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Abstract

The fact that brain disorder
can impair social interactions
in different ways suggests that
social competence has multiple
components that have founda-
tions in brain systems. The
physiological basis of one as-
pect of social cognition, theory
of mind, is just beginning to be
understood. Brain-imaging
studies suggest that a network
of areas linking medial pre-
frontal and temporal cortex
forms the neural substrate of
mentalizing, that is, represent-
ing one’s own and other peo-
ple’s mental states. The medial
prefrontal areas are prominent
also in tasks that involve self-
monitoring, whereas the tem-
poral regions are prominent
also in tasks that involve the
representation of goals of ac-
tions. We speculate that the
precursors of mentalizing abil-
ity derive from a brain system
that evolved for representing
agents and actions, and the re-
lationships between them.
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Human beings are profoundly
social animals. The success of social
interaction depends on the devel-
opment of brain systems that are
geared to processing information in
the social domain. Much cultural
learning from elders and peers has

to be acquired for social skills to be
honed. However, without the exist-
ence of neural systems that are
geared to process social stimuli
right from the start of life, it would
be difficult to explain the universal-
ity and speed of social learning.

It is generally agreed that social
interaction relies on a number of
highly efficient components that
are pervasive in social animals,
both human and nonhuman. Ex-
amples of fundamental social abili-
ties are the ability to recognize
other individuals, to find a mate, to
nurture the young, to know one’s
place in the social hierarchy, to rec-
ognize other people’s emotional
states, and to form and maintain al-
legiances. One relatively novel idea
is that an additional cognitive abil-
ity, namely, the ability to attribute
mental states, such as desires, in-
tentions, and beliefs, to oneself and
to others, has a central role in hu-
man social interaction.

Controversy exists as to whether
this cognitive ability, referred to by
the terms theory of mind and men-
talizing, is specific to humans, and
whether it is based on an innate
cognitive mechanism. However,
even if it were specific to humans,
this ability cannot have come from
nowhere. It must have foundations
in brain systems that humans have
in common with other social ani-
mals, and it is possible to study
these foundations by the methods
of neuroscience. Studies comparing
human and nonhuman species can
test the limits of social capacities
that do not depend on mentalizing,
and may suggest precursors of
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mentalizing. We suggest that a dis-
tinction can be made between men-
talizing and other aspects of social
intelligence, and moreover, that
mentalizing ability itself may com-
prise a number of different compo-
nents. Some of these components
are shared with nonhuman pri-
mates and can be linked to specific
neural processes. Other compo-
nents depend on learning and de-
velop over the course of childhood.

Some animals who have highly
complex social structures do not
have mentalizing skills. For in-
stance, Cheney and Seyfarth (1990)
have shown this in East African
vervet monkeys. What mentaliz-
ing adds is a whole new range of
social interactions, extending the
effects of relationships between in-
dividuals, amicable or hostile, kin
or nonkin, far into future genera-
tions. Given the ability to take into
account intentions and beliefs, so-
cial interactions can become ex-
quisitely fine-tuned. Furthermore,
mentalizing facilitates the learning
of language and socially transmit-
ted knowledge.

One important aspect of mental-
izing is that belief trumps reality in
potentially ambiguous situations
when someone wishes to predict
another person’s behavior. In ev-
eryday life, beliefs rather than real-
ity determine what people do.
Hence, the acid test of mentalizing
is understanding a false belief.
False beliefs play an important role
in social communication, especially
in the detection and use of decep-
tion, persuasion, and trading.

DEVELOPMENT OF
MENTALIZING ABILITIES
IN CHILDREN

“I show not your face but your
heart’s desire” is the motto on a
magic mirror in J.K. Rowling’s
Harry Potter stories. Children who
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read these stories will take the
knowledge of a person’s identity
for granted, but the discovery of
that person’s inner intentions as
something different and, more-
over, a highly prized achievement.
How do children come to this ap-
preciation? How does an innate
predisposition interact with teach-
ing and learning in the unfolding
of the ability to mind-read?

The development of the ability to
attribute mental states in increas-
ingly explicit form has been studied
by ingenious paradigms. Labora-
tory tasks have demonstrated that
4-year-olds understand false beliefs.
However, this does not imply an
absence of mentalizing capacity in
earlier years. Joint attention, consid-
ered an early sign of mentalizing, is
observable in infants less than a
year old: Their gaze follows auto-
matically the gaze of another person
and attends to the same visual goal
(i.e., object or person). Children be-
tween 12 and 18 months old are
able to imitate in the strict sense of
the term (Meltzoff, 1995). That is,
they capture the intention of the in-
dividual they are imitating and dis-
criminate intentional and accidental
actions. At around the same time,
infants show evidence of under-
standing pretense, an ability that re-
quires the representation of what an
agent thinks, feels, or believes about
an event (Leslie, 1987).

The development of mentalizing
in normal children, all over the
world, appears to show a steep and
rapid rise over the first 5 years of
life. This learning is unlikely to
start from nothing. It may be that
the neural networks that underpin
information processing in the so-
cial domain are already present in
the newborn and rapidly grow
through the species-typical social
stimulation of infants. A fast track
for the development of mentalizing
has general benefits. For instance,
one early sign of mentalizing,
namely, the automatic orienting to-
ward what other people look at,

what they say, and what they
show, is a general facilitator for
learning all kinds of socially trans-
mitted knowledge.

WHEN MENTALIZING FAILS

Autistic children have character-
istic impairments of social interac-
tion and communication, and they
lack the spontaneous capacity to
understand pretense. They show
diminished evidence of joint atten-
tion and have grave difficulties un-
derstanding false beliefs (see
Baron-Cohen, Tager-Flusberg, &
Cohen, 2000). Autism thus pro-
vides a paradigm to study the con-
sequences of impairment in men-
talizing for social interaction.
Unlike normally developing chil-
dren, autistic children lack orienta-
tion to other people’s focus of at-
tention, do not show things to
others, and do not spontaneously
engage in pretend play. As they get
older, many such children are un-
able to apprehend social situations
in which mentalizing is the key.
Those few who do acquire the abil-
ity to understand false beliefs, of-
ten as late as their teenage or adult
years, appear to achieve this by us-
ing complex inferences, which are
liable to tell-tale errors—a far cry
from the effortless process of nor-
mal mentalizing. For example, if
someone tells an untruth and ev-
eryone laughs, they might infer
that the person has told a joke. The
long-term consequences of deficits
in mentalizing manifest themselves
in a lack of social insight that is as-
sociated with literal understand-
ing of phrases commonly used for
effect rather than truth (e.g., “she is
crying her eyes out”), an often-
endearing social naiveté, and an in-
ability to form reciprocal relation-
ships. Intriguingly, autism also
provides a glimpse of those social
interactions that need not depend
on, and have not been superseded
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by, mentalizing, for instance, the
ability to form attachments, and a
liking for company.

On theoretical grounds, the sys-
tem that computes mental states ap-
pears to be separable from other
cognitive systems. Empirical find-
ings also indicate that the brain ba-
sis for mentalizing is dedicated to
this function, as deficits in mentaliz-
ing are found only in certain neuro-
cognitive disorders, and not in oth-
ers. Unfortunately, behavioral stud-
ies of autistic individuals as well as
brain-damaged patients who show
mentalizing deficits have not yet
demonstrated the precise anatomi-
cal location of the neural substrate
for mentalizing. However, the tech-
niques of brain imaging appear to
be well suited to this purpose.

THE BRAIN BASIS
OF MENTALIZING

There are an increasing number of
brain-imaging studies in which vol-
unteers have been asked to perform
simple tasks that require taking into
account others” mental states. These
tasks have included judging some-
one else’s knowledge, working out a
person’s emotional state when look-
ing at his or her eyes, and under-
standing the intentions of protago-
nists in verbal stories, visual
cartoons, picture sequences, and ani-
mations. All these studies have
shown similar regions of the brain to
be more active when volunteers
make inferences about mental states
than when they make inferences
about physical or behavioral states.

Medial Prefrontal Cortex

The most consistently found ac-
tivation in the studies to date is in
the middle of the front of the brain,
in a region known as the anterior
paracingulate sulcus. This forms
the most anterior part of the ante-
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rior cingulate cortex (ACC), a large
C-shaped structure. The same area
has been found to be active when
people monitor their own mental
states. This similarity suggests that
attribution of mental states to self
and to others depends on the same
neuro-cognitive mechanism. The
mental states these studies have in-
vestigated have included pain,
emotions aroused by pictures,
thoughts that are not linked to
stimuli in the immediate environ-
ment, and sensations of ticklish-
ness. Part of ACC is active during
observation of freely moving

agents. Figure 1 shows the loca-
tions of peak activation in this re-
gion in a sample of studies involv-
ing mentalizing, self-monitoring,
and perception of agents.

What is known about the func-
tion of medial frontal regions from
previous studies? Reviews by
Bush, Luu, and Posner (2000) and
by Paus, Koski, Caramanos, and
Westbury (1998) suggest that the
ACC can be roughly divided into
three regions on the basis of func-
tional imaging studies. The most
posterior portion is activated by
fairly simple motor tasks. Anterior
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Fig. 1. Location of peak activations in medial frontal regions during tasks in which
subjects think about their own or other people’s mental states or have to interpret ac-
tions of freely moving agents. This schematic illustration shows the inner surface of
the right hemisphere of the brain. For references to the tasks that resulted in height-
ened activations in the areas indicated, see Frith and Frith (2000). The location of the
motor region of the anterior cingulate is based on Paus, Koski, Caramanos, and
Westbury (1998). The location of the attentional and emotional regions is based on
Bush, Luu, and Posner (2000). The numbers on the axes refer to the distance in milli-
meters from a standard origin in the center of the brain (the anterior commisure).
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to this is a region that is activated
by complex attention and decision
tasks. The most anterior and infe-
rior region is activated by tasks
that have an emotional content.
Most of the attentional tasks used
in these studies required subjects
to monitor the response they were
making, in other words, to think
about their own actions. The areas
of activation associated with men-
talizing lie between the emotional
and motor regions and overlap
with the attentional regions of the
anterior cingulate (see Fig. 1).

Studies in monkeys have shown
that neurons in a region correspond-
ing to the upper part of the ACC in
humans are active prior to the pro-
duction of self-initiated movements.
Such cells might be involved in rep-
resentations of the self’s goals. We
speculate that the anterior region of
the ACC might provide the neural
substrate of what is a precursor of
mentalizing in that it provides a ba-
sis for self-monitoring of actions.

Temporo-Parietal Junction

The other brain region that has
been shown to be most consistently
activated in mentalizing tasks is the
temporo-parietal junction (TPJ). As
Figure 2 shows, the peak activa-
tions at the TPJ during mentalizing
are at the back and top of the supe-
rior temporal sulcus (STS). This re-
gion is at the very top of the tempo-
ral cortex, situated above the ears.
Part of STS is also active during ob-
servation of biological motion (e.g.,
of the hands or mouth). However,
the area known as V5/MT, which is
responsible for the perception of
pure motion, is in a different place,
as indicated in Figure 2.

Studies in animals suggest that
neurons in STS provide the basis
for the representation of agents
who move of their own accord (for
a recent review, see Allison, Puce,
& McCarthy, 2000). Furthermore,
as Gallese and Goldman (1998) ob-
served, the ability of both human
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Fig. 2. Location of peak activations in the right temporo-parietal junction during
tasks in which subjects think about other people’s mental states or in which biologi-
cal motion is presented. This schematic illustration shows the outer surface of the
right hemisphere of the brain. For references to the tasks that resulted in heightened
activations in the areas indicated, see Frith and Frith (2000). For comparison pur-
poses, the illustration shows the location of V5/MT, which is activated during per-
ception of pure motion. The numbers on the axes refer to the distance in millimeters
from a standard origin in the center of the brain (the anterior commisure).

and nonhuman primates to detect
goals in the observed behavior of
conspecifics is a likely precursor of
mentalizing ability. Activity in mir-
ror neurons in this region seems to
relate to specific actions (or goals),
whether these are being performed
by the self or another. Such neu-
rons could provide the basis for ab-
stract representations of goals. Mir-
ror neurons are so called because
they are active both when a mon-
key observes someone else grasp-
ing an object in a particular way
and when the monkey itself grasps
the object in the same way.

Of course, for mentalizing to be
successful, it is not enough to rep-
resent action-goal states; the ability
to distinguish between actions of
the self and of others is a critical re-

quirement for effective social inter-
action. Cells that are activated by
sights and sounds generated by
others, but not by the same stimuli
when these are self-generated,
have also been found in STS.

Other Possible Components of
the Mentalizing System

In all the functional imaging
studies of mentalizing, additional
brain regions have been activated,
but much less consistently. One of
the more frequently seen activa-
tions is in the tips of the temporal
lobes (the temporal poles, thought
to be involved in multimodal repre-
sentations of objects and events)
and the adjacent almond-shaped
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structure known as the amygdala
(thought to be involved in emo-
tional learning). Different types of
learning are mediated by amygdala
subsystems, which are well con-
nected to other brain regions (see
Holland & Gallagher, 1999). It is
easy to see that emotional learning
could play a crucial role in social in-
teraction, in which the goals of dif-
ferent agents have to be monitored
and evaluated. Furthermore, stud-
ies have shown that the amygdala
may play a role in detecting where
another person’s gaze is directed.
This ability could well be linked to
joint attention, a capacity that pre-
dates the development of other
mind-reading accomplishments in
young children. To be able to fol-
low another person’s gaze and to
distinguish where another person
is directing his or her attention
could act as important cues to trig-
ger the development of mentaliz-
ing. Nevertheless, it is questionable
whether these abilities are neces-
sary, because blind children can be
competent mentalizers.

Brothers (1997) suggested that the
amygdala and orbito-frontal cortex
(situated at the bottom of the frontal
lobes just above the eyes and in-
volved in the representation of re-
ward and punishment) form part of
a social editor that underpins men-
talizing as well as other kinds of so-
cial interactions. However, orbito-
frontal cortex is conspicuous by its
lack of activation in brain-imaging
studies of mentalizing. The role of
this region and of other components
of the limbic system (the system tra-
ditionally associated with arousal
and emotion processing) in a variety
of social interactions is not in doubt.
However, it would be important to
know to what extent these compo-
nents are sufficient or necessary for
the ability to mentalize. It needs to
be remembered that social interac-
tions that do not involve mentaliz-
ing remain important in humans.
Thus, impairments in mentalizing,
as found in autism, do not abolish
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social competence wholesale. In-
stead, such impairments may coexist
with other social accomplishments.

HOW DID THE
MENTALIZING SYSTEM
EVOLVE?

What might be the precursors of
mentalizing in other species? The
TP]J is likely to play an important
role. This area, which is at the very
top and at the very back of STS, is
consistently and strongly activated
in brain-imaging studies of mental-
izing, predominantly but not exclu-
sively on the right. One major infor-
mation processing system of the
brain, the “what” system, runs
along the bottom of the brain (ven-
tral stream); the other, the “where”
system, runs along the top (dorsal
stream). The ventral stream is con-
cerned with the recognition of ob-
jects and individuals. The dorsal
stream is concerned with the gener-
ation of actions. The TPJ is halfway
between these streams, and we can
speculate that this is an ideal loca-
tion to act as interface. A basic pre-
requisite of mentalizing may well
be the ability to link objects (ventral
stream) and actions (dorsal stream),
enabling people to recognize objects
and individuals in terms of the ap-
propriateness of actions and to rec-
ognize intentions in terms of their
appropriateness toward objects.

If our analysis of the precursor
functions is correct, then the human
ability to mentalize seems to have
evolved largely from the dorsal ac-
tion system, which includes ACC,
rather than the ventral object-identi-
fication system, which includes
basal temporal cortex with temporal
poles and amygdala. Much of social
intelligence, already so well devel-
oped in the monkey, can be seen as
deriving from the ventral system. It
depends on complex and sophisti-
cated recognition of objects and in-
dividuals, recognition of subtle dif-
ferences in emotional expression,
and recognition of the status of other
individuals. Mentalizing, in con-
trast, required the development of
capabilities relating to the represen-
tation of actions, the goals implicit in
actions, and the intentions behind
them. In short, the main require-
ment for a mentalizing system is the
ability to represent the relationship
between agents and their actions.
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