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Abstract

Investigations of face processing in persons with an autism spectrum disorder (ASD) inform upon

theories of the development of "normal" face processing, and the story that emerges challenges

some models of the nature and origin of cortical face specialization. Individuals with an ASD

possess deficits in face processing and a lack of a fusiform face area (FFA). Evidence from studies

of ASD can best be conceptualized using an expertise framework of face processing rather than

models that postulate a face module in the fusiform gyrus.  Because persons with an ASD have

reduced social interest, they may fail to develop cortical face specialization. Face specialization

may develop in normal individuals because they are socially motivated to regard the face, and such

motivation promotes expertise for faces. The amygdala is likely the key node in the system that

marks objects as emotionally salient and could be crucial to the development of cortical face

specialization.

Keywords: autism, Asperger syndrome, social interest, face processing, fusiform gyrus,
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Introduction

Autistic Disorder (commonly referred to as autism) is a Pervasive Developmental Disorder (PDD)

characterized by deficits in language, the presence of stereotypic or repetitive behaviors, and social

impairments (World Health Organization, 1992; American Psychiatric Association, 1994).  Of

these three areas of difficulty, deficits in social reciprocity and social cognition are generally
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considered the most compelling.  Individuals with autism have significant difficulty with social

interactions; they can be somewhat unaware of social norms and have difficulties establishing

social relationships with others (Volkmar, Klin, Siegel, et al., 1994).  Autism is the archetypal PDD

and shares many clinical characteristics with other PDDs like Asperger syndrome and Pervasive

Developmental Disorder - Not Otherwise Specified (PDD-NOS), but people with a particular

developmental history and the most severe social disability are diagnosed with autism (Cohen &

Volkmar, 1997).  The shared phenotype of these disorders suggests common neurobiological and

genetic mechanisms (Volkmar, Klin & Pauls, 1998; Schultz, Romanski, & Tsatsanis, 2000b).

Frequently a dimensional approach as opposed to the categorical approach of DSM IV is used in

this field, encapsulating all autism spectrum disorders (ASD).

At this time, there is no quantitative means, like a blood test or genetic screening, to ascertain if a

child has an ASD.  Rather, diagnosis is established by an expert clinician (Filipek, Accardo,

Ashwal, et al., 2000), often times using standardized interviews, such as the Autism Diagnostic

Interview - Revised ("ADI-R," Lord, Rutter, Good, et al., 1994), and a standardized, semi-

structured assessment using the Autism Diagnostic Observation Schedule ("ADOS," Lord, Rutter,

Le Couteur, 1989).  There is no known cause of ASD, but current consensus suggests that the

various forms of ASD may result from combinations of genetic and environmental factors

(Lombroso, Pauls, & Leckman 1994; International Molecular Genetic Study of Autism

Consortium, 1999; Fombonne, 1999).  A recent report suggests that ASD affects more people than

once thought, as many as 16.8 children per 10,000 may have autism and 45.6 children per 10,000

may have some form of ASD (Chakrabarti & Fombonne, 2001).
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The intent of this paper is to reconcile many of the claims associated with face processing research

of �normal� individuals with what is known of face processing in individuals with an ASD.  The

study of a population with little or no social interest may teach us a great deal about normal social

interest and its correlate, face specialization.  Individuals with an ASD, because of their social

impairments, provide an interesting contrast to most people whose interest in the face is ubiquitous

but often not recognized as such.  From the earliest descriptions of individuals with autism, it was

noted that people with autism fail to make appropriate eye contact and are inattentive or indifferent

to the faces of others (Kanner, 1943).  Subtle deficits in face recognition and memory accompany

lack of interest in the face, and suggest that individuals with an ASD may lack the expertise that

typically developing individuals have with faces.  The deficits in face processing for individuals

with an ASD are likely related to their social disability (Klin, Sparrow, de Bildt, et al., 1999;

Schultz, et al., 2000b). These data must be reconciled with normative accounts of the neural

specialization and behavioral expertise for faces.

Normal face processing is not especially special

It has long been suspected that "normal" face recognition is an exceptional process. Although faces

may appear to be quite different from one another, features of the face and their placement are

actually remarkably uniform compared to those of other common objects.  It is important to be able

to differentiate friends, foes, and strangers during social interactions, and typically developing

individuals have developed strategies to distinguish between faces with extraordinary skill. Most

people, however, are not as experienced in making such fine discriminations on other objects like

dogs, birds, or cars (Diamond & Carey, 1986; Archambault, O'Donnel, & Schyns, 1999). Because
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the difference between how we process faces and other objects appears to be a qualitative one,

many researchers conclude that the way in which we process faces is "special" (Yin, 1969;

Moscovitch & Moscovitch, 2000; Farah, Rabinowitz, Quinn, et al., 2000).

An important distinction between faces and most other categories of objects is the level of

categorization at which the objects are spontaneously and most easily recognized, what has been

called the �basic-level� or more recently �entry-level� (Rosch, Mervis, Gray, et al., 1976; Jolicoeur,

Gluck, & Kosslyn, 1984). Typically developing persons individuate a face much more quickly and

efficiently than most other non-face objects; these processing differences can be attributed to their

expertise for faces. For most nonface objects, on the other hand, people are more likely to

categorize objects as a �chair or car or bird� than as a �Barcalounger or Ford Explorer or robin."

The entry-level is one at which objects maximally differ in terms of their parts and to categorize

objects at more subordinate levels (e.g., �beagle or Snoopy�) requires additional perceptual

processing effort and time (Jolicoeur, et al., 1984). For faces, people more spontaneously utilize a

subordinate level of processing and categorize faces at the individual level (e.g., Bill and Hillary

Clinton) as fast as they categorize them as �faces,� despite having common parts and configuration

(Tanaka, in press). However, this does not imply something unique to faces, because experts of

other object categories, such as bird watchers or dog experts, can also categorize the individual

level as fast as the entry-level (e.g., robin and bird � Tanaka & Taylor, 1991). Moreover, face-

selective areas are part of a ventral temporal cortical region that is more engaged by subordinate-

level than entry-level judgments on nonface objects (Gauthier, Anderson, Tarr, et al., 1997;

Gauthier, Tarr, Moylan, et al., 2000b).
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In addition, typically developing individuals use holistic or configural perceptual processing to

inspect a face unlike feature-based processing used to inspect most nonface objects, but this

processing strategy is also common to objects of expertise.  Inverting a face impairs processing

much more than inverting objects for which the observer has no particular expertise (Yin, 1969; see

Valentine, 1988; Rossion & Gauthier, in press). Inversion appears to hinder face processing by

disturbing the local relational information between face parts (e.g., the distance between the eyes,

the nose and the mouth); in contrast, the effect of inversion on the processing of individual features

appears to be null or much more limited (Leder & Bruce, 2001; Le Grand, Mondloch, Maurer, et

al., 2001). Further, the recognition of face parts is sensitive to changes in their natural

configuration, whereas this is not the case for common objects (Tanaka & Sengco, 1997). Experts

with nonface objects, however, also show a large inversion effect for the objects of their expertise

(Diamond & Carey, 1986) and their part recognition becomes highly dependent on part

configuration (Gauthier & Tarr, 1997; Gauthier; Williams, Tarr, et al., 1998). Moreover, configural

processing in people trained in the laboratory to become experts with non-face objects is correlated

with changes of activity in face-selective areas of the ventral temporal lobe during the process of

expertise acquisition (Gauthier & Tarr, in press). As individuals become sensitive to the precise

configuration of exemplars from a class of objects, fMRI reveals that they recruit their FFA in the

processing of these objects.

Thus, a large part and perhaps all of the difference between faces and nonface objects can be

attributed to a difference in the preferred level of categorization (subordinate) and the automatic

processing strategy (configural).  Both of these effects change with level of expertise. Although it is

tempting to suggest that our ability to recognize and process faces is innate (even written into the
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human genome, Farah, et al., 2000), the similarities between face expertise and expertise for other

objects is such that a common mechanism in the perceptual systems of the brain would seem to be

at work, rather than some more specialized, endowed process distinct for faces.

It is difficult to test the origins of face processing when most studies include people who share a

life-long interest in the face. Although some studies suggest that infants show a preference for the

face beginning very soon after birth (Simion , Valenza, Umilita, et al., 1998), this preference could

be due to more general constraints in the newborn visual system (Kleiner, 1987; Kleiner & Banks,

1987; Simion, Macchi Cassia, Turati, et al., 2001). It may be that humans are biologically prepared

to acquire expertise for any class of objects provided there is sufficient motivation and practice to

do so, and the brain systems which mediate this process may be genetically prescribed.  Social

interest, or the interest that primes people to want to be with others, to look at others, and to relate

to others on a personal level, may provide such motivation. In the context of the development of

cortical face specialization, the idea of social interest encompasses the preference of most young

children to regard the face.

How face processing differs in ASD

In the context of such research on face recognition and expertise, it would seem logical to begin the

study of abnormal face processing in ASD by asking whether people with an ASD differ in the

level of categorization and configural processing used for faces. However, the study of face

processing in ASD has been proceeding in parallel with the most of the work in normal face

recognition and links are only beginning to emerge between the two literatures. A diminished
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inversion effect for faces in these populations as discussed below is indicative of less expertise with

faces or being a "face novice," despite no tests of the level of categorization in these populations.

Assessing the level of categorization that individuals with an ASD apply to a face presents

challenges, because current tests of level of categorization play to weaknesses of people with an

ASD (such as the use of linguistic cues and reliance on naming people). Nonetheless, face

processing abnormalities of individuals with an ASD suggest that they are less expert at face

processing than individuals who do not have the social disorder.

Even at an early age, children with an ASD differ from normal children in interest in others and

social behavior. In a retrospective study of the first birthday parties of 11 children with autism and

11 typically developing children, the children with autism showed significantly less interest in the

faces of other persons and were less likely to show objects to other people, to point to objects, or to

orient to a person calling their name (Osterling & Dawson, 1991).  These social deficits

characterized 10 out of the 11 children with autism in the group. The failure to orient to a person

calling their name also distinguished the children with autism (children with "late-onset" autism

were excluded in the comparisons) from typically developing children earlier than one year of age

(Werner, Dawson, Osterling, et al., 2000).  It is evident from early on that children with an ASD do

not value social stimuli like the face in the same way that typically developing children do (Wing,

1969; Volkmar, Cohen, & Paul, 1986; Dawson, Meltzoff, Osterling, et al., 1998).  This

developmental abnormality is likely to place an obstacle in the developmental path of normal face

processing strategies in these children.
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People with an ASD, who are arguably face novices compared to typically developing individuals,

can nonetheless discriminate between faces (Ozonoff, Pennington, & Rogers, 1990; Boucher &

Lewis, 1992; Hauck, Fein, Maltby, et al., 1998) and have performed as well as controls on certain

tests of face processing (Celani, Battacchi, & Arcidiacono, 1999; Teunisse & de Gelder, 1994).

When the demands of the task are increased or elements of emotion are included, however,

performance is impaired for persons with an ASD (Tantam, Monaghan, Nicholson, et al., 1989;

Davies, Bishop, Manstead, et al., 1994).  Moreover, delayed memory of faces is impaired (Boucher

& Lewis, 1992; de Gelder, Vroomen, & Van der Heide, 1991; Klin, et al., 1999), and recognition

memory may be equivalent for faces and objects, whereas normal children show a memory

advantage for faces (Hauck, et al. 1999). The differences in face processing probably arise out of

reduced social interest in individuals with an ASD who do not regard the face as socially important

(Klin, et al., 1999).

Probably one of the most elegant and revealing studies of face processing in ASD was also the first.

In a well-controlled study of two groups of children with autism (ages 9 and 14), Langdell

demonstrated abnormalities in the way that they process faces by showing them pictures of their

classmates' faces with different features occluded by a mask (1978). Both groups of children with

autism were better at recognizing their classmates from pictures of their classmates� mouths than

the children in the control groups.  Whereas the group of children with autism at age 9 had

difficulty recognizing their classmates from the upper part of the face (including the eyes), children

with autism by age 14 were as good at recognizing their classmates from the upper part of their

classmates� faces. In fact, the older group of children with autism was so efficient at identifying

particular features of face that they showed little inversion effect typical of the younger children
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with autism and the control groups. Children with autism adopted a more feature-based strategy for

face recognition and focused more on the mouth than the whole face, in sharp contrast to the

preference for eyes demonstrated by normal children (Langdell, 1978). Face processing deficits

may be more pronounced in younger children with autism, because older children may have

developed compensatory strategies for face identification (Langdell, 1978; Klin, et al., 1999).

Many of these findings have been replicated: a less pronounced inversion effect (Hobson, Ouston

and Lee, 1988; Tantam, et al., 1989), an increased identity recognition ability from the mouth

(Joseph, 2001), and a dramatically increased time focused on the mouth (Klin, Jones, Schultz, et al.,

in press).

The failure of individuals with an ASD to orient to the eyes speaks to social aspects of the face and

may serve as a guide to our understanding of normal face processing. Individuals not only identify

their families and friends by regarding the face but also how their friends and family are feeling

emotionally. While individuals free of social disability orient to the eyes for information regarding

the mental states of others, people with an ASD have been shown to have difficulty extracting the

"language " of complex emotional states from the eyes (Baron-Cohen, Wheelwright, & Jolliffe,

1997).

In an elegant study, eye-tracking technology measured the visual fixations of 15 males with an

ASD and 15 matched controls viewing social scenes from the movie, Who's afraid of Virginia

Woolf (Klin, et al, in press). While the control group monitored the interactions of the actors by

regarding the actors' eyes, people with an ASD were much more focused on the mouth in the

movie. Greater attention to the mouth may explain why this feature is a perceptual strength of
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individuals with an ASD.  Klin and colleagues argue that persons with an ASD, unlike typically

developing individuals, do not find the eyes meaningful or informative. The authors suggest that

whereas most people attend to the eyes to follow social interactions, individuals with an ASD look

at the mouth in an attempt to obtain more verbal information about the exchanges.

Face processing deficits are at the core of the findings presented above that individuals with an

ASD fail to receive social information from the face. Whereas deficits in face processing

detrimentally affect face recognition, these processing deficits may also disrupt processing of social

information from the face. Therefore, exploring abnormalities in face perception at the

neurofunctional level might help us to contextualize some of the face-related aspects of the social

disorder (like emotion discrimination and eye gaze detection), as well as characterize normal face

processing.

What the brain thinks of faces.

Research of patients with brain injuries suggests that the areas subserving face processing are

segregated at a cortical level from those important to process objects (Moscovitch, Wincour, &

Behrmann, 1997). Prosopagnosia, an impairment in face recognition which results from lesions of

ventral temporal cortex in the area of the fusiform gyrus, has provided a road map for investigation

of the neural substrates of face processing using other methodologies (Damasio, Damasio, & Van

Hoesen, 1982).  In some rare cases object recognition is argued to be intact (De Renzi, 1986) or the

face impairment appears to be disproportionate with deficits with objects (Farah, Levinson, &

Klein, 1995). Despite the rarity of these cases, the great variability between them and important
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methodological limitations of many studies (Gauthier, Behrmann & Tarr, 1999a), research on

prosopagnosia has convinced some that part of the cortex is solely devoted to the recognition of

faces.

Intracranial recordings in the human temporal lobe, a technique used pre-operatively in cases of

intractable epilepsy, have also implicated the ventral temporal cortex in the processing of faces

(Allison, McCarthy, Nobre, et al., 1994; Allison, Puce, Spencer, et al., 1999). A negative potential

around 200 ms is selective for faces compared to other objects. Using scalp electrodes, a similar

negative potential is recorded at 170 ms, which has been called the N170 (Bentin, Allison, Puce, et

al., 1996). Its amplitude is larger to faces than to most other objects, although there also can be

significant differences in amplitude between other categories (e.g., shoes, cars and chairs; Rossion,

Gauthier, Tarr, et al., 2000). However, it is the effect of inversion on the N170 which most reliably

distinguishes face and nonface object recognition. Whereas inversion has no effect on the N170 for

objects, it increases the amplitude of the N170 for faces and also causes a very robust delay of

about 10 ms in the peak of the potential (Linkenkaer-Hansen, Palva, Sams, et al., 1998; Rossion, et

al., 2000).

Positron emission tomography (PET) and functional MRI (fMRI) also have been used extensively

to study systems involved with face recognition.  The superior spatial resolution of these techniques

has allowed the precise localization of several face-selective areas in the human brain. The best

known is the fusiform face area (FFA, Haxby, Horowitz, Ungerleider, et al., 1994; Malach, Reppas,

Benson, et al., 1995; Puce, Allison, Gore, et al., 1995; Kanwisher, McDermott, & Chun, 1997)

which shows more activity to faces than most other objects  (Figure 1).  More recently, attention
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has been drawn to a second face selective area in the lateral occipital cortex, an �occipital face

area� (OFA; Halgren, Dale, Sereno, et al., 1998; Haxby, Ungerleider, Clark, et al., 1999; Gauthier,

Tarr, Moylan, et al., 2000c).  Its response is not as robust as that of the FFA and it is still not clear

what role in plays vis a vis the FFA in face perception.  Other areas along the superior temporal

sulcus respond selectively to facial movements, eye gaze, and also to gesture (Puce, Allison,

Bentin, et al., 1998).  This region seems involved in the decoding of nonverbal communications

expressed through the face and body.

Recently, attention has been turned to the reasons underlying cortical specialization for face

processing.  Select regions of the fusiform gyrus and occipital cortex provide the neural substrate

that preferentially responds to faces over other objects, but is it possible to say that this is so

because faces are "special?" According to some, evidence for the special perceptual effects found

with faces places them among very few categories (perhaps with scenes and body parts) whose

processing is highly modular. In a recent review, Kanwisher (2000) states "that many studies show

that [the FFA] is not only activated when subjects view faces but activated at least twice as strongly

for faces as for a wide variety of nonface stimuli, including letter strings, assorted objects, animals

without heads, and the backs of human heads.� Evidence such as this has led her and others to

believe that the FFA is domain specific or a "module" for faces in the human brain and more

specifically that the FFA may be dedicated to the detection of the face geometry (Kanwisher,

Downing, Epstein, et al., 2001).

Just as in behavioral studies, neural effects which have been at some point deemed �face-specific�

can under the right circumstances be demonstrated for non-face objects of one's expertise as well.



14

First, as described above, fMRI studies associate factors such as subordinate-level processing and

expertise with activity in face-selective areas (Gauthier, et al., 1997; Gauthier, Tarr, Anderson, et

al., 1999b; Gauthier, Skudlarski, Gore, et al., 2000a; Gauthier, et al., 2000b,c). For instance, the

right FFA and OFA of car experts activates more for cars than for birds whereas the reverse is true

for bird experts (Gauthier, et al., 2000a). Second, effects of expertise are found on the first face-

sensitive ERP component, for example experts show larger amplitude N170s for the object of their

expertise than for other objects (Tanaka & Curran, 2001; Rossion, Gauthier, Goffaux, et al., in

press). Moreover, specialization for different categories seems to be a relatively general

phenomenon in the visual system which can be obtained for many different categories (Kreiman,

Koch, & Fried, 2000; Haxby, in press), including the case of letter specialization, the development

of which necessarily implicates learning rather than evolutionary mechanisms (Gauthier et al.,

2000c; Puce, Allison, Asgari, et al., 1996).

Another model of cortical face specialization was inspired by the role of level of categorization and

expertise in face processing and the face-like activations in experiments of level of categorization

and expertise in nonface objects. Tarr and Gauthier (2000) argue that a �process map� in ventral

temporal lobe (as opposed to the idea of a �feature map� first proposed by Ishai, Ungerleider,

Martin, et al., 1999) better accounts for the experimental data on neural activity in this area.

According to this hypothesis, different parts of the visual system are best suited for different object

recognition strategies (e.g., feature detection or configural processing). Through practical

experience with objects, different categories of objects become associated with particular

recognition strategies (e.g., faces need to be recognized rapidly at the individual level, a problem

which appears to be solved at least partly through the use of relational information). It is believed
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that the repeated association of a category�s geometry with a processing strategy and the repeated

advantage in processing of certain parts of visual cortex for this strategy eventually lead to a direct

link between object geometry and activity in this part of the brain. This hypothesis offers an

explanation for the origins of the observed feature map in ventral temporal cortex, which may arise

through the repeated mappings between features and localized brain processes.

The results of neuroimaging studies in ASD support the idea that expertise underlies face

processing strategies and activation in the FFA.  In the first neuroimaging study of face recognition

in ASD, Schultz, Gauthier, Klin, and colleagues (2000a) discovered that the slight face deficits

characteristic of ASDs have significant neurofunctional implications. In a study of fourteen

individuals with an ASD, subjects were asked to make same/different judgments for faces and

objects.  Normal controls showed typical activation of the FG for faces, but individuals with an

ASD showed no activation in the FG (Figure 1).  Instead, individuals with an ASD seemed to use

areas that normal controls used to process objects, specifically the inferior temporal gyrus.  The

finding that individuals with an ASD show little or no face specialization in the FG now has been

confirmed by other studies (Critchley, Daly, Bullmore, et al., 2000, Dierks, Bolte, Hubl, et al.,

2001).

The expertise model provides an account of the neural deficit for face processing in individuals

with an ASD. It is not clear how other theories of face processing may explain these findings in

ASD. Individuals with an ASD have no difficulty detecting a face. A face detection theory of the

FFA is, therefore, not supported by evidence from ASD. People with an ASD are reasonably

accurate at distinguishing faces, and compared to typical individuals show small to moderate face
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deficits under many but not all experimental setups. There is certainly no deficit as severe as that

found in most cases of prosopagnosia (Damasio, et al., 1982); and it is interesting to note that

studies of prosopagnosics do not report that the patients experience major social impairments other

than that of face recognition. Nevertheless, persons with an ASD have no FFA. It is not known

whether the neurobiology of the FG of individuals with an ASD is abnormal; however,

neuroradiologists did not see any structural abnormality in the FG on anatomical scans of the

subjects of one study (Schultz et al., 2000). While it is possible to use a modular view of face

processing to explain these results, this approach would have to explain why only the face module

or the face part of the feature map failed to develop properly, coincidental to deficits in other

systems that support social cognition. As such, the process map model, with its consideration of the

role of experience in category specialization, offers the most parsimonious explanation for this

finding by putting activation in the FFA in the context of a broader network of social processing.

"We don't know who discovered water, but we're certain it wasn't a fish." - attributed to

Marshall McLuhan

Tim Langdell is known only to us by his landmark 1978 paper on face processing in autism, but

when discussing his research, we immediately begin to think of what he must be like as a person.

We ascribe personal traits to him like insight and compassion despite never having met him, and

we think of what he must look like. Each of us, however, has a different mental image of his face:

one of us may believe that he must be somewhat on the thin side, pale-skinned and dark-eyed, with

bushy, expressive eyebrows and a thin nose and lips. People with an ASD are not as motivated to

make such social attributions, and the face, to them, is not a repository of important information
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like it is for typically developing individuals. Because persons with an ASD have a social disability

that leads them to have a different set of life experiences with people, it seems likely that their lack

of social interest and emotional engagement with others leads to less expert face processing

strategies and underactivation of the FFA (Schultz, et al., 2000a).

Our interest in faces is pervasive and often unnoticed like water to fish.  We are led to believe that

the nature and origin of this face processing is so important that it is innate, specifically written in

our genome, or otherwise contained in ventral temporal cortex.  But we have no good control for

interest in faces in experiments of normal individuals, and unlike geological formations on Mars we

have seen no face in our genome.

Individuals with an ASD, absent unspeakable studies of deprivation, provide our only control for

the social interest that underlies or accompanies all processes that deal with the face. Evidence from

ASD suggests that if one removes social interest, specialization in the cortex for faces does not

develop. Social interest may or may not exert a direct influence on specialization in the visual

system, but without this natural influence there is little to prime us to look at faces with any more

frequency than other objects. Social interest could be necessary to the specialization for faces in the

fusiform gyrus, or it is possible that it could be replaced by external sources of motivation such as

the kind of supervised learning that one can encounter for letters and words and which appears to

lead to similar specialization for letters in other parts of the visual system (e.g., Puce et al., 1996).

Research in ASD suggests that the origin of social motivation is not contained in the FFA, but the

result of another brain area (Schultz, et al., 2000a,b).
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The chicken or the egg

The expertise model, as currently formulated, tells only part of the story of face specialization,

because it heretofore has not specified the necessary and sufficient forces behind the acquisition of

this specialization. One question is whether there is some organizing principle in the brain that

would influence one�s motivation to individualize exemplars of a category and devote neural

resources to configural processing of the object. For faces, it is likely that social interest provides

the motivation to regard the face and individualize a person, from which expertise for faces and

cortical face specialization develops. A job of this type is likely to make use of a structure that is

limbic in nature, and the darling of current theories is the amygdala (Schultz, et al., 2000a,b).

It is easy to understand that activities to which people devote a considerable amount of their time

have special significance for them. Bird experts love birds; dog experts love dogs; car experts love

cars (at least one car expert known to us writes books of road poetry).  Experts organize social

organizations to discuss their interests, devote websites to their interests, and probably choose to

associate with others on the basis of mutual interests. Greeble experts could also be construed as

forming a social bond with Greebles, learn to make social attributions to Greebles by naming them

and categorizing them into "families." There is a relationship between interest and objects of one's

expertise.  Whether expertise and cortical face specialization develop as a result of interest or

whether interest becomes important as expertise develops is unknown.

The amygdala, by virtue of its role in salience detection, and because of its dense reciprocal

anatomical connections to the ventral temporal cortex (Aggleton, 1993), is ideally positioned to
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influence and guide the acquisition of face expertise.  It can flag the face as a meaningful object

that requires further, more extensive processing, which may lead to the expertise effects that we

measure experimentally. Normative studies have implicated the amygdala in emotional learning

(Gaffan, Gaffan, & Harrison, 1988; Ono, Nishijo, & Uwano, 1995), signaling of the emotional

salience of events (Ono, et al., 1995; Aggleton, 1993), social behavior (Rosvold, Mirsky, & Pibram,

1954; Brothers & Ring, 1993; Kling & Steklis, 1976), social cognition (Castelli, Happe, Frith, et

al., 2000), and the perception of facial expressions (Breiter, Etcoff, Whalen, et al., 1996; Fried,

MacDonald, & Wilson, 1997; Adolphs, Tranel, & Damasio, 1998). Amygdala and FG activations

to judging the intentionality of the movement of geometric shapes (compared to randomly moving

shapes) in a study of social cognition (Castelli, et al., 2000) accentuate the potential influence of the

amygdala on the FG.

We believe that the amygdala plays an important developmental role in the acquisition of face

expertise, such that it participates in signaling the emotional and social relevance of faces to the

developing infant. This forces experience with faces and allows the development of expertise. Once

face specialization occurs, amygdala damage  does not seem to undo normal face perception

(Broks, Young, Maratos, et al., 1998), though there could be some role for amygdala processes in

maintaining preinjury levels of expertise.

The amygdala could work to support cortical face specialization in one of two ways.  The

amygdala, possibly among other structures, may have a direct influence on the development of the

FFA, demanding that the FG accommodate social interests like faces with faster perceptual

processing. On the other hand, it may orient an individual to the face out of social interest and
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indirectly shape visual cortex as a result of a repeated exposure to this visual stimulus. Both of

these models may be related to the processes that engender expertise for other interests such as

cars, birds, or dogs.  Further, these models seem to fit evidence that that direct gaze increases

activation of the fusiform gyrus and correlations of fusiform activity with that of the amygdala

(George, Driver, & Dolan, 2001). Thus, the lack of attention paid to the eyes in persons with an

ASD (Klin et al., in press) is probably a reflection of their lack of social interest, and at the same

time may partially explain the underactivation of their FG to faces.

Neuroimaging and histological studies have found abnormalities in the organization or function of

the amygdala of individuals with an ASD. Neuroimaging studies of the perception of emotional

expressions provide evidence to the hypothesis that the amygdala of individuals with an ASD is

less active than those of typically developing subjects (Baron-Cohen, Ring, Wheelwright, et al.,

1999; Critchley, et al., 2000).  Post-mortem studies of the brains of individuals with autism have

revealed structural abnormalities in their amygdalae (Bauman & Kemper, 1995).  Lesioning of the

amygdala seems to provide the best animal model of ASD (Bachevalier, 1994). Ventral temporal

areas of the cortex are plastic (Rolls, Baylis, Hasselmo, et al., 1989; Webster, Ungerleider, &

Bachevalier, 1991; Fujita, Tanaka, Ito, et al., 1992; Löwell & Singer, 1992) and may be shaped by

their reciprocal connections to the amygdala (reviewed in Schultz, et al., 2000b).

Amygdala dysfunction might disrupt social interest in individuals with an ASD in two ways. The

inability to make appropriate social judgments about the face in individuals with an ASD and

individuals with bilateral amygdala damage suggests that amygdala dysfunction impairs the ability

to link social stimuli with their social meaning (Adolphs, Sears, & Piven, 2001). In addition, a
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general lack of social interest resulting from amygdala dysfunction might not spark the acquisition

of face expertise. If the amygdala of individuals with an ASD is not geared to support social

interest, it may not stimulate attention to faces. Without the amygdala signaling the salience of

faces during infancy, face specialization would not occur.

Conclusions

Behavioral and neuroimaging evidence from studies of individuals with an ASD support the

hypothesis that face processing is another example of expertise processing and that face

specialization in the FFA is mediated by experience with faces. Future studies of face processing

and expertise may take advantage of new paradigms to more directly address the role of the

amygdala in the development of cortical face specialization. There is also a need for a better

assessment of object processing in ASD, and it will become important to consider the results of

behavioral intervention on the response of the FG to faces, and perhaps the response of the FG in

individuals with an ASD to objects of their expertise. Histological or high-resolution structural

neuroimaging data may also uncover heretofore unknown neuronal abnormalities in the visual

system. By trying to account for abnormalities in face processing in people with an ASD as well as

normal specialization for faces, the expertise model sets the bar higher and clearly defines the next

challenge: to specify the role of social interest and the emotional circuitry of the brain in the

development of face processing.



22

Acknowledgments

This work was supported by a grant from the James S. McDonnell Foundation to the Perceptual

Expertise Network (www.psychology.vanderbilt.edu/faculty/gauthier/pen). We would like to thank

the members of PEN for stimulating discussions on the issues reviewed here. Additional funding

was provided by grants from the National Institute of Child Health and Human Development

(grants PO1 HD 03008 and PO1 HD/DC35482) and the Korczak Foundation.

We are also grateful to Donald J. Cohen and Marie Bristol-Power for their leadership in the

integration of clinical research and neuroscience and their many insightful and helpful comments as

we have pursued this line of inquiry.

References

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

autism.  Journal of Cognitive Neuroscience, 13, 232-240.

Adolphs, R., Tranel, D., & Damasio, A.R. (1998). The human amygdala in social judgment.

Nature, 393, 470-474.

Aggleton, J.P. (1993). The contribution of the amygdala to normal and abnormal emotional states.

Trends in Neuroscience, 16, 328-333.

Allison, T., McCarthy, G., Nobre, A., Puce, A., & Belger, A. (1994). Human extrastriate visual

cortex and the perception of faces, words, numbers, and colors. Cerebral Cortex, 5, 544-554.



23

Allison, T., Puce, A., Spencer, D.D., & McCarthy, G. (1999). Electrophysiological studies of

human face perception: potentials generated in occipitotemporal cortex by face and nonface

stimuli. Cerebral Cortex, 9, 415-430.

American Psychiatric Association. (1994). Diagnostic and statistical manual of mental disorders,

4th ed. Washington, D.C.: American Psychiatric Association.

Archambault, A., O'Donnell, C., & Schyns, P.G. (1999). Blind to object changes: when learning the

same object at different levels of categorization modifies its perception. Psychological Science, 10,

249-255.

Bachevalier, J. (1994). Medial temporal lobe structures and autism: a review of clinical and

experimental findings. Neuropsychologia, 32, 627-648.

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

Williams, S.C. (1999). Social intelligence in the normal and autistic brain: an fMRI study.

European Journal of Neuroscience, 11, 1891-1898.

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.

Bauman, M.L., & Kemper, T.L. (1995). Neuroanatomic observations of the brain in autism. In:

M.L. Bauman, & T.L. Kemper (Eds.), The Neurobiology of Autism (pp. 119-145). Baltimore, MD:

Johns Hopkins University Press.

Bentin, S., Allison, T., Puce, A., Perez, A., & McCarthy, G. (1996). Electrophysiological studies of

face perception in humans. Journal of Cognitive Neuroscience, 8, 551-565.



24

Boucher, R.P., & Lewis, V. (1992). Unfamiliar face recognition in relatively able autistic children.

Journal of Child Psychology and Psychiatry, 33, 843-859.

Breiter, H.C., Etcoff, N.L., Whalen, P.J., Kennedy, W.A., Rauch, S.L., Buckner, R.L., Strauss,

M.M., Hyman, S.E., & Rosen, B.R. (1996). Response and habituation of the human amygdala

during visual processing of facial expression. Neuron, 17, 875-887.

Broks, P., Young, A.W., Maratos, E.J., Coffey, P.J., Calder, A.J., Isaac, C.L., Mayes, A.R.,

Hodges, J.R., Montaldi, D., Cezayirli, E., Roberts, N., & Hadley, D. (1998) Face processing

impairments after encephalitis: amygdala damage and recognition of fear. Neuropsychologia, 36,

59-70.

Brothers, L., & Ring, B. (1993). Mesial temporal neurons in the macaque monkey with responses

selective for aspects of social stimuli. Brain Behavior and Research, 57, 53-61.

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, S., & Fombonne, E. (2001). Pervasive developmental disorders in preschool children.

Journal of the American Medical Association, 285(24), 3141-3142.



25

Cohen, D.J., & Volkmar, F.R., Eds. (1997). Handbook of Autism and Pervasive Developmental

Disorders, 2nd ed., New York, NY: John Wiley & Sons, Inc.

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

Rowe, A., Phillips, M., McAlonan, G., Howlin, P., & Murphy D.G. (2000). The functional

neuroanatomy of social behaviour: changes in cerebral blood flow when people with autistic

disorder process facial expressions. Brain, 123, 2203-2212.

Damasio, A.R., Damasio, H., & Van Hoesen, G.W. (1982). Prosopagnosia: anatomical basis and

behavioral mechanisms. Neurology, 32, 331-341.

Davies, S., Bishop, D., Manstead, A.S., & Tantam D. (1994). Face perception in children with

autism and Asperger's syndrome. Journal of Child Psychology and Psychiatry, 35, 1033-1057.

Dawson, G., Meltzoff, A.N., Osterling, J., Rinaldi, J., & Brown, E. (1998). Children with autism

fail to orient to naturally occurring social stimuli. Journal of Autism and Developmental Disorders,

28, 479-485.

de Gelder, B., Vroomen, J., & Van der Heide, L. (1991). Face recognition and lip-reading in

autism. European Journal of Cognitive Psychology, 3, 69-86.

De Renzi, E. (1986). Current issues on prosopagnosia. In H. D. Ellis, M. A., Jeeves, F. Newcombe,

& A. Young (Eds.), Aspects of face processing (pp.243-252). Dordrecht, Netherlands: Martinus

Nijhoff.



26

Dierks, T., Bolte, S., Huble, D., Lanfermannm H. & Poustka, F. (2001). Alterations of face

processing strategies in autism (A fMRI study). Abstract presented at the 6th annual meeting of the

organization for human brain mapping, Brighton, UK.

Diamond, R., & Carey, S. (1986). Why faces are and are not special: an effect of expertise. Journal

of Experimental Psychology, 115, 107-117.

Farah, M. J., Levinson, K. L. & Klein, K. (1995). Face perception and within-category

discrimination in prosopagnosia. Neuropsychologia, 33, 661-674.

Farah, M.J., Rabinowitz, C., Quinn, G.E., & Liu, G.T. (2000). Early commitment of neural

substrates for face recognition. Cognitive Neuropsychology, 17, 117-123.

Filipek, P.A., Accardo, P.J., Ashwal, S., Baranek, G.T., Cook, E.H., Jr., Dawson, G., Gordon, B.,

Gravel, J.S., Johnson, C.P., Kallen, R.J., Levy, S.E., Minshew, N.J., Ozonoff, S., Prizant, B.M.,

Rapin, I., Rogers, S.J., Stone, W.L., Teplin, S.W., Tuchman, R.F., & Volkmar, F.R. (2000).

Practice parameter: screening and diagnosis of autism, report of the Quality Standards

Subcommittee of the American Academy of Neurology and the Child Neurology Society.

Neurology, 55(4), 468-479.

Fombonne, E. (1999). The epidemiology of autism: a review. Psychological Medicine, 29, 769-

786.

Fried, I., MacDonald, K.A., & Wilson, C.L. (1997). Single neuron activity in human hippocampus

and amygdala during recognition of faces and objects. Neuron, 18, 753-765.



27

Fujita, I., Tanaka, K., Ito, M., & Cheng, K. (1992). Columns for visual features in objects in

monkey inferotemporal cortex. Nature, 360, 343-346.

Gaffan, E.A., Gaffan, D., & Harrison, S. (1988) Disconnection of the amygdala from the visual

association cortex impairs visual-reward association learning in monkeys. Journal of Neuroscience,

8, 3144-3150.

Gauthier, I., Anderson, A.W., Tarr, M.J., Skudlarski, P., & Gore, J.C. (1997). Levels of

categorization in visual object recognition studied with functional MRI. Current Biology, 7, 645-

651.

Gauthier, I., Behrmann, M., & Tarr, M.J. (1999a). Can face recognition really be dissociated from

object recognition? Journal of Cognitive Neuroscience. 11, 349-370.

Gauthier, I., Skudlarski, P., Gore, J.C., & Anderson, A.W. (2000a). Expertise for cars and birds

recruits brain areas involved in face recognition. Nature Neuroscience, 3, 191-197.

Gauthier, I., & Tarr, M.J. (1997). Becoming a 'Greeble' expert: exploring the face recognition

mechanisms. Vision Research, 37, 1673-1682.

Gauthier, I., & Tarr, M.J. (in press). Unraveling mechanisms for expert object recognition:

Bridging brain activity and behavior. Journal of Experimental Psychology: Human Perception and

performance.

Gauthier, I., Tarr, M.J., Anderson, A.W., Skudlarski, P., & Gore, J.C. (1999b). Activation of the

middle fusiform face area increases with expertise in recognizing novel objects. Nature

Neuroscience, 2, 568-573.



28

Gauthier, I., Tarr, M.J., Moylan, J., Anderson, A.W., & Gore, J.C. (2000b). Does subordinate-level

categorization engage the functionally-defined fusiform face area? Cognitive Neuropsychology, 17,

143-163.

Gauthier, I., Tarr, M.J., Moylan, J., Skudlarski, P., Gore, J. C., & Anderson, A.W. (2000c). The

fusiform face area is part of a network that processes faces at the individual level. Journal of

Cognitive Neuroscience, 12(3): 495-504.

Gauthier, I., Williams, P., Tarr, M.J., & Tanaka, J.W. (1998). Training Greeble experts: a

framework for studying expert object recognition processes. Vision Research, 38, 2401-2428.

George, N., Driver, J., & Dolan, R. (2001). Seen gaze-direction modulates fusiform activity and its

coupling with other brain areas during face processing.  NeuroImage, 13, 1102-1112.

Halgren, E., Dale, A.M., Sereno, M.I., Tootell, R.B.H., Marinkovic, K., Rosen, B. (1998). Location

of human face-selective cortex with respect to retinotopic areas. Human Brain Mapping, 7, 29-37.

Hauck, M., Fein, D., Maltby, N., Waterhouse, L., and Feinstein, C. (1998). Memory for faces in

children with autism. Child Neuropsychology, 4, 187-198.

Haxby, J.V. (in press). Distributed, topographically-organized representation of objects in ventral

temporal cortex. Journal of Cognitive Neuroscience, supp.

Haxby, J. V., Ungerleider, L. G., Clark, V. P., Schouten, J. L., Hoffman, E. A., & Martin, A.

(1999). The effect of face inversion on activity in the human neural systems for face and object

perception. Neuron, 22, 189-199.



29

Haxby, J.V., Horowitz, B., Ungerleider, L.G., Maisog, J.M., Pietrini, P., & Grady, C.L. (1994). The

functional organization of the human extrastriate cortex: a PET-rCBF study of selective attention to

faces and locations. Journal of Neuroscience, 14, 6336-6353.

Hobson, R.P., Ouston, J., & Lee, A. (1988). What's in a face? the case of autism. British Journal of

Psychology, 79, 441-453.

International Molecular Genetic Study of Autism Consortium. (1999). A full genome screen for

autism with evidence for linkage to a region on chromosome 7q. Human Molecular Genetics, 571-

578.

Ishai, A., Ungerleider, L.G., Martin, A., Schouten, J.L., & Haxby, J. (1999). Distributed

representation of objects in the human ventral visual pathway. Proceedings of the National

Academy of Sciences, 96, 9379-9384.

Jolicoeur, P., Gluck, M., & Kosslyn, S.M. (1984). Pictures and names: making the connection.

Cognitive Psychology, 16, 243-275.

Joseph, R.M., (2001). Face recognition processes in typically developing children and children with

autism. Presented at the Society for Research in Child Development, Minneapolis, MN.

Kanner, L. (1943). Autistic disturbances of affective contact. Nervous Child, 2, 217-250.

Kanwisher, N. (2000). Domain specificity in face perception. Nature Neuroscience, 3, 759-763.

Kanwisher, N., Downing, P., Epstein, R. & Kourtzi, Z. (2001). In A. Kingstone, A., & Cabeza, R.

(eds) The Handbook on Functional Neuroimaging, MIT Press, Cambridge, Massachusetts.



30

Kanwisher, N., McDermott, J., & Chun, M.M. (1997). The fusiform face area: a module of

extrastriate cortex specialized for face perception. Journal of Neuroscience, 17, 4302-4311.

Kleiner, K. A. (1987). Amplitude and phase spectra as indices of infants' pattern preferences.  Infant

Behavior and Development, 10, 45-59.

Kleiner, K. A., & Banks, M. S. (1987).  Stimulus energy does not account for 2-month-olds' face

preferences.  Journal of Experimental Psychology: Human Perception and Performance, 13, 594-600.

Klin, A., Jones, W., Schultz, R., Volkmar, F., & Cohen, D. (in press). Visual fixation patterns

during viewing of naturalistic social situations as predictors of social competence in individuals

with autism. Archives of General Psychiatry.

Klin, A., Sparrow, S.S., de Bildt, A., Cicchetti, D.V., Cohen, D.J., & Volkmar, F.R. (1999). A

normed study of face recognition in autism and related disorders. Journal of Autism and

Developmental Disorders, 29, 499-508.

Kling, A., & Steklis, H.D. (1976). A neural substrate for affiliative behavior in nonhuman primates.

Brain Behavior and Evolution, 13, 216-238.

Kreiman, G., Koch, C., & Fried, I. (2000). Category specific visual responses of single neurons in

the human medial temporal lobe. Nature Neuroscience, 3, 946-953.

Langdell, T. (1978). Recognition of faces: an approach for the study of autism. Journal of Child

Psychology and Psychiatry, 19, 255-268.

Le Grand, R., Mondloch, C.J., Maurer, D., & Brent, H.P. (2001). Early visual experience and face

processing. Nature, 410, 890.



31

Leder, H., & Bruce, V. (2000). When inverted faces are recognized: The role of configural

information in face recognition. Quarterly Journal of Experimental Psychology A, 53, 513-536.

Linkenkaer-Hansen, K., Palva, J.M., Sams, M., Hietanen, J.K., Aronen H.J, & Ilmoniemi, R.J.

(1998). Face-selective processing in human extrastriate cortex around 120 ms after stimulus onset

revealed by magneto- and electroencephalography. Neuroscience letters, 253, 147-150.

Lombroso, P.J., Pauls, D.L., Leckman, J.F. (1994). Genetic mechanisms in childhood psychiatric

disorders. Journal of the American Academy of Child and Adolescent Psychiatry, 33, 921-938.

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

version of a diagnostic interview for caregivers of individuals with possible pervasive

developmental disorders. Journal of Autism and Developmental Disorders, 24, 659-685.

Lord, C., Rutter, M., Good, S., Heemsbergen, J., Jordan, H., Mawhood, L. & Schopler, E. (1989).

Autism diagnostic observation schedule: a standardized observation of communicative and social

behaviour. Journal of Autism and Developmental Disorders, 19, 185-212.

Löwell, S., & Singer, W. (1992). Selection of intrinsic horizontal connections in the visual cortex

by correlated neuronal activity. Science, 255, 209-212.

Malach, R., Reppas, J.B., Benson, R.R., Kwong, K.K., Jiang, H., Kennedy, W.A., Ledden, P.J.,

Brady, T.J., Rosen, B.R., & Tootell, R.B. 1995. Object-related activity revealed by functional

magnetic resonance imaging in human occipital cortex. Proceedings of the National Academy of

Sciences, 92, 8135-8139.



32

Moscovitch, M., & Moscovitch, D.A. (2000). Superface inversion effects for isolated internal or

external features, and for fractured faces. Cognitive Neuropsychology, 17, 201-219.

Moscovitch, M., Wincour, G., & Behrmann, M. (1997). What is special about face recognition?

nineteen experiments on a person with visual object agnosia and dyslexia but normal face

recognition. Journal of Cognitive Neuroscience, 9, 555-604.

Ono, T., Nishijo, H., & Uwano, T. (1995). Amygdala role in associative learning. Progress in

Neurobiology, 46, 401-422.

Osterling, J., & Dawson G. (1994). Early recognition of children with autism: a study of first

birthday home videotapes. Journal of Autism and Developmental Disorders, 24, 247-257.

Ozonoff, S., Pennington, B.F., & Rogers, S.J. (1990) Are there emotion perception deficits in

young autistic children? Journal of Child Psychology & Psychiatry & Allied Disciplines, 31(3),

343-361.

Puce, A., Allison, T., Asgari, M., Gore, J.C., & McCarthy, G. (1996) Differential sensitivity of

human visual cortex to faces, letterstrings, and textures: a functional magnetic resonance imaging

study. Journal of Neuroscience, 16, 5205-5215.

Puce, A., Allison, T., Bentin, S., Gore, J.C., & McCarthy, G. (1998). Temporal cortex activation in

humans viewing eye and mouth movements. Journal of Neuroscience, 18(6), 2188-2199.

Puce, A., Allison, T., Gore, J.C., & McCarthy, G. (1995) Face-specific processing in the human

fusiform gyrus. Journal of Cognitive Neuroscience, 9, 133-142.



33

Rolls, E.T., Baylis, C.G., Hasselmo, M.E., & Nalwa, V. (1989). The effect of learning on the face

selective responses in neurons in the cortex in the superior temporal sulcus of the monkey.

Experimental Brain Research, 76, 739-759.

Rosch, E, E. Mervis, C. B., Gray, W.D., Johnson, D.M., & Boyes-Braem, P. (1976) Basic objects

in natural categories. Cognitive Psychology, 8, 382-439.

Rossion, B., & Gauthier, I. (in press). How does the brain process upright and inverted faces?

Behavioral and Cognitive Neuroscience Reviews.

Rossion, B., Gauthier, I., Tarr, M.J., Despland, P.A., Bruyer, R., Linotte, S., & Crommelinck, M.

(2000). The N170 occipito-temporal component is enhanced and delayed to inverted faces but not

to inverted objects: an electrophysiological account of face-specific processes in the human brain.

Neuroreport, 11, 69-74.

Rossion, B., Gauthier, I., Goffaux, V., Tarr, M.J., & Crommelinck, M. (in press). Expertise training

with novel objects leads to left lateralized face-like electrophysiological responses. Psychological

Science.

Rosvold, H.E., Mirsky, A.F., & Pibram, K.H. (1954). Influence of amygdalectomy on social

behavior in monkeys. Journal of Comparative Physiology and Psychology, 47, 153-183.

Schultz, R.T., Gauthier, I., Klin, A., Fulbright, R.K., Anderson, A.W., Volkmar, F., Skudlarski, P.,

Lacadie, C., Cohen, D.J., & Gore, J.C. (2000a). Abnormal ventral temporal cortical activity during

face discriminations among individuals with autism and Asperger syndrome. Archives of General

Psychiatry, 37, 331-340.



34

Schultz, R.T., Grelotti, D.J., & Pober, B.R. (2001) Williams syndrome and brain-behavior

relationships. Journal of the American Academy of Child and Adolescent Psychiatry, 40, 606-609.

Schultz, R.T., Romanski, L.M., & Tsatsanis, K.D. (2000b). Neurofunctional models of Autistic

Disorder and Asperger syndrome. In Klin, A., Volkmar, F.R., & Sparrow, S.S., Asperger

syndrome, New York, NY: The Guilford Press, 172-209.

Simion, F., Macchi Cassia, V., Turati, C & Valenza, E. (2001). The origins of face perception:

Specific vs. non-specific mechanisms. Presented at the Society for Research in Child Development,

Minneapolis, MN.

Simion, F., Valenza, E., Umilita, C., & Dalla Barba, B. (1998). Preferential orientation to faces in

newborns: a temporal-nasal asymmetry. Journal of Experimental Psychology: Human Perception

and Performance, 24, 1399-1405.

Tanaka, J.W. (in press). The entry point of face recognition: Evidence for face expertise. Journal of

Experimental Psychology: General.

Tanaka, J.W, & Curran, T. (2001). A neural basis for expert object recognition. Psychological

Science, 12, 43-47.

Tanaka, J.W., & Sengco, J.A. (1997). Features and their configuration in face recognition. Memory

and Cognition, 25, 583-589.

Tanaka, J. W., & Taylor, M. (1991). Object categories and expertise: Is the basic level in the eye of

the beholder? Cognitive Psychology, 23, 457-482.



35

Tantam, D., Monaghan, L., Nicholson, H., & Stirling, J. (1989). Autistic children's ability to

interpret daces: a research note. Journal of Child Psychology and Psychiatry, 30, 623-630.

Tarr, M.J., & Gauthier, I. (2000). FFA: a flexible fusiform area for subordinate-level visual

processing automatized by expertise. Nature Neuroscience, 3, 764-769.

Teunisse, J.P., & de Gelder, B. (1994). Do autistics have a generalized face processing deficit?

International Journal of Neuroscience, 77, 1-10.

Valentine, T. (1988). Upside-down faces: a review of the effects of inversion upon face

recognition. British Journal of Psychology, 79, 471-491.

Volkmar, F.R., Cohen, D.J., & Paul. R. (1986). An evaluation of the DSM-III criteria for infantile

autism. Journal of the American Academy of Child and Adolescent Psychiatry, 25, 190-197.

Volkmar, F.R., Klin, A., & Pauls, D. (1998). Nosological and genetic aspects of Asperger

syndrome. Journal of Autism and Developmental Disorders, 28, 457-463.

Volkmar, F.R., Klin, A., Siegel, B., Szatmari, P., Lord, C., Campbell, M., Freeman, B.J., Cicchetti,

D.V., Rutter, M., Kline, W., Buitelaar, J., Hattab, Y., Fombonne, E., Fuentes, J., Werry, J., Stone,

W., Kershibian, J., Hoshino, Y., Bregman, J., Loveland, K., Szymanski, L., & Towbin, K. (1994).

Field trial for autistic disorder in DSM-IV. American Journal of Psychiatry, 151, 1361-1367.

Webster, M.J., Ungerleider, L.G., & Bechevalier, J. (1991). Lesions of the inferior temporal area

TE in infant monkeys after cortico-amygdalar projections. Neuroreport, 2, 769-772.



36

Werner, E., Dawson, G., Osterling, J., & Dinno, N. (2000). Brief report: recognition of autism

spectrum disorder before one year of age in a retrospective study based on home videotapes.

Journal of Autism and Developmental Disorders, 30(2), 157-162.

Wing, L. (1969). The handicaps of autistic children - a comparative study. Journal of Child

Psychology and Psychiatry, 10, 1-40.

World Health Organization. (1992). The ICD-10 Classification of Mental and Behavioral

Disorders: Clinical Descriptions and Diagnostic Guidelines. Geneva: World Health Organization.

Yin, R.K. (1969). Looking at upside-down faces. Journal of Experimental Psychology, 81, 141-

145.



37

Figure 1 fMRI t-maps of the brain during face perception.  Activation of the fusiform gyrus to faces

is shown in red/yellow and identified by arrows in (a) a typically developing young adult.  Note the

clear focus of face-related activation bilaterally in the fusiform gyrus.  In contrast, (b) a young adult

with autism shows a lack of activation.  Images are in a coronal orientation, with right and left

reversed by convention, and functional data are superimposed on anatomical images for

localization. fMRI data are from a blocked experiment comparing (e) face perception to (d) nonface

object perception during a "same/different" discrimination task on a 1.5 Tesla system.  The

threshold for displaying activations is set at t = 1.5. Object activations are shown in blue on the

fMRI maps. (adapted from Schultz, Grelotti, & Pober, 2001)


