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Abstract

This paper attempts, based on a review of a wide range of clinical, biobehavioral and neuroanatomical studies, to account for the
various theory of mind impairments observed in psychiatric and developmental disorders in a single neurobiological model. The proposed
model is composed of a representational component subserved by posterior brain regions (temporal and parietal) and an application/
execution component subserved by prefrontal regions. Information processed in posterior regions is relayed through a limbic–paralimbic
system, which is essential for the implementation of theory of mind processes. In addition to its clinical implications, the proposed model
accounts for (1) the ability to mentalize about both the self and others, (2) the nature of the anatomic connections of the various brain
regions and their functional correlates, and (3) theories pertaining to the inferencing mechanisms used during mental representation/
attribution.
   2003 Elsevier B.V. All rights reserved.
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1 . Introduction intentions, beliefs, wants, desires, and knowledge. This
ability is acquired by children around 4 years of age and

Theory of mind (ToM), sometimes used interchangeably continues to develop until around 11 years of age[7].
with other terms such asmentalizing capacity, is the ability While for some thought processes mentalizing is used for
to represent one’s own or another’s mental states such as introspection, it is mainly used to socialize with others

[20,22]. This ability is believed to be an outgrowth of
social intelligence. Social intelligences such as the ability*Tel.: 11-310-824-7008; fax:11-310-205-0310.
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actions), anticipate a course of action, distinguish between approach, wherein failure on ToM tasks indicates an
1actions of the self and of others, learn through imitation, absence of this ability. That is, such research takes as its

perceive emotions, share attention, and the ability for paradigm the presence or absence of conceptual abilities
introspection and self-agency, are precursors or needed to mentalize about self and others, and the pro-
‘protoforms’ of theory of mind knowledge[20,32,38]. cesses required for the successful application of these

Two accounts have been proposed to explain the in- conceptual abilities. Within this paradigm two main lines
ferencing mechanism underlying ToM: ‘Theory Theory’ of thinking have emerged. The first takes ToM impairment
(TT) and ‘Simulation Theory’ (ST). According to TT our as a deficit in conceptualization and representational
knowledge of other minds is embodied in an explicit abilities. In this view, an individual lacking ToM is
symbolic theory along the lines of folk psychology, with thought to be unable to represent mental states of others or
axioms and rules of inference, from which we may deduce of oneself[15,39,96].The second argues that the deficit is
what others know and want[47]. In contrast, proponents of one of application and performance. Here the individual
ST contend that we mentally simulate others’ thought demonstrates awareness of another’s mental activity but
processes and feelings, using our own mental state as a
model of theirs[53]. To date, data accumulated to decide

1The classic task used in testing for theory of mind is the ‘unexpectedbetween these two competing theories are inconclusive and
transfer’ task[103], which examines whether or not an individual can

this issue remains an open empirical question. attribute a false belief to another. In this task the individual witnesses a
Several neurobiological models have been proposed asscenario where a child hides an object in location A and leaves the room.

In the absence of the child this object is displaced and hidden again inbases for ToM[9,19,40]. These models and many others
location B. The individual is then asked where the returning child willhave invoked structures in posterior and anterior regions of
look for the object. If the individual answers that the child will look inthe brain most consistently being the superior temporal
location A, the individual is assumed to have an operative theory of mind.

sulcus and the medial prefrontal cortex, respectively. If the individual answers that the child will look in location B, it is
Limbic–paralimbic structures have also been suggested asassumed that the individual lacks an operative theory of mind.

2Similarities in ToM abilities between negative symptom schizophreniapart of the ToM circuitry most notably being the orbitof-
and the autistic spectrum is plausible since there is evidence that similarrontal cortex and the amygdala. For example, Brothers[19]
to patients with autism, patients with negative symptom schizophreniaprovided a model for social cognition (an ability that
have abnormal social development in early childhood[34] during which

encompasses ToM abilities) that consists of a three-nodeperiod ToM abilities develop[67]. This is all the more plausible given
circuit connecting the orbitofrontal cortex, the superior that both populations exhibit similar communication problems as can be

seen from the following speech samples where the second speech sampletemporal sulcus, and the amygdala. According to Brothers,
is similar to the first which U. Frith describes as a very limitedif this circuit is broken at any point, autism can be
conversation in its communicative potential and with no drive forproduced, a disorder associated with significant deficits in
continuity.

theory of mind abilities. More recently, in their synthesis
of the biological basis of social interaction, the Friths[40] (1) A conversation with an able autistic patient (Ref.[39], pp. 118–119)
suggested a theory of mind network that emphasizes the UF . . . you live in that lovely flat upstairs?
superior temporal sulcus, the medial prefrontal cortex R Yes–suh [Ruth always emphasized the final consonant]

UF Is that really good?(including the anterior cingulate cortex), and to some
R It is.extent the amygdala.

UF Do you do some cooking there?In light of recent theoretical development and empirical
R Yes. I do.

findings, the present review is an attempt to provide a more UF What kind of things do you cook?
elaborate model that considers (1) mental attribution to self R Anything.

UF Really. What is your favorite food?versus mental attribution to others, (2) the pattern of
R Fish fingers.connectivity between various brain regions that have been

(2) A conversation with an individual with negative symptom schizo-implicated in mentalizing abilities, (3) the inferencing
phrenia with marked poverty of speech (Ref.[35], p. 44)mechanism used during mental states attribution (i.e.
E How’re you doing generally at the moment, Mr. D?whether we infer mental states along the lines of ST or
D All right.

TT), and (4) the various ToM impairments observed in E You’re OK. How’re . . . How’ve you been feeling in your spirits
developmental and psychiatric disorders. Before embark- this past week?

D Not so bad.ing on this task a general description of the variety of
E You’re feeling all right. Do you have any spells of feeling sad orimpairments associated with this ability are summarized

miserable?first.
D No.
E No? Nothing like that? That’s good. Now tell me, Mr. D, do you

have any special ideas about life in general?
D [Shakes head]
E No? Just ordinary ideas like the rest of us. No. Have you ever2 . Theory of mind impairments

thought that you were a special person in any way?
D [Shakes head]

Most studies evaluating ToM abilities in psychiatric and E Do you feel people stare at you and talk about you in some way?
developmental disorders have adopted a dichotomous D [Shakes head]
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fails to apply this knowledge (attribute mental states) due tion distinction across patient groups, as well as to those
to processing constraints[73,82,89].The conceptual deficit who apply them abnormally. Moreover, ToM impairments
view is generally ascribed to individuals with autism, can be in either the ability to represent self and/or others’
while the application deficit view is generally ascribed to mental states. Such distinction can provide vital infor-
individuals with Aperger’s syndrome and, according to mation for clarifying debates regarding which inferencing

2some accounts, to negative symptom schizophrenia[17]. mechanism (ST or TT) is used during mind-reading. These
Recent empirical findings and developments in the performance–competence and self–other levels of distinc-

theoretical understanding of ToM suggest that there are tions should, therefore, be expressed in any neurobiologi-
additional varieties of ToM impairment that can be ob- cal modeling of theory of mind. In other words, a given
served in developmental and psychiatric disorders. Of neurobiological model of ToM should express (shared or
interest are two groups of patients with schizophrenia. The differential) networks subserving the ability to represent
first group consists of patients with passivity phenomena self and others’ mental states, and similarly those pertain-
who, despite their impaired ability to represent their own ing to competence and performance.
mental states such as their intention to act[28,70], seem to The current paper is thus an attempt to provide a
have no deficits in the ability to represent mental states in neuroanatomical circuit that accounts for different types of
others[37,78]. ToM impairments found in a variety of psychiatric dis-

The second group consists of patients with positive orders. While these disorders, specifically autism and
symptom schizophrenia, and in particular those with schizophrenia, have different developmental histories they
paranoid and delusional schizophrenia. It has been hypoth- are similar, as this review will demonstrate, in that they
esized that the ToM failure of these patients[26,37,91]is a impact the same mechanism that allows for the ability to
consequence not so much from adeficit in the representa- mentalize[35].
tion of mental states, as reported for example by Sarfati et
al. [92], but rather from ahypertrophy of it, i.e. a hyper-
theory-of-mind that often leads such patients to overattri- 3 . Neuroanatomy of theory of mind
bute knowledge and other mental states to their inter-
locutors[1]. According to a different account, this abnor- There is a plethora of studies that have investigated the
mal mentalizing may be due to abnormal use of episodic involvement of brain areas during simple and complex
memories used to help make predictions based on what weforms of mentalization. However, many of these studies
already know [26]. In either case, egocentrism or an are localization studies and do not discuss the role of a
autistic-like lack of consideration of the mental states of particular pattern of connectivity between these areas. In
others clearly cannot account for the mentalizing behavior proposing a functional neuroanatomy of ToM, the present
of this group of patients. It should be pointed out that paper, firstly, provides a review for the involvement of
while the ToM impairment in this group of patients is one various brain regions in ToM processing. Secondly, it
of application, it is fundamentally different from that of presents an integration of these seemingly independent
patients with Asperger’s syndrome and negative symptom areas into a functionally interconnected circuit that can
schizophrenia—whereas patients with positive symptom explain the various manifestations of ToM impairments
schizophrenia attribute mental states abnormally, patientssummarized above.
with Asperger’s syndrome and negative symptom schizo-
phrenia do not manifest their knowledge of mental states in

3 .1. Representing mental states of self and otherreal life situations[17,82].
By considering ToM behavior in various developmental

The question of whether representing self or others’and psychiatric populations, we are now able to reframe
mental states employs the same or different brain regionsToM impairments on a continuum where a specific impair-
has only been recently explored[102]. Studies concernedment can be characterized as having: (1) no representation-
with the underlying neurophysiology of representing men-al /conceptual understanding of mental states (e.g. autism),
tal states provide data on the involvement of various brain(2) representational understanding of mental states, but a
regions that can be classified into three main groups: braindeficit in the ability to apply /manifest this understanding
areas solely involved in the representation of self mental(e.g. Asperger’s syndrome and negative symptom schizo-
states, brain areas solely involved in the representation ofphrenia), (3) representational understanding of mental
mental states of others, and brain areas that are common tostates, but abnormal attribution/application of these mental
both.states (e.g. delusional and paranoid schizophrenia), and (4)

intact representational understanding of the mind of others,
but impaired self (e.g. schizophrenic patients with passivity 3 .1.1. Brain regions specific for the representation of
phenomena). self-mental states

These clinical observations suggest that ToM impair- Several studies suggest that areas in the right posterior
ments are either of competence or of performance. Such parietal system, specifically the inferior parietal lobule
distinction can allow us to relate to the conceptual /applica- (IPL), are responsible for representing one’s own mental
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states. Evidence for this is provided in studies investigating Abnormalities in the parietal lobule have been reported
the underlying neurophysiology during the attribution of for both patients with autism and schizophrenia. For
mental states to self and the execution of self-generated example, in autism the parietal cortex is abnormally large
acts. Vogeley et al.[102] provided the first direct evidence compared to healthy controls[25], and has metabolic
for the involvement of the posterior parietal region in the abnormalities[30]. Similarly, numerous structural MRI
representation of self-mental states. In employing a two- studies report abnormalities in the parietal cortex in
way factorial design of stimulus material that involved schizophrenics, and particularly in the inferior parietal
ToM tasks of self and others, significant activation in the lobule (see Ref.[94] for review). These neuroanatomical
right temporoparietal regions (i.e. IPL/parietal operculum) abnormalities are congruent with the fact that these dis-
was observed during tasks requiring the representation of orders are characterized by the inability to represent self-
one’s own mental states only. (The authors in this study mental states.
seem to use the term temporoparietal interchangeably with
the IPL and the parietal operculum.) Significant activations 3 .1.2. Brain regions specific for the representation of
were also observed in medial aspects of the superior others’ mental states
parietal region. These regions were not active when Evidence from several studies in both primates and
subjects were required to infer the mental states of others. humans suggests that the superior temporal sulcus (STS) is
This suggests that representing self-mental states invokes a specialized in the representation of the mental states of
neural mechanism that is independent from that involved others. This assumption is motivated by evidence showing
in representing others’ mental states. that cells in this region respond to what is generated by

The specific involvement of the right posterior parietal another and not by one’s self. In primates, it has been
region in representing self-mental states can also be shown that the STS responds selectively to sounds, hand
inferred from studies investigating the underlying neuro- and face movements generated by others, but not to similar
physiology of self-generated acts. In a positron emission movements of inanimate objects[72], nor to such sounds
tomography (PET) study, Spence et al.[97] observed or movements generated by one’s self[55]. More recently,
abnormal hyperactivation in the right IPL region during the Jellema et al.[63] provided evidence that two distinct cell
execution of voluntary movements in schizophrenic pa- populations in the STS (STSa, sometimes called STPa) in
tients experiencing passivity phenomena (i.e. experiencing the macaque monkey have specific functions where one
beliefs that their thoughts and actions are under alien cell population is responsible for detection of attention of
control). Furthermore, Iacaboni et al.[60] reported that the others and another is responsible for the detection of
right parietal operculum was active during the execution of movements in others. The authors conclude that the
the act (i.e. the imitation of specific finger movements), but combined effect of these functions allows for the detection
not when observing the same movement being executed by of intentional action in others. Similar results have been
another individual. The activation of the right parietal obtained for humans[49,81]. For example, Puce et al.
operculum during execution only, the authors argue, reported that the posterior part of STS is involved in the
suggests its involvement in the preservation of body perception of eye gaze and mouth movement. This region,
identity during imitation, i.e. an awareness that ‘it is my they noted, may be functionally related to adjacent su-
body that is moving’ (p. 2528). The plausibility of the perior temporal regions, which appear to be involved in the
specialization of the right IPL in the representation of perception of others’ hand and body movements. More-
internally /self-generated acts finds support in studies over, the STS responds selectively to observation of goal-
reporting a specific involvement of this area in distinguish- directed actions, such as movements that take objects as
ing self-produced actions from those generated by others their intention (e.g. reaching, grasping, holding, tearing),
[88], and studies showing that lesions to this area lead to but not to movements lacking such intentions[77].
the loss of corporeal awareness[14]. Collectively, these abilities are especially important for

It should be noted that brain regions involved in inferring mental states in others and more generally for
representing self-agency or distinguishing self-produced social interaction. For example, the representation of
actions from those generated by others can be considered actions, their goals, as well as eye-gaze, which is used to
part of the circuitry for representing self-mental states. control turn-taking in dialogues[46], and is involved in the
These capacities are considered protoforms upon which deployment of mutual orientation and joint attention[9],
ToM capacities may have evolved[16,38]. A corollary are prerequisite for the development of mentalizing
issue is that self-mental representation may be built on abilities both phylogenetically and ontogenetically. More-
networks subserving body representation. Evidence illus- over, recent neuroimaging data collected during the execu-
trating the connection between the person’s belief system tion of ToM tasks by normals and patients of the autistic
and body representation is found in patients with neglected spectrum provide direct evidence for the role of the STS
or disowned body parts who often use confabulatory region in the representation of others’ mental states
explanations (reflecting a distorted belief system) to justify [8,23,42]. Studies employing tasks requiring self-mental
their existence[83,84]. representation did not report activity in this region[51,68].
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3 .1.3. Brain regions common to the representation of of mind in 32 patients with limited focal frontal and
self and others’ mental states nonfrontal lesions and reported that lesions to either the

Most researchers interested in the delineation of the left or the right (though more to the right) ventral MPFC
neurobiology of ToM have designed studies that investi- impair ToM abilities and particularly the ability to detect
gate brain activity during the attribution of mental states to deception performed by others. The involvement of ventral
others. Consequently, these studies have no say on whether MPFC in mentalizing is corroborated by Ohnishi et al.[71]
involved brain regions are also involved during mental who observed metabolic abnormalities in the ventral
attribution to self. I will argue that regions which include MPFC of children with autism. The role of these structures
the amygdala, the anterior cingulate gyrus (ACG), the in the attribution of mental states to self is less clear.
orbitofrontal cortex (OFC), the ventral and dorsal medial However, evidence for the involvement of the OFC and/or
prefrontal cortex (ventral /dorsal MPFC), and the inferola- the ventral MPFC in processing one’s self-mental states
teral frontal cortex (ILFC), reported to be involved during can be inferred from the socially inappropriate behaviors
the attribution of mental states to others, are also involved of patients with damage to these structures. These patients’
during the attribution of mental states to self. These deficient sense of self as can be inferred from the fact that
regions can be classified into two main groups. The first they exhibit deficits in decision making including those
group consists of structures in the limbic–paralimbic with direct consequences to themselves, a lack of consid-
system and includes the amygdala, OFC, ventral MPFC, eration for their personal habits, apathy towards criticism,
and ACG. The second group consists of structures in the and a lack of anxiety or concern for self[5,13,27].
prefrontal cortex (PFC) and includes the dorsal MPFC and Moreover, Gusnard et al.[51] showed that the ventral
ILFC. MPFC is active during the performance of a self-referential

Within the limbic–paralimbic system, amygdala damage judgment task of affectively normed pictures. The in-
(structural or functional) can impair ToM abilities, or volvement of these structures in emotional processing also
abilities that are necessary for its integrity. For example, suggests their involvement during the attribution of affec-
Kling and Brothers[64] showed that bilateral removal of tive mental states to self.
the amygdala results in an extraordinary loss of social and Still within the limbic–paralimbic system, the anterior
affective behavior in monkeys. In humans, Allman and cingulate gyrus (ACG) plays a major role in attention and
Brothers [4] showed that the amygdala is sensitive to emotional processing (see Ref.[79] for review), and is
direction of gaze and the expression of emotion in others’ involved during tasks requiring representation of mental
faces. Amygdala dysfunction in patients with autism[57] states or related capacities[40,102].Several neuroimaging
and schizophrenia[85,93] has been tied to their inability to studies have demonstrated activation of ACG during tasks
represent their own emotion states or those of others[18]. requiring the attribution of mental states to others[33,42].
Moreover, recent neuroimaging and lesion studies provide Commensurate with these studies is that patients with
direct evidence for its involvement in the representation of autism spectrum disorders have abnormal metabolic rates
mental states[8,31]. Baron-Cohen et al.[8] reported that in the anterior cingulate gyrus[54,71]. Recently, however,
compared to normals, patients with autism or Asperger’s Vogeley et al.[102] extended this finding and showed that
syndrome show no activation to the amygdala when the ACG is not only involved in the attribution of mental
making mentalistic inferences from the eyes, and Fine et states to others but also to oneself. The involvement of
al. [31] reported that an early left damage to the amygdala ACG in the attribution of mental states to self can also be
(particularly the basal nuclei) severely impairs the ability inferred from the findings of several other studies
to represent mental states. [51,95,97].Shima et al.[95] reported that activity in the

Next are the OFC and the ventral MPFC. These regions, posterior cingulate gyrus (but anterior to the motor cingu-
though anatomically dissociable at some level, are pre- late gyrus) was detected before the production of self-
sented here as a unitary complex since they sustain similar initiated movements. Moreover, based on PET evidence
functions that pertain to the regulation and representation from schizophrenic patients with passivity phenomena
of socioemotional states[13,29]. The specific involvement (delusions of alien control) performing voluntary move-
of these two structures in mentalizing has been reported in ments[97], and data from an fMRI study involving healthy
several studies. In a single photon emission computerized participants performing self-referential mental activity
tomography (SPECT) study, Baron-Cohen et al.[10] tasks [50], the ACG appears to be involved in the
reported activation of the right OFC during recognition of representation of value attribution to internally /self-gener-
mental state terms. In a later study, Stone et al.[98] ated acts or thoughts. Taken together these studies strongly
reported that patients with a bilateral OFC lesion per- speak in favor of the dual involvement of the ACG in
formed poorly on a story telling task requiring an under- representing self and other mental states. Interestingly, a
standing of both pragmatically appropriate social behavior study of a single-unit response in neurosurgical patients
(faux pas) and the effect of that behavior on the mental revealed that neurons in ACG respond both when the
states of others. With respect to the ventral MPFC, Stuss et subject is experiencing pain or simply observing another in
al. [100] investigated the role of the frontal lobes in theory pain[58].
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Collectively, the above reviewed studies addressing motor activities using facial, arm and hand movements, as
these limbic and paralimbic regions, i.e. the amygdala, the well as when the subject passively witnesses those exact
ACG and the OFC and the ventral MPFC, strongly suggest same goal-directed activities being performed by another.
that they have a dual role in regulating the social /emotion- It is important to note that these neurons will not fire when
al mental representations of both self and others. The role observing an action in the absence of the acted-upon
of this system in regulating social and emotional mental object. Accordingly, Rizzolatti and Arbib[86] proposed
representations is most apparent in patients with schizo- that this state-matching system, which is common to the
phrenia and autism. Both autism[11,12] and schizophrenia observer and the observed, may play a role in the detection
[101] present severe abnormalities to the limbic system, of mental activity (also see Ref.[59]). Since these neurons
which in turn significantly disrupt their ability to express make no distinction with respect to agency (self or other)
and understand emotional and social cues adequately. [62], it can be suggested that the ILFC plays a role in

With respect to structures of the second group, several attributing mental states to both self and others.
neuroimaging studies have consistently provided evidence
for the involvement of the dorsal MPFC in mental attribu-
tion tasks[23,33,42,45,52,89].Fletcher et al.[33] showed 3 .2. The integration: anatomical and functional
increased cortical activity predominantly in left dorsal connections
MPFC (Brodmann’s areas 8 and 9) of normal adults when
presented with a narrative containing reference to mental To put it together, the neurobiological substrate subserv-
states as compared to a narrative lacking such reference. ing the ability to attribute mental states to oneself and to

´Happe et al.[52], using Fletcher et al.’s[33] experimental others is comprised of three main components:posterior
design, found activation in the anterior cingulate and regions which include the IPL and STS,limbic–paralim-
Brodmann’s area 9 (but not 8) in both normals and patients bic regions which include the amygdala, OFC, the ventral
with Asperger’s syndrome, but these areas were signifi- MPFC and ACG, andprefrontal regions which include the
cantly less active in the patients with Asperger’s dorsal MPFC and ILFC. Within this network, post-Rolan-
syndrome. In addition to the involvement of this structure dic regions are reciprocally interconnected with pre-Rolan-
in the attribution of mental states to others, it has been dic regions[74,75]. Similar reciprocal connections exist
suggested that this region is also involved during the between the limbic and paralimbic structures and the pre-
attribution of mental states to self[23,38].This proposition and post-Rolandic regions implicated here[74,75]. For
finds supporting evidence in the study by Gusnard et al. example, the cingulate gyrus has reciprocal connections
[51] in which they reported that the presence of self- with the prefrontal association cortex, the superior tempo-
referential mental activity leads to increased activity in the ral sulcus, the posterior parietal cortex, and the amygdala
dorsal MPFC from the baseline, and concluded that this [74,97]. The reciprocal connections among the regions
region ‘might be necessary for spontaneous as well as implicated in the model suggest that the network for
task-related self-referential or introspectively oriented mental state attribution allows for feedback and recursion
mental activity’ (p. 4263). Additional evidence is also in processing. A schematic illustration of the neurobiologi-
found in studies requiring subjects to monitor their own cal network subserving ToM is shown inFig. 1.
mental states[65,68]. Information in the brain is often fed forward from

The ILFC has also been implicated in the neurobiology posterior to anterior regions through limbic and paralimbic
subserving ToM. In an fMRI study, Russell et al.[90] structures[74]. For example, in tasks involving interpreta-
showed that during a mental attribution task, schizophrenic tion of actions, images are detected first in the STS region,
patients, compared to normal controls, have significantly relayed to paralimbic and limbic structures for emotional
less activation in the left inferior frontal cortex reaching input, and then fed forward to frontal regions where mirror
into the insula (Brodmann’s area 44/45/47). Moreover, in neuron circuits in the ILFC are activated to reproduce the
the ILFC there is a group of cells called mirror neurons action[43,63]. Similar to interpretation of actions, it is
(MNs) [21,60],which are thought to be involved in mental reasonable to conjecture that mental states of self or others

3attribution processes[43,86]. Mirror neurons have unique are, respectively, first detected (represented) in the IPL and
properties in that they discharge congruent firing patterns the STS regions, relayed to paralimbic and limbic struc-
both when the subject is executing specific goal-directed tures for emotional input and integration of this emotional

input with the incoming parasensory information. At this
3 stage, the information is synthesized for evaluation ofMirror neurons were first observed in monkeys in the ventral premotor
cortex (area F5), and there is good evidence for the existence of theserelevance or meaning for the individual and relayed to
neurons in Broca’s areas or the frontal operculum in humans[21,60]. dorsal and lateral regions of the PFC for application and
Broca’s area (part of the ILFC) is the purported homologue of F5 in execution decisions.
monkeys and is involved in the control of the oro-laryngeal, oro-facial

The reciprocally interconnected limbic–paralimbic andand brachio-manual movements responsible for the physical production of
neocortical systems[74] suggest that emotion and cogni-speech (for discussion of the cytoarchitectonic and functional homologies

between area F5 and Broca’s area see Ref.[86]). tion can be interacting functions of the brain[65]. In this
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Fig. 1. Functional Neuroanatomy of representing and attributing self- and other mental states.

regard, Le Doux[66] proposes that by way of neural and the ILFC. These prefrontal regions, I argue, are
interactions among these various regions, affect and cogni- primarily involved in the application process of mentaliz-
tion can mutually affect each other. Indeed, incorporating ing. To substantiate this claim, there is a need to show that
emotional /motivational representations, or as referred to the PFC sustains functions necessary for execution and
by Damasio ‘somatic markers’, influences cognitive pro- application, or that impairment to the PFC would result in
cesses in that they serve as biasing signals in decision- problems associated with application and/or execution of
making processes[27], indicators of mental states such as mental states.
intentions[24], and a support to conscious awareness[50]. Stuss and Benson’s[99] model of brain functions
Thus the experience of happiness (i.e. a self-mental state), suggest that the frontal lobe is involved in four basic
for example, is created when representations of stimuli, functions. The first function issequencing which is the
self and affect are integrated. This integration is then used ability to maintain meaningful information units. The
for the evaluation of behavioral consequences and the second isdrive that allows for the modulation and inhibi-
significance of the social situation. I argue that the tion of cerebral activity. The third function iscontrol
involvement of the limbic–paralimbic network is not (which includes planning, monitoring and anticipation) of
confined to representing affective mental states. There is cognitive and noncognitive activities. The fourth function
strong evidence suggesting that damage to these regions isself-analysis that allows for evaluating the meaningful-
also impairs general ToM abilities[8,31,98]. Concisely ness of the cognitive process to the individual. These
put, ‘you cannot formulate and use adequate ‘theories’ of functions of the frontal lobe strongly suggest that the PFC
your mind and for the mind of others if something like the is involved in application and execution processes. Sup-
somatic marker fails you’ (Ref.[27], p. 219). porting evidence for this is provided by several studies on

It is suggested that processing of this interaction be- patients with damage to the PFC including the medial
tween cognitive and affective representation is most likely PFC. These studies report that while these patients can
to take place in the OFC/ventral MPFC complex. The state socially appropriate thoughts and actions in labora-
ventral MPFC region is viewed as a convergence zone that tory settings (i.e. preserved representational abilities) they
receives (primarily via the OFC) sensory data of all fail to apply this knowledge in their daily social interac-
modalities (e.g. auditory, visual, somatosensory) as well as tions (i.e. abnormal application)[6,27]. This is strikingly
all kinds of perceptual syntheses of sensory input[28,80], similar to a study by Bowler[17] who shows that while
which makes it an ideal infrastructure for synthesizing the patients with Asperger’s syndrome as well as patients with
diverse range of information needed for a complex mental negative symptom schizophrenia perform well on ToM
activity such as mentalizing. At this stage, this highly tasks in a laboratory setting, they fail to demonstrate their
synthesized information is forwarded via the ventral MPFC knowledge of the other’s mind in real life settings.
to various PFC regions[41,69], including the dorsal MPFC Interestingly, abnormal activity has been observed in the
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dorsal MPFC (BA 8/9) of Asperger’s patients while the other’s situation, but also being the other[48]. On the
performing mentalistic tasks[52]. face of it, the mirror neuron system, described above and

Additional support for the involvement of the PFC in which appears to be involved in mind-reading, seems to fit
application processes comes from a close examination of the general framework of this theory[43]. However, there
the ILFC. The ILFC and its mirror neuron circuit allows are two main problems with this proposal. Firstly, MNs do
for mental state matching between self and other[43,63]. not make explicit whether a goal-directed act is self-
The ILFC also has motoric functions of speech, hand and generated or generated by another agent[62]. Secondly,
face movements as well as functional relationships of but a corollary problem, is that Gallese and Goldman’s
output mechanism with the premotor cortex (Ref.[86], pp. mirror neuron/simulation account[43] would predict that
190–191). These functional properties of the ILFC suggest there could not exist a situation wherein a person is
its involvement in the application of the attribution of capable of successfully attributing mental states to others
mental states. To summarize, it is argued that (1) the but not to self since attributing to self, according to ST, is
functional properties of the ILFC, (2) the hindering effect a prerequisite step to gain insight into others’ mental
of MPFC damage on the ability of patients with Asperger’s states. Strikingly, however, schizophrenic patients with
syndrome and medial prefrontal damage to apply repre- passivity features (e.g. delusions of control) were success-
sented mental states and thoughts, and (3) the general ful in inferring the intentions of others from indirect
prefrontal functions of sequencing, drive, control and self- speech probes[26], and could correctly answer ToM
analysis provide a plausible account for the involvement of questions addressing false beliefs in others[37,78]. This is
the PFC in the application process of already represented problematic for ST given that these patients also have
mental states. problems representing their own intentions to act[28,70],

To conclude, the brain regions presented in this distrib- and are impaired in discriminating their own hand from an
uted network can be divided in terms of their involvement alien one[97], and misattribute internally generated acts to
in the mentalizing process as follows: (1) representation of others[61].
one’s own mental states is subserved by the IPL region, From a neurobiological perspective it can be suggested
(2) representation of others’ mental states is subserved by that abnormalities in the IPL region, as found in these
the STS region, (3) mental states represented in these patients[97], hinders the ability to represent one’s own
regions are fed forward to the limbic–paralimbic system mental states. This is analogous to cases of schizophrenia
for socioemotional regulation and interpretation, and (4) where overactivity in the parietal cortex, probably due to a
processed information is then projected to the MPFC and loss of inhibitory control of the frontal cortex, leads to the
ILFC regions for application processing. This neuro- inability to represent current and predicted states of one’s
biological model has important consequences for clinical own limbs[36]. The remaining intact regions, it seems, can
and theoretical aspects of mentalizing which is the topic of still allow for the ability to attribute mental states to others
the next section. through the STS and its connections with limbic, paralim-

bic and frontal regions. That individuals can attribute
mental states to others while self is impaired implies these

4 . Theoretical and clinical implications abilities are dissociable and that mental representation
cannot be by way of simulation. It appears then, though by

The potential success or soundness of a particular model default, that TT is the likely inferencing mechanism by
depends, among other things, on its ability to relate to the which we arrive at mental states.
theoretical /philosophical underpinnings of the phenom-
enon it observes, as well as its explanatory power of the 4 .2. Clinical implications
various phenomenological manifestations of the phenom-
enon. As it pertains to the proposed model of the neuro- The clinical implications of the proposed model are
anatomy of ToM, I will first address the inferencing quite diverse. In Section 2 I outlined, based on clinical
mechanism that this model may support. In other words, data, the various ToM impairments often observed in
how does this model account for Simulation Theory (ST) psychiatric and developmental disorders. These include (1)
versus Theory Theory (TT)? Secondly, I will discuss the an absence of the ability to represent mental states often
model’s potential in predicting the various theory of mind ascribed to individuals with autism, (2) an absence of the
impairments observed in psychiatric and developmental ability to apply mental states often ascribed to individuals
disorders outlined in Section 2. with Asperger’s syndrome and negative symptom schizo-

phrenia, and 3) an overattribution of mental states often
4 .1. Theoretical implications ascribed to individuals with positive symptom schizophre-

nia of the delusional and paranoid types. The question that
If we indeed infer mental states via simulation processes arises is which disruptions or lesions to the system produce

along the lines of ST, the simulator needs first to introspect which ToM impairments.
and directly be engaged in a pretense of not only being in According to the knowledge we have, it would be
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impossible to determine the minimum damage needed to from a dysfunction in the ability of the PFC to recruit
result in impairment to ToM abilities given that: (1) inhibitory interneurons of the amygdala (specifically of the
individuals with ToM impairments exhibit abnormalities in basolateral nucleus of the amygdala) to attenuate sensory-
a number of brain regions, (2) these regions are ana- driven amygdala-mediated affective responses[87]. The
tomically interconnected and it is difficult to know the suggestion that damage to the amygdala could lead to
deficits that could result in other regions as a consequence some form of hypersociability[3] is in accord with the role
of impairment to some particular region, and (3) there are of amygdala and its connection with PFC in controlling
almost no data on whether ToM processes are generated/ attribution processes of mental states.
modulated by specific cell populations within a given Finally, as reviewed above, there is extensive evidence
region. suggesting that damage to limbic–paralimbic regions

With these limitations in mind, a number of predictions severely impairs the ability to mentalize in both autism and
can, nonetheless, be made based on the proposed model. schizophrenia. Specifically, dysfunction to this system can
The model predicts that damage to the posterior regions result in impairment in the conception of affective mental
which include the IPL and STS regions could lead to states. The involvement of the limbic–paralimbic circuit in
impairment in the ability torepresent mental states of self the representation of affective mental states is in accord-
and other, respectively. This suggestion is in accordance ance with psychological models considering autism as a
with recent findings suggesting the involvement of poste- disorder of emotional deficit[56], and those considering it
rior regions in the representation of mental states, rather as a disorder of empathy[44]. It also supports recent
than frontal regions[6]. Specifically, damage to the IPL empirical findings suggesting that patients with schizophre-
region may lead to the loss of the ability to represent nia are also impaired in their ability to empathize[2]. Such
mental states to self as is the case with schizophrenic deficits could be of application or of competence. An
individuals with passivity phenomena. Damage to both the application deficit might result from a dysfunction in the
IPL and STS regions may result in impairment to the inhibitory pathway of the PFC to the limbic system. On the
ability to represent mental states about both self and others other hand, a competence deficit might result from severe
as in the extreme case of autism. damage to the limbic system or its connections with

The model also predicts that damage to frontal regions is posterior association cortices, namely the parietal lobule
likely to impair application or attribution processes of and the superior temporal sulcus.
mental states. Such damage can lead to the kind of
application deficit found in patients with Asperger’s
syndrome and negative symptom schizophrenia, or that

5 . Closing remarksfound in positive symptom schizophrenia. The difference
between these types of application deficit is one of severity

In this paper, I have attempted based on a review of aand is likely related to etiological differences in that
wide range of clinical, biobehavioral, neuroanatomical andpositive symptom schizophrenia occurs much later in

4 neuroimaging studies, to account for the various ToMlife —earlier damage results in more severe application
impairments observed in psychiatric and developmentaldeficits, and later damage results in lesser application
disorders in a single neurobiological model. The modeldeficits.
provides some suggestions and predictions as to theOne possible scenario is that application problems can
neuroanatomical deficit that might be associated withresult from dysfunctional inhibitory pathways between the
various ToM impairments. Research under the guidelinesPFC and limbic–paralimbic structures, particularly the
of the proposed model can help achieve fuller understand-amygdala [76,87]. This can result from either an over
ing of pathologies that disrupt the ability to represent andinhibition by the PFC of incoming information from
attribute mental states and their neurobiological correlates.limbic–paralimbic regions leading to the kind of applica-

tion deficit in Asperger’s syndrome and negative symptom
schizophrenia, or loss of inhibition leading to hyper-theory
of mind. Loss of inhibition can result from over excitation R eferences
of the amygdala which could result from either a dysfunc-
tion in the inhibitory role of the amygdala in the sponta-
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