Grezes et al. (2001); living things: Price et al. 

(1997), Chao et al. (1999); static faces: Chao et al. (1999); eye gaze: Wicker et al. (1998), Hoffman & Haxby (2000); 

biological motion, mouths, eyes, hands: Puce et al. (1998), Grezes et al. (1998), Calvert et al. (2000), Campbell et al. (2001); 

unexpected events: Downar et al. (2000), Corbetta et al. (2000). 

about living things (e.g. Price et al. 1997). These obser- 

vations suggest that this region is activated when observing 
the behaviour of living things and also when retrieving 
information about the behaviour of living things. An 

adjacent area closer to the angular gyrus is also activated 

by retrieval from semantic memory (e.g. Vandenberghe et 

al. 1996; Maratos et al. 2001; Lee et al. 2002) and from 

autobiographical memory (e.g. Maguire & Mummery 

1999; Maguire et al. 2000). Whether this activity is spe- 
cific to retrieval of memories about living things is not 

yet known. 

An interesting set of parallel observations have been 

made about the area of fusiform gyrus that was activated 

in the two studies that elicited mentalizing using ani- 

mations (Castelli et al. 2000; Schultz et al. 2003). This is 

also an area that seems to be concerned with knowledge 
about living things such as faces and animals (Chao et al. 

1999). Presumably the knowledge in this region in the 

ventral stream primarily concerns the appearance of living 

things, their form and colour, rather than their patterns of 

behaviour. For example, this region is more active than 

the STS when volunteers make decisions about the ident- 

ity of faces (Hoffman & Haxby 2000). 
There is, however, another kind of event that elicits 

activity in the STS and does not specifically involve living 

things. An unexpected change of stimulation in any 

modality elicits activity in the same location as biological 
motion (Corbetta et al. 2000; Downar et al. 2000). Fur- 

thermore, learning to follow complex but predictable pat- 
terns of movement activates this region (Maquet et al. 

2003). These results suggest that this region is not specifi- 

cally concerned with the behaviour of living things, but 

with complex behaviour whatever its source. Nevertheless, 

we suggest that sudden changes of stimulation and com- 

plex patterns of movement are far more likely to be asso- 

ciated with living things than with mechanical or 

physical systems. 

Knowledge about complex behaviour and, in particular, 
the ability to predict the next move in a sequence of 

behaviour is extremely valuable in any social interaction 

and could underlie some of the precursors of mentalizing, 
like gaze following and joint attention. Indeed it is known 

that activity in the STS increases when volunteers are 

asked to attend to gaze direction (Hoffman & Haxby 

2000). The mentalizing system goes one step further and 

uses the observed patterns of behaviour to perceive the 

mental states that underlie this behaviour. 

(c) MPFC 

All 12 mentalizing tasks available to this review have 

elicited activity in the MPFC, with the interactive game- 

playing tasks (McCabe et al. 2001; Gallagher et al. 2002) 

activating this region only (see figure 5). The medial pre- 
frontal region activated by these studies is the most 

anterior part of the paracingulate cortex, where it lies 

anterior to the genu of the corpus callosum and the ACC 

proper. The MPFC has direct connections to the temporal 

pole and to the STS (Bachevalier et al. 1997). The para- 

cingulate cortex (BA 32) is often considered to be part of 

the ACC that incorporates the cytoarchitectonically 
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 (Bush et al. 2000). 

However, the existence of an unusual type of projection 
neuron (spindle cell) found in the sub-areas of the ACC 

24a, 24b and 24c in the human, and some other higher 

primates (pongids and hominids) but not monkeys, is evi- 

dence that the ACC has undergone changes in recent evol- 

ution (Nimchinsky et al. 1999). Furthermore, in humans 

these cells are not present at birth, but first appear at 

approximately four months of age (Allman et al. 2001). 

However, BA 32 has been described as cytoarchitecton- 

ically a cingulo-frontal transition area (Devinsky et al. 

1995) and therefore anatomically (and speculatively 
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Figure 5. Medial view of the brain shown in the Talairach 

coordinate system. Peak activations are shown for the 10 

studies of mentalizing shown in figures 1 and 3. In addition, 
two studies using a sixth mentalizing task (interactive games) 
are included which only activated the MPFC. Animations: 

Castelli et al. (2000), Schultz et al. (2003); inferred 

knowledge: Goel et al. (1995); stories: Fletcher et al. (1995), 

Gallagher et al. (2000), Vogeley et al. (2001), Ferstl & von 

Cramon (2002); social transgressions: Berthoz et al. (2002); 
cartoons: Brunet et al. (2000), Gallagher et al. (2000); 
interactive games: McCabe et al. (2001), Gallagher et al. 

(2002). 

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 

medial frontal lobe where activations associated with men- 

talizing are observed. Recent anatomical changes in this 

region would be consistent with the observation that men- 

talizing has never been observed in monkeys (Cheney & 

Seyfarth 1990) and can only be found in a most rudimen- 

tary form in great apes (Byrne & Whiten 1988; Povinelli & 

Preuss 1995; Heyes 1998). 
Evidence from anatomy and from functional studies 

shows that the ACC can be divided into distinct areas with 

different functions, as indicated in figure 6. In terms of 

the nomenclature of Picard & Strick (1996) the mentaliz- 

ing region overlaps with, but is mostly anterior to, the 

rCZa. In terms of the functional nomenclature of Bush et 

al. (2000) the mentalizing region overlaps with the 

emotional division of the ACC. 

(i) Executive processes 
One plausible characterization of mentalizing tasks is 

that they involve complex problem solving of the type 

required by executive tasks, but this idea is not supported 

by imaging studies. Many kinds of executive tasks are 

known to activate the ACC. Duncan & Owen (2000) have 

performed a careful meta-analysis of such tasks showing 
that increasing the difficulty in a wide range of tasks acti- 

vates the same region of the ACC whatever the nature of 

the task. However, all but one of the 26 peak activations 

that they list lie posterior to the mentalizing region, being 
centred instead in the rCZp. The mean coordinates 

derived from the meta-analysis of Stroop-like tasks from 

Barch et al. (2001) also lie in this division of the ACC (see 

figure 6). Independent confirmation of this distinction 

between executive tasks and theory of mind tasks comes 

from studies of patients with lesions. Patients can be found 

who perform executive tasks very badly, while still per- 

forming mentalizing tasks well (Varley et al. 2001) and 

vice versa (Fine et al. 2001). Rowe et al. (2001) observed 

that patients with frontal-lobe lesions performed badly on 

mentalizing tasks and executive tasks. However, within 

this group poor performance on one type of task was not 

related to poor performance on the other type of task. 

(ii) Representing emotion 

The recent meta-analysis of Phan et al. (2002) shows 

that tasks involving emotion can elicit activity in most 

regions of the ACC including the mentalizing region. 
What is the difference between the kinds of emotional task 

that activate the different divisions of the ACC? Lane 

(2000) highlights an important distinction between having 
an emotional experience and attending to an emotional 

experience. Lane et al. (1998) studied the effects of having 
an emotional experience by comparing responses to 

emotional experiences (happiness, sadness and disgust) 
with those to neutral experiences. The contrast revealed 

activity in the ACC, but in a posterior part at the border 

of the rostral cingulate zone and the cCZ. In another 

study, Lane et al. (1997) investigated the effects of 

attending to an emotion. Volunteers were shown emotion- 

ally arousing scenes. In one condition they indicated 

whether the scene was indoors or outdoors, while in the 

other condition they indicated the emotion aroused in 

them by the picture. When volunteers attended to their 

emotional experience, activity was seen in the mentalizing 

region, just anterior to the rCZa. The same distinction 

was observed by Gusnard et al. (2001) in a replication 
of Lane et al. (1997). Volunteers were shown pleasant, 

unpleasant or neutral scenes and were asked to indicate 

either their emotional response or whether the scenes were 

indoors or outdoors. Emotionally laden scenes elicited 

activity in the posterior ACC (cCZ at the border with sup- 

plementary motor area) whatever the task, while attention 

to emotion increased activity in the mentalizing region. 
Petrovic & Ingvar (2002) have pointed out that a very 

similar distinction can be found in the study of pain. As 

stimuli become increasingly noxious, increases in activity 
are seen in the cCZ. However, the perception of pain does 

not relate directly to the nature of the stimulus, but can 

be altered by cognitive manipulations such as hypnotic 

suggestion, distraction or placebo analgesia. Variations in 

the perception of pain are related to activity in the rCZa 

overlapping with the mentalizing region. These studies of 

emotion and pain suggest that first-order representations 
of these states are located in the cCZ where correlates of 

arousal and stress are also observed (Critchley et al. 2000). 
Second-order representations of these states, available for 

attention and report, are located in the rCZa. We call 

these representations second order because they do not 

reflect the physical nature of the stimulus, but the mental 

attitude to that stimulus. To use the terminology of Leslie 

(1994), these representations are decoupled from the physi- 
cal world and are no longer subject to normal input-out- 

put relations. 

This formulation is consistent with our earlier sugges- 
tion (Frith & Frith 1999) that the mentalizing region of 

the MPFC is engaged when we attend to our own mental 

states as well as the mental states of others. Other situ- 

ations where attention to mental states of the self activates 

this region include attention to the irrelevant thoughts that 

occur during scanning (McGuire et al. 1996) and atten- 
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Figure 6. Medial view of the brain shown in the Talairach coordinate system. The shaded area shows the region activated by 
studies of mentalizing shown in detail in figure 5. Peak activations are shown for 19 studies of other processes that activate the 

ACC and adjacent MPFC. Approximate divisions of the ACC are shown. From right to left: cCZ, rCZ, rCZa. Arousal: 

Critchley et al. (2000, 2001); response to emotion: Lane et al. (1998), Gusnard et al. (2001); response to pain: Rainville et al. 

(1999), Petrovic & Ingvar (2002); executive tasks: Duncan & Owen (2000), Barch et al. (2001); attention to emotion: Lane et 

al. (1997), Gusnard et al. (2001); attention to pain: Rainville et al. (1999), Petrovic & Ingvar, (2002); attention to thoughts: 
McGuire et al. (1996); pragmatics: Bottini et al. (1994), Ferstl & von Cramon (2002); moral judgement: Greene et al. (2001); 
aesthetic judgement: Zysset et al. (2002); autobiographical memory: Maguire & Mummery (1999), Maguire et al. (2000); 

tickling: Blakemore et al. (1998). 

tion to being tickled (Blakemore et al. 1998). We would 

also include two other tasks as examples of attending to 

the emotional states of the self although this was not 

necessarily the interpretation given by the authors. Zysset 
et al. (2002) observed activation in the mentalizing area 

when volunteers evaluated things (for example, answering 
the question, 'Do you like Leipzig?'). Greene et al. (2001) 
observed activation in the same area when volunteers con- 

sidered moral dilemmas. We suggest that one component 
in the answering of such questions involves attending to 

the emotion aroused by topic (Does the thought of Leipzig 
make me happy or sad? How distressed would I feel if I 

had to take this particular course of action?). It is notable 

that the moral dilemma study of Greene et al. also acti- 

vated the STS component of the mentalizing system, and 

it may be argued that this task is also a mentalizing task. 

(iii) Autobiographical memory 
A rather different task that can require representations 

of the self is autobiographical memory. Tulving (1985) 

has suggested that there is a form of autobiographical or 

episodic memory in which we perform 'mental time travel' 

and relive our past experiences (autonoetic memory). This 

would be a case of representing a past mental state clearly 

decoupled from current reality. In a series of studies Ele- 

anor Maguire and her colleagues (Maguire & Mummery 

1999; Maguire et al. 2000, 2001) have shown that retrieval 

from autobiographical memory reliably activates the men- 

talizing region of the MPFC (in addition to medial tem- 

poral lobe structures and the STS). Autobiographical 

memory tasks can often be solved simply on the basis of 

a feeling of familiarity rather than truly reliving the event 

and it is usually difficult to relate these different processes 

to specific brain regions. However, Maguire et al. (2001) 
also studied patient Jon who has considerable memory 

problems associated with early and severe damage to his 

hippocampi. Jon spontaneously makes the distinction 

between past events that he can clearly remember hap- 

pening and others that he knows a lot about, but does not 

recall the event occurring. Memories of events where he 

clearly remembered them happening were associated with 

greater activity in the MPFC. This effect was independent 
of his ratings of emotional intensity and valence for the 

events. 

(iv) Pragmatics 
The studies we have discussed so far are consistent with 

our suggestion that the area of MPFC activated in men- 

talizing tasks is concerned with the representation of the 

mental states of the self and others decoupled from reality. 
There is one last set of studies that at first glance cannot 

be so easily incorporated into this scheme. Ferstl & von 

Cramon (2002) have shown that a certain kind of langu- 

age task activates the same region of the MPFC as a sim- 

ple mentalizing task. In both cases volunteers heard pairs 
of sentences. Examples of these sentence pairs include (i) 

'Mary's exam was about to begin. Her palms were sweaty'; 
and (ii) 'The lights have been on since last night. The car 

doesn't start'. In the mentalizing task volunteers had to 

think about the motivations and feelings of the people in 

the sentences of type (i). In the language condition they 
had to decide whether there was a logical connection 

between the two sentences of type (ii). In comparison to 

a control task both conditions elicited activations in the 

mentalizing region of the MPFC. 

Interpreting the two unlinked sentences in these 

Phil. Trans. R. Soc. Lond. B (2003) 



Mentalizing in the brain U. Frith and C. D. Frith 469 

examples depends upon an aspect of language processing 
often referred to as pragmatics. In many real-life cases the 

understanding of an utterance cannot be based solely on 

the meanings of the individual words (semantics) or upon 

the grammar by which they are connected (syntax). It has 

been proposed that a successful understanding of an utter- 

ance depends upon perceiving the intention of the speaker 

(Grice 1957). The idea that the purpose of utterances is 

for the listener to recognize the intention of the speaker 

has been elaborated by Sperber & Wilson (1995) in their 

theory of relevance. If this analysis is correct then prag- 

matics, the understanding of utterances, depends upon 

mentalizing whether or not this is required by the task 

instruction. This would apply also to the type (ii) sen- 

tences used by Ferstl & van Cramon (2002) where logical 

connections had to be found. For instance the example 
above may evoke the idea that 'someone (stupidly or 

maliciously) left the lights on'. 

The need for mentalizing is particularly clear in non- 

literal figures of speech such as metaphor and irony. 

Sperber and Wilson analyse the example in which a 

mother says to her daughter, 'Your room is a pigsty'. How 

is the daughter to understand this? Her room is not liter- 

ally a pigsty, but it shares with pigsties the characteristic 

of being very messy and untidy. But why didn't the mother 

simply say, 'Your room is very messy and untidy'? This 

utterance would accurately describe the state of the room. 

The value of the metaphor in this example is that it not 

only conveys the state of the room, but also, as the mother 

intends, her displeasure at this state. We would therefore 

expect that metaphors, in comparison to literal state- 

ments, would activate the mentalizing area and this expec- 
tation has been confirmed in the study of Bottini et al. 

(1994). Irony (e.g. 'Peter is well read. He's even heard 

of Shakespeare') is an even more extreme example than 

metaphor since the listener has to recognize that the 

speaker intends to convey a meaning opposite to the literal 

content of the words (i.e. Peter is not at all well read). In 

such cases the meaning is decoupled from the words. We 

are not aware of any imaging study, but we would predict 
that the understanding of sarcasm or irony would activate 

the mentalizing network. 

One aspect of pragmatics that has received little atten- 

tion to date is the initiation of communication by calling 
someone's name or by gazing at them intently. These are 

sometimes referred to as 'ostensive' signals. Such stimuli 

normally signal the intention to communicate and there- 

fore 'guarantee relevance' in Sperber and Wilson's termin- 

ology. The effects of such ostensive signals were examined 

in a recent neuroimaging study (Kampe et al. 2003). Sub- 

jects were asked to respond to a rare target, while they 
viewed a series of faces with direct or averted gaze (versus 

scrambled faces) or listened to voices calling either the 

subject's own name or another name (versus scrambled 

voices). The results showed that independent of modality 
the initiation of communication activated two components 
of the mentalizing system, the MPFC and temporal poles. 

This study is consistent with other neuroimaging studies 

of pragmatics in demonstrating that the relationship 
between communicative and mentalizing functions is 

remarkably close. 

5. CONCLUSIONS 

We conclude, from the facts available to date, that the 

region of the MPFC associated with mentalizing tasks is 

activated whenever people are attending to certain states 

of the self or others. These states, which are usually 
referred to as mental states, must be decoupled from 

reality. To understand the response to pain, whether it is 

my pain or someone else's pain, I must represent, not the 

noxiousness of the stimulus, but how I or the other person 

perceive the pain. Likewise, it is not the unpleasantness 
of the picture that determines our emotional response to 

it, but the unpleasantness we feel. Such decoupled rep- 
resentations are also needed for mentalizing. What deter- 

mines our behaviour is not the state of the world, but our 

beliefs about the state of the world. Activity in the MPFC 

is connected with the creation of these decoupled rep- 
resentations of beliefs about the world. In the case of false 

beliefs there is a discrepancy between the belief and the 

actual state of the world. However, we are not claiming 
that activity in the MPFC signals these discrepancies. This 

would be equivalent to error detection. We are claiming 
that the MPFC is equally active when true beliefs are 

involved. This is because beliefs may or may not map onto 

the actual state of the world. This would also be true for 

other mental states such as wishes, intentions and pre- 
tence. Activity in the MPFC signals that these represen- 
tations are decoupled from the real world to which they 

may or may not correspond. Thus, the role of this parti- 
cular region of the MPFC would be analogous to that of 

the more posterior region (rCZp) where neuronal activity 

signals the existence of response conflict or multiple 

response possibilities rather than errors (Petit et al. 1998; 

Botvinick et al. 1999). 

Mentalizing is not only about representing our own 

thoughts, feelings and beliefs as distinct from reality. It is 

also about representing the mental states of other people. 

Clearly, other components of the mentalizing system need 

to supply the content of these thoughts, feelings and 

beliefs and their relation to people's actions. This knowl- 

edge is supplied partly from our knowledge of the world 

based on past experience applied to the current situation 

and partly from our observations and predictions about 

people's current behaviour (STS). Both types of knowl- 

edge help to understand the content of mental states and 

their relation to actions, and may be accessible via tem- 

poral poles and the STS. By identifying the roles of the 

regions in this way it should be possible to link the various 

precursors of mentalizing that emerge during the first 4 

years of life to specific components of the brain's mature 

mentalizing system. This will have to await the develop- 
ment of suitable methods for using fMRI techniques to 

study infants and young children. 
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GLOSSARY 

ACC: anterior cingulate cortex 

cCZ: caudal cingulate zone 

fMRI: functional magnetic resonance imaging 

rCZp: rostral cingulate zone, posterior part 
rCZa: rostral cingulate zone, anterior part 
MPFC: medial prefrontal cortex 

STS: superior temporal sulcus 
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