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ABSTRACT: To a large extent, the human infant is socialized
through the acquisition of a specific cognitive mechanism known as
theory of mind (ToM), a term which is currently used to explain a
related set of intellectual abilities that enable us to understand that
others have beliefs, desires, plans, hopes, information, and intentions
that may differ from our own. Various neurodevelopmental disorders,
such as autism spectrum disorders, attention deficit hyperactivity
disorder, developmental language disorders, and schizophrenia, as
well as acquired disorders of the right brain (and traumatic brain
injury) impair ToM. ToM is a composite function, which involves
memory, joint attention, complex perceptual recognition (such as
face and gaze processing), language, executive functions (such as
tracking of intentions and goals and moral reasoning), emotion
processing-recognition, empathy, and imitation. Hence, ToM devel-
opment is dependent on the maturation of several brain systems and
is shaped by parenting, social relations, training, and education; thus,
it is an example of the dense interaction that occurs between brain
development and (social) environment. (Pediatr Res 69: 101R–
108R, 2011)

Human beings continuously make inferences about the
psychological states of others. Each of us is constantly

analyzing our impressions of others and constructing theories
on the basis of the cues and information we receive. This
enables us to understand ourselves and others and is a key
determinant of self-organization and affect regulation. In ad-
dition to “verbal” descriptions of people and observation of
their actions, the individual seeks deeper, more psychologi-
cally meaningful understandings and attributions in a causal
framework to explain and to predict others’ behavior on the
basis of internal mental states (1). This kind of theory con-
struction that makes up the core of everyday (folk) psychology
is known as Theory of Mind (ToM), a term originating from
a study of chimpanzee behavior (2), but entails verbal and
conceptual abilities.

ToM, mindreading in everyday parlance (3), is one of the
subcomponents of social cognition, which embraces all the
skills required to manage social communication and relation-
ships in humans and nonhumans. It develops on the basis of
certain mentalizing mechanisms and cognitive abilities and
gives rise to the awareness that others have a mind with
various mental states including beliefs, intuitions, plans, emo-
tions, information, desires, and intentions and that these may
differ from one’s own. Impairment of ToM ability is often

seen in children with autism, even in cases with a normal or
high level of intelligence and other cognitive abilities (4).

ToM develops fully only in human beings; the presence of
a rudimentary ToM in some nonhuman primates and other
animals is arguable although they can show very complex
social behavior (5). The evolution of ToM probably depends
on the increased size of the neocortex and increased impor-
tance of vision in primates as well as human beings’ complex
forms of social organization (6).

Developmental Precursors of ToM

Normally developing children attain ToM at roughly 3–4 y
through a progression of stages starting at around 18 mo with
the awareness that their own mental states are distinct from
those of others (4,5,7).

The precursors of ToM development include forms of
nonverbal communication and gnostic functions that begin
to function at birth, for example, physical and emotional
contact between mother and child involving reciprocity,
engagement, empathy, and imitation. Empathy refers to
intuitive and emotional awareness of others’ feelings, the
consequence of which is identification and compassion.
While empathy is an emotional reaction that is appropriate
to another person’s mental state, ToM is a more complex
cognitive ability, one of whose components is grasping the
other person’s perspective (8).

Perceiving faces, distinguishing between the mother’s face
and unfamiliar ones, and recognizing facial emotions and
expressions are vital for the development of the perceptual
components of ToM. From the very beginning of life, the
natural and cultural development of the child merge into each
other in such a way (9) that perception becomes social per-
ception—the basic neuropsychological function—and opens
the door to ToM development. In fact, recent studies demon-
strate that the neural mechanisms supporting basic sensory
processing of social information and the theory-of-mind sys-
tem have an interactive bidirectional relationship (10). Look-
ing, smiling, and smiling back—the first examples of inborn
social behavior that appear—are perhaps evidence of an em-
pathic sense of reciprocity between mother and child (11). The
child integrates all the information coming from different
senses: facial expressions, prosodic differences in the voice of
its mother as well as her touch and smell, so as to correspond
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to the accompanying feeling the mother is expressing. One of
the critical stages of ToM development is distinguishing direct
from averted gaze, which is the basis for referential gaze
perception and communication. Although children can distin-
guish direct and averted gaze motion at a younger age (12,13),
they cannot make explicit judgments of direct gaze and certain
inferences until the age of 3 or 4 (14).

Joint attention, which occurs in all sensory modalities, is a
shared attention to goal-directed and intentional action. It is
present as young as 3 mo (15) but becomes a refined mecha-
nism between the ages of 9 and 18 mo. The recognition of the
intentional action of agents—separation of means and
ends—is essential for the development of joint action. At 18
mo, children show clear signs of sensitivity to others’ inten-
tions (3). On the other hand, gestures, which sometimes
replace verbal language as an effective means of communica-
tion between people, play an important role in the develop-
ment of joint attention. One especially important gesture is
pointing, which normally develops between the ages of 9 and
14 mo, after which other conventionally significant gestures
appear. Whether the child points to direct the caregiver’s
attention to something that might be out of reach or the child
looks in the direction of the caregiver’s pointing finger as a
way to initiate joint attention, pointing is one of the major
milestones in ToM development (16).

The ToM system probably starts to operate in the human
from about 13–15 mo of age (4,17,18) at the time when
language learning takes place rapidly. At 18–24 mo, conver-
gence of several important developmental milestones, such as
true understanding of joint attention, deliberate imitation, and
the ability to track a speaker’s intention during learning and
decoding of words, occurs.

Pretend (make believe) play, which includes “joint propos-
als,” “role assignment,” and “metacommunication about a
scenario” significantly facilitate ToM development (19). Sub-
stituting imaginary situations for real ones, the child begins
pretend play around the age of 18 mo, initially prompted by
adults, who encourage children to take part in pretend scenar-
ios. Pretend play declines after 6 y. It is one of the areas of
development that is most intensely affected in autism (20).

Theory of Mind

On the basis of precursors and the incorporation of several
other neuropsychological functions, children’s social interac-
tions (with peers and adults) triggers and promotes spontane-
ous development of ToM around the age of 3–4 without any
formal instruction or overt effort. The distinction between
mental and physical appear first so that the child conceives
that mental phenomena are abstract, subjective, and intangi-
ble, whereas physical objects and overt behaviors are con-
crete, visible, and manifest (3). Second, commonsense notions
of psychological causality develop, e.g. “When somebody
receives a present, they feel happy”; hence, children under-
stand that mental phenomena are states-with-contents as
causes of behavior (21). They understand why people feel a
certain way and notice others’ motives and learn to induce
some mental states. They realize that the same world can be

experienced in different ways by different people and infer
from gaze direction what a person is thinking or what a person
might want. They explain events by attributing them to unob-
servable entities, such as beliefs or desires. One of the essen-
tial features of ToM, which basically depends on “emotion
cognition,” is false-belief understanding; therefore, concepts
of belief, desire, and pretend form the core of the ToM
framework (21).

Development of ToM depends largely on the normal func-
tioning of memory systems including short-term and long-
term declarative memory, source memory, and different forms
of implicit memory including emotional memory. Although
the age interval of ToM development roughly coincides with
that of the development of autobiographical memory (22),
recent studies indicate ToM functioning is partly independent
of episodic memory (23). However, a certain minimum work-
ing memory capacity is required to develop a ToM as children
cannot frame concepts about others’ minds until they are
capable of contemporarily keeping in mind different perspec-
tives of thoughts. The ability to simultaneously take into
account the real situation and the pretend version of the same
situation to shift between external events and internal repre-
sentations emerges between 18 and 24 mo (24), and after this
time, children are able to manipulate the information held in
memory: realizing that their own thoughts may not be known
by others, they can freely compare and contrast different lines
of thought.

Language is indispensable for the development of ToM
because without language there can be no theory. Early lan-
guage development has been a good predictor of later ToM
ability in typically developing children (25). Although simple
forms of ToM are dependent on visual imagery, higher orders
depend on verbal thought (26). In particular, the change from
natural concepts to social concepts represents a distinct stage
in the development of ToM. The use of feeling words such as
“happy” and “sad” and desire words such as “want,” “like,”
and “need” begins around 18–24 mo of age, and until 3 y of
age, children acquire semantic terms for mental states that
include others, learning and using words such as “know,”
“think,” and “pretend” (27–29). By age 4, a child understands
that beliefs and desires are private and changeable and do not
depend on the external state of reality changing (4,6). ToM is
particularly important in pragmatics, i.e. the ability to use
language appropriately in social contexts and narrative abili-
ties, such as storytelling. Children with autism, who display
deficits in ToM in varying degrees, have limited understand-
ing and infrequent use of mental state terms and have diffi-
culties in understanding idioms and metaphors (30).

Four-year-olds are also able to distinguish between finding
out through direct experience and finding out through being
told. Although children are poor at distinguishing between
different forms of direct experience even at 4 y, normal
children at around 4 or 5 y of age begin to acknowledge their
own prior false beliefs as well as the false beliefs of other
people; 5- and 6-y-old children display sophisticated under-
standing of emotions, having discovered that emotions are
based on people’s beliefs rather than measures of objective
reality (31).
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Developing a full ToM requires the presence of several of
the executive functions (EF), such as processes of analysis,
inference, deduction, and estimating. Despite a close associ-
ation between EF and ToM, they are discrete functions (32).
Some components of ToM codevelop with EF (33), whereas
others develop independently in adults (34). Attaining a par-
ticular level of EF is not itself sufficient to yield strong ToM
performance (35). In autism, there may be spared or superior
executive abilities.

Perspective-taking, one of the essential components of
ToM, requires knowledge that one individual has a different
perspective than another and thus involves distinguishing
between self and others (36). Detaching oneself from one’s
own perspective is “putting oneself in someone else’s shoes,”
as well as being able to discriminate external manifestations of
others’ intentions and desires.

Some evidence has emerged that ToM development is
strongly affected by nonheritable and social/environmental
factors (37–39). Maternal/parental conversational elaboration
is a significant predictor of children’s ToM performance (40).
Appropriate use of personal pronouns “I” and “you” or fre-
quent use of “think” and “know,” stimulate children to do
better later at ToM tasks (39). Having siblings may also
improve children’s ToM performance (41,42). The extent to
which there is sibling- and extended-family interaction (42)
and the child’s social behavior (e.g. talk about feeling states
and amount of cooperation with siblings) affects the develop-
ment of ToM in infants (43). ToM appears at substantially
different times in different cultures and languages; for exam-
ple, there are significant differences between Asian and West-
ern cultures (44). The socioeconomic background a child
grows up in greatly influences the rate at which its ToM
develops (30). Furthermore, the development of ToM may be
adversely affected by social deprivation and maltreatment
(45); and home-reared children are better than institutional-
ized children in ToM development (46).

Practically, the whole of childhood, from kindergarten age
to the end of secondary school, involves gaining and refining
ToM ability. Continuous refinement of the capacity of the
individual to gain insights into the minds of others continues
throughout adult human life. It is likely that what develops
subsequently is the ability to apply ToM findings in a more
flexible way and in more complex situations. Individual dif-
ferences in ToM performance persist through the school years
and beyond, into adulthood (4,6).

Measuring ToM in Children

ToM testing started with the study of autism, and to date,
more than 30 experimental tests have been developed for
measuring ToM in children (36). Many of these consist in the
narration of a brief story followed by questions that require
well-developed ToM skills to be correctly answered. The
common tests for assessment of ToM ability, false-belief tests,
depend on the assumption that one of the most important
milestones in ToM development is gaining the ability to
recognize that others can have beliefs about the world that are
wrong. The classic “false-belief task,” developed by psychol-

ogists (7) is a story acted out with dolls and props (the original
version is German). In the Sally and Anne Test (47), there is
a “first-order” task which requires that another person’s men-
tal state must be read/understood. Normal children will pass
this test by 3–4 y of age. Children with autism typically do not
pass; those who do, pass the tests a later age than children
without autism. “Second-order” false-belief tasks involve un-
derstanding what two people think sequentially, for example,
“John thinks what Mary thinks.” Normal children will pass
second-order tests at around 6 y of age. High-functioning
children with autism may also pass these tests, but not before
their teen years (48). Ten- and 11-year-old children master
first- and second-level theory of mind problems. Although,
until recently, most empirical attention was focused on a
narrow age range of preschool children [both typically devel-
oping children and children with autism spectrum disorder
(ASD)] who were tested on a very narrow range of tasks,
making it possible that critical phenomena were being missed,
we now have third- and fourth-level tests for adolescents and
adults (48).

In addition to story tests, there are several nonverbal tests of
ToM (49,50), such as Gallagher’s Cartoon Task Test (2000)
and Zaitchik’s False Photograph Test (1990). Tests for the
assessment of higher levels of ToM as well as different
components of social cognition such as understanding meta-
phor, sarcasm, and humor have been developed. The most
widely used of these advanced-level tests include Happé’s
Strange Stories Test (1994), Baron-Cohen and O’Riordan’s
Faux Pas Recognition Test (1999), and Egeth and Kurzban’s
Meta Photograph Test (2008), each of which uses different
cognitive aspects of ToM processing (51–53). For example,
another more adult-oriented test, Baron-Cohen’s Reading the
Mind in the Eyes Test (2002) uses visual tasks that are
relatively less demanding in terms of executive abilities (54).
Most of these tests are static. Use of more dynamic, behavioral
tests, for example, movie clips of acted or naturally occurring
social interactions (55) or an online communication game
where the speaker’s perspective needs to be taken into account
(56) may be more sensitive to mindreading deficits in mild and
adult cases of ASD. In contrast to these artificial tests, more
recent ToM tasks include real-life interactions. Interestingly,
successful performance by individuals with ASD in these tests
indicates that individuals with ASD are unlikely to have a
systematically deficient ToM (57), and comprehensive testing
of ToM should therefore consider the multiple components
and dimensions that constitute ToM skills (58). All these tests,
even the nonverbal ones, require some language skills, and
slight changes in the test instructions may improve perfor-
mance. On the other hand, cultural differences affect the level
of performance and children in different countries perform
differently, ranging from especially good performance in Aus-
tralia to poor performance in Japan (36).

Real-Life Consequences of ToM Development and
Clinical Conditions With ToM Deficit

The development of ToM ability has important conse-
quences for children’s social communication, interactions, and

103RTHEORY OF MIND



behavior, for example, in conversations, negotiations, games,
and friendships, which involve interpersonal sensitivity in real
social settings including home, school, and the work environ-
ment (59,60). ToM is an essential aspect of spontaneous
mental state inference for moral judgment, moral cognition,
and moral emotions. Blushing, understanding teasing, and
embarrassment are related to a healthy presence of ToM.
Feeling trust is dependent on the functional significance of
ToM activity (1). Not surprisingly, ToM understanding is of
utmost importance in deceptive contexts, such as the ability to
mislead people, hide things, conceal information, keep a
secret, and lie, and also succeeding in detecting these strate-
gies when others use them; in fact, deliberate deception is one
of the earliest signs of ToM development (61). Normal but
inefficient ToM may result in self-deception (1). Correct pre-
diction and explanation of others’ behavior in terms of ToM
categories allows us to manipulate behavior, increasing the
likelihood of deceptive or altruistic cooperation, both of which
also include diplomacy (36).

ToM fails to develop in individuals with neurodevelopmen-
tal disorders, such as autism, and in cases of severely re-
stricted linguistic inputs, e.g. deaf children of nonsigning
parents (62). Problems in ToM at different levels and in
varying degrees are seen in all autists (63) although it is
unclear whether they are due to motivational failure or a
cognitive deficit (64). ToM deficits also occur in many other
disorders, including schizophrenia (65), bipolar affective dis-
order (66), mental retardation (67), congenital blindness (68),
attention deficit hyperactivity disorder (ADHD) (69), and
certain types of language impairment (70). ToM deficits are
present in patients with dementia including frontotemporal
dementia, Alzheimer’s dementia, and other dementing disor-
ders, including amyotrophic lateral sclerosis (71). Acquired
(traumatic, nontraumatic, or surgical) injuries to different parts
of the brain (particularly frontal and/or right hemisphere le-
sions) may also cause impairment of ToM (72).

Autism spectrum disorders. ASD is a frequent neurodevel-
opmental disorder, with a prevalence of 6 per 1000 children
(73). It is mainly characterized by poor ToM abilities (3) in
connection with problems in pretend play. It is difficult for
individuals with ASD to access their own mental states (74),
and they demonstrate significant changes over time in ToM
(75). Adolescents and adults with ASD, in particular those
with normal IQ (high-functioning ASD) can often perform
conceptual ToM tasks at various levels of complexity (76).
They have been found to perform better when they were
motivated to respond adequately (77) and in structured social
interactions (78).

Developmental language disorders. Developmental lan-
guage disorders (DLD), including specific language impair-
ment, can give rise to severe problems in later ToM develop-
ment as advanced levels of ToM depend on intact language
development. Children with DLD display deficits in false-
belief understanding, which persist in adult life (79). Although
general grammatical development and vocabulary contribute
significantly to ToM reasoning (80), impairment of grammar
does not preclude a sound development of ToM, particularly
in children with normal comprehension. Cases of patients with

severely impaired grammar whose first- and second-order
false-belief reasoning is intact have been found (81). How-
ever, grammar and ToM are strongly associated over time in
children with high functioning ASDs as important predictors
of adolescent adaptive functioning (82).

Attention deficit hyperactivity disorder. ADHD is basically
an executive dysfunction causing severe problems in social
interactions. Given the intricate relationship between EF and
ToM development, children with ADHD fail in some tests of
ToM and display impairments involving emotion, face and
prosody perception, and reduced empathy (69). It is likely that
it is their impulsivity and lack of ability to focus attention, and
the behavioral problems that these give rise to, that hinder
ToM development in children with ADHD (83).

Congenital deafness. Deaf children have problems in ToM
development because they have problems accessing conver-
sational interaction, which involves hearing people talk about
mental states, a critical source of ToM development for both
sighted and blind children. Deaf children of hearing parents,
i.e. 96% of all deaf individuals (84), and deaf children whose
parents are nonnative signers, typically do not master sign
language until they go to school. They are generally severely
delayed in passing false-belief tasks (85). Deaf children with
nonsigning parents will experience long-term absence of in-
ternal speech and have less opportunity than most to talk about
mental states and are less exposed to rich pragmatic and
semantic aspects of the language. Deaf children’s under-
standing of emotions may be different; for example, desires
may take precedence (86). They show emotional lability.
Hence, the majority of deaf children tend to be delayed in
acquiring ToM and perform no better than autistic children
of the same mental age (62). However, deaf children of deaf
parents, i.e. children whose parents are native signers, are
not delayed in passing tests based on false-belief tasks (87).
Hence, differences in signers and nonsigners, and between
early signers and late signers, in relation to ToM develop-
ment are a further example of the ways becoming proficient
in sign language influences deaf children’s cognitive and
emotional development (88).

Schizophrenia. The ToM deficits displayed by schizo-
phrenics may be caused by their failure to follow their own
and other people’s mental states and behavior. According to
Frith (65), supported empirically by other studies (89), differ-
ent types of ToM skill impairment account for the different
symptom categories in schizophrenia. These include both
negative symptoms related to disorders of “willed action” and
positive symptoms related to disorders of self-monitoring
(delusions and hallucinations), as well as disorganization
symptoms related to disorders of monitoring other people’s
thoughts and intentions. This, however, fails to explain many
aspects of schizophrenia, for example, how an impaired ToM
in schizophrenia is associated with other aspects of cognition,
the fluctuation of impairment with the acuity or chronicity of
the schizophrenic disorder, as well as the language mecha-
nisms and social behavior associated with schizophrenics (89).

Congenital blindness. Autism and blindness may coexist in
different syndromes. Many blind children display autistic
features such as echolalia and stereotypies, restrictions in
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creative symbolic play, confusions in the comprehension and
use of personal pronouns, and more formulaic language (90).
Recent studies show that congenitally blind people are de-
layed in performing standard ToM tasks and seem to have
difficulty in developing a ToM due to the absence of infor-
mation provided by joint referential attention and shared focus
to an external referent (91), although these early delays may
subsequently be overcome via increased ability to learn from
what people say about mental states and other compensatory
cognitive developments. In typical development, visual infor-
mation provided by following adults’ eye movements, and
pointing and producing demonstrative points to guide adults’
attention are prerequisites for development of joint and coor-
dinated attention. Congenital blindness limits the infant’s
experience of observing other humans, a facilitator of ToM
development (68). Lacking the experience of having shared or
contrasting attitudes toward a visually constructed world
causes impoverishment in specific forms of interpersonal
experiences and therefore limited reciprocal engagement
with other people’s relatedness to the world. Congenital
blindness prevents a myriad of opportunities for infants to
follow other people’s lines of gaze, to perceive the objects
of their feelings and attitudes, and the directedness of their
actions and attitudes, and to grasp alternative meanings in
reality and play, and this leads to severe limitations in
psychological perspective-taking and social referencing
(92). However, it should be noted that absence of visual
learning in the infant and child does not change the neural
mechanisms for ToM in adulthood (93).

Personality disorders. Many people with personality disor-
ders, particularly schizoid, schizotypal, antisocial (94,95), nar-
cissistic, borderline (96), and paranoid personality disorders
(97), as well as children with conduct disorder (98), display
some deficits in ToM, such as neglect or a failure to under-
stand that others may have different perspectives differing
from their own, although some of these people are known to
successfully cheat or manipulate others (including their ther-
apists) (89). Recent studies indicate there are distinctions
between the ToM deficits of psychopathic individuals and
those of autists; contrary to expectations, people with psy-
chopathy seem to have unimpaired ToM skills reading the
“language of the eyes” despite their lack of concern about the
effects of violence on other people (8,97).

The three principal theoretical accounts of the development
of ToM mechanisms are the Theory Theory, Simulation The-
ory, and Modularity Theory (36). The explanation of ToM in
terms of Theory Theory depends on the distinction between
our beliefs and concepts about the physical world, which may
be called “primary representations,” and our beliefs about
other people’s mental states (such as their beliefs and desires)
called “second-order representations” or “meta-representa-
tions” (53). Simulation Theory implies imagining oneself in
the other’s position in a hypothetical scenario to make a
decision about what the other person will do (99). However, a
closer look at the mechanisms of simulation and representa-
tion reveals an unclear distinction between these two theoret-
ical accounts of ToM, rendering the current application of
these theories redundant (100). ToM is a cognitively demand-

ing, effortful activity even for adults (101); it does not occur
automatically (102). People tend to interpret behavior in terms
of the actors’ mental states only as a response to a real-life
task and to the extent that they have the cognitive resources to
do so (103). Even in normal people, accuracy is far from
perfect (104). People cannot simply assume that others think
and feel exactly as they do. There have to be additional
processes of adjustment for perceived differences between self
and others (105). For example, when making judgments about
the mental states of others, interference from self-perspective
must be resisted (106,107). It is possible that there are two
types of mentalizing. Simulation-based judgments, which are
heavily influenced by the salience of the individual’s own
beliefs, are less flexible but cognitively efficient, and appear
earlier than the rule-based mentalizing judgments, which are
flexible responses to more cognitively demanding tasks (108).

Modularity Theory assumes a specialized system of neural
architecture that is dedicated to ToM processing by which a
specific kind of input (information about behavior) is ob-
tained, and a particular output (description of mental states) is
produced (21). The neurobiological ontogeny of ToM depends
on brain maturation and development as well as the changes in
brain activity that occurs in the neural substrates during
childhood and adolescence. In fact, the neural correlates of
ToM should be sought in the developing brain circuitry
shaped by interpersonal interactions. New imaging results
have shown the cooperative nature of several distinct neural
networks for the different stages and components of ToM in
terms of changing functional connectivity by age (109). It is
likely that the interaction between these regions and their
wiring under social influences is critical for intact ToM de-
velopment, effectively forming a network of interconnected
subspecialized regions, which can be thought of as the “social
brain” (110–112).

Although the findings are heterogeneous, recent neuroim-
aging studies demonstrate a network that links the medial
prefrontal cortex (MPFC) and temporal cortex including the
temporal poles and temporoparietal junction, and the precu-
neus as the neural substrate of intuitive mentalizing (113).
Activations in the ventral MPFC may provide the basis for our
“emotional bond” with other people’s emotions (114). The
superior dorsal MPFC region is activated when thinking about
others’ dissimilar mental states (115). The temporoparietal
junction, consisting mainly of the superior temporal sulcus
and inferior parietal lobule, is an essential area in belief
attribution (116). Other regions of the brain which are of
interest in relation to other aspects of ToM mechanisms
include the amygdala, orbitofrontal cortex, and ventral stria-
tum, all of which play a role in the modulation of complex
reward mechanisms, the anterior and posterior cingulate cor-
tices, and the paracingulate cortex, which are vital to the
integration of cognition and affect (113). Magnetoencephalog-
raphy studies highlight the importance of the study of the
functional connectivity between areas of ToM and areas of the
default mode network, which are active during passive resting
states of the brain in relation to ToM mechanisms (117).

Some recently discovered neurons in the cerebral cortex are
hypothesized to play a role in the simulation mechanism of
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ToM functions. These functionally specialized neurons,
known as mirror neurons, are present in different cortical
areas. The ones in the parietofrontal network are visuomotor
neurons, which discharge both when performing and observ-
ing a goal-directed action. The ones in the insula and anterior
cingulate mediate the understanding of other people’s emo-
tions and are activated when disgust or pain are experienced,
and when one sees others experiencing these emotions (118).
Although evidence from functional MRI, transcranial mag-
netic stimulation, and an electroencephalographic component
called the mu rhythm suggests mirror neurons are dysfunc-
tional in individuals with ASD (119), recent studies have
reported contrary findings (120). A possible role in the neural
mechanism of intuition and autism are proposed for the spin-
dle-shaped or von Economo neurons, a special type of neuron
with specific anatomical and physiological properties. Most
prominent in the rostral anterior cingulate cortex (121), they
are only found in humans and great apes.

The study of ToM is part of the larger field of social
neuroscience, which encompasses the empirical study of the
neural mechanisms underlying social, cognitive, and affective
processes, seen in terms of their ontogenetic and phylogenetic
development (122). The general cognitive processes involved
in perception, language, memory, and attention are synthe-
sized in the brain as processes that are specific to social
interaction. The functional organization of the human brain
involves transformations that occur within an interactive cul-
tural context that provides “extracerebral links” to socially
shared and culturally transmitted meanings (123) and simul-
taneously produces modification of relevant inborn biological
mechanisms (124). As the result of the protracted postnatal
wiring of the brain under social influences, which include
parenting, school, and the other important environmental de-
terminants of childhood and adolescence, social functions
progressively gain control over biological mechanisms.
Hence, the study of connections between fundamental neuro-
physiological mechanisms and highly complex social behav-
ior, such as ToM, via advanced techniques of neuroimaging
and genetic studies, is a source of data that will enable us to
better understand the respective roles of innate predisposition
and cultural learning in human life (122). Studies in the social,
cognitive, and affective sciences currently seem to be the most
fruitful approach to successfully contrasting both the mind-
body dualism inherent in some psychological thinking and
those theories of neuroscience that have been influenced by
biological reductionism.
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89. Brüne M 2005 “Theory of mind” in schizophrenia: a review of the literature.
Schizophr Bull 31:21–42
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