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INTRODUCTION

There is mounting evidence that ToOMM (the Theory of Mind Mechanism)
may be a modular system (Baron-Cohen, 1992; Leslie, 1991; Leslie & Roth,
1993). ToMM is the name Leslie gives to the system underpinning our
everyday theory of mind. ToMM'’s modularity rests on two arguments:

1. Children with autism are impaired in their understanding of epistemic
mental states (such as beliefs: Baron-Cohen, Leslie, & Frith, 1985; Perner,
Frith, Leslie, & Leekam, 1989), but are unimpaired in their understanding of
nonmental representations (such as photographs, drawings, maps, and
models: Charman & Baron-Cohen, 1992; 1993; Leekam & Perner, 1991;
Leslie & Thaiss, 1992); and

2. Understanding mental states requires the processing of a special kind
of representation. Leslie and Roth (1993) call these M- Representations', and
suggest they have the following structure’:

[Agent-Attitude-*‘Proposition”].

"They adopt this term in order to avoid the confusions arising from the earlier term

‘metarepresentations’ (Perner, 1993).
2In recent writings, Leslie suggests M-Representations have a 4th term, to express an anchor

in reality (e.g. see Leslie, German, & Happé, 1993).
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Examples of what could fill these three slots are:

[John-thinks-“The money is in the biscuit tin”’], or
[Mary-believes-*“The moon is made of green cheese”].

In these examples, the whole M-Representation can be true even if the
proposition is false (i.e. even if the money is not in the biscuit tin, or if the
moon is not made of green cheese). For example, the M-Representation can
be true if John indeed thinks the money is in the biscuit tin, or if Mary really
believes the moon is made of green cheese. The usefulness of M-
Representations is that they allow prediction of an Agent’s future action.
For example, they lead us to predict that John will go to the biscuit tin if he
wants the money. M-Representation also allow one to make sense of an
Agent’s behaviour. For example, they help make sense of why John looks
disappointed when he opens the biscuit tin.

The evidence from autism, showing that such children have specific
difficulties in predicting an Agent’s behaviour on the basis of beliefs and
other mental states, in combination with Leslie’s account of ToMM’s
unique class representations, satisfy two criteria for a system to be modular:
the possibility of neural dissociation, and the existence of specific, dedicated
representations (Fodor, 1983; Jackendoff, 1987).

According to Leslie (1987), TOMM comes on line in the middle of the
second year of life, and its arrival is marked by the production and
comprehension of pretence. Building on Leslie’s model, Baron-Cohen (in
press a; in press b) argues for the existence of three developmentally earlier
modules:

1. ID (the Intentionality Detector),
2. EDD (the Eye-Direction Detector), and
3. SAM (the Shared Attention Mechanism).

As will be explained, SAM is held to play a crucial role in triggering
ToMM to function. In this chapter, we begin by briefly summarising the
neuropsychology of these mechanisms. We then shift levels to consider the
possible neurobiology of these mechanisms. In doing this, we seek to
integrate Baron-Cohen’s (in press a; in press b) psychological theory with
Brothers’ (1990) neurobiology theory.

THE NEUROPSYCHOLOGY OF THE MINDREADING
SYSTEM

Figure 9.1 shows the four postulated components in the Mindreading
System3. Here, we review each of the four mechanisms in turn.

3 Further details of each of them can be found elsewhere (Baron-Cohen, in press a; in press b).
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FIG. 9.1 The four components of the Mindreading System (adapted from Baron-Cohen, in
press a).

The Intentionality Detector

ID is a primitive perceptual mechanism that is amodal, and that
interprets self-propelling stimuli in terms of that stimulus’ goal or desire.
That is, it reads directional stimuli as volitional. In this system, ‘“‘goal” is
defined as the target of an action, and “desire” is defined as a movement
towards or away from a target. ID is very similar to Premack’s (1990)
notion of a module that is hand-wired into our visual system to detect
intentionality—though in the case of ID, the mental states of goal and
desire are read into a wide range of stimuli with direction (a touch, a
push, a jump, a shout, any movement that occurs without an apparent
external cause, etc). ID builds dyadic representations of behaviour, of the
form:

[Agent-Relation—Object], or
[Agent—Relation-Self], or
[Self-Relation—-Object], or
[Self-Relation-Agent].
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Examples of these are:

[The man-has goal-the door], or
[The mouse-wants-the cheese],
[I-want-the cup].

The Eye-direction Detector

EDD is a system that functions to detect the presence of eyes (or eye-like
stimuli), and then builds dyadic representations of eye behaviour. These are
built, for example, every time EDD detects that another’s eyes are “looking
at me.” EDD’s dyadic representations have an identical structure to ID’s,
but whereas for ID the Relation slot is filled with a term like “goal” or
“desire,” in the case of EDD the Relation slot is filled with a term like “see,”
“look,” etc. That is, eyes or eye-like stimuli are read as visual and
informational. In the case of both ID and EDD, their representations are
dyadic because there are only two entities, connected by a Relation term.

Examples of EDD’s representations are:

[Mother-sees-me], or
[The cat-sees-the mouse], or
[I-see-the man].

The Shared Attention Mechanism

SAM is a mechanism that functions to check if you and another organism
are attending to the same object. To do this, SAM builds triadic
representations®. These are more complex than dyadic representations.
They have a structure that is expressed by something like the following:

[Agent-Relation—(Self-Relation—Object)], or
[Self-Relation—(Agent—Relation—Object)].

Examples are:

[Mother-sees-(I-see-the car)], or
[I-see-(Mother-looking at-the door)].

What makes these representations triadic is the inclusion of an embedded
dyadic representation (e.g. [Self-Relation-Object] or [Agent-Relation-
Object]). This is required in order for the triadic representation to specify
that both Self and Agent are looking at the same object, and that one or

4 The distinction between dyadic and triadic relations stems from Bakeman and Adamson
(1984). They are also key distinctions that Gomez (1991) draws. Hobson (this volume) brings
out the importance of such relations in talking about the “triangle.” In Baron-Cohen’s (in press
a; in press b) theory, these terms describe types of representation.
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both of the Agents has detected this. Perhaps a more accurate way of
expressing this is via the diagram in Fig. 9.2.

SAM is a central mechanism that depends on ID and EDD for its input.
That is, it can only build triadic representations out of dyadic ones. Because
these are more easily constructed out of EDD’s dyadic representations,
EDD and SAM are held to have a privileged relationship: EDD sends its
output to SAM, as is shown in Fig. 9.1.

SAM can do a few more things. First, it connects ID to EDD. This means
that in the triadic representations that SAM builds, the Relation slot can be
filled by either visual terms (“see,” “look,” etc.) or volitional terms (“goal,”
“desire,” etc.). This allows SAM to read eye-direction in terms of an Agent’s
goals and desires. Secondly, SAM passes its triadic representations to the
fourth of the components in the Mindreading System, ToMM. This is held
to be necessary to trigger TOMM to function (Baron-Cohen, 1989; 1991a;
1993; in press a; in press b).

The Theory of Mind Mechanism

As briefly mentioned in the Introduction to this chapter, we follow
Leslie’s description of this component. That is, TOMM is held to represent
something like M-Representations, employing the full range of mental state
concepts in the Attitude slot. These include the epistemic states (believe,

A

FiG.9.2 A triadic representation (adapted from Baron-Cohen, in press a). S = Self, and
A=Agent.
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think, know, pretend, imagine, dream, etc.). TOMM’s second function is to
organise mental state knowledge into a useful and coherent theory of action,
such that it becomes both explanatory and predictive (Premack &
Woodruff, 1978; Wellman, 1990).

So much for the background. What of the neuropsychology of these four
mechanisms? Here, we examine both the normal developmental timetable of
these four mechanisms, and the possible dissociability between them in cases
where development goes wrong. Specifically, we focus on two kinds of
pathology: autism, and congenital blindness’.

Normal Development

ID is probably functional from early in infancy (Premack, 1990). Rather
than infants operating like behaviourists at any point in development, they
probably read movement in terms of goal-directed action from the outset.
Certainly, by the time they speak they refer to goal-directed action and
desires (Wellman, 1990).

EDD is clearly functioning in infancy, as shown by infants’ selective
attention to other people’s eyes (Maurer & Barrera, 1981). This selective
attention to the eyes appears to have a long evolutionary heritage: From the
reptiles, to the birds, to the primates one can find selective attention to the
eyes of another organism (Baron-Cohen, in press a; in press b). The fact that
human infants smile when they receive eye-contact (Wolff, 1963) is evidence
that they can detect when “eyes are directed at me.” Certainly by preschool
age, when they can be tested verbally, they have no difficulty in correctly
responding to the test question “Which one is looking at you?’ when
presented with pairs of photographs of faces like those in Fig. 9.3 (Baron-
Cohen & Cross, 1992).

SAM is held to come on line slightly later than the two previous
mechanisms: around 8-12 months of age. The clearest expressions of this are
spontaneous gaze-monitoring (Butterworth, 1991; Scaife & Bruner, 1975)
and spontaneous gaze-directing behaviours such as protodeclarative
pointing (Bates, Camaioni, & Volterra, 1975). In both phenomena, the
infant alternates his or her own gaze back and forth between the adult’s eyes
and the object to which they are both attending, or at which the infant is
directing the adult’s gaze (Baron-Cohen, 1989; 1991a; Gomez, 1991).

Regarding SAM’s function of inferring goal from eye-direction, Phillips,
Baron-Cohen, and Rutter (1992) investigated this with normal toddlers
ranging from 9-18 months. The child was presented either with an ambiguous
or an unambiguous action. One ambiguous action comprised blocking the

$We follow Hobson (1990) in drawing this comparison, though we use it to emphasise the
differential dissociation of the four components of the Mindreading System.
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FIG. 9.3 “Which one is looking at you?” (from Baron-Cohen & Cross, 1992, reproduced with
permission).

child’s hands during manual activity, by the adult cupping her hands over the
child’s. A second ambiguous action comprised offering an object to the child,
but then at the last minute teasingly withdrawing it, just as the child began to
reach for it. The unambiguous action simply comprised giving or presenting
an object to the child. Phillips et al. found that, on at least half of the trials,
100% of the infants responded to the ambiguous actions by instantly looking
at the adult’s eyes (within the first 5 seconds after the tease or the block),
whereas only 39% of them did so following the unambiguous action, using
the same criteria. This suggests that under conditions in which the goal of an
action is uncertain, the first place young children (and indeed adults) look for
information to disambiguate the goal is the eyes.

A further study demonstrated that it is indeed eye-direction that children
use to infer the mental state of goal (Baron-Cohen, Campbell, et al., 1993).
Since this paradigm was verbal, young three-year-olds were tested. The child
was asked “Which chocolate will Charlie take?” after being shown a display
of four sweets and a cartoon character (Charlie’s face) looking at one of
these (see Fig. 9.4). Subjects tended to pick the one Charlie was looking at as
the goal of his next action, and this was statistically significant. Regarding
evidence for SAM’s function of inferring desire from eye-direction, Baron-
Cohen, Campbell, et al. (1993) also presented normal three- to four-year-
olds with the display of the four sweets, with Charlie’s eyes pointing towards
one of the four sweets, randomly selected (as in Fig. 9.4), and asked the
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FIG.9.4 The Four Sweets Display (adapted from Baron-Cohen, Campbell et al., 1993).

subject “Which one does Charlie want?’ Children of this age had no
difficulty at all in inferring Charlie’s desire from his eye-direction.

ToMM, as Leslie (1987) suggests, probably makes its first appearance
with pretence, around 18-24 months of age. By 3 years of age, preschoolers
are able to understand aspects of what people know (Pratt & Bryant, 1990),
and by 4 years of age they can distinguish true and false beliefs (Wimmer &
Perner, 1983). Their mental-state knowledge is also highly organised into a
coherent “‘theory” which the child uses for both explanation and prediction
of behaviour (Wellman, 1990).

Autism

Both ID and EDD appear to be intact in children with autism. Evidence for
these claims includes the following: Such children use words referring to
goal-directed action and desire in their spontaneous speech (Baron-Cohen,
Leslie, & Frith, 1986; Tager-Flusberg, 1993), they can predict emotions on
the basis of a person’s desire (Baron-Cohen, 1991b), and they can detect
when the eyes of another person are directed at them (Baron-Cohen,
Campbell, et al., 1993). However, SAM appears to be impaired in autism.
Key evidence for this is that they show little if any spontaneous gaze
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monitoring (Leekam et al., 1993; Sigman, Mundy, Ungerer, & Sherman,
1986) or spontaneous protodeclative pointing to direct another’s gaze to
share interest in something, as an end in itself (Baron-Cohen, 1989).

If SAM is impaired in autism, then children with autism should also have
difficulties in reading eye-direction in terms of mental states such as goal and
desire. There is some evidence that supports this prediction. Phillips et al.
(1992) tested very young children with autism for their ability to use eye-
direction to detect a person’s goals, using the ambiguous and unambiguous
actions described earlier. However, these children did not use eye-contact to
disambiguate the ambiguous actions, looking as little in both conditions (less
than 11% looking, in each). Baron-Cohen, Campbell, et al. (1993) went on to
test children with autism to see if, on the Four Sweets Task, they were able to
use eye-direction to infer the mental states of want and goal. They found
significant impairments in the use of eye-direction in inferring both of these.

Autism and Congenital Blindness

SAM and ToMM, as so far described, are independent systems with a
special relationship: ToMM is activated by taking SAM’s triadic
representations as input. This is a testable claim about a certain kind of
precursor relationship® between the two systems in development. The claim
is that SAM is a necessary (though not sufficient) condition for the
development of ToMM. Note, though, that although SAM usually builds
triadic representations using EDD’s dyadic representations, this need not be
the case. For example, since children with congenital blindness lack EDD,
SAM must be restricted to building triadic representations specifying joint-
attention via touch or audition (e.g. [Mother-touches-(I-touch-the apple)]).
So, in their case, SAM must be building triadic representations using ID’s
dyadic representations. These kind of triadic representations are likely to be
considerably more difficult to build than those derived from EDD.
To summarise, the key claims can be elaborated as follows:

1. SAM’s triadic representations are necessary to trigger ToMM’s
development.

2. SAM exploits EDD as the system of choice for building triadic
representations.

$Gopnik, Slaughter, and Meltzoff (this volume) also pursue the argument that
understanding perception is a precursor for understanding belief, though for them this is
couched in terms of theory-change. Butterworth (this volume) similarly argues that joint-
attention is one of the important routes towards an understanding of mind in the developing
child. Our account is compatible with both of these accounts, but as the reader will gather, ours
is both a modular and a neurobiological thesis.
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3. In most cases of autism, SAM is impaired whilst EDD is not.
4. In congenital blindness, EDD is impaired but SAM is not.

Regarding (2), this is not only because joint attention can be established
on distal objects more easily via vision than it can via touch or audition, but
also because eye-direction is a more reliable source of information about a
person’s goals, interest, etc., than is (say) body-orientation. Hence the
assumption that EDD and SAM have been prioritised in evolution for
solving the problem of detecting a person’s mental states of attention, desire,
and goal (Baron-Cohen, in press a; in press b).

Given the evidence presented earlier, that most children with autism fail
to develop a fully functioning SAM, it follows from the theory outlined here
that in these children this would have the knock-on effect of not activating
ToMM. In principle, however, the theory predicts two subgroups of
autism:

Subgroup 1. Both SAM and ToMM are impaired, as explained by the
knock-on hypothesis. There is considerable evidence suggesting that many
subjects with autism fall into this group (see Baron-Cohen, 1993, for a
review)’.

Subgroup 2. SAM is intact, whereas ToMM is impaired in its own
right. This group remains to be properly investigated. One possibility is that
this group corresponds to those children with autism who are reported to
have a period of normal development up to the age of 18 months (Derek
Ricks, personal communication, 1985; Volkmar & Cohen, 1989), and then
show clear signs of autism.

Finally it follows from this theory that in children with congenital
blindness, since SAM is intact, TOMM should also develop, although a
slight delay in this would not be surprising given the need for SAM to use
ID instead of EDD. Here too, we await the relevant tests of ToMM in
children with congenital blindness.

THE NEUROBIOLOGY OF THE MINDREADING
SYSTEM

In this section we present a neurobiological model. This model is of necessity
speculative, as many pieces of the jigsaw are not yet in place. However, we
feel that there are enough clues to begin to sketch the model. Our model is
based on an integration of our work (Baron-Cohen, in press a; in press b;

7 Consistent with this, absence of joint attention and pretend play is one predictor of autism
at 18 months of age (Baron-Cohen, Allen, & Gillberg, 1992).
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Baron-Cohen, Ring, et al., 1993) with that of Brothers (Brothers, 1990;
Brothers & Ring, 1992). The model proposes:

1. that the superior temporal sulcus (STS) is responsible for EDD’s
functions;

2. that since SAM uses EDD, the STS may be responsible for aspects of
SAM too;

3. that the orbito-frontal cortex (OFC) is responsible for some of
ToMM’s functions;

4. that the amygdala may be involved in several components of the
Mindreading System; and

5. that these three brain areas form a circuit via important neural
interconnections.

These three brain regions are shown in Fig. 9.5. Frith (1992) proposes a
similar model, also based on Brothers (1990). We turn to consider the

evidence for these assumptions.

The STS: The Seat of EDD and SAM?

Specific “face” cells were identified by Bruce, Desimone, and Gross (1981)
and Perrett, Rolls, and Caan (1982) in the STS. Later studies demonstrated
the role of specific cells which respond selectively to individual familiar faces
(Bayliss, Rolls, & Leonard, 1985; Desimone, Albright, Gross, & Bruce,
1984; Kendrick & Baldwin, 1987; Perrett et al., 1984; Yamane, Kaji, &
Kawano, 1988), and to the orientation of the head (Perrett et al., 1985).
Perrett’s group found that some cell types respond selectively to the left
profile, others to the back of the head, etc.

Other studies have found that specific cells respond selectively to direction
of gaze (Perrett et al., 1985; 1990). For example, Fig. 9.6 shows significantly
more excitation from a cell in the STS of an observer when looking at eyes
which are directed forward. (Other cells in the STS show the opposite
pattern.) Perrett et al. (1985) found that 64% of cells in the STS responsive to
the face or profile views of the head are also selective for the direction of gaze.
Other evidence consistent with the notion of the STS being the brain basis of
EDD comes from neuropsychology: Lesions in the STS produce an
impairment in the ability to discriminate gaze direction by monkeys
(Campbell et al., 1990), and by some patients with prosopagnosia (Campbell
et al., 1990; Heywood & Cowey, 1991; Perrett et al., 1990). Perrett and his
colleagues, in their most recent publications (Perrett et al., 1990; 1991), refer
to the cells which respond to gaze-direction as cells responsive to the state of
attention of the other individual, and which have the primary function of
detecting if another individual is “looking at me” or not. In our model, such




FIG. 9.5 The orbito-frontal cortex (OFC: lower illustration: basal view) and the superior
temporal sulcus (STS: upper illustration: lateral view) in the macaque brain. The shaded regions
show medial portions of the amygdala (from Brothers, 1990, reproduced with permission).
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FIG. 9.6 Responsivity of cell M047 in the STS to eye-direction (adapted from Perrett et al.,
1990, reproduced with permission).

cell assemblies serve EDD, and we speculate that since SAM works so closely
with EDD, such cell assemblies in the STS may serve aspects of SAM’s
functioning as well. SAM’s link with ToMM, however, requires the
connection from STS to OFC. OFC receives direct inputs from rostral
temporal cortices, including the depths of the STS (Barbas, 1988).

The OFC and ToMM

Damasio (1984) argues that the prefrontal region can be divided into three
distinct functional sectors:

1. Superior mesial cortex (SMC: Brodmann Areas 6 and 24);
2. Dorsolateral cortex (DLC: Brodmann Areas, 4, 6, 8~11, and 43-47);

and
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3. Orbito-frontal cortex (OFC: Brodmann Areas 10-14, lying on the
ventral surface of the frontal lobe).

These distinctions are proposed on the basis that lesions in these three
regions produce very different symptoms:

1. Lesions in SMC produce a lack of drive or interest in interacting with
the environment, social or nonsocial; and abnormalities in the expression of
emotion (Damasio, 1984).

2. Lesions in DLC produce executive function deficits, such as
perseveration and impulsivity (Milner, 1964; Shallice, 1988). For example,
DLC lesions in juvenile monkeys impair the delayed response, whereas OFC
lesions in juvenile monkeys produce no lasting impairment in this
(Goldman, 1971; Goldman & Alexander, 1977). This suggests OFC and
DLC have separate functions. OFC and DLC also have distinct anatomical
connectivity (Fuster, 1989). Additional evidence for the role of DLC
(especially Brodmann area 9: the principle sulcus) in delayed responding
comes from Diamond and Goldman-Rakic’s (1989) study of Piaget’s AB
task in human infants and rhesus monkeys.

3. Lesions in OFC produce loss of social judgement which, we argue, is
due to loss of ToMM. Evidence for this is reviewed next.

Eslinger and Damasio (1985) reported the case of a patient (EVR) who
underwent surgery for an OFC meningioma at the age of 35, with the
consequent loss of all of the right OFC, part of the left OFC, and some
damage to adjacent areas. Before his operation, the patient appears to have
been socially normal: He held a senior position in a firm of accountants, was
active in the local church, was married, and was a father of two. After his
surgery, his family reported that he began to make decisions that suggested
he had lost his social judgement: He went into business with a man of
questionable reputation, against the advice of his friends and family; he then
invested all of his savings into the new partnership, only (predictably to
everyone else) to end up bankrupt. Similar difficulties led to a breakdown in
his marriage. He married again, but this second marriage ended after just
two years, again, quite predictably to everyone else.

Eslinger and Damasio’s comment on EVR’s decline is that his social
judgement had become markedly impaired®. They describe him (1985, p.

8 Of interest, he has also become markedly obsessional (e.g. refusing to part with useless
possessions such as old telephone directories, taking two hours to wash and shave in the
morning) and unable to form plans (taking several hours to decide which restaurant to go to,
etc.). The interest of this association stems from the co-association of social impairment and
“‘obsessional” behaviour in autism.
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1737) as a case of “acquired sociopathy,” to convey how post-operatively
EVR had lost (1985, p. 1739) his “social sense.” They note the similarity
with Ackerley and Benton’s (1948) case (JP) of a “primary social defect”
following early, bilateral prefrontal lobe atrophy damage. Damasio, Tranel,
and Damasio (1990) report another case with a similar social deficit from
OFC lesions.

Although these neurological cases constitute at least suggestive hints for
OFC involvement in ToMM, Price, Daffner, Stowe, and Mesulam (1990)
report the only explicit test of a theory of mind deficit in two patients with
acquired early frontal damage (at birth in one case, and at age four in the
other). Both of their patients showed poor empathy in their social
behaviour, and failed (what would today be seen as) a theory of mind test
(a test of Flavell et al.’s, 1968). Further converging evidence comes from
Kaczmarek (1984), who reported that damage to OFC produces more
disturbance to narrative or discourse skills than does damage to DLC. This
was mirrored in a report by Alexander, Benson, and Stuss (1989). Since
discourse/pragmatic skills depend on ToMM (Baron-Cohen, 1988a; 1988Db;
Happé, 1993; Tager-Flusberg, 1993), this evidence is consistent with the
OFC theory of ToMM.

On the basis of these strong clues for OFC involvement in ToMM,
Baron-Cohen, Ring, et al. (in press) carried out a neuroimaging study of
ToMM with normal adult subjects, using SPECT (Single Photon Emission
Computed Tomography). Subjects were asked to detect the mental state
terms in a word list that was played through headphones. We predicted
significant OFC activation. A significant increase in cerebral blood flow in
the right OFC was indeed found during this task, relative to a control (non-
ToMM) task. No specific increase in activation occurred in an adjacent
frontal lobe region (right frontal polar). To the extent that this mental state
term detection task taps ToMM, this implies that at least some functions of
ToMM require the right OFC.

Of the major three prefrontal regions (OFC, SMC, and DLC), OFC is the
richest region in terms of limbic system connectivity (Damasio, 1984). The
connections come from, among other centres, the amygdala (Nauta, 1962;
1964). Extending Brothers’ (1990) model once again, we turn next to
consider the role of the amygdala in a possible ToOMM circuit.

The Amygdala: The Seat of TOMM’s
Affective Function?

The STS projects to the lateral nucleus of the amygdala (Aggleton, Burton,
& Passingham, 1980). The OFC receives significant inputs from the medial
structures of the amygdala (Aggleton, 1985; Amaral & Price, 1984; Porrino,
Crane, & Goldman-Rakic, 1982; Van Hoesen, 1981). These observations
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suggest an S7S-amygdala-OFC circuit (Brothers, 1990). Like the STS, both
the medial and lateral nuclei of the amygdala also have face-sensitive cells
(Leonard, Rolls, Wilson, & Bayliss, 1985; Nakamura, Mikami, & Kubota,
1992). Since face-responsive units in the amygdala fire at a longer latency
than do those in the STS, it is thought that they probably occur
“downstream” from the STS (Leonard et al., 1985). Furthermore, like the
STS, the amygdala also has cells sensitive to aspects of facial expression and
gaze direction (Brothers, Ring, & Kling, 1990). Lesions in the amygdala
alone can produce the Kluver-Bucy syndrome® (Schreiner & Kling, 1953).
More recent accounts of the effects of amygdalectomy (Kling & Brothers,
1992) include not only social isolation, but also difficulties in social
perception (e.g. an inability to respond selectively to different social ranks
such as enemies versus friends; Kling, Lancaster, & Benitone, 1970), and a
failure to attach emotional significance to sensory stimuli. The precise
relationship between ToOMM and the amygdala remains to be investigated,
but certainly it seems plausible, on the basis of both its connectivity (to OFC
and STS) and its importance in social and emotional perception, that it
plays a role in supporting EDD, SAM, and ToMM.

The Relationship Between ToMM and
Executive Function

We have already mentioned that OFC is implicated in ToMM, whereas
DLC is implicated in executive function (planning and response inhibition).
Additional evidence that TOMM and executive function are neurally very
close to each other comes from other studies. First, children with autism
show an impairment in both ToMM and executive function (Hughes &
Russell, 1993; Ozonoff, Pennington, & Rogers, 1991; Prior & Hoffman,
1990; Rumsey & Hamburger, 1988). Secondly, measures of empathy and
“cognitive flexibility” (an executive function index) tend to correlate in
adults with acquired cerebral lesions (Grattan, Bloomer, Archambault, &
Eslinger, 1990). For example, both EVR (Eslinger & Damasio, 1985) and JP
(Ackerley & Benton, 1948) showed the association of loss of social sense and
lack of cognitive flexibility. Grattan and Eslinger (1991) review a range of
other similar cases. Such studies are consistent with the notion that the
frontal lobes can be “fractionated’: (Grattan & Eslinger, 1991, p. 299) and
may possess modularity (Damasio, 1984; Pribam, 1987). However, since not

°In Kluver and Bucy's (1939) description of this syndrome, the symptoms occurred
following bilateral removal of the temporal lobes in monkeys, and included (a) loss of the ability
to discriminate animate and inanimate objects- (b) excessive oral exploration of objects; (c)a
tendency to react to every visual stimulus; (d) a failure to vocalise towards other monkeys; ()
unusual movements; (f) changes in, or complete absence of, emotional reactions; and (3]
hypersexuality.
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all patients with executive function impairments have a ToMM impairment,
it is possible that ToMM and the executive function are connected, but
independent, systems. Anatomical connections from OFC to DLC have
been demonstrated by Van Hoesen, Pandya, and Butters (1975). See also
Ozonoff et al. (1991) for a discussion of the different possible relationships
between ToMM and executive function.

The Neurobiology of Autism and the
Mindreading System

We now wish to clarify the circuit-based model of the Mindreading System
discussed earlier. To reiterate, Brothers (1990) proposed that a major neural
circuit exists, linking OFC, STS, and the amygdala. We extend this idea as
follows: first, the Mindreading System may be distributed across all three
centres. Second, we propose that lesions in any one of these three centres, or
in any one of the three connections between these three centres, could
produce autism; and that the different subgroups of autism we discussed
earlier would be determined by where in the circuit the lesion was.

Our theory of autism is most closely related to Frith’s (1992), which itself
is based on Brothers (1990); however, we elaborate this to incorporate the
theory of four components of the Mindreading System. Our theory is also
related to Damasio and Maurer’s (1978), which also postulates damage to a
frontal-temporal area, though in their case this is relatively wide
(incorporating the supplementary motor area, cingulate gyrus, entorrhinal
area, perirhinal area, parahippocampal gyrus, and subicular and presubi-
cular regions). Our model is more specific than this, in focusing on the OFC
and STS components. It is unclear as yet what the relationship is between
our theory and those of Bachevalier (1991) and DeLong (1992), both of
which propose an amygdalo-hippocampal dysfunction.

At present, although there are few consistent findings in the neurobiology
of autism (Bailey, 1993; Bishop, 1992), there are some neuroimaging studies
that are compatible with frontal lobe dysfunction in this group. For
example, Piven et al. (1990) reported evidence of abnormal neuronal
migration in the frontal lobes of three subjects with autism. Such
abnormalities would be consistent with either executive function deficits
(from a DLC lesion) or theory of mind impairments (from an OFC lesion),
or both, as Ozonoff (in press) points out. Horwitz, Rumsey, Grady, and
Rapoport’s (1988) PET study found significantly lower correlations of
metabolic activity between frontal and parietal regions in subjects with
autism. Ozonoff speculates that this might reflect an abnormality in
integrating the processing between these two lobes, hinting that frontal
lesions might be leading to a relative over-reliance on parietal processing.
L’Hermitte (1984) suggests that the frontal lobes may exert an inhibiting
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control over the parietal lobes'®. If this is correct, then Horwitz et al.’s
results might indicate a dysfunction in this frontal inhibitory control over
the parietal lobes. Further studies of this kind are needed.

There are also some studies that are compatible with a temporal lobe
dysfunction in autism. Thus, EEG abnormalities from the temporal lobes
have been reported (DeLong, 1978; Hauser, DeLong, & Rosman, 1975), as
has enlargement of the temporal horn of the lateral ventricles (Hauser et al.,
1975). Hetzler and Griffin (1981) give a good review of the arguments for
temporal lobe involvement in autism, in particular noting some of the
overlap between autism and the Kluver-Bucy syndrome, which as
mentioned earlier can be produced by bilateral removal of the temporal
lobes (Kluver & Bucy, 1939; see footnote 9). Finally, there are some studies
that are compatible with an amygdala lesion in autism (Bauman & Kemper,
1985; 1988).

If autism was produced by an OFC lesion, what would one expect to see?
The symptoms associated with OFC lesions consist of the following:

1. Impaired social judgement (in humans: Eslinger & Damasio, 1985).

2. Utilisation behaviour (in humans: L’Hermitte, 1984).

3. Pragmatic/discourse breakdown (in humans, of course: Kaczmarek,
1984).

4. Diminished aggression (in humans: Mateer & Williams, 1991)

Increased indifference (in monkeys: Meyer, 1972).

6. Decreased appreciation for dangerous situations (in humans: Case
JB!!: Mateer & Williams, 1991).

7. Hyper-olfactory exploration (in monkeys: Thorpe, Rolls, & Maddi-
son, 1983).

8. Diminished response to pain (in humans: Goldman-Rakic, 1987).

9. Excessive activity (in monkeys: Ferrier, 1886).

bt

All of these nine features are commonly seen in autism. In addition, damage
to frontal regions adjacent to OFC would risk producing deficits in Broca’s
area (language production) and in DLC (executive function). An OFC
lesion thus provides one way of accounting for the association between these
impairments and ToMM deficits in autism.

9L ’Hermitte suggests that loss of this inhibitory control may account for “utilisation
behaviour” (the tendency to pick up and use objects, even when this is inappropriate). L'Hermitte
reports this behaviour in some of his patients with frontal damage, and interestingly this behaviour
has also been reported in children with autism (Fox & Tallis, in press).

' Note that JB not only received OFC damage, but also temporal damage. It is therefore
unclear if this symptom is unique to the OFC syndrome.
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Similarly, if autism was produced by a dysfunction in the amygdala, what
would one expect to see? The effects of amygdalectomy were reviewed
earlier, but are elaborated here:

1. Abnormalities in social perception (Kling et al., 1970).

2. Failure to attach emotional significance to stimuli (Kluver & Bucy,
1939; Weiskrantz, 1956).

3. Diminution in aggression and fear (Kling & Brothers, 1992).

4. Decrease in affiliative behaviour (Kling & Brothers, 1992).

Again, all of these four features are commonly seen in autism.

Finally, if the lesion was in the STS, this would not only impair EDD
(and thus SAM), which are postulated to require the STS, but depending on
the extent of temporal lobe damage, could risk receptive language
(Wernicke’s) areas being impaired. Again, this provides a possible account
for the association between autism and language disorder. The pragmatics
of language, as was mentioned earlier, are likely to be independent of
Wernicke’s area, and to require OFC involvement (Kaczmarek, 1984).

CONCLUSIONS

In this chapter we have elaborated the theory of the Mindreading System
(Baron-Cohen, in press a; in press b) by focusing on both the
neuropsychological and the neurobiological level. In particular, we have
elaborated Brothers’ (1990) model of the “social brain” to suggest that
EDD, SAM, and ToMM lie in a three-node circuit between the STS, the
OFC, and the amygdala, and that if this circuit is broken at any point,
autism can be produced. We have not speculated about any possible
localisation of ID, as there are currently no clues as to where this might be
found. However, we have equated the neurobiological connections between
the STS and the OFC with the psychological relation between EDD, SAM,
and ToMM. The evidence for these claims has been summarised, though it
is noted that many empirical gaps remain to be filled. Nevertheless, we hope
that our model suggests new directions for research: It contains a number of
testable predictions about the precursor status of SAM in triggering ToMM,
and the proposed sites of neural dysfunction in autism.
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