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1. Autism Spectrum Conditions 

 

Autism is diagnosed when a child or adult has abnormalities in a ‘triad’ of behavioural 

domains: social development, communication, and repetitive behaviour/obsessive 

interests (A.P.A, 1994; I.C.D-10, 1994). Autism can occur at any point on the IQ 

continuum, and IQ is a strong predictor of outcome (Rutter, 1978). Autism is also 

invariably accompanied by language delay (no single words before 2 years old). Asperger 

Syndrome (AS) (Asperger, 1944) is a subgroup on the autistic spectrum. People with AS 

share many of the same features as are seen in autism, but with no history of language 

delay and where IQ is in the average range or above. In this chapter we will use the term 

autism spectrum conditions (ASC) to describe the whole spectrum of individuals who 

meet diagnostic criteria for one or other of these subgroups. Because autism is a 

developmental condition, we will at times be discussing adults with this diagnosis, even 

though this book has a focus on child psychiatry.  Adult studies are of course relevant not 

only because the onset of ASC is during early childhood, but also because of how 

changes across the lifespan throw light on developmental outcomes. 

 

2. Typical development of mindreading 

 

In 1994 Baron-Cohen proposed a model to specify the neurocognitive mechanisms that 

comprise the ‘mindreading system’ (Baron-Cohen, 1994, , 1995). Mindreading is defined 
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as the ability to interpret one’s own or another agent’s actions as driven by mental states. 

The model was proposed in order to explain (a) ontogenesis of a theory of mind, and (b) 

neurocognitive dissociations that are seen in children with or without autism. The model 

is shown in Figure 1 and contains four components: ID, or the Intentionality Detector. 

EDD, or the Eye Direction Detector. SAM, or the Shared Attention Mechanism. And 

finally ToMM, or the Theory of Mind Mechanism.  
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Figure 1: Baron-Cohen’s (1994) model of mindreading 
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Key:  IDD = Intentionality Detector 

         EDD = Eye Direction Detector 

         SAM = Shared Attention Mechanism 

         ToMM = Theory of Mind Mechanism 
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ID and EDD build ‘dyadic’ representations of simple mental states. ID automatically 

interprets or represents an agent’s self-propelled movement as a desire or goal-directed 

movement, a sign of its agency, or an entity with volition (Premack, 1990). For example, 

ID interprets an animate-like moving shape as “it wants x”, or “it has goal y”. EDD 

automatically interprets or represents eye-like stimuli as “looking at me” or “looking at 

something else”.  That is, EDD picks out that an entity with eyes can perceive.  Both ID 

and EDD are developmentally prior to the other two mechanisms, and are active early in 

infancy.  

 

SAM is developmentally more advanced and comes on line at the end of the first year of 

life.  SAM automatically interprets or represents if the self and another agent are 

perceiving the same event. SAM does this by building ‘triadic’ representations. For 

example, where ID can build the dyadic representation ‘Mother wants the cup’ and where 

EDD can build the dyadic representation ‘Mother sees the cup’, SAM can build the 

triadic representation ‘Mother sees that I see the cup’. As is apparent, triadic 

representations involve embedding or recursion. (A dyadic representation (“I see a cup”) 

is embedded within another dyadic representation (“Mum sees the cup”) to produce this 

triadic representation). SAM takes its input from ID and EDD, and triadic representations 

are made out of dyadic representations. SAM typically functions from 9-14 months of 

age, and allows ‘joint attention’ behaviours such as protodeclarative pointing and gaze 

monitoring  (Scaife & Bruner, 1975).  
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ToMM allows epistemic mental states to be represented (e.g., ‘Mother thinks this cup 

contains water’ or ‘Mother pretends this cup contains water’), and it integrates the full set 

of mental state concepts (including emotions) into a theory. ToMM develops between 2 

and 4 years of age, and allows pretend play (Leslie, 1987), understanding of false belief 

(Wimmer & Perner, 1983), and understanding of the relationships between mental states 

(Wellman, 1990). An example of the latter is the seeing-leads-to-knowing principle (Pratt 

& Bryant, 1990), where the typical 3 year old can infer that if someone has seen an event, 

then they will know about it.  

 

The model shows the ontogenesis of a theory of mind in the first four years of life, and 

justifies the existence of four components on the basis of developmental competence and 

neuropsychological dissociation. In terms of developmental competence, joint attention 

does not appear possible until 9-14 months of age, and joint attention appears to be a 

necessary but not sufficient condition for understanding epistemic mental states (Baron-

Cohen, 1991; Baron-Cohen & Swettenham, 1996). There appears to be a developmental 

lag between acquiring SAM and ToMM, suggesting that these two mechanisms are 

dissociable.  In terms of neuropsychological dissociation, congenitally blind children can 

ultimately develop joint (auditory or tactile) attention, using the amodal ID rather than the 

visual EDD route.  Children with autism appear able to represent the dyadic mental states 

of seeing and wanting, but show delays in shared attention (Baron-Cohen, 1989b) and in 

understanding false belief  (Baron-Cohen, 1989a; Baron-Cohen et al., 1985) – that is, in 

acquiring SAM and ultimately ToMM.  It is this specific developmental delay that 

suggests that SAM is dissociable from EDD. 
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The 1994 model of the Mindreading System was revised in 2005 because of certain 

omissions and too narrow a focus. The key omission is that information about affective 

states, available to the infant perceptual system, has no dedicated neurocognitive 

mechanism. In Figure 2, the revised model (Baron-Cohen, 2005) is shown and now 

includes a new fifth component: TED, or The Emotion Detector. But the concept of 

mindreading (or theory of mind) makes no reference to the affective state in the observer 

triggered by recognition of another’s mental state. This is a particular problem for any 

account of the distinction between autism and psychopathy. For this reason, the model is 

no longer of ‘mindreading’ but is of ‘empathizing’, and the revised model also includes a 

new sixth component, TESS, or The Empathizing SyStem. Where the 1994 Mindreading 

System was a model of a passive observer (because all the components had simple 

decoding functions), the 2005 Empathizing System is a model of an observer impelled 

towards action (because an emotion is triggered in the observer which typically motivates 

the observer to respond to the other person).  
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Figure 2: Baron-Cohen’s (2005) model of empathizing 
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Like the other infancy perceptual input mechanisms of ID and EDD, the new component 

of TED can build dyadic representations of a special kind, namely, it can represent 

affective states. An example would be ‘Mother - is unhappy’, or even ‘Mother - is angry -

with me’. Formally, we can describe this as Agent-affective state-proposition. We know 

that infants can represent affective states from as early as 3 months of age (Walker, 

1982). As with ID, TED is amodal, in that affective information can be picked up from 

facial expression, or vocal intonation, ‘motherese’ being a particularly rich source of the 

latter (Field, 1979). Another’s affective state is presumably also detectable from their 

touch (e.g., tense, vs. relaxed), which implies that congenitally blind infants should find 

affective information accessible through both auditory and tactile modalities. TED allows 

the detection of the basic emotions (Ekman & Friesen, 1969).  The development of TED 

is probably aided by simple imitation that is typical of infants (e.g., imitating caregiver’s 

expressions) which in itself would facilitate emotional contagion (Meltzoff & Decety, 

2003). 

 

When SAM becomes available, at 9-14 months of age, it can receive inputs from any of 

the 3 infancy mechanisms, ID, EDD, or TED. Here, we focus on how a dyadic 

representation of an affective state can be converted into a triadic representation by SAM. 

An example would be that the dyadic representation ‘Mother is unhappy’ can be 

converted into a triadic representation ‘I am unhappy that Mother is unhappy’, or ‘Mother 

is unhappy that I am unhappy’, etc. Again, as with perceptual or volitional states, SAM’s 

triadic representations of affective states have this special embedded, or recursive 

property. The phenomenon of social referencing, in which toddlers approach objects 
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towards which their caregiver looks at approvingly, or avoid those objects towards which 

the caregiver shows alarm or disapproval, is one index of SAM (Klinnert, 1984).  

 

  

ToMM has been celebrated for the last 20 years in research in developmental psychology 

(Leslie, 1987; Whiten, 1991; Wimmer et al., 1988) . ToMM is of major importance in 

allowing the child to represent the full range of mental states, including epistemic ones 

(such as false belief), and is important in allowing the child to pull mentalistic knowledge 

into a useful theory with which to predict behaviour (Baron-Cohen, 1995; Wellman, 

1990). But TESS allows more than behavioural explanation and prediction (itself a 

powerful achievement). TESS allows an empathic reaction to another’s emotional state. 

This is however, not to say that these two modules do not interact. Knowledge of mental 

states of others made possible by TOMM could certainly influence the way in which an 

emotion is processed and/or expressed by TESS. TESS also allows for sympathy. It is 

this element of TESS that gives it the adaptive benefit of ensuring that organisms feel a 

drive to help each other, seen in a toddler’s early comforting behaviour towards those in 

distress (Harris, 1989).  

 

To see the difference between TESS and ToMM, consider this example: I see you are in 

pain. Here, ToMM is needed, to interpret your facial expressions and writhing body 

movements in terms of your underlying mental state (pain). But now consider this further 

example: I am devastated - that you are in pain. Here, TESS is needed, since an 

appropriate affective state has been triggered in the observer by the emotional state 
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identified in the other person. And where ToMM employs M-Representations (Leslie, 

1995) of the form Agent-attitude-proposition (e.g., Mother – believes - Johnny – took- 

the - cookie), TESS employs a new class of representations, which we can all E-

Representations of the form Self-Affective state-[Self-Affective state-proposition] (e.g ‘I 

feel sorry that – Mom feels sad about – the news in the letter’) (Baron-Cohen, 2003).  The 

critical feature of this E-Representation is that the self’s affective state is appropriate to 

and triggered by the other person’s affective state. Thus, TESS can represent [I am 

horrified - that you are in pain], or [I am concerned - that you are in pain], or [I want to 

alleviate- that you are in pain], but it cannot represent [I am happy – that you are in pain]. 

At least, it cannot do so if TESS is functioning normally. One could imagine an 

abnormality in TESS leading to such inappropriate emotional states being triggered, or 

one could imagine them arising from other systems (such as a competition system, or a 

sibling-rivalry system), but these would not be evidence of TESS per se.  

 

Before moving to review the development of mindreading in autism spectrum conditions 

we should mention the literature documenting typical sex differences in empathizing, 

with females showing greater attention to faces at birth (Connellan et al., 2001), more eye 

contact as toddlers (Lutchmaya et al., 2002), greater sensitivity to faux pas in childhood 

(Baron-Cohen, O'Riordan et al., 1999), and better ability to decode subtle mental states 

from facial expressions (Baron-Cohen et al., 1997). Such sex differences are one clear 

source of evidence for individual differences in empathy. Taking a dimensional approach 

to empathy as a normally distributed trait in the population leads to the view that autism 

spectrum conditions may simply be at one end of a spectrum that runs throughout the 
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population. (We do not suppose that this is the only relevant dimension along which 

individuals with autism differ, another one being in ‘systemizing’, but that literature is 

reviewed elsewhere (Baron-Cohen, 2002, , 2006; Goldenfeld et al., in press).  

 

3. Mindreading in Autism Spectrum Conditions 

 

Since the first test of mindblindness in children with autism (Baron-Cohen, Leslie, & 

Frith, 1985), there have been more than 30 experimental tests. The vast majority of these 

have revealed profound impairments in the development of their empathizing ability. 

These are reviewed elsewhere (Baron-Cohen, 1995; Baron-Cohen, Tager-Flusberg et al., 

1993). Some children and adults with AS only show their empathizing deficits on age-

appropriate tests (Baron-Cohen, Jolliffe, Mortimore et al., 1997; Baron-Cohen, S. et al., 

2001; Baron-Cohen, S. et al., 1997). This deficit in their empathizing is thought to 

underlie the difficulties such children have in social and communicative development 

(Baron-Cohen, 1988; Tager-Flusberg, 1993), and in the imagination of others’ minds 

(Baron-Cohen, 1987; Leslie, 1987).  

 

The majority of studies of emotion recognition have focused on the face and tested 

recognition of 6 emotions (happiness, sadness, fear, anger, surprise and disgust). These 

‘basic emotions’ are expressed and recognized universally (Ekman, 1993; Ekman & 

Friesen, 1971). Some studies reveal emotion recognition deficits among individuals with 

ASC, compared to typical or clinical control groups, using both static (Celani et al., 1999; 

Deruelle et al., 2004; MacDonald et al., 1989) and dynamic stimuli (Hobson, R P, 1986; 
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Hobson, R.P., 1986; Yirmiya et al., 1992). Other studies have found children and adults 

with high-functioning autism (HFA) or Asperger Syndrome (AS) have no difficulties in 

recognizing these basic emotions from pictures (Adolphs et al., 2001; Grossman et al., 

2000) or films (Loveland et al., 1997). Possible reasons for this apparent lack of 

consistency is the heterogeneity of symptom severity within the ASC population and the 

fact that accuracy measures for emotion recognition tasks might not be fine-tuned to pick 

up subtle differences in measures of perceived task difficulty, e.g. reaction time. 

Correlative designs in future experiments, with quantitative dimensions of ‘symptom’ 

severity, such as the ADI-R (Lord et al., 1994) or AQ (Baron-Cohen, S et al., 2001) 

should hopefully resolve this issue. The observed deficit in accuracy measures of emotion 

recognition becomes much more apparent when testing recognition of more ‘complex’ 

emotions (such as embarrassment, insincerity, intimacy, etc) in both adults and children 

with ASC (Baron-Cohen, Wheelwright, Hill et al., 2001; Baron-Cohen, Wheelwright, & 

Jolliffe, 1997; Golan, Baron- Cohen, & Hill, 2006). These findings suggest recognition of 

basic emotions is relatively preserved among high functioning individuals with ASC, and 

that they show greater difficulties recognizing more complex emotional and mental 

states. 

 

Emotion recognition from voices has been studied less frequently. Here too there are 

contradictory findings in relation to recognition of basic emotions (Boucher et al., 2000; 

Loveland et al., 1995; Loveland, Tunali Kotoski, Chen et al., 1997). Regarding 

recognition of complex emotions from voices, several studies report a deficit in 

performance in high-functioning adults with ASC compared to controls (Golan, Baron- 
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Cohen, & Hill, 2006; Golan, Baron-Cohen, Hill, & Rutherford, submitted; Kleinman et 

al., 2001; Rutherford et al., 2002).  

 

Studies assessing the ability of individuals with ASC to identify emotions and mental 

states from context have also shown deficits relative to the general population or to other 

clinical control groups (Baron-Cohen et al., 1986; Fein et al., 1992). For example, 

adolescents and adults with ASC have difficulties answering questions on the Strange 

Stories Test (Happe, 1994; Jolliffe & Baron-Cohen, 1999). This test assesses the ability 

to provide context-appropriate mental state explanations for non-literal statements made 

by story characters (e.g., ironic or sarcastic statements).  

 

Studies assessing complex emotion and mental state recognition from ecologically rich 

social situations, containing multimodal sources of information, show a deficit in 

individuals with ASC, compared to controls  (Golan, Baron-Cohen, Hill, & Golan, 

submitted; Heavey et al., 2000; Klin et al., 2002). These difficulties may be related to a 

failure to attend to the right emotional cues, and/or to a failure integrating them, 

explained by weak central coherence in the cognitive level (Frith, 1989), and under-

connectivity between brain regions in the neurobiological level (Belmonte, Allen et al., 

2004; Belmonte, Cook, Anderson et al., 2004; Courchesne & Pierce, 2005; Critchley, H. 

et al., 2000).   

 

To summarize, although emotion recognition deficits in ASC are life-long, some high-

functioning individuals develop compensatory strategies that allow them to recognize 
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basic emotions. However, when recognition of more complex emotions and mental states 

is required, either from faces, voices, context, or the integration of these, many find them 

hard to interpret. It would appear that in autism TED may function, although this may be 

delayed (Baron-Cohen, Spitz et al., 1993; Baron-Cohen, Wheelwright, & Jolliffe, 1997; 

Hobson, R.P., 1986), at least in terms of detecting basic emotions. Even high-functioning 

people with autism or Asperger Syndrome have difficulties both in ToMM (when 

measured with mental-age appropriate tests) (Baron-Cohen, Jolliffe, Mortimore et al., 

1997; Baron-Cohen, Wheelwright, Hill et al., 2001; Happe, 1994) and TESS (Attwood, 

1997; Baron-Cohen, O'Riordan, Jones et al., 1999; Baron-Cohen et al., 2003; Baron-

Cohen & Wheelwright, 2004; Baron-Cohen, Wheelwright et al., 1999; Dapretto et al., 

2006). This suggests TED and TESS may be fractionated.  

 

In contrast, the psychiatric condition of psychopathy may entail an intact TED and 

ToMM, alongside an impaired TESS. The psychopath (or sociopath) can represent that 

you are in pain, or that you believe - that he is the gas-man, thereby gaining access to 

your house or your credit card. The psychopath can go on to hurt you or cheat you 

without having the appropriate affective reaction to your affective state. In other words, 

he or she doesn’t care about your affective state (Blair et al., 1997; Mealey, 1995). Lack 

of guilt or shame or compassion in the presence of another’s distress are diagnostic of 

psychopathy (Cleckley, 1977; Hare et al., 1990).  Separating TESS and ToMM thus 

allows a functional distinction to be drawn between the neurocognitive causes of autism 

and psychopathy.  
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4. Causes 

 

We can think of causes of the social cognitive deficits in ASC in terms of the brain basis 

of empathy and mindreading in the typical brain. This is reviewed first.  

 

Neuroimaging experiments have implicated the following different brain areas for 

performing tasks that tap empathy. Traditional ‘theory of mind’ (cognitive empathy) 

tasks have consistently shown activity in medial prefrontal cortex, superior temporal 

gyrus and the temporo-parietal junctions (Frith & Frith, 2003; Saxe et al., 2004). This 

could be equated to the brain basis of ToMM. Studies of emotional contagion have 

demonstrated involuntary facial mimicry (Dimberg et al., 2000) as well as activity in 

regions of the brain where the existence of ‘mirror’ neurons has been suggested (Decety 

& Jackson, 2004; Keysers & Perrett, 2004; Wicker & al, 2003). Sympathy has been 

relatively less investigated, with one study implicating the left inferior frontal gyrus, 

among a network of other structures (Decety & Chaminade, 2003).  

 

ID has been tested in a PET study in a task involving attribution of intentions to cartoon 

characters (Brunet et al., 2000). Reported activation clusters included the right medial 

prefrontal (BA 9), inferior frontal (BA 47) cortices, superior temporal gyrus (BA42) and 

bilateral anterior cingulate cortex. In an elegant set of experiments that required 

participants to attribute intentions to animations of simple geometric shapes it was found 

that the ‘intentionality’ score attributed by the participants to individual animations was 

positively correlated to the activity in STS, the temporo-parietal junction and the medial 
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prefrontal cortex (Castelli et al., 2000). In a subsequent study (Castelli et al., 2002), they 

demonstrated a group difference in activity in the same set of structures between people 

with Autism/Asperger’s Syndrome and neurotypical controls.  

 

EDD has been studied in several neuroimaging studies on gaze direction perception 

(Calder et al., 2002; Pelphrey et al., 2003), and have implicated the posterior superior 

temporal sulcus (STS) bilaterally. This evidence, taken together with similar findings 

from primate literature (Perrett & Emery, 1994) suggests this area to be  a strong 

candidate for the anatomical equivalent of the EDD. This fits in with the Haxby model of 

face processing, where he suggested the role of this region in processing ‘variable’ 

aspects of faces (in contrast to non-varying aspects like identity) (Haxby et al., 2000). A 

recent imaging study (Williams et al., 2005) investigated the neural correlates of SAM 

and reported bilateral activation in anterior cingulate (BA 32, 24), and medial prefrontal 

cortex (BA 9,10) and the body of caudate nucleus in a joint attention task, when 

compared to a control task involving non-joint attention (Frith & Frith, 2003). 

 

We can now turn to neuroimaging studies of processing facial expressions of emotion in 

people with ASC. These show less activation in brain regions central to face processing, 

such as the fusiform gyrus (Critchley, H. D. et al., 2000; Pierce et al., 2001; Schultz et al., 

2003). Behavioural studies show that children and adults with ASCs process faces 

differently compared to controls: Participants with ASC tend to process faces in a feature-

based approach, whereas controls process faces configurally (Hobson et al., 1988; 

Schultz, Grelotti, Klin et al., 2003; Teunisse & De Gelder, 1994; Young & Bruce, 1998). 
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There is also evidence of reduced activation in brain areas that play a major role in 

processing of emotion, such as the amygdala, when individuals with ASC process social-

emotional information, (Ashwin et al., submitted ; Baron-Cohen, Ring et al., 1999; 

Critchley, Daly, Phillips et al., 2000).  

 

However, a recent study (Dalton et al., 2005) shows that the observed hypoactivation of 

the amygdala and the fusiform gyrus in response to facial expressions of emotion is 

related to the lack of fixation on the eye region of the face. In light of this new result, it is 

essential to re-evaluate existing results from studies that involve emotional stimuli in a 

non-visual domain. One study measured brain activity of participants with ASC and 

matched controls whilst listening to theory of mind stories. Activation in the medial 

frontal area of the brain, whilst judging others’ mental states, was less intensive and 

extensive in the AS group, compared to controls (Neiminen-von Wendt et al., 2003). 

When using a verbal ToM task in a neuroimaging study, reduced activation of the left 

medial prefrontal cortex was found in people with ASC compared to matched controls 

(Happe & Frith, 1996). 

 

Anatomical abnormalities have been identified in many brain areas in autism. These 

include the cerebellum (Courchesne, Townsend, Akshoomof et al., 1994; Courchesne, 

Townsend, & Saitoh, 1994; Hashimoto et al., 1995; Murakami et al., 1989), the brain 

stem (Hashimoto, Tayama, Murakawa et al., 1995; Rodier et al., 1996), frontal lobes 

(Aylward et al., 2002; Carper & Courchesne, 2000; Courchesne et al., 2001; Sparks et al., 

2002), parietal lobes (Courchesne et al., 1993), hippocampus (Aylward et al., 1999; 
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Saitoh et al., 2001), and the amygdala (Aylward, Minshew, Goldstein et al., 1999). 

Volume deficits have been shown in the cerebellum (Courchesne, Townsend, & Saitoh, 

1994; Courchesne et al., 1988; Hashimoto, Tayama, Murakawa et al., 1995; Murakami, 

Courchesne, Press et al., 1989). However, there has been a report of a subgroup of 

children with ASCs who have an increased cerebellar volume (Courchesne, Saitoh et al., 

1994). Epilepsy also occurs commonly, at least in classic autism (Ballaban-Gil & 

Tuchman, 2000).   

 

In terms of neuropathology, the number of Purkinje cells in the cerebellar cortex is 

abnormally low (Bauman & Kempner, 1985; Bauman & Kemper, 1994; Ritvo et al., 

1986; Williams et al., 1980). This has been postulated to lead to disinhibition of the 

cerebellar deep nuclei and consequent over-excitement of the thalamus and cerebral 

cortex (Courchesne, Townsend, Akshoomof et al., 1994). The brainstem (Hashimoto, 

Tayama, Murakawa et al., 1995), and posterior corpus callosum (Egaas et al., 1995) have 

also been shown to have lower volumes in people with ASCs when compared to 

neurotypical controls. A volume deficit has also been reported in the parietal lobe 

(Courchesne, Press, & Yeung-Courchesne, 1993). Neuropsychology suggests this is 

associated with a narrowed spatial focus of attention (Townsend & Courchesne, 1994). 

Using either MRI volumetric analysis, or measures of head circumference, the autistic 

brain appears to involve transient postnatal macroencephaly (Courchesne, 2002).  

Neonates later diagnosed with autism or PDD-NOS (Pervasive Developmental Disorder-

Not Otherwise Specified) have normal head circumference, but by 2-4 years of age 90% 

of these have MRI-based brain volumes larger than average (Carper & Courchesne, 2000; 
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Courchesne, Karns, Davis et al., 2001); (Aylward, Minshew, Field et al., 2002; Sparks, 

Friedman, Shaw et al., 2002). This reflects an enlargement of cerebellar and cerebral 

white matter, and cerebral grey matter (Courchesne, Karns, Davis et al., 2001; Herbert et 

al., 2003). Enlargement of superficial white matter tracts containing cortico-cortical fibres 

may persist abnormally late into development, whilst the internal capsule and corpus 

callosum are smaller (Herbert et al., 2002). Cerebellar and cerebral white matter volumes, 

and cerebellar vermis size, can distinguish 95% of toddlers with autism from normal 

controls, and predict if the child with autism will be high or low functioning (Courchesne, 

Karns, Davis et al., 2001). The overgrowth is anterior-to-posterior (frontal lobes being the 

largest). This increase in volume of cortical grey matter may reflect a failure of synaptic 

pruning, or an excess of synaptogenesis  (Belmonte, Allen, Beckel-Mitchener et al., 

2004). 

 

Abnormalities in the density of packing of neurons in the hippocampus, amygdala, and 

other parts of the limbic system have also been reported (Bauman & Kempner, 1985; 

Bauman & Kemper, 1994; Raymond et al., 1996). An abnormally low degree of dendritic 

branching was also found in a Golgi analysis of the hippocampus of two autistic brains 

(Raymond, Bauman, & Kemper, 1996), though it remains to be seen if such an 

abnormality is confirmed in a larger sample. A separate report suggests a reduction in the 

size of cortical minicolumns and an increase in cell dispersion within these minicolumns. 

These might indicate an increase in the number of and connectivity between minicolumns 

(Casanova, M., F, et al., 2002; Casanova, M. F. et al., 2002). 
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Abnormal levels of arousal have been inferred from physiological and endocrine indexes 

(Hirstein et al., 2001; Tordjman et al., 1997).  Functional studies suggest that sensory 

inputs evoke hyper-activation, resulting in decreased ability to select amongst competing 

inputs. Thus, on the Embedded Figures Task, people with autism show unusually high 

activation in ventral occipital areas and abnormally low activation in prefrontal and 

parietal areas (Ring et al., 1999).  

 

Regarding ERP results, the P1 evoked potential is either abnormally heightened in 

response to stimuli that are the target of attention, or abnormally generalized to stimuli 

that are outside the target of attention (Townsend & Courchesne, 1994). The visual N2 to 

novel stimuli is also heightened to irrelevant stimuli (Kemner et al., 1994). The P3 in 

response to auditory stimuli is abnormally generalized to occipital sites in visual cortex 

(Kemner et al., 1995).  Both hemispheres show abnormal activation – indiscriminately - 

during shifts of attention into either hemifield  (Belmonte, 2000; Belmonte & Yurgelun-

Todd, 2003). Regarding attentional research, a deficit has been found in rapid shifting of 

attention between modalities (Courchesne, Townsend, Akshoomof et al., 1994), between 

spatial locations (Belmonte, 2000; Harris et al., 1999; Townsend et al., 1999; Townsend, 

Courchesne et al., 1996; Townsend, Singer-Harris et al., 1996; Wainwright-Sharp & 

Bryson, 1993, , 1996) and between object features (Courchesne, Townsend, Akshoomoff 

et al., 1994; Rinehart et al., 2001). 
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A neural basis of empathy has built on a model first proposed by Brothers (Brothers, 

1990). She suggested from both animal lesion studies (Kling & Brothers, 1992), single 

cell recording studies (Brothers et al., 1990), and neurological studies that social 

intelligence was a function of three regions: the amygdala, the orbito-frontal and medial 

frontal cortex, and the superior temporal sulcus and gyrus (STG). Together, she called 

these the “social brain”. Abnormalities in autism have been found in the amygdala, the 

orbito- and the medial-frontal cortex. 

 

There is converging evidence from several lines of research on the abnormalities of this 

‘social brain’ structures in ASCs. There is evidence for amygdala hypoactivation in an 

emotion recognition task in autism (Baron-Cohen et al., 2000). We have reported 

significantly less amygdala activation in adults with High Functioning Autism/Asperger’s 

Syndrome during a mentalizing task (Reading the Mind in the Eyes task), compared to 

normal (Baron-Cohen, Ring, Wheelwright et al., 1999). Reduced activity in these ‘social 

brain’ structures has been reported  in the left medial frontal cortex (Happe et al., 1996), 

during an empathizing (theory of mind) task, and also in the orbito-frontal cortex (Baron-

Cohen et al., 1994).  A neuroanatomical study of autism at post-mortem found 

microscopic pathology (in the form of increased cell density) in the amygdala, in the 

presence of normal amygdala volume (Bauman & Kemper, 1994; Rapin & Katzman, 

1998). Secondly, patients with autism tend to show a similar pattern of deficits to those 

seen in patients with amygdala lesions (Adolphs, Sears, & Piven, 2001). Thirdly, several 

structural magnetic resonance imaging studies of autism have revealed abnormal 

development of the amygdala (see Baron-Cohen, Knickmeyer and Belmonte, 2005 for a 
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review). A recent, larger structural study suggests more generalized structural 

abnormalities in the social brain (Critchley, Daly, Bullmore et al., 2000). We have also 

recently reported a functional dysconnectivity of the amygdala with other brain structures 

(Welchew et al., 2005).  

 

 

Ultimately, the cognitive and neural abnormalities in autism spectrum conditions are 

likely to be due to genetic factors. The sibling risk-rate for autism is approximately 4.5%, 

or a ten-fold increase over general population rates (Jorde et al., 1991). Regarding twin 

studies, in an epidemiological study of same-sex autistic twins, it was found that 60% of 

MZ pairs were concordant for autism vs. no DZ pairs (Bailey et al., 1995). When these 

authors considered a broader phenotype (of related cognitive or social abnormalities), 

92% of MZ pairs were concordant vs. 10% of DZ pairs. The high concordance in MZ 

twins indicated a high degree of genetic influence, and the risk to a co-MZ-twin can be 

estimated at over 200 times the general population rate. 

 

Molecular genetic studies are beginning to narrow down candidate regions. There is still 

little consensus, but two regions have been identified in several (but not all) studies. 

These are 15q11-13, near the GABAAß3 receptor sub-unit gene (GABRB3) and a second 

one on 17q11.2, near the serotonin transporter gene (SLC6A4). Serotonin innervates the 

limbic system, and so plausibly plays a role in emotion recognition and empathy. In mice, 

mothers homozygous for GABRB3 knockout fail to engage in normal nurturing behaviour 

and have epileptiform EEG (DeLorey et al., 1998; Homanics et al., 1997). At least 4 loci 

on the X chromosome have also been implicated in autism, and there are of interest for 
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their power to explain the sex-ratio in autism (markedly biased towards males). These are 

the neuroligin genes (NLGN3, NLGN4), FMR1 (which causes fragile X syndrome), and 

MECP2. Several reviews of the genetics of autism literature are available, but this is a 

fast-changing field (Veenstra-Vanderweele et al., 2004). 

 

As yet, specific genes for autism have not yet been identified, despite the encouraging 

possibility of candidate regions on chromosomes. The future of research in this field will 

be not only to isolate the relevant genes but also to understand the networks within which 

these genes function, and ultimately the relationships between these different causal 

levels in autism. It is hoped that during this research endeavour there will also be 

evaluations of the most promising treatments.  

 

5. Clinical implications 

 

Past attempts to teach emotion recognition to adults and children with ASC have either 

focused on the basic emotions (Hadwin et al., 1996; Howlin et al., 1999) or have been 

part of social skills training courses, usually run in groups (Barry et al., 2003; Howlin, 

Baron-Cohen, & Hadwin, 1999; Rydin et al., 1999). These training programs typically do 

not focus specifically on systematically teaching emotion recognition, but instead address 

other issues, such as conversation, reducing socially inappropriate behaviour, personal 

hygiene, etc. In such groups it is difficult to target the individual’s specific pace of 

learning. Finally, such groups are socially demanding and might therefore deter more 

socially anxious participants. 
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Other attempts to teach individuals with ASC social skills have used computer-based 

training (Bernard-Opitz et al., 2001; Bolte et al., 2002; Hetzroni & Tannous, 2004; 

Rajendran & Mitchell, 2000; Silver & Oakes, 2001; Swettenham, 1996). The use of 

computer software for individuals with autism spectrum conditions has several 

advantages: First, individuals with ASC favour the computerized environment since it is 

predictable, consistent, and free from social demands, which they may find stressful. 

Second, users can work at their own pace and level of understanding. Third, lessons can 

be repeated over and over again, until mastery is achieved. Fourth, interest and 

motivation can be maintained through different and individually selected computerized 

rewards (Bishop, 2003; Moore et al., 2000; Parsons & Mitchell, 2002). Previous studies 

have found that the use of computers can help individuals with autism pass false belief 

tasks (Swettenham, 1996), recognize basic emotions from cartoons and still photographs 

(Bolte, Feineis-Matthews, Leber et al., 2002; Silver & Oakes, 2001), and solve problems 

in illustrated social situations (Bernard-Opitz, Sriram, & Nakhoda-Supuan, 2001). 

However, participants find it hard to generalize their knowledge from learnt material to 

related tasks. 

 

The computer-based interventions above used drawings or photographs for training, 

rather than more life-like stimuli. This might have made generalization harder than if 

more ecologically valid stimuli were used. In addition, the programs teaching emotion-

recognition focused on basic emotions, and only on facial expressions. No reported 
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program to date has systematically trained complex emotion recognition in both visual 

and auditory channels, with life-like faces and voices.   

 

We have recently evaluated Mind Reading (Baron-Cohen et al., 2004), an interactive 

guide to emotions and mental states, and its value as a tailored teaching tool for emotion 

recognition for learners on the autistic spectrum. Mind Reading is based on a taxonomic 

system of 412 emotions and mental states, grouped into 24 emotion groups, and 6 

developmental levels (from age 4 to adulthood). The emotions and mental states are 

organized systematically, according to the emotion groups and developmental levels. 

Each emotion group is introduced and demonstrated by a short video clip giving some 

clues for later analysis of the emotions in this group. Each emotion is defined and 

demonstrated in six silent films of faces, six voice recordings, and six written examples 

of situations that evoke this emotion. The resulting library of emotional ‘assets’ (video 

clips, audio clips, or brief stories) comprises 412 x 18 = 7416 units of emotion 

information to learn to recognize or understand. This is therefore a rich and 

systematically organized set of educational material. The software was created for the use 

of children and adults of various levels of functioning. Vocal and animated helpers give 

instructions on every screen.  

 

We tested for any improvement in adults with AS/HFA in emotion recognition skills 

following independent use of the software, and the extent to which these users can 

generalize their acquired knowledge. The intervention took place over a period of 10-15 

weeks, to assure a meaningful period for training, recognizing that a longer duration 
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might lead to individuals dropping out. Participants were tested before and after the 

intervention. A no-computer-intervention control group of adults with AS/HFA was 

matched to the intervention group. This AS/HFA control group was also tested before 

and after a similar period of time, but had no intervention. The need for a no-intervention 

AS/HFA group was to assess whether any improvement was related to the intervention or 

merely due to taking the tasks twice or to time passing. A third, typical, control group 

from the general population was matched to the intervention groups. This group was only 

tested once, to obtain baseline measures.  

 

 

Results showed that following 10-20 hours of using the software over a period of 10-15 

weeks, users with ASC significantly improved in their ability to recognize complex 

emotions and mental states from both faces and voices, compared to their performance 

before the intervention, relative to the control group. This finding is interesting, 

considering the short usage time and the large number of emotions included in the 

software, and since participants were not asked to study these particular emotions (Golan, 

Baron- Cohen, & Hill, 2006).  

 

The above study illustrates one practical teaching method focused on improving 

mindreading in ASC, but it should be recognized that other approaches (such as preverbal 

intervention to encourage the development of shared attention) are also being explored. 

 

6.  Future directions 
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The area of social cognition in ASC remains important, and in this chapter we have 

necessarily reviewed research in a range of separate areas (cognitive development, 

neuroimaging, neuroanatomy, genetics, intervention). The hope is that in the future, inter-

disciplinary science will take place so that we can integrate these currently disparate 

areas, and discover which brain regions change as a result of intervention, or are under 

the control of which genetic mechanisms, in which subgroup on the autistic spectrum. 



          

 28 

References: 

 

 

 

 

A.P.A. (1994). DSM-IV Diagnostic and Statistical Manual of Mental Disorders, 4th 

Edition. Washington DC: American Psychiatric Association. 

Adolphs, R., Sears, L., & Piven, J. (2001). Abnormal processing of social information 

from faces in autism. Journal of Cognitive Neuroscience, 13, 232-240. 

Ashwin, C., Baron-Cohen, S., O'Riordan, M., Wheelwright, S., & Bullmore, E. T. 

(submitted). Differential activiation of the amygdala and 'social brain' during 

fearful face-processing in adults with and without autism. Neuropsychologia. 

Asperger, H. (1944). Die "Autistischen Psychopathen" im Kindesalter. Archiv fur 

Psychiatrie und Nervenkrankheiten, 117, 76-136. 

Attwood, T. (1997). Asperger's Syndrome. UK: Jessica Kingsley. 

Aylward, E., H,, Minshew, N., J,, Field, K., Sparks, B., F,, & Singh, N. (2002). Effects of 

age on brain volume and head circumference in autism. Neurology, 59, 175-183. 

Aylward, E., H,, Minshew, N., J,, Goldstein, G., Honeycutt, N., A,, Augustine, A., M,, 

Yates, K., O,, et al. (1999). MRI volumes of amygdala and hippocampus in non-

mentally retarded autistic adolescents and adults. Neurology, 53 (9), 2145. 

Bailey, A., Le Couteur, A., Gottesman, I., Bolton, P., Simmonoff, E., Yuzda, E., et al. 

(1995). Autism as a strongly genetic disorder : evidence from a British twin study. 

Psychological Medicine, 25, 63-77. 

Ballaban-Gil, K., & Tuchman, R. (2000). Epilepsy and epileptiform EEG : association 

with autism and language disorders. Mental Retardation and Developmental 

Disabilties Research Reviews, 6, 300-308. 

Baron-Cohen, Jolliffe, T., Mortimore, C., & Robertson, M. (1997). Another advanced test 

of theory of mind: evidence from very high functioning adults with autism or 

Asperger Syndrome. Journal of Child Psychology and Psychiatry, 38, 813-822. 

Baron-Cohen, S. (1987). Autism and symbolic play. British Journal of Developmental 

Psychology, 5, 139-148. 

Baron-Cohen, S. (1988). Social and pragmatic deficits in autism: cognitive or affective? 

Journal of Autism and Developmental Disorders, 18, 379-402. 

Baron-Cohen, S. (1989a). The autistic child's theory of mind: a case of specific 

developmental delay. Journal of Child Psychology and Psychiatry, 30, 285-298. 

Baron-Cohen, S. (1989b). Perceptual role taking and protodeclarative pointing in autism. 

British Journal of Developmental Psychology, 7, 113-127. 

Baron-Cohen, S. (1991). Precursors to a theory of mind: Understanding attention in 

others. In A. Whiten (Ed.), Natural theories of mind. Oxford:: Basil Blackwell. 

Baron-Cohen, S. (1994). The Mindreading System: new directions for research. Current 

Psychology of Cognition, 13, 724-750. 

Baron-Cohen, S. (1995). Mindblindness: an essay on autism and theory of mind. MIT 

Press/Bradford Books: Boston. 

Baron-Cohen, S. (2002). The extreme male brain theory of autism. Trends in Cognitive 

Science, 6, 248-254. 



          

 29 

Baron-Cohen, S. (2003). The Essential Difference: Men, Women and the Extreme Male 

Brain. Penguin: London. 

Baron-Cohen, S. (2005). Autism. In Cambridge Encyclopaedia of Child Development. 

Cambridge: Cambridge University Press. 

Baron-Cohen, S. (2006). Two new theories of autism: hyper-systemising and assortative 

mating. Archives of Diseases in Childhood, 91, 2-5. 

Baron-Cohen, S., & Belmonte, M. K. (2005). Autism: a window onto the development of 

the social and the analytic brain. In Annual Review of Neuroscience (Vol. 28). 

Baron-Cohen, S., Golan, O., Wheelwright, S., & Hill, J. J. (2004). Mindreading : the 

interactive guide to Emotions. London: Jessica Kingsley Limited. 

Baron-Cohen, S., Leslie, A. M., & Frith, U. (1985). Does the autistic child have a 'theory 

of mind'? Cognition, 21, 37-46. 

Baron-Cohen, S., Leslie, A. M., & Frith, U. (1986). Mechanical, behavioural and 

Intentional understanding of picture stories in autistic children. British Journal of 

Developmental Psychology, 4, 113-125. 

Baron-Cohen, S., O'Riordan, M., Jones, R., Stone, V., & Plaisted, K. (1999). A new test 

of social sensitivity: Detection of faux pas in normal children and children with 

Asperger syndrome. Journal of Autism and Developmental Disorders, 29, 407-

418. 

Baron-Cohen, S., Richler, J., Bisarya, D., Gurunathan, N., & Wheelwright, S. (2003). The  

Systemising Quotient (SQ): An investigation of adults with Asperger Syndrome 

or High Functioning Autism and normal sex differences. Philosophical 

Transactions of the Royal Society, 358, 361-374. 

Baron-Cohen, S., Ring, H., Bullmore, E., Wheelwright, S., Ashwin, C., & Williams, S. 

(2000). The amygdala theory of autism. Neuroscience and Behavioural Reviews, 

24, 355-364. 

Baron-Cohen, S., Ring, H., Moriarty, J., Shmitz, P., Costa, D., & Ell, P. (1994). 

Recognition of mental state terms: a clinical study of autism, and a functional 

neuroimaging study of normal adults. British Journal of Psychiatry, 165, 640-649. 

Baron-Cohen, S., Ring, H., Wheelwright, S., Bullmore, E. T., Brammer, M. J., Simmons, 

A., et al. (1999). Social intelligence in the normal and autistic brain: an fMRI 

study. European Journal of Neuroscience, 11, 1891-1898. 

Baron-Cohen, S., Spitz, A., & Cross, P. (1993). Can children with autism recognize 

surprise? Cognition and Emotion, 7, 507-516. 

Baron-Cohen, S., & Swettenham, J. (1996). The relationship between SAM and ToMM: 

the lock and key hypothesis. In P. Carruthers & P. Smith (Eds.), Theories of 

Theories of Mind: Cambridge University Press. 

Baron-Cohen, S., Tager-Flusberg, H., & Cohen, D. (Eds.). (1993). Understanding other 

minds: perspectives from autism. Oxford: Oxford University Press. 

Baron-Cohen, S., & Wheelwright, S. (2004). The Empathy Quotient (EQ). An 

investigation of adults with Asperger Syndrome or High Functioning Autism, and 

normal sex differences. Journal of Autism and Developmental Disorders, 34, 163-

175. 

Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., & Plumb, I. (2001). The 'Reading 

the Mind in the eyes' test revised version: A study with normal adults, and adults 



          

 30 

with Asperger Syndrome or High-Functioning autism. Journal of Child 

Psychology and Psychiatry, 42, 241-252. 

Baron-Cohen, S., Wheelwright, S., & Jolliffe, T. (1997). Is there a "language of the 

eyes"? Evidence from normal adults and adults with autism or Asperger 

syndrome. Visual Cognition, 4, 311-331. 

Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., & Clubley, E. (2001). The 

Autism Spectrum Quotient (AQ) : Evidence from Asperger Syndrome/High 

Functioning Autism, Males and Females, Scientists and Mathematicians. Journal 

of Autism and Developmental Disorders, 31, 5-17. 

Baron-Cohen, S., Wheelwright, S., Stone, V., & Rutherford, M. (1999). A 

mathematician, a physicist, and a computer scientist with Asperger Syndrome: 

performance on folk psychology and folk physics test. Neurocase, 5, 475-483. 

Barry, T. D., Klinger, L. G., Lee, J. M., Palardy, N., Gilmore, T., & Bodin, S. D. (2003). 

Examining the effectiveness of an out-patient clinic-based social skills group for 

high-functioning children with autism. Journal of Autism and Developmental 

Disorders, 33, 685-701. 

Bauman, M., & Kempner, T. (1985). Histoanatomic observation of the brain in early 

infantile autism. Neurology, 35, 866-874. 

Bauman, M. L., & Kemper, T. L. (1994). Neuroanatomic observations of the brain in 

autism. In M. L. Bauman & T. L. Kemper (Eds.), The Neurobiology of Autism 

(pp. 119-145). Baltimore: John Hopkins University Press. 

Belmonte, M., K,. (2000). Abnormal attention in autism shown by steady-state visual 

evoked potentials. Autism, 4, 269-285. 

Belmonte, M., K,, & Yurgelun-Todd, D., A,. (2003). Functional anatomy of impaired 

selective attention and compensatory processing in autism. 

Belmonte, M. K., Allen, G., Beckel-Mitchener, A., Boulanger, L. M., Carper, R., & 

Webb, S. J. (2004). Autism and abnormal development of brain connnectivity. J. 

Neurosci., 24, 9228-9231. 

Belmonte, M. K., Cook, E. H. J., Anderson, G. M., Rubenstein, J. L., Greenough, W. T., 

Beckel-Mitchener, A., et al. (2004). Autism as a disorder of neural information 

processing: directions for research and targets for therapy(1). Mol. Psychiatry, 

9(7), 646-663. 

Bernard-Opitz, V., Sriram, N., & Nakhoda-Supuan, S. (2001). Enhancing social problem 

solving with children with autism and normal children through computer-assisted 

instruction. Journal of Autism and Developmental Disorders, 31, 377-398. 

Bishop, J. (2003). The internet for educating individuals with social impairments. Journal 

of Computer Assisted Learning, 19, 546-556. 

Blair, R. J., Jones, L., Clark, F., & Smith, M. (1997). The psychopathic individual: a lack 

of responsiveness to distress cues? Psychophysiology, 34, 192-198. 

Bolte, S., Feineis-Matthews, S., Leber, S., Dierks, T., Hubl, D., & Poustka, F. (2002). 

The development and evaluation of a computer-based program to test and to teach 

the recognition of facial affect. International Journal of Circumpolar Health, 61, 

61-68. 

Boucher, J., Lewis, V., & Collis, G. M. (2000). Voice processing abilities in children 

with autism, children with specific language impairments, and young typically 

developing children. Journal of Child Psychology and Psychiatry, 41, 847-858. 



          

 31 

Brothers, L. (1990). The social brain: a project for integrating primate behaviour and 

neurophysiology in a new domain. Concepts in Neuroscience, 1, 27-51. 

Brothers, L., Ring, B., & Kling, A. (1990). Responses of neurons in the macaque 

amygdala to complex social stimuli. Behavioural Brain Research, 41, 199-213. 

Brunet, E., Sarfati, Y., Hardy-Bayle, M.-C., & Decety, J. (2000). A PET investigation of 

the attribution of intentions with a non-verbal task. NeuroImage, 11, 157-166. 

Calder, A., J,, Lawrence, A., D,, Keane, J., Scott, S., K,, Owen, A., M,, Christoffels, I., et 

al. (2002). Reading the mind from eye gaze. Neuropsychologia, 40(1129-1138). 

Carper, R. A., & Courchesne, E. (2000). Inverse correlation between frontal lobe and 

cerebellum sizes in children with autism. Brain, 123, 836-844. 

Casanova, M., F,, Buxhoeveden, D., P,, Switala, A., E,, & Roy, E. (2002). Minicolumnar 

pathology in autism. Neurology, 58, 428-432. 

Casanova, M. F., Buxhoeveden, D. P., Switala, A. E., & Roy, E. (2002). Asperger's 

Syndrome and cortical neuropathology. Journal of Child Neurology, 17, 142-145. 

Castelli, F., Frith, C., Happe, F., & Frith, U. (2002). Autism, Asperger Syndrome and 

brain mechanisms for the attribution of mental states to animated shapes. Brain, 

125, 1839-1849. 

Castelli, F., Happe, F., Frith, U., & Frith, C. (2000). Movement and mind: a functional 

imaging study of perception and interpretation of complex intentional movement 

patterns. NeuroImage, 12, 314-325. 

Celani, G., Battacchi, M. W., & Arcidiacono, L. (1999). The understanding of the 

emotional meaning of facial expressions in people with autism. Journal of Autism 

and Developmental Disorders, 29, 57-66. 

Chakrabarti, B., & Baron-Cohen, S. (in press). Empathizing: neurocognitve 

developmental mechanisms and individuals differences: Elsevier. 

Cleckley, H. M. (1977). The Mask of Sanity : an attempt to clarify some issues about the 

so-called psychopathic personality. St Louis: Mosby. 

Connellan, J., Baron-Cohen, S., Wheelwright, S., Ba'tki, A., & Ahluwalia, J. (2001). Sex 

differences in human neonatal social perception. Infant Behavior and 

Development, 23, 113-118. 

Courchesne, E. (2002). Abnormal early brain development in autism. Molecular 

Psychiatry, 7, 21-23. 

Courchesne, E., Karns, C., M,, Davis, H., R,, Ziccardi, R., Carper, R., A,, Tigue, B., S,, et 

al. (2001). Unusual brain growth patterns in early life of patients with autistic 

disorder. Neurology, 57, 245-254. 

Courchesne, E., & Pierce, K. (2005). Why the frontal cortex in autism might be talking 

only to itself:  

local over-connectivity but long-distance disconnection. Current Opinion in 

Neurobiology, 15, 225-230. 

Courchesne, E., Press, G., A, & Yeung-Courchesne, R. (1993). Parietal lobe 

abnormalities detected with MR in patients with infantile autism. AJR, 160, 387-

393. 

Courchesne, E., Saitoh, O., Yeung-Courchesne, R., Press, G., Lincoln, A., Haas, R., et al. 

(1994). Abnormality of cerebellar vermian lobules VI and VII in patients with 

infantile autism: Identification of hypoplastic and hyperplastic subgroups with 

MR imaging. American Journal of Radiology, 162, 123-130. 



          

 32 

Courchesne, E., Townsend, J., Akshoomof, N. A., Saitoh, O., Yeung-Courchesne, R., 

Lincoln, A. J., et al. (1994). Impairment in shifting attention in autistic and 

cerebellar patients. Behavioural Neuroscience, 108, 848-865. 

Courchesne, E., Townsend, J., Akshoomoff, N. A., Yeung-Courchesne, R., Lincoln, A., 

J,, Press, G., et al. (1994). A new finding: impairment in shifting attention in 

autistic and cerebellar patients. In S. H. Broman & J. Grafman (Eds.), Atypical 

Cognitive Deficits in Developmental Disorders : Implications for Brain Function. 

Hillsdale, New Jersey: Lawrence Erlbaum. 

Courchesne, E., Townsend, J., & Saitoh, O. (1994). The brain in infantile autism: 

posterior fossa structures are abnormal. Neurology, 44, 214-223. 

Courchesne, E., Yeung-Courchesne, R., Press, G., Hesselink, J., & Jernigan, T. (1988). 

Hypoplasia of cerebellar vermal lobules VI and VII in infantile autism. New 

England Journal of Medicine, 318, 1349-1354. 

Critchley, H., Daly, E., Phillips, M., Brammer, M., Bullmore, E., Williams, S., et al. 

(2000). Explicit and mimplicit neural mechanisms for processing of social 

information from facial expressions: A functional magnetic resonance imaging 

study. Human Brain Mapping, 9, 93-105. 

Critchley, H. D., Daly, E. M., Bullmore, E. T., Williams, S. C. R., Van Amelsvoort, T., 

Robertson, D. M., et al. (2000). The functional neuroanatomy of social behaviour 

: changes  in caerebral blood flow when people with autistic disorder process 

facial expressions. Brain, 123, 2203-2212. 

Dalton, K., M, Nacewicz, B. M., Johnstone, T., Schaefer, H. S., Gernsbacher, M. A., 

Goldsmith, H. H., et al. (2005). Gaze fixation and the neural circuitry of face 

processing in autism. Nature Neuroscience, 10, 1-8. 

Dapretto, M., Davies, M. S., Pfeifer, J. H., Scott, A. A., Sigman, M., Bookheimer, S. Y., 

et al. (2006). Understanding emotions in others: mirror neuron dysfunction in 

children with autism spectrum disorders. Nat Neurosci, 9(1), 28-30. 

Decety, J., & Chaminade, T. (2003). Neural correlates of feeling sympathy. 

Neuropsychologia, 41, 127-138. 

Decety, J., & Jackson, P. (2004). The functional architecture of human empathy. 

Behavioural and Cognitive Neuroscience Reviews, 3, 71-100. 

DeLorey, T. M., Handforth, A., Anagnostaras, S. G., Homanics, G. E., Minassian, B. A., 

Asatourian, A., et al. (1998). Mice lacking the Beta3 subunit of the GABAa 

receptor have the epilepsy phenotype and many of the behavioural characteristics 

of Angelman syndrome. Journal of Neuroscience, 18, 8505-8514. 

Deruelle, C., Rondan, C., Gepner, B., & Tardif, C. (2004). Spatial frequency and face 

processing in children with autism and Asperger Syndrome. Journal of Autism 

and Developmental Disorders, 34, 199-210. 

Dimberg, U., Thunberg, M., & Elmehed, K. (2000). Unconscious facial reactions to 

emotional facial expressions. Psychological Science, 11, 86-89. 

Egaas, B., Courchesne, E., & Saitoh, O. (1995). Reduced size of corpus callosum in 

autism. Arch. Neurol., 52, 794-801. 

Ekman, P. (1993). Facial expression and emotion. American Psychologist, 48, 384-392. 

Ekman, P., & Friesen, W. (1969). The repertoire of non-verbal behavior: categories, 

origins, usage, and coding. Semiotica, 1, 49-98. 



          

 33 

Ekman, P., & Friesen, W. (1971). Constants across cultures in the face and emotion. 

Journal of Personality and Social Psycholgy, 17, 124-129. 

Fein, D., Lucci, D., Braverman, M., & Waterhouse, L. (1992). Comprehension of affect 

in context in children with pervasive developmental disorders. J Child Psychol 

Psychiatry, 33(7), 1157-1167. 

Field, T. (1979). Visual and cardiac responses to animate and inanimate faces by term 

and preterm infants. Child Development, 50, 188-194. 

Frith, U. (1989). Autism: explaining the enigma. Oxford: Basil Blackwell. 

Frith, U., & Frith, C. (2003). Development and Neurophysiology of mentalizing. 

Philosophical Transactions of the Royal Society, 358(459-473). 

Golan, O., Baron- Cohen, S., & Hill, J. J. (2006). The Cambridge Mindreading (CAM) 

Face-Voice Battery : testing complex emotion recognition in adults with and 

without Asperger Syndrome. Journal of Autism and Developmental Disorders. 

Golan, O., Baron-Cohen, S., Hill, J. J., & Golan, Y. (submitted). The 'Reading the Mind 

in Films' Task - complex emotion recognition in adults with and without autism 

spectrum conditions. 

Golan, O., Baron-Cohen, S., Hill, J. J., & Rutherford, M. (submitted). The "Reading the 

Mind in Voice" test - revised : A study of complex emotion recognition in adults 

with and without Asperger Syndrome. Journal of Autism and Developmental 

Disorders. 

Goldenfeld, N., Baron-Cohen, S., Wheelwright, S., Ashwin, C., & Chakrabarti, B. (in 

press). Empathizing and systemizing in males and females, and autism: a test of 

neural competition theory. In T. Farrow (Ed.), Empathy and Mental Illness. 

Cambridge: Cambridge University Press. 

Grossman, J. B., Klin, A., Carter, A. S., & Volkmar, F. R. (2000). Verbal bias in 

recognition of facial emotions in children with Asperger syndrome. Journal of 

Child Psychology and Psychiatry, 41, 369-379. 

Hadwin, J., Baron-Cohen, S., Howlin, P., & Hill, K. (1996). Can we teach children with 

autism to understand emotions, belief, or pretence? Development and 

Psychopathology, 8, 345-365. 

Happe, F. (1994). An advanced test of theory of mind: Understanding of story characters' 

thoughts and feelings by able autistic, mentally handicapped, and normal children 

and adults. Journal of Autism and Development Disorders, 24, 129-154. 

Happe, F., Ehlers, S., Fletcher, P., Frith, U., Johansson, M., Gillberg, C., et al. (1996). 

Theory of mind in the brain.  Evidence from a PET scan study of Asperger 

Syndrome. NeuroReport, 8, 197-201. 

Happe, F., & Frith, U. (1996). Theory of mind and social impairment in children with 

conduct disorder. British Journal of Developmental Psychology, 14, 385-398. 

Hare, R. D., Hakstian, T. J., Ralph, A., Forth-Adelle, E., & al, e. (1990). The Revised 

Psychopathy Checklist: Reliability and factor structure. Psychological 

Assessment, 2, 338-341. 

Harris, N. S., Courchesne, E., Townsend, J., Carper, R. A., & Lord, C. (1999). 

Neuroanatomic contributions to slowed orienting of attention in children with 

autism. Cognitive Brain Research, 8, 61-71. 

Harris, P. (1989). Children and Emotions. London: Blackwells. 



          

 34 

Hashimoto, T., Tayama, M., Murakawa, K., Yoshimoto, T., Miyazaki, M., Harada, M., et 

al. (1995). Development of the brainstem and cerebellum in autistic patients. 

Journal of Autism and Developmental Disorders, 25, 1-17. 

Haxby, J. V., Hoffman, E. A., & Ida Gobbini, M. (2000). The distributed human neural 

system for face perception. Trends in Cognitive Sciences, 4, 223-233. 

Heavey, L., Phillips, W., Baron-Cohen, S., & Rutter, M. (2000). The awkward moments 

test. A naturalistic measure of social understanding in autism. Journal of Autism 

and Developmental Disorders, 30, 225-236. 

Herbert, M. R., Zeigler, D. A., Deutsch, C. K., O'Brien, L. M., Lange, N., Bakardjiev, A., 

et al. (2003). Dissociations of cerebral cortex, subcortical and cerebral white 

matter volumes in autistic boys. Brain, 126, 1182-1192. 

Herbert, M. R., Zeigler, D. A., Makris, N., Sanders, H. A., Normandin, J. J., Deutsch, C., 

et al. (2002). White matter increases in autism are largely in superficial radiate 

regions. Paper presented at the International Meeting for Autism Research, 

Orlando, Florida. 

Hetzroni, O. E., & Tannous, J. (2004). Effects of a computer-based intervention program 

on the communicative functionsof children with autism. Journal of Autism and 

Developmental Disorders, 34, 95-113. 

Hirstein, W., Iversen, P., & Ramachandran, V., S,. (2001). Autonomic responses of 

autistic children to people and objects. The Royal Society, 268, 1883-1888. 

Hobson, R. P. (1986). The autistic child's appraisal of expression of emotion: a further 

study. Journal of Child Psychology and Psychiatry, 27, 671-680. 

Hobson, R. P. (1986). The autistic child's appraisal of expressions of emotion. Journal of 

Child Psychology and Psychiatry, 27, 321-342. 

Hobson, R. P., Ouston, J., & Lee, A. (1988). Emotion recognition in autism: coordinating 

faces and voices. Psychological Medicine, 18, 911-923. 

Homanics, G. E., DeLorey, T. M., Firestone, L. L., J, Q. J., Handforth, A., Harrison, N. 

L., et al. (1997). Mice devoid of gamma-aminobutyrate type A receptor Beta3 

subunit have epilepsy, cleft palate and hypersensitive behaviour. Proceedings for 

the National Academy of Sciences of the USA, 94, 4143-4148. 

Howlin, P., Baron-Cohen, S., & Hadwin, J. (1999). Teaching children with autism to 

mindread: Wiley. 

I.C.D-10. (1994). International classification of diseases (10th ed.). Geneva, Switzerland: 

World Health Organisation. 

Jolliffe, T., & Baron-Cohen, S. (1999). The strange stories test: A replication with high-

functioning adults with autism or Asperger syndrome. Journal of Autism and 

Developmental Disorders, 29, 395-404. 

Jorde, L., Hasstedt, S., Ritvo, E., Mason-Brothers, A., Freeman, B., Pingree, C., et al. 

(1991). Complex segregation analysis of autism. American Journal of Human 

Genetics, 49, 932-938. 

Kemner, C., Verbaten, M. N., Cuperus, J. M., Camfferman, G., & H, v. E. (1994). Visual 

and somotosensory event-related brain potentials in autistic children and three 

different control groups. EEG Clinical Neurophysiology, 92, 225-237. 

Kemner, C., Verbaten, M. N., Cuperus, J. M., Camfferman, G., & van Engeland, H. 

(1995). Auditory event-related brain potentials in autistic children and three 

different control groups. Biological Psychiatry, 38, 150-165. 



          

 35 

Keysers, C., & Perrett, D. I. (2004). Demystifying social cognition: a Hebbian 

perspective. Trends Cogn Sci, 8(11), 501-507. 

Kleinman, J., Marciano, P. L., & Ault, R. L. (2001). Advanced Theory of Mind in High-

Functioning Adults with Autism. Journal of Autism and Developmental 

Disorders, 31, No.1, 29-36. 

Klin, A., Jones, W., Schulz, R., Volkmar, F., & Cohen, D. J. (2002). Visual fixation 

patterns during viewing of naturalistic social situations as predictors of social 

competence in individuals with autism. Archives of General Psychiatry, 9, 809-

816. 

Kling, A., & Brothers, L. (1992). The amygdala and social behavior. In J. Aggleton (Ed.), 

Neurobiological aspects of emotion, memory, and mental dysfunction. New York: 

Wiley-Liss,Inc. 

Klinnert, M. D. (1984). The regulation of infant behaviour by maternal facial expression. 

Infant Behaviour and Development, 7, 447-465. 

Leslie, A. (1995). ToMM, ToBy, and Agency: core architecture and domain specificity. 

In L. Hirschfeld & S. Gelman (Eds.), Domain specificity in cognition and culture. 

New York: Cambridge University Press. 

Leslie, A. M. (1987). Pretence and representation: the origins of "theory of mind". 

Psychological Review, 94, 412-426. 

Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism Diagnostic Interview - Revised. 

Journal of Autism and Developmental Disorders, 24, 659-686. 

Loveland, K. A., Tunali Kotoski, B., Chen, R., & Brelsford, K. A. (1995). Intermodal 

perception of affect in persons with autism or Down's Syndrome. Development 

and Psychopathology, 7, 409-418. 

Loveland, K. A., Tunali Kotoski, B., Chen, Y. R., Ortegon, J., Pearson, D. A., Brelsford, 

K. A., et al. (1997). Emotion recognition in autism: verbal and non-verbal 

information. Development and Psychopathology, 9, 579-593. 

Lutchmaya, S., Baron-Cohen, S., & Raggatt, P. (2002). Foetal testosterone and eye 

contact  in 12 month old infants. Infant Behav. Dev., 25, 327-335. 

MacDonald, H., Rutter, M., Howlin, P., Rios, P., Le Couteur, A., Evered, C., et al. 

(1989). Recognition and expression of emotional cues by autistic and normal 

adults. Journal of Child Psychology and Psychiatry, 30, 865-877. 

Mealey, L. (1995). The sociobiology of sociopathy: An integrated evolutionary model. 

Behavioral and Brain Sciences, 18, 523-599. 

Meltzoff, A. N., & Decety, J. (2003). What imitation tells us about social cognition: a 

rapproachement between developmental psychology and cognitive neuroscience. 

Philosophical Transactions of the Royal Society, 358, 491-500. 

Moore, D., McGrath, P., & Thorpe, J. (2000). Computer-aided Learning for People with 

Autism - a framework for research and development. Innovations in Education 

and Training International, 37(218-228). 

Murakami, J., Courchesne, E., Press, G., Yeung-Courchesne, R., & Hesselink, J. (1989). 

Reduced cerebellar hemisphere size and its relationship to vermal hypoplasia in 

autism. Arch Neurol, 46, 689-694. 

Neiminen-von Wendt, T. S., Metsahonkala, L., Kulomaki, T. A., Aalto, S., Autti, T., 

Vanhala, R., et al. (2003). Changes in cerebral blood flow in Asperger Syndrome 



          

 36 

during theory of mind tasks presented by the auditory route. European Child and 

Adolescent Psychiatry, 12, 172-189. 

Parsons, S., & Mitchell, P. (2002). The potential of virtual reality in social skills training 

for people with autistic spectrum disorders. Journal of Intellectual Disability 

Research, 46, 430-443. 

Pelphrey, K. A., Singerman, J. D., Allison, T., & McCarthy, G. (2003). Brain activation 

evoked by perception of gaze shifts: the influence of context. Neuropsychologia, 

41, 156-170. 

Perrett, D. I., & Emery, N. (1994). Understanding the intentions of others from visual 

signals: neurophysiological evidence. Curr Psychol Cogn, 13, 683-694. 

Pierce, K., Muller, R.-A., Ambrose, J., Allen, G., & Courchesne, E. (2001). Face 

processing occurs outside the "fusiform face area" in autism; evidence from 

functional MRI. Brain, 124, 2059-2073. 

Pratt, C., & Bryant, P. (1990). Young children understand that looking leads to knowing 

(so long as they are looking into a single barrel). Child Development, 61, 973-983. 

Premack, D. (1990). The infant's theory of self-propelled objects. Cognition, 36, 1-16. 

Rajendran, G., & Mitchell, P. (2000). Computer mediated interaction in Asperger 

Syndrome: the Bubble Dialogue Program. Computers and Education, 35, 189-

207. 

Rapin, I., & Katzman, R. (1998). Neurobiology of Autism. Annals of Neurology, 43, 7-

14. 

Raymond, G., Bauman, M., & Kemper, T. (1996). Hippocampus in autism: a Golgi 

analysis. Acta Neuropathol, 91, 117-119. 

Rinehart, N. J., Bradshaw, J. L., Moss, S. A., Brereton, A. V., & Tonge, B. J. (2001). A 

deficit in shifting attention present in high-functioning autism but not Asperger's 

disorder. Autism, 5, 67-80. 

Ring, H., Baron-Cohen, S., Williams, S., Wheelwright, S., Bullmore, E., Brammer, M., et 

al. (1999). Cerebral correlates of preserved cognitive skills in autism. A functional 

MRI study of Embedded Figures task performance. Brain, 122, 1305-1315. 

Ritvo, E. R., Freeman, B. J., Scheibel, A. B., Doung, T., Robinson, H., D, G., et al. 

(1986). Lower Purkinje cell counts in t he cerebella of four autistic subjects : 

initial findings of the UCLA-NSAC autopsy research report. American Journal of 

Psychriatry, 143, 862-866. 

Rodier, P. M., Ingram, J. L., Tisdale, B., Nelson, S. F., & Romano, J. (1996). 

Embryological origin for autism : developmental anomalies of the cranial nerve 

motor nuclei. Journal of Comp Neurology, 370, 247-261. 

Rutherford, M., Baron-Cohen, S., & Stone, V. (2002). Reading the mind in the voice : A 

study with normal adults and adults with Asperger Syndrome or high functioning 

autism. Journal of Autism and Developmental Disorders, 32(3), 189-194. 

Rutter, M. (1978). Language disorder and infantile autism. In M. Rutter & E. Schopler 

(Eds.), Autism: a reappraisal of concepts and treatment. New York: Plenum. 

Rydin, O. T., Drake, J., & Bratt, A. (1999). The effects of training on emotion recognition 

skills for adults with an intellectual disability. Journal of Applied Research in 

Intellectual Disabilities, 12, 253-262. 

Saitoh, O., Karns, C. M., & Courchesne, E. (2001). Development of hippocampal 

formation from 2 to 42 years. Brain, 124 No.7, 1317-1324. 



          

 37 

Saxe, R., Carey, S., & Kanwisher, N. (2004). Understanding other minds: linking 

developmental psychology and functional neuroimaging. Annual Review in 

Psychology, 55, 87-124. 

Scaife, M., & Bruner, J. (1975). The capacity for joint visual attention in the infant. 

Nature, 253, 265-266. 

Schultz, R. T., Grelotti, D. J., Klin, A., Kleinman, J., van der Gaag, C., Marios, R., et al. 

(2003). The role of fusiform face area in social cognition : implications for the 

pathobiology of autism. Philosophical Transactions of the Royal Society, 358, 

415-427. 

Silver, M., & Oakes, P. (2001). Evaluation of a new computer intervention to teach 

people with autism or Asperger syndrome to recognize and predict emotions in 

others. Autism, 5 No.3, 299-316. 

Sparks, B. F., Friedman, S. D., Shaw, D. W., Aylward, E. H., Echelard, D., Artru, A. A., 

et al. (2002). Brain structural abnormalities in young children with autism 

spectrum disorder. Neurology, 59, 184-192. 

Swettenham, J. (1996). Can children with autism be taught to understand false belief 

using computers? Journal of Child Psychology and Psychiatry, 37, 157-165. 

Tager-Flusberg, H. (1993). What language reveals about the understanding of minds in 

children with autism. In S. Baron-Cohen, H. Tager-Flusberg & D. Cohen, J, 

(Eds.), Understanding other minds : perspectives from autism. Oxford: Oxford 

University Press. 

Teunisse, J.-P., & De Gelder, B. (1994). Do autistics have a generalised face processing 

deficit? International Journal of Neuroscience, 77, 1-10. 

Tordjman, S., Anderson, G. M., McBride, P. A., Hertzig, M. E., Snow, M. E., Hall, L. 

M., et al. (1997). Plasma Beta-endorphin, adrenocorticotropin hormone and 

cortisol in autism. Journal of Child Psychology and Psychiatry, 38, 705-715. 

Townsend, J., & Courchesne, E. (1994). Parietal damage and narrow "spotlight" spatial 

attention. Journal of Cognitive Neuroscience, 6, 220-232. 

Townsend, J., Courchesne, E., Covington, J., Westerfield, M., Harris, N. S., Lyden, P., et 

al. (1999). Spatial attention deficits in patients with acquired or developmental 

cerebellar abnormality. Journal of Neuroscience, 19, 5632-5643. 

Townsend, J., Courchesne, E., & Egaas, B. (1996). Slowed orienting of covert visual-

spatial attention in autism : specific deficits associated with cerebellar and parietal 

abnormality. Development and Psychopathology, 8, 563-584. 

Townsend, J., Singer-Harris, N., & Courchesne, E. (1996). Visual attention abnormalities 

in autism : delayed orienting to locationi. Journal of International 

Neurospsychology Society, 2, 541-550. 

Veenstra-Vanderweele, J., Christian, S. L., & Cook, E. H., Jr. (2004). Autism as a 

paradigmatic complex genetic disorder. Annual Review of Genomics and Human 

Genetics, 5, 379-405. 

Wainwright-Sharp, J. A., & Bryson, S. E. (1993). Visual orienting deficits in high-

functioning people with autism. Journal of Autism and Developmental Disorders, 

23, 1-13. 

Wainwright-Sharp, J. A., & Bryson, S. E. (1996). Visual-spatial orienting in autism. 

Journal of Autism and Developmental Disorders, 26, 423-438. 



          

 38 

Walker, A. S. (1982). Intermodal perception of exptessive behaviours by human infants. 

Journal of Experimental Child Psychology, 33, 514-535. 

Welchew, D., Ashwin, C., Berkouk, K., Salvador, R., Suckling, J., Baron- Cohen, S., et 

al. (2005). Functional dysconnectivity of the medial temporal lobe  in autism. 

Biological Psychiatry, 57, 991-998. 

Wellman, H. (1990). Children's theories of mind. Cambridge, USA: Bradford/MIT Press. 

Whiten, A. (1991). Natural theories of mind. Oxford: Basil Blackwell. 

Wicker, B., & al, e. (2003). Both of us disgusted in My insula : The common neural basis 

of seeing and feeling disgust. Neuron, 40, 655-664. 

Williams, J. H. G., Waiter, G. D., Perra, O., Perrett, D. I., & Whiten, A. (2005). An fMRI 

study of joint attention experience. NeuroImage, 25, 133-140. 

Williams, R. S., Hauser, S. L., Purpura, D. P., Delong, G., R,, & Swisher, C. N. (1980). 

Autism and mental retardation : neuropathologic studies performed in four 

retarded persons with autistic behaviour. Arch Neurol, 37, 749-753. 

Wimmer, H., Hogrefe, J., & Perner, J. (1988). Children's understanding of informational 

access as a source of knowledge. Child Development, 59, 386-396. 

Wimmer, H., & Perner, J. (1983). Beliefs about beliefs: Representation and constraining 

function of wrong beliefs in young children's understanding of deception. 

Cognition, 13, 103-128. 

Yirmiya, N., Sigman, M., Kasari, C., & Mundy, P. (1992). Empathy and cognition in 

high functioning children with autism. Child Development, 63, 150-160  

Young, A., & Bruce, V. (1998). The science of the face. The Psychologist, March, 120-

125. 

 

 


