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Abstract 

 

A critical cognitive ability that has received relatively little attention in individuals with autism is 

the ability to form categories.  Previous studies of categorization in individuals with autism have 

found mixed results, some indicating that these individuals have a deficit in categorization and 

others suggesting that they do not. These studies are limited, however, because they have not 

closely investigated the role that typicality or task complexity may have on categorization.  The 

current study addresses these issues by examining the effect of exemplar typicality on both the 

reaction times and accuracy of categorizing basic level exemplars.  High-functioning children, 

teens, and adults with autism and matched controls were tested in a category verification 

procedure.  Results indicate that the processing and accuracy of categorization improves 

throughout the lifespan for typical and somewhat typical category exemplars, but that processing 

differences are found throughout the lifespan with respect to atypical or poor category 

exemplars.  The results are discussed in relation to potential differences in the type of processing 

that may be required for categorizing typical and atypical category members.  Parallels are also 

drawn between the results of the current studies and the results of previous studies on face 

processing in individuals with autism.  
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1.0  INTRODUCTION 

Autism, a pervasive developmental disorder with onset before age three, has been the 

subject of much research over the past few years due to the alarming rise in its prevalence rates 

world-wide (Fombonne, 1999).  According to DSM-IV, a diagnosis of autism requires 

qualitative impairment in social interaction and communication, restricted repetitive stereotyped 

patterns of behavior, interests, and activities, and language delays (American Psychiatric 

Association, 2000).  To date, most research on autism has focused on the social deficits that are 

present in individuals with autism, because these deficits seem to be the most profound and 

noticeable.  More recently, researchers have suggested that individuals with autism may also 

have significant cognitive deficits (Frith & Happe, 1994).  At issue is the nature of these 

cognitive deficits and the extent to which they may underlie the better documented social deficits 

and the autism syndrome in general. 

The three main cognitive theories in the field include executive functioning (Ozonoff, 

1997; Rumsey, 1985), weak central coherence (Frith & Happe, 1994), and attentional theories 

(Bara, Bucciarelli, & Colle, 2001; Rinehart, Bradshaw, Moss, Brereton, & Tonge, 2001).  While 

these theories have been able to explain some aspects of the autistic syndrome, no cognitive 

theory to date has been successful in explaining all of the core symptoms of autism and the entire 

range of abilities present in these individuals.   
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One critical cognitive ability, the ability to categorize, has received relatively little 

attention in individuals with autism despite the importance of this ability for both typically 

developing children and adults.  Categorization skills are very important for children to develop 

early in life.  As is often quoted from William James (1890), infants are born into a world of 

“great blooming, buzzing confusion” (p. 420).  As a result, it is critical that they soon be able to 

categorize and organize the world.  Ultimately, categorization allows infants to reduce memory 

demands and focus their attention to important aspects of objects and ignore irrelevant details.  If 

individuals with autism differ in their abilities to categorize early in life, it is possible that such 

core cognitive differences could underlie some of the social, communication, and behavioral 

deficits that are core features of the autism syndrome.  A child who is unable to organize and 

make sense of his or her world could become overstimulated and withdraw from others, not 

understand what others are trying to communicate to them, and engage in repetitive behaviors to 

impose a sense of control and order in a confusing world.   

1.1 CATEGORIZATION IN TYPICAL POPULATIONS 

Generally, categorization is the ability to recognize that discriminably different objects 

have common features that allow them to be grouped together.  This grouping of objects allows 

us to organize the world and our experiences and also decreases demands on our memories.  

Categorization can be thought of as, “a mental process that allows individuals to integrate new 

information with previous experiences” and typically involves “abstraction of information during 

learning” (Klinger & Dawson, 1995, p. 119).  Grouping items into common categories also 

allows individuals to generalize information from one situation to another.  The ability to form 
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categories is one of the most basic cognitive abilities; indeed, it is so basic that studies 

demonstrate that within the first year of life infants begin to form categories (Lewis & Strauss, 

1986; Rakison & Polin-Dubois, 2001).   

Considering the importance that categorization has on the way in which we learn to 

organize and understand our world, it is not surprising that there is much research on how we 

form and use categories.  Classical theories of categorization implied that all categories can be 

defined by using a few necessary and criterial features, but this research was typically conducted 

using simple, artificial categories such as colored shapes (Bruner, Goodnow, & Austin, 1956).  

Rosch and her colleagues (Rosch 1975, Rosch 1978), in addition to other researchers, have 

discovered that categorization of objects that belong to more natural categories such as “dogs” 

cannot be explained by these classical theories, because there are no simple criterial features that 

define “dogness”.  Classical theories have also assumed that category boundaries are definitive 

and clear, but research has found that these boundaries are actually “fuzzy” (Rosch, 1975; Rosch 

1978).  Lastly, classical theorists thought that all exemplars in a given category have equal 

probability of membership and equal weighting in regard to how easy they are to categorize and 

remember (Bruner, Goodnow, & Austin, 1956).  Rosch (1975, 1978), however, found that 

knowledge of basic level categories such as dogs has a “typicality structure” in which some of 

the members are considered to be more representative or “better examples” of that category, and 

other members are less representative or “worse examples” and therefore less “typical”.  

Individuals tend to agree on which members of a category are the most and least typical, and in 

verification tasks, reaction times to verify or identify typical members of a category are faster 

than reaction times to identify less typical members of a category (Rosch, 1978).  For example, 

for the category bird, individuals are quicker to identify or verify that a robin is a member of the 
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category bird than a penguin.  This reaction time difference reflects the nature of how items are 

stored in memory, that typical exemplars of a category are easier to retrieve than less typical 

exemplars.   

In addition, adults and children have been found to learn the names of more typical 

members of a novel category more quickly than the names of less typical members (Heider, 

1972), and children tend to learn the names of more typical members of established categories 

before less typical members (Barrett, 1995; Nelson, 1974).  Typicality effects seem to be present 

from infancy in that 18 and 24 month-old infants looked significantly longer at more typical 

items than less typical items (Southgate & Meints, 2000).  Infants were also able to categorize 

more typical exemplars before they categorized less typical exemplars in an object manipulation 

task (Bauer, Dow, & Hertsgaard, 1995).  Additional evidence for the typicality effect exists in 

studies of prototype formation in infants.  When infants were presented with a set of faces which 

varied in the distance between the features, they considered unseen faces that were representative 

of the mean values of the presented features to be more familiar than faces that they had actually 

seen during the study (Strauss, 1979; Younger, 1990; de Haan, Johnson, Maurer, & Perrett, 

2001).  

 The typicality effect is also reflected in event-related potential studies which have found 

that at Pz and Cz, the P300 peak amplitude was greater for more typical then less typical 

exemplars in children, latency-to-peak was shorter to more typical than less typical exemplars in 

adults, and typical exemplars were categorized faster and more accurately than less typical 

exemplars (Ellis & Nelson, 1999; Fujihara, Nagaeishi, Koyama, & Nakajima, 1998).  This type 

of organization of exemplars by typicality allows individuals to reduce their memory load, instill 
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organization to their world, and simplify the complex environment within which they must 

interact. 

1.2 CATEGORIZATION IN ATYPICAL POPULATIONS 

While a plethora of research has been performed on concept formation and categorization 

in adults and typically developing children, there is very little research on this topic in 

individuals with autism.  An individual lacking the ability to categorize would see each new 

instance or situation as unique and as a result might be overwhelmed by the complexity of the 

world in which he/she must interact, be unable to make decisions or inferences based on past 

experience, and have difficulty generalizing information across situations (Klinger & Dawson, 

1995).   

It has been suggested that individuals with autism may exhibit deficits in the area of 

concept and category formation or abstraction.  A cognitive deficit in abstract reasoning has been 

considered to be one of the fundamental impairments documented across the entire pervasive 

developmental disorder spectrum.  Noach (1974) was one of the first to examine conceptual 

abilities in individuals with autism and stated that, “Their overall intellectual functioning, their 

perception, and their language, in particular, seem to reflect a disturbance in the capacity for 

concept formation” (p. 100).  Rutter (1978) discovered that as general cognitive ability 

decreased, abstraction abilities also decreased.  The inability to form concepts based on 

experience, however, is also thought to be a problem in higher-functioning individuals with 

autism (Tsai, 1992).   
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The results of studies conducted to determine whether a deficit in category formation is 

present in individuals with autism have been mixed.  Many early studies concluded that 

individuals with autism are able to form concepts and can categorize new objects based on these 

concepts.  These studies, however, involved categorization based on simple definitive features 

such as color or size and did not examine whether individuals with autism process category 

information in the same manner as typically developing individuals, especially when the 

categories are more complex and have fuzzy boundaries such as natural categories (Baron-

Cohen, 1991; Tager-Flusberg, 1985a; Tager-Flusberg, 1985b; Ungerer & Sigman, 1987).  It is 

possible that, while individuals with autism can successfully categorize on the basis of simple 

definitive features, they may form categories in a different manner or may have difficulty 

categorizing when categorization is based on more complex, less perceptual, or abstract rules or 

features (Klinger & Dawson, 1995; Plaisted, 2000; Minshew, Goldstein, Muenz, & Payton, 

1992; Shulman, Yirmiya, & Greenbaum, 1995).  Another possible explanation for the mixed 

findings is that studies of categorization have failed to control for the typicality of the stimuli.  It 

is possible that individuals with autism may be able to categorize typical exemplars of a category 

more successfully than atypical exemplars and may be using different processes to categorize 

typical and atypical exemplars.  If this is the case, studies using more typical exemplars of a 

category may not indicate any differences in categorization in these individuals while studies 

using more atypical exemplars may show a categorization deficit. 

Several studies support this notion that individuals with autism can and do form 

categories, but they do so in a way that is different from typically developing individuals.  A few 

studies have provided evidence that individuals with autism do not group words into categories 

in order to aid in memorization (Hermelin & O’Connor, 1970; Minshew, Goldstein, Muenz, & 
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Payton, 1992).  Hermelin and O’Connor (1970) compared children with autism to those showing 

typical development and delayed development and found that children with autism did not 

memorize words by grouping them into conceptual categories relative to children with typical or 

delayed development.  Minshew, Goldstein, Muenz, and Payton (1992) found that individuals 

with autism, unlike typically developing individuals, did not use categorical information as a 

strategy to improve memory on the California Verbal Learning Test.  In both of these studies, the 

individuals with autism were able to remember as many items as controls, suggesting that they 

did not have an impairment in rote-memory, but were not using organizing strategies of 

categorization to improve their memories.     

Minshew, Meyer, and Goldstein (2002) conducted a study that examined the performance 

of high-functioning individuals with autism, compared to controls, on concept identification 

versus concept formation tasks.  These tasks differ in that, in concept identification tasks, the 

concepts are not formed by the person but are inherent in the test materials.  In contrast, in 

concept formation tasks the concepts have to be self-generated, and the person is required to 

generate the rules in order to group the stimuli.  The researchers found that high-functioning 

individuals with autism had a deficit only in concept formation and that this deficit resulted in 

cognitive inflexibility and the inability to spontaneously form ways in which to organize 

information.  These results support the notion that individuals with autism process and group 

information in a rule-based manner and are deficient when the task requires that concepts be 

abstracted from complex information. 

One published study (Klinger & Dawson, 2001) and two unpublished studies (Plaisted, 

2000) have also suggested that individuals with autism are unable to abstract a prototype or 

average representation of the features of a category.  Klinger and Dawson (2001) compared low-
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functioning children with autism, children with Down’s syndrome, and typically developing 

children’s abilities to use rule-based and prototype category learning.  They found that all groups 

were able to categorize using a rule-based strategy when the rule was explicitly stated and when 

the rule was implicit, but neither the autism nor Down’s syndrome children were able to abstract 

a prototype of simple animal-like categories during category learning.  Additionally, individuals 

with autism and Down’s syndrome were able to categorize the animal-like exemplars only when 

there was a single distinctive feature present such as “long feet”.  Typically developing children, 

however, did not exhibit any problems in abstracting a prototype.  Plaisted (2000) discussed two 

unpublished studies that indicate that high-functioning adults and children with autism matched 

with controls on general cognitive level were also unable to form prototypes.   As a result, the 

inability to form prototypes in the Klinger and Dawson (2001) study probably cannot be 

explained by mental retardation or general level of cognitive functioning.  This inability to 

abstract prototypes in individuals with autism is surprising due to the fact that studies on 

prototype formation in children have established that infants are able to abstract prototypes at 10 

months of age (Strauss, 1979; Younger, 1986, 1990).  These results indicate that individuals with 

autism may engage in different categorization processes than typically developing individuals 

and that these differences may be very basic and early developing (Klinger & Dawson, 1995; 

Strauss, Newell, & Best, 2003).   

A study conducted by Plaisted, O’Riordan, and Baron-Cohen (1998) provides additional 

evidence that suggests that individuals with autism categorize and form concepts in a manner 

that is different from typically developing individuals.  In this study, control adults were better 

able to discriminate familiar stimuli than novel stimuli.  High-functioning adults with autism, 

however, were not better at discriminating familiar than novel stimuli.  The authors suggested 
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that high-functioning adults with autism process features that are common between objects 

poorly and, therefore, process features that are unique to an object well.  If features in common 

between objects are processed poorly, categorization would be affected, because categorization 

involves the ability to determine what aspects of exemplars are common.  If individuals with 

autism are unable to determine the commonality among items, they also may be unable to 

determine the commonality among situations.  This could lead to an inability to use information 

about prior instances to inform new situations resulting in a world that is confusing and 

overwhelming.  Poor ability to process features common to stimuli in conjunction with the 

ability to process features unique to a stimulus well supports the idea of the existence of different 

categorization processes in individuals with autism. 

One possibility that has yet to be explored concerns the nature of the storage of the 

underlying category information that individuals with autism have about the real world.  If 

individuals with autism focus on how objects are unique and are less able to detect the 

commonality that exists among exemplars of a given category, this may affect the way in which 

they categorize.  It is also possible that typicality may play a role in processing differences in 

individuals with autism.  For example, it is possible that individuals with autism will be able to 

categorize typical category members efficiently and accurately using simple definitive features, 

but will have difficulty categorizing less typical category members which require a different, 

more complex processing strategy. 
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1.3 AIMS OF CURRENT STUDIES 

 

The aim of Experiment 1 was to determine the role that typicality plays in the 

categorization processes and abilities of non-mentally retarded children with autism using a basic 

level object category verification task.  High-functioning children were chosen for this study, 

because it allows one to examine impairments that are specifically associated with autism rather 

then with mental retardation (Minshew, Goldstein, & Siegel, 1997).  Children with autism who 

are not mentally retarded have all of the clinical features and developmental history of autism 

(Kanner, Rodriguez, & Ashenden, 1972) along with many of the other characteristic 

neuropathological, imaging and family history findings (Bauman & Kemper, 1994; Piven, Arndt, 

Bailey, & Andreasen, 1996; Piven, Palmer, Jacobi, Childress, & Arndt, 1997) without the 

confound of mental retardation.  Basic level object categories were chosen to study, because the 

basic level is the level at which category members are most perceptually related to one another 

and perceptually unrelated to members of other basic categories (Rosch, Mervis, Gray, Johnson, 

& Boyes-Braem, 1976).  A category verification task was used to measure reaction times and 

accuracy to members of four different categories varying in typicality.  If children with autism 

process categories differently than typically developing children, differences should emerge in 

the reaction time results.  Children with autism may also be less accurate than typically 

developing children, particularly on the more atypical examples.  Experiment 2 addressed similar 

questions with teens and Experiment 3 with adults. 
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2.0  EXPERIMENT 1: ROLE OF TYPICALITY IN CHILDREN’S OBJECT 

CATEGORIZATION 

2.1 METHOD 

2.1.1 Participants 

Participants consisted of 34 high-functioning children with autism (age 8-12) and 26 

healthy child control individuals (age 8-12).  Control subjects were recruited through posters, 

advertisements in local newspapers, radio advertisements, and community television 

announcements.  Individuals with autism were recruited through fliers at autism meetings, 

advertisements in autism newsletters, and posters in clinics serving individuals with autism.   

In order to participate, all individuals were required to have full scale and verbal IQs 

greater than 80 as determined by the Wechsler Abbreviated Scale of Intelligence (WASI; 

Wechsler, 1999).  To be eligible to participate, individuals with autism had to meet DSM-IV 

criteria (American Psychiatric Association, 2000) for autism on the basis of the Autism 

Diagnostic Interview-Revised (ADI-R - Lord, Rutter, & Le Couteur, 1994) and the Autism 

Diagnostic Observation Schedule (ADOS - Lord, Rutter, Goode, Heemsbergen, Jordan, 

Mawhood, & Schopler, 1989) with confirmation by expert clinical opinion.  The ADI-R’s and 

ADOS-G’s were administered by two individuals without consultation, allowing for independent 

diagnostic assessment.  The staff administering the ADI-R’s and ADOS-G’s had extensive 
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clinical experience with autism, and completed a training course with certification of reliability.  

All ADI-Rs were audiotaped and all ADOS-G’s videotaped.  Reliability was maintained at kappa 

.80 or higher. Eligible participants with autism were also free of seizure disorder and major 

depression at the time of the study and had a clinically significant delay in language (exclusion 

of those with PDD and Aspergers disorder).   

For control participants to be eligible, they had to be free of past and current neurologic 

and/or psychiatric disorders on the basis of a semi-structured interview (SCID-I - First, Gibbon, 

Spitzer, & Williams, 1996).  The control individuals were also required to have a negative family 

history in first degree relatives of affective and anxiety disorder or other major psychiatric 

disorder based on the Family History Screen (Weissman, Wickramaratne, Adams, et al., 2000) 

and a negative family history in first and second degree relatives of autism or other PDD.  The 

exclusion of controls with a history in first degree relatives of affective or anxiety disorder 

and/or a history of autism in first and second degree relatives was aimed at excluding those with 

potential autism susceptibility genes.  Control participants were also excluded if they had a 

history of significant difficulty during pregnancy, labor, delivery, or the immediate neonatal 

period or abnormal developmental milestones.  Other exclusion criteria for control participants 

included a history of school attendance and grades inconsistent with ability level, evidence of a 

disparity between general level of ability and academic achievement, and a history of a loss of 

consciousness.   

Control subjects were matched with the autism group (same mean with equal variances) 

on age and full scale IQ.  Table 1 summarizes the participants’ sociodemographic characteristics.  

As seen, no significant differences were found between the two groups on FSIQ.   
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Table 1. Sociodemographic Characteristics of Autism and Control Groups for 

Experiment 1 

 

      Autism Group (N = 34)     Control Group (N = 26) 

  Mean          SD          Range      Mean          SD          Range     

 

Age                  9.91           1.38         8-12                   10.85          1.19        8-12 

 

FSIQ               105.56        10.14       85-128               108.88        10.25      89-131  

 

Note: Age is indicated in years.  SD = standard deviation; FSIQ = Full scale IQ 

2.1.2 Apparatus 

Participants were tested in a quiet experimental room.  Each participant was seated in 

front of a 17-in. monitor controlled by a Dell PC computer and responded using a modified 

keyboard.  In order to make the response keys easy to press, a keyboard with large keys 

(approximately one inch squares) that is commercially available for young children was used to 

record participants’ responses.  All keys were covered by back felt except for the two response 

keys.  These keys were labeled “true” and “false”.  The position (left/right) of the “true” and 

“false” labels was counterbalanced across participants. 
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2.1.3 Stimulus Materials 

2.1.3.1 Visual Stimuli 

 

The category verification task consisted of color pictures of exemplars from four basic 

level object categories.  The categories consisted of two natural, animate categories (cats and 

dogs) and two artificial, inanimate categories (couches and chairs).  These categories were 

chosen in an attempt to include objects with which all participants would have significant 

experience and that could be considered to be contrasting categories.  Each category was 

composed of 24 members and these members varied along a dimension of typicality (typical, 

somewhat typical, and atypical) as judged by adult ratings.   

 Typicality of the included object exemplars was determined through a pilot study 

with 100 college students.  The students were shown 50 pictures from each object category on a 

computer monitor and asked to rate each object on a seven point typicality scale where 1 was the 

least typical and 7 was the most typical.  The students were given the following instructions to 

orient them to the typicality scale, “If you think about birds, there are many different kinds of 

birds.  Some birds like robins are really good examples of birds, because they look like what you 

think a bird should look like.  On the other hand, a penguin is a bad example of a bird, because it 

does not look like other birds.  Your job is to decide how good of an example other objects are 

on a scale from 1-7 with 1 being a really bad example like a penguin and 7 being a really good 

example like a robin.”  The students were presented with each category separately and the order 

was counterbalanced across participants. 
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Table 2. Typicality Ratings for Included Category Exemplars (Means and Standard 

Deviations) 

 

                     Couches                    Chairs     Cats          Dogs 

 

Atypical 

     Mean 2.74           2.42      2.60                      2.26 

     s.d.              .69                            .65                          1.01                       .63 

 

Somewhat Typical 

     Mean          5.04           4.37                         4.30                     4.09 

     s.d.  .44            .51         .18           .44 

 

Typical 

     Mean 6.29           5.91       5.37           5.77  

     s.d.              .25                             .53                            .50                      .65   

 

Table 2 summarizes the mean ratings and standard deviations for the exemplars included 

in this experiment.  Within each category, the eight most typical, eight average typical and eight 

least typical exemplars were chosen, resulting in 24 exemplars for each object category and a 

total of 96 exemplars in the entire experiment.  Figure 1 illustrates an example of each level of 

typicality for each category. 
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  TYPICAL                SOMEWHAT TYPICAL         ATYPICAL 
 

Figure 1. Stimulus Examples 

2.1.3.2

The auditory stimuli consisted of a recorded female voice saying “dog”, “cat”, “couch”, 

were edited to ensure the same volume, duration, and intensity. 

 Auditory Stimuli 

or “chair”.  All auditory stimuli 
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2.1.4 Procedure 

A category verification procedure was used.  After a press on the space bar key, an 

auditory stimulus was presented through the speakers, and immediately following this word, a 

eared in the center of the screen.  For the natural categories, the auditory 

stimulus was either “cat” or “dog” and for the artificial categories “couch” or “chair”.  

Participants were asked to judge

category presented auditorily.  Responses were given by pressing either the button labeled “true” 

if the object belonged to the named category or “false” if it did not belong.  The participants 

Participants were given no feedback regarding the accuracy of their responses but were regularly 

would be seeing and were instructed to make their best guess if they were unsure of an answer.  

The participants were first given the instructions to the task and then were presented with four 

verification task began.  The practice trials consisted of a true and false verification for two 

they understood the instructions, and if they did, the experiment began.  If the participants had 

any questions or needed to review the instructions, it was done at this time.  The participants 

For each object category, 25% of the correct verifications (6 verifications) were false (the 

verifications) were true (the word and picture did match each other). Essentially, the “false” trials 

were only added to the study as a necessary task parameter, and there were too few trials to allow 

picture of an object app

 whether the pictured object was or was not a member of the 

were instructed to respond as quickly and accurately as possible.  Button presses ended the trials.  

given positive verbal reinforcement.  The participants were not told what types of categories they 

practice trials to determine whether they correctly understood the instructions before the 

object categories (birds and tables) not used in the actual study.  The participants were asked if 

were then presented with the 96 test trials. 

word and picture did not match each other) while 75% of the correct verifications (18 

 17 



for a c

t measures of interest were the reaction times and accuracy rates 

for each level of typicality.  All analyses were performed on the “true” trials only, because these 

trials reflect the storage of the categories and are not biased by the confusion of the negativity 

that is involved in the “false” trials.   

A number of preliminary analyses were done to test whether any group differences 

(autism vs. control) varied by stimulus category or whether the categories could be combined in 

dicated that across experiments, a consistent pattern of results 

existed for the cat, chair, and couch categories but not for the dog category.  In fact, a Group X 

Catego

omplete analysis of category and typicality effects in these trials.  Therefore, all results 

that are reported in the results section pertain to the “true” trials only.  Within both the true and 

false test trials, participants were given an equal number of typical, somewhat typical, and 

atypical exemplars. 

2.2 RESULTS 

The primary dependen

2.2.1 Preliminary Analyses 

further analyses.  These analyses in

ry interaction existed in a number of these analyses.  Indeed, when the dogs were 

excluded from these analyses, the interactions were no longer significant.  Thus, all analyses on 

the “combined category” data will include results from the cat, chair, and couch categories, but 

exclude dogs.  The results for the dogs will be discussed separately from the other categories.  

This pattern of results will be illustrated in more detail later in the results. 
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2.2.2 Reaction Time Results 

An initial 2-way ANOVA was conducted on the “combined category” reaction time data.  

The between subjects variable was Group (autism vs. control) and the within subjects variable 

was Typicality (typical vs. somewhat typical vs. atypical).  Results indicated a significant main 

40.57, p < .01, with reactions times for both groups being slower 

for the less typical stimuli.   Results also indicated a significant main effect of Group, F (1, 58) = 

8.10, p

 

 

 

effect of Typicality, F (2,116) = 

 < .01.  In general, the responses of the children with autism were significantly slower 

than those of the control children.  There was also a significant Typicality X Group interaction, F 

(2, 116) = 4.29, p < .05.  The reaction time means for the combined category data are presented 

in Figure 2.  As can be seen, the significant interaction indicated that typicality had more of an 

effect on the reaction times of the children with autism than the control children.  It is this 

interaction that is of particular interest.  Specifically, to what extent did typicality affect the 

reaction times of the control participants in comparison to the children with autism? 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Child Reaction Times for the “Combined Category” Data by Typicality 
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Of primary interest was how much slower the reaction times were for each group when 

the children were shown somewhat typical or atypical stimuli, and the degree to which this 

slowness was the same or different between the children with autism and control children.  

o directly 

ompare the groups was to convert the mean reaction times for the somewhat typical and 

atypica

ildren with autism 

respond  children 

who only responded 3.1% slower to these stim p < .05.  This effect was even 

more dramatic for the atypical stimuli.  For the atypical stimuli, the children with autism 

respond d 38.

Because the children with autism responded more slowly to all stimuli, the best way t

c

l stimuli to a percent change in reaction time from typical to somewhat typical (e. g. 10% 

change, 20% change) and a percent change in reaction time from typical to atypical.  The 

following was the formula for calculating the percent change in reaction time: 

% change somewhat typical = (Mean RT typical – Mean RT somewhat typical) 

                                                 _______________________________________    x 100% 

                                                             Mean RT typical 

 

 Figure 3 shows the mean percent change in reaction time for the somewhat typical 

and atypical stimuli for the “combined category” data.  As can be seen, the ch

ed 10.3% slower to the somewhat typical stimuli in comparison to the control

uli, t (1, 58) = -1.72, 

e 2% slower to the atypical stimuli in comparison to the control children who 

responded only 22.1% slower to these stimuli, t (1, 58) = -2.12, p < .05.  Thus, while the reaction 

times of both groups were slower for the somewhat typical and atypical stimuli, reaction times 

were particularly slowed for the children with autism. 
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Typicali

Figures 4 and 5 show the mean percent change in reaction time for the somewhat typical 

nd atypical stimuli for each of the individual categories in addition to the “combined category” 

data.  It can be seen that a similar pattern of results existed for the cat, chair, couch, and 

re 

slowly than the control children to the somewhat typical and atypical stimuli.  This pattern was 

not true
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Figure 3. Child Percent Change in Reaction Time for the “Combined Category” Data by 

ty 

 

a

“combined category” data.  For all of these categories, children with autism responded mo

 for the dog category.  In fact, children with autism and control children did not differ 

with respect to percent slower to somewhat typical or atypical dog stimuli. 
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Figure 4. Child Percent Change in Reaction Time by Category for Somewhat Typical 
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2.2.3 ccuracy Results 

lso of interest was whether any group differences existed in children’s accuracy rates as 

-way ANOVA was conducted on the percent correct scores 

r the “combined category” data.  The between subjects variable was Group (autism vs. control) 

ypical).  

Results indicated a significant main effect of Typicality, F (2, 116) = 14.62, p < .01.  There were 

no other significant main effects or interactions.  The percent correct means and standard 

deviations for the “combined category” data are presented in Table 3.  It can be seen that both 

groups 

 

A

A

a function of typicality.  An initial 2

fo

and the within subjects variable was Typicality (typical vs. somewhat typical vs. at

were much less accurate for the atypical stimuli than the less typical or typical stimuli. 

 

Table 3. Children’s Mean Accuracy Scores (% Correct) for “Combined Category” 

Data (Standard Deviations in Parentheses) 

             Typical      Somewhat  Typical            Atypical 

 

Autism Group             97.1%     96.5%             90.8%   

 

   (4.6%)                (5.4%)            (10.3%) 

ontrol Group  96.7%                95.8%   92.2% 

 

C

   (4.3%)                (6.9%)   (8.8%) 
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2.3 DISCUSSION 

esults f Exp rimen ate th tion t es of both c hildren 

ren with autism were slower to less typical stimuli, this effect was exaggerated in 

children with autism.  That is, typicality affected the reaction times of children with autism 

significantly more than it affected the control children’s reaction times.  Interestingly, while the 

children with autism were as accurate as th en with autism required 

more processing time to categorize exemplars that were less typical. As will be considered in the 

general

s typical and atypical exemplars, 

the teen

R  o e t 1 indic at while the reac im  ontrol c

and child

e control children, the childr

 discussion, it is possible that children with autism may have responded more slowly to 

less typical examples of categories, because they were using a different processing strategy to 

categorize the stimuli.  This pattern of results was similar in the cat, chair, and couch categories, 

but not for the dog category.  In fact, the reaction times for the dog category did not show any 

typicality effects in either group.  Some possible reasons for the lack of typicality effects for the 

dog category will also be considered in the general discussion. 

From this experiment, it is unknown whether this pattern of results was specific to 

children or reflective of a specific difference in individuals with autism at all ages.  For instance, 

with experience with object categories, would the difficulty in categorizing less typical and 

atypical exemplars disappear?  To address this question, it was decided to perform the exact 

same procedure on older children between the ages of 13 and 16 with autism and control teens.  

If experience with object categories aids categorization of les

s with autism should not respond significantly slower to these stimuli than control teens. 
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3.0  EXPERIMENT 2: ROLE OF TYPICALITY IN TEENS’ OBJECT 

CATEGORIZATION 

3.1 METHOD 

3.1.1 Participants 

Participants consisted of 22 high-functioning teens with autism (age 13-16) and 14 

healthy control teens (age 13-16), a smaller sample than was included in Experiment 1.  

Recruitment, inclusion/exclusion criteria, and matching criteria were identical to Experiment 1.  

Table 4 summarizes the participants’ sociodemographic characteristics.  No significant 

differences were found between the two groups on FSIQ. 

 

Table 4. Sociodemographic Characteristics of Autism and Control Groups for 

Experiment 2 

 

      Autism Group (N = 22)     Control Group (N = 14) 

  Mean          SD          Range      Mean          SD          Range     

 

Age                 14.23          .97          13-16                  14.21          1.19         13-16 

 

FSIQ               106.09        11.66       88-133               110.36        12.03        86-129 

 

Note: Age is indicated in years.  SD = standard deviation; FSIQ = Full scale IQ 
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3.1.2 Apparatus, Stimulus Materials, and Procedure 

 The apparatus, stimuli, and procedures were identical to Experiment 1. 

3.2 RESULTS 

Similar to Experiment 1, the p ry easures of interest were the reaction 

times and accuracy rates for each level of typicality.  Again, all analyses were performed on the 

“true” trials only. 

 An initial 2-way ANOVA was conducted on the “combined category” reaction 

variable was Typicality (typical vs. somewhat typical vs. atypical).   Results indicated a 

significant main effect of Typicality, F (2, 68) = 19.21, p < .01, with reaction times for both 

groups being slower for the less typical stim

f Group, F (1, 34) = 5.83, p < .05.  In general, the responses of the teens with autism were 

signific ntly s wer t en   The ction was 

marginally significant bined

categor eraction 

indicated that typicality had more of an effect on the reaction times of the teens with autism than 

the con dren’s 

rima dependent m

3.2.1 Reaction Time Results  

time data.  The between subjects variable was Group (autism vs. control) and the within subjects 

uli.  Results also indicated a significant main effect 

o

a lo han those of the control te s.  Typicality x Group intera

, F (2, 68) = 2.95, p = .06.  The reaction time means for the “com  

y” data are presented in Figure 6.  As can be seen, the marginally significant int

trol teens.  Overall, the teens’ reaction times in general were faster than the chil

reaction times. 
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s can be seen, the teens with autism responded 31.1% slower to the atypical 
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Figure 6. Teen Reaction Times 

As with Experiment 1, of primary interest was how much slower the reaction times were 

for each group when the teens were shown somewhat typical or atypical stimuli, and the degree 

to which this slowness was the same or different between the teens with autism and control 

teens.  Thus, the mean reaction times were converted into percent change in reaction time from 

typical to somewhat typical and percent change in reaction time from typical to atypical for each 

category and for the “combined category” data.   

Figure 7 shows the mean percent change in reaction time for the somewhat typical and 

atypical stimuli for the “combined category” data.  In contrast to the children, teens with autism 

and control teens did not differ in the amount that their reaction times were slowed by the 

somewhat typical stimuli (M = 5.3% vs. M = 2.9%), t (1, 34) = -.42, p = .67.  However, for 

atypical stimuli, teens with autism responded in a manner that was similar to that of children 

with autism.  A
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stim p 
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Figure 8 shows the mean percent change in reaction time for the atypical stimuli for each 

of the individual categories and the “combined category” data.  It can be seen that like the child 

data, a similar pattern of results existed for the cat, chair, couch, and “combined category” data.  

For all of these categories, the teens with autism responded almost two times slower than control 

teens to the atypical stimuli.  This pattern was also true for the dogs, although typicality did not 

appear to have much of an effect on the reaction times for this category. 

 

 

uli in comparison to the control teens who responded only 15.5% slower, t (1, 34) = -1.80, 

< .05.  Thus, the teens with autism were more efficient in processing the somewhat typical 

uli, but continued to have difficulty processing the more atypical category members. 

 

 

 

 

 

 

Figure 7. Teen Percent Change in Reaction Time for “Combined Category” Data by 

Typicality 
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lso of interest was whether any group differences existed in teens’ accuracy rates as a 

functio

 that again, both groups 

were m ch less accurate for the atypical stimuli than the less typical and typical stimuli.  It can 
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Figure 8. Teen Percent Change in Reaction Time by Category for Atypical Stimuli 

 

3.2.2 Accuracy Results 

A

n of typicality.  An initial 2-way ANOVA was conducted on the percent correct scores for 

the combined category data.  The between subjects variable was Group (autism vs. control) and 

the within subjects variable was Typicality (typical vs. somewhat typical vs. atypical).  Results 

indicated a significant main effect of Typicality, F (2, 68) = 11.80, p < .01.  There were no other 

significant main effects or interactions.  The percent correct means and standard deviations for 

the “combined category” data are presented in Table 2.  It can be seen

u
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also be seen that,

especia y typical stimuli. 

Table 5. Teens’ Mean Accuracy Scores (% Correct) for “Combined Category” Data 

(Standard Deviations in Parentheses) 

 

  Typical        Somewhat Typical  Atypical 

 in general, the teens were more accurate than the children for all stimuli, 

ll  the a

 

 

 

Au  Group             98.8%        97.4%     94.1% 

               (3.3%)                 (4.7%)     (7.4%) 

 

Control Group  98.6%        99.2%     94.4% 

) 

3.3 DISCUSSION 

processing strategy to categorize these stimuli.  This pattern of results was similar in the cat, 

tism

 

   (2.8%)       (2.0%)    (5.6%

Results of Experiment 2 indicate that unlike the children, teens with autism and control 

teens responded only slightly slower to the stimuli that were somewhat typical.  Thus, with 

experience, teens with autism were able to categorize less typical members of categories as 

efficiently as control teens.  In contrast, teens with autism, like children with autism, responded 

significantly slower than control teens to atypical category members.  While the teens with 

autism were as accurate as the control teens, the teens with autism required more processing time 

to categorize exemplars that were atypical.  Again, it is possible that teens with autism may have 

responded more slowly to atypical examples of categories, because they were using a different 
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chair, and couch categories, but the reaction times for the dog category did not show any 

typicality effects in either group.   

iven this developmental change from childhood to adolescence, an important question 

ct categories into adulthood would improve individuals 

with autisms’ categorization efficiency and accura embers.  To address 

this question, it was decided to perform the exact same procedure with adults between the age of 

17 and 48 with autism and control adults.  ce ith o ject  aids 

embers, sm

significantly slower than cont  to the e cate ers.

G

that remains is whether the two groups would respond similarly to atypical stimuli as adults.  It is 

possible that more experience with obje

cy for atypical category m

If experien w b categories

categorization of atypical category m the adults with auti  should not respond 

rol adults s gory memb  
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4.0 EXPERIMENT 3: ROLE OF TYPICALITY IN ADULTS’ OBJECT 

4.1.1 Participants 

 with autism and 27 healthy 

adult control individuals.  Recruitment, inclusion/exclusion criteria, and matching criteria were 

identical to Experiments 1 and 2.  Table 6 summarizes the participants’ sociodemographic 

characteristics.  No significant differences were found between the two groups on FSIQ. 

 

Table 6. Sociodemographic Characteristics of Autism and Control Groups for 

Experiment 3 

 

      Autism Group (N = 28)     Control Group (N = 27) 

 
CATEGORIZATION 

4.1 METHOD 

 Participants consisted of 28 high-functioning adults

  Mean          SD          Range      Mean          SD          Range     

 

Age  24.39         8.22          17-48  23.07          4.13          17-38 

 

FSIQ               107.11       10.12         87-128             111.93       10.16         84-127 

 

Note: Age is indicated in years.  SD = standard deviation; FSIQ = Full scale IQ 
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4.1.2 Apparatus, Stimulus Materials, and Procedures 

 The apparatus, stimuli, and procedures were identical to Experiments 1 and 2. 

4.2 RESULTS 

Similar to Experiments 1 and e ndent measures of interest were the 

reaction time and accuracy rates for each level of typicality.  Again, all analyses were performed 

on the “true” trials only. 

An initial 2-way ANOVA was conducted on the “combined category” reaction time data.  

was Typicality (typical vs. som

effect o  (2, 106) = 36.11, p < .01, with reactions times for both groups being 

slower for the less typical stimuli.  Results also indicated a significant main effect of Group, F 

(1, 53)  7.33 p < .01.  In general, the responses of the nificantly 

slower than those of the control adults.  There was also a significant Typicality X Group 

interact  ( , 106) n times data are 

presented in Figure 9.  As can be seen, the significant interaction indicated that typicality had 

more of an effect on the reaction times of the adults with autism than the control adults.    

 

2, th primary depe

4.2.1 Reaction Time Results  

The between subjects variable was Group (autism vs. control) and the within subjects variable 

ewhat typical vs. atypical).  Results indicated a significant main 

f Typicality, F

 = , adults with autism were sig

ion, F 2  = 3.89, p < .05.  The reactio  for the “combined category” 
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Figure 9. Adult Reaction Times for the “Combined Category” Data by Typicality 

As with Experiments 1 and 2, of primary interest was how much slower the reaction 

times w

m.  As 

can be seen, the adults with autism responded 16.1% slower to the atypical stimuli in comparison 
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ere for each group when the adults were shown somewhat typical or atypical stimuli, and 

the degree to which this slowness was the same or different between the adults with autism and 

control adults.  Thus, the mean reaction times were converted into percent change in reaction 

time from typical to somewhat typical and from typical to atypical for each category and for the 

“combined category” data.   

Figure 10 shows the mean percent change in reaction time for the somewhat typical and 

atypical stimuli for the “combined category” data.  Like the teens, adults with autism and control 

adults did not differ in the amount that their reaction times were slowed by the somewhat typical 

stimuli (M = 4.8% vs. M = 2.7%), t (1, 53) = -.42, p = .34.  However, for atypical stimuli, adults 

with autism responded in a manner that was similar to that of children and teens with autis
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to the control ad  < .05.  Thus, the adults 

 

 

 

 

Figure 11 shows the mean percent change in reaction time for the atypical stimuli for 

each of the individual categories and the “combined category” data.  It can be seen that like the 

child and teen data, a similar pattern of results existed for the cat, chair, couch, and “combined 

category” data.  For all of these categories, the adults with autism responded almost two times 

slower than the control adults to the atypical stimuli.  This pattern was not true for the dog 

category.  Again, typicality did not appear to have much of an effect on the reaction times for 

this category. 

 

ults who responded only 9.3% slower, t (1, 53) = -2.09, p

continued to have difficulty processing the more atypical category members. 

 

 

 

 

 

 

Figure 10. Adult Percent Change in Reaction Time for “Combined Category” Data by 

Typicality 
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igure 11. Ad

4.2.2 Accuracy Results 

nces existed in adults’ accuracy rates as a 

functio

.  Results also indicated a significant main effect of Group, F (1, 53) = 5.24, p < 

.05.  While the adults with autism in general were quite accurate, they were less accurate than the 

control adults at all levels of typicality.  The interaction was not significant.   
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F ult Percent Change in Reaction Time by Category for Atypical Stimuli 

Also of interest was whether any group differe

n of typicality.  An initial 2-way ANOVA was conducted on the percent correct scores for 

the “combined category” data.  The between subjects variable was Group (autism vs. control) 

and the within subjects variable was Typicality (typical vs. somewhat typical vs. atypical).  The 

percent correct means and standard deviations for the combined category data are presented in 

Table 7.  Results indicated a significant main effect of Typicality, F (2, 106) = 4.40, p < .05, with 

both groups responding less accurately for the atypical stimuli than the somewhat typical or 

typical stimuli
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T

D

 

able 7. Adults’ Mean Accuracy Scores (% Correct) for “Combined Category” 

ata (Standard Deviations in Parentheses) 

  Typical         Somewhat Typical  Atypical  

 

A

 

 

C

 

utism Group             97.8%         98.3%    96.1%  

   (4.4%)                   (3.0%)   (4.4%) 

ontrol Group  98.8%         99.4%    98.2% 

  (2.5%)         (1.8%)   (3.0%) 

4.3 DISCUSSION 

Results of Experiment 3 indicated that adults with autism, like children and teens with 

autism, responded significantly slower than control adults to atypical category members.  

Surprisingly, adults with autism showed a processing deficit for atypical category members in 

that they were slower to verify these members and were less accurate than control adults.  Thus, 

while experience with object categories was able to improve the processing of less typical 

category members between childhood and the teen years, this was not the case for the atypical 

category members.  In fact, control adults’ performance was at ceiling with respect to accuracy 

for all levels of typicality, while the adults with autism never quite reached this level of accuracy.  

Thus, for both reaction times and error rates, adults with autism evidence a deficit in processing 

atypical category members throughout the lifespan.  Possible explanations for this difficulty with 

atypical category members will be addressed in the general discussion. 
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5.0  G RAL DISCUSSION ENE

her individuals with autism process category information 

in the same m d idu ls wit  autism pically 

developing individuals showed improvement in their categorization abilities throughout the 

lifespan for all levels of typicality.  In fact, by the teen years, categorization ability and 

processing efficiency of typical and somewhat typical category members developed to the same 

level in

ategorization and others 

suggesting that they do not.  However, none of the previous research has considered the effect 

that typicality and task difficulty may have on categorization ability.  It is possible that 

  

The current study explored whet  

anner as typically developing indivi uals.  Indiv a h  and ty

 both groups.  In contrast, categorization processing differences were found throughout 

the lifespan with respect to atypical or poor category members.  Indeed, adults with autism never 

reached the same proficiency or accuracy in categorization as the control adults for the atypical 

category members.  

The above results derived from the cat, couch, and chair categories.  In contrast, neither 

group demonstrated typicality effects for the dog category.  This was true of all three tested age 

groups.  This lack of effect was probably the result of having used exemplars that did not have 

enough variability in typicality.  That is, the atypical exemplars were relatively common breeds 

and, hence, probably not unusual enough to cause a typicality effect.  

Previous studies on the categorization abilities of individuals with autism have had mixed 

results, some indicating that these individuals have a deficit in c
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individuals with autism can successfully categorize when the task involves simple and typical 

basic objects but have difficulty when categorization is more complex or involves less typical 

objects.  The current study provides support for this notion.  Individuals with autism in the 

current study were able to categorize the most typical and somewhat typical exemplars as 

accurately and efficiently as typically developing individuals, but the participants with autism 

exhibit tegorizing less typical exemplars.  Additionally, all previous studies of 

categor

en years but were less efficient at categorizing atypical category members 

even i

ls with autism 

using a

ed difficulty ca

ization in individuals with autism only measured the accuracy of categorization while 

ignoring potential differences in reaction time.  Accuracy may not reflect difficulties in 

categorization in that individuals may be able to categorize successfully but may need significant 

amounts of processing time in order to do so.  Indeed, most studies of categorization in typically 

developing individuals use reaction time as the primary measure of processing efficiency (e.g. 

Murphy, 2002). 

One important question that remains is why the individuals with autism were able to 

process typical and somewhat typical exemplars of categories as efficiently as the control 

individuals by the te

n adulthood.  It is possible that the individuals with autism engaged in different 

categorization processes for typical and atypical category exemplars and that these processes 

were differentially affected with development.  For example, consider the categories of chairs 

and couches.  Typically, chairs are short and seat one person, while couches are long and seat 

multiple people.  Thus, typical examples may have been categorized by individua

 logical, criterial, dichotomous feature such as length (short/not short or long/not long).  If 

this was the case, improvement from the childhood years to the teen years in categorization of 

somewhat typical exemplars may have resulted from increased experience with determining 

 39 



these criterial features and using them to aid categorization.  Since previous research indicates 

that individuals with autism are able to categorize successfully when using simple, criterial 

features, it is not surprising that individuals with autism were able to categorize typical and 

somewhat typical category exemplars efficiently and accurately.   

 What is different about the processing of atypical exemplars of categories that 

does not allow for this type of featural processing?  Again, consider the categories of chairs and 

couches.  Imagine that you are presented with a piece of furniture that is longer than the typical 

chair but shorter that the typical couch.  How would you decide whether this piece of furniture 

was a chair or not?  In this example, one cannot use the simple, criterial feature of  “short or not 

short” to decide category membership, because length does not provide enough clear information 

for this decision. 

  It is possible that the categorization of atypical category members requires processes 

that are more similar to those used when discriminating individual members of subordinate 

categories such as desk chairs or rocking chairs.  Since subordinate category members look very 

similar, the discrimination of one category member from another involves more complex 

processes that become available with developing expertise (Tanaka & Taylor, 1991; Gauthier & 

Tarr, 1997).  For example, rather than comparing only simple features, comparisons of 

subordinate category members often require that quantitative spatial information be considered 

(i.e. subtle differences in the length of a couch).  Similarly when categorizing atypical or 

subordinate exemplars, it is often necessary to compare the exemplar to previously stored 

category members or to a prototype of the category and decide if the piece of furniture looks like 

a couch or a chair (Homa, Smith, & Macak, 2001; Smith & Medin, 2002).  Finally, categorizing 

atypical exemplars may require the comparison of multiple features and the ability to flexibly 
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weight these features in the decision process.  For example, because the length of a piece of 

furniture is at the category boundary, other feature such as style, fabric, and so on may take on 

greater weight in the categorization decision. 

To date, no studies have explored the role that configural processing may play in the 

object tegori

e face than in isolation (Joseph & Tanaka, 2003), worse memory for and less 

attentio

ca zation of individuals with autism.  However, a considerable amount of evidence 

exists supporting a deficit in the configural processing of faces in these individuals.  With 

development, typically developing children slowly shift from a predominant reliance on more 

featural processing of faces (Schwarzer, 2000) to having adult expertise in configural processing 

of faces (Mondloch, Le Grand, & Maurer, 2002; Deruelle & Fagot, 2005).  Configural 

processing in adults and children is evidenced by better recognition of parts of the face in the 

context of a whol

n to inverted faces than upright faces (van der Geest, Kemner, Verbaten, & van Engeland, 

2002), reliance on low spatial frequency (configuration) more than high spatial frequency 

(features) in the processing of faces (Deruelle, Rondan, Gepner, & Tardif, 2004), and maximal 

activation of the face fusiform area (FFA) during the processing of face stimuli (Haxby, Horwitz, 

Ungerleider, Maisog, Pietrin, & Grady, 1994; Puce, Allison, Gore, & McCarthy, 1995). 

In contrast, individuals with autism never appear to develop the ability to process faces 

configurally as is done by adults who do not have autism.  Much of the evidence for a lack of 

configural processing of faces is behavioral in nature.  Individuals with autism have been shown 

to rely on part-based rather than configural encoding of faces (Hobson, Ouston & Lee, 1988; 

Miyashita, 1988; Boucher & Lewis, 1992; Davies, Bishop, Manstead, & Tantum, 1994).  In both 

face recognition tasks and face observation tasks, individuals with autism tend to focus 

preferentially on parts of the face such as the mouth rather than the entire face (Langdell, 1978; 
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Klin, Jones, Schultz, Volkmar & Cohen, 2002; Joseph & Tanaka, 2003) and are better at 

recognizing isolated facial features and partially obscured faces than control individuals (Hobson 

et al, 1988; Tantum, Monaghan, Nicholson, & Stirling, 1989).  Studies examining the role of 

spatial 

havioral 

evidenc

frequency have found that individuals with autism rely more on high spatial frequency 

(features) to make identity judgements (Curby & Gauthier, 2002; Curby, Schyns, Gosselin, & 

Gauthier , 2003; Deruelle et al, 2004).  Individuals with autism have also been found to perform 

better on tasks involving inverted faces than control individuals indicating a lack of configural 

processing (Langdell 1978; Hobson et al, 1988; Tantum at al, 1989; Teunisse & de Gelder, 

2003).  A recent study by Lahaie et al (2005) found that individuals with autism can benefit from 

configural information when processing faces, although they do evidence a local bias for face 

processing.  While this study indicates that individuals with autism have a limited ability to 

process faces configurally, this is not the predominant type of processing that these individuals 

engage in when processing faces.  It is possible that individuals with autism process faces 

configurally under certain circumstances, but do not have the configural bias and expertise of 

configural processing that is a hallmark of face processing in typically developing adults. 

Electrophysiological and fMRI evidence also exists that corroborate the be

e of a deficit in configural processing in individuals with autism.  McPartland, Dawson, 

Webb, Pangiotides, and Carver (2004) found altered N170 patterns including a slower latency to 

faces than furniture and a lack of a face inversion effect.  Grice et al (2001) discovered that 

typically developing individuals had a larger increase in EEG gamma activity for upright faces 

than inverted faces.  This did not hold true for individuals with autism who experienced 

equivalent gamma activity to upright and inverted faces (Grice et al, 2001).  The most replicated 

and cited finding in the fMRI literature is a hypoactivation of the face fusiform area (FFA) and 
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activation of the more feature based object areas (inferior temporal) when viewing and 

discriminating faces (Schultz et al, 2000; Pierce, Müller, Ambrose, Allen, & Courchesne, 2001; 

Curby et al 2003, Hubl et al 2003).  These studies provide further evidence of a deficit or lack of 

configural processing of faces in individuals with autism. 

 Perhaps the most directly relevant facial task to examine in relation to the results of the 

current set of studies is that of gender discrimination.  Like objects, male and female faces can be 

more or less typical of their gender and these faces may require different types of processing 

depending on the typicality of each face for a given gender.  While very little research has been 

conducted concerning gender discrimination in individuals with autism, one behavioral study 

from our lab and two fMRI studies support the notion that individuals with autism process 

gender more featurally and less configurally, especially when the faces are less typical.   

A gender discrimination study conducted in our lab on the same participants that were 

involved in the current studies indicated a similar developmental phenomenon for gender 

discrimination as for object verification.  Typically developing children were able to discriminate 

less representative members of each gender as well as adults by the age of 12, while individuals 

with autism never reached adult levels of accuracy or processing speed when categorizing less 

typical exemplars of male and female faces (Best, Strauss, Newell, & Minshew, 2005).  Again, it 

is possible that individuals with autism are able to discriminate more typical males and females 

based on featural processes (thick or thin eyebrows) but require configural processing 

(quantitative judgments, weighting of features, comparisons to stored prototype) to do the more 

complex decision making that is involved in deciding whether an atypical stimulus is male or 

female. 
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Two fMRI studies on gender discrimination comparing control adults and adults with 

autism have been conducted to date (Pierce et al, 2001, Hubl et al, 2003).  Both of these studies 

failed to find any accuracy differences between individuals with autism and control adults, 

although the sample sizes in both studies were very small and thus lacked enough power to find 

any sig

d in the 

current

fferent black miniature poodles would require subordinate level processing 

and expertise for a dog judge.  In each of these cases, the individual exemplars that must be 

nificant differences (n = 6 and n = 7).  Interestingly, the reported means for the Pierce et 

al study (autism = 93.3% and control = 99.7%) and Hubl et al study (autism = 95% and control = 

99%) were similar to statistically significant differences found by Best et al (2005).  Despite this 

lack of behavioral findings, in both studies, control individuals activated the FFA when engaging 

in gender discrimination, while individuals with autism activated inferior temporal (object) areas.  

Thus, individuals with autism showed the same pattern of featural processing for gender 

discrimination and difficulty with atypical members of a given gender as was evidence

 studies with objects. 

This similarity between the results of studies on object categorization and gender 

discrimination leads one to wonder to what extent face and object processing may be analogous.  

Some researchers argue that faces comprise a special class of visual object which is evidenced by 

a special form of cognitive processing (configural processing) and selective activation of the 

FFA for faces and not objects (Tanaka & Farah, 1993; Kanwisher, McDermott, & Chun, 1997).  

Other researchers have provided evidence that refutes this claim and assert that the configural 

processing that is involved in faces may be an effect of expertise; an expertise that can develop 

for any object (Diamond & Carey, 1986; Gauther & Tarr, 1997).  The discrimination of one face 

from another is a subordinate level task and requires expertise in the same way that 

discrimination of di
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differen

 show a similar inversion effect for faces and dogs, evidence of 

configu

tiated are homogenous and thus may require configural processing and activation of the 

FFA (Gauthier & Tarr, 2002; Maurer, Le Grand, & Mondloch, 2002; Tarr & Cheng, 2003). 

Many studies have been conducted that support the notion that “face specific” effects 

may not be actually exclusive to faces.  Gauthier et al (2000) found that recognition of objects at 

a more subordinate level, as is done by experts, recruits the same areas of the brain as face 

recognition.  Prosopagosic patients, who are impaired in their ability to recognize faces, have 

been also shown to have similar impairments in their ability to recognize subordinate level 

objects and Greebles (Gauthier et al, 1999).  Tarr & Cheng (2003) purported that expertise in a 

certain domain can shift the level at which the objects are processed.  For example, a dog show 

judge would not recognize dogs at the basic level (cocker spaniel, poodle) but would recognize 

them as individuals within a breed (Tanaka & Taylor, 1991).  In fact, one study with dog show 

judges indicated that judges

ral processing for both types of stimuli (Diamond & Carey, 1986).  Another study of bird 

and car experts evidenced activation in the FFA for birds or cars (Gauthier et al, 2000).  

Individuals who have been trained to become experts on artificial stimuli (Greebles) have also 

shown evidence of configural processing behaviorally and through activation of the FFA 

(Gauthier & Tarr, 1997; Gauthier, Williams, Tarr, & Tanaka, 1998; Gauthier et al, 1999; 

Gauthier & Tarr, 2002).  All of the above supports the notion that that the same recognition 

system is involved when processing faces or objects at more specific, subordinate levels.  Thus, 

it is argued that face recognition is an example of an area in which most individuals have 

expertise (Tanaka, 2001) and that dissociations between results in the face and object literature 

may actually be related to dissociations in the degree of expertise rather than a difference in 

processing strategies between objects and faces (Tarr & Cheng, 2003).   
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Other evidence also exists that suggests that objects and other non-social stimuli are 

sometimes processed in a configural manner.  Baker, Behrmann, and Olson (2002) performed an 

object 

in configural processing 

training study on macaque monkeys and found that some neurons engaged in configural 

processing of trained objects while others engaged in featural processing of untrained objects.  

Noudoost, Adabi, Moeeny, and Esteky (2005) extended these results to humans and found 

similarly that configural processing was important for recognition of familiar objects while 

featural processing was more important for recognition of unfamiliar objects.  Both of these 

studies suggest that there is a continuum of processing of objects with featural processing on one 

end (unfamiliar) and configural processing at the other end (familiar) (Baker et al, 2002).  

Studies with faces have also suggested that both featural or configural processing are available 

for use when presented with a facial discrimination task and that one process may be utilized 

more than the other depending on the task (Cabeza & Kato, 2000; Deruelle & Fagot, 2005; 

Ingvalson & Wenger, 2005).  Two recent studies of particular importance found deficits in 

configural processing of objects and/or nonsocial stimuli in individuals with autism (Deurelle, 

Rondan, Gepner, Wicker, & Fagot, submitted; Behrmann et al, 2005).  Thus, it is possible that 

deficits in face and object processing in individuals with autism result from similar deficits or 

processes in these individuals. 

The remaining question that needs to be addressed is the potential mechanism underlying 

the face and object processing deficits that have been found in individuals with autism.  The 

predominant explanations for processing deficits in these individuals are centered on a lack of 

early social motivation and attention to faces.  For example, Dawson, Webb, and McPartland 

(2005) have proposed that a lack of social motivation (perhaps due to differences in inherent 

reward systems) in individuals with autism leads to decreased expertise 
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(includ

njunction with results from other studies, provides evidence that 

suggest

ing facial discrimination and recognition) which leads to the differences in brain function 

that has been evidenced in these individuals (atypical brain activation and ERP differences).  

Schultz (2005) similarly proposed that individuals with autism do not experience the natural 

reinforcement to look at faces (centered in the amygdala) that typically leads to enhanced 

salience of faces, more experience and skill at perceiving faces, and ultimately social skills.  

Thus, individuals with autism lack experience with faces, leading them to experience deficits in 

the social realm. 

The current study, in addition to recent research by Behrmann et al (2005), challenges the 

idea that a social deficit such as a lack of social motivation underlies the processing and social 

skill deficits in individuals with autism.  It is possible that individuals with autism have core 

cognitive processing differences such as a featural/local processing bias and/or lack of configural 

processing expertise that either add to or underlie the social deficits that are seen in these 

individuals.  Because faces and social situations are complex, they may require more 

sophisticated configural processing than is needed for objects and nonsocial stimuli.  Thus, it is 

possible that problems with processing faces and understanding social situations are more 

extreme and more noticeable than those seen with objects and nonsocial information.   

The current study, in co

s that there may be significant processing differences in individuals with autism in both 

nonsocial and social domains.  From early in life, infants have a number of processes that help 

them to decrease the amount of complexity in the world including the ability to detect statistical 

correlations in both language and visual stimuli (Saffran, Aslin, & Newport, 1996), to form 

prototypes (Strauss, 1979), and to categorize on the basis of correlated attributes (Younger, 

1986).  One possibility that remains is that individuals with autism may have a general problem 
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in data reduction from birth and that the differences in perceptual processing that were evidenced 

in the current study are only one piece of a larger cognitive deficit.  Two other studies from our 

lab provide preliminary evidence in support of this possibility.  A study of number line 

estimation indicated that individuals with autism do not use logarithmic magnitude in their 

numerical estimates and instead engage in more linear estimations (Strauss & Turner, 2005).  

Logarithmic estimation is utilized by typically developing children and adults in order to 

simplify and reduce the amount of information that is needed in order to make an estimate.  

Anothe

n of more 

typical 

r study on prototype formation has shown that individuals with autism do not form 

prototypes (Best et al, 2005).  If, from birth, babies with autism are focused on details and unable 

to engage in various types of data reduction, the complex social world could very quickly 

become overstimulating and aversive to these individuals.  At this point, these claims are entirely 

speculative and much more research needs to be performed that examines the possibility of a 

general problem in data reduction in individuals with autism. 

In conclusion, the current study was the first attempt to examine the role that cognitive 

processing differences may have on categorization.    Individuals with autism evidenced 

difficulty in categorizing atypical stimuli despite successful and efficient categorizatio

stimuli.  These results suggest a dependence on featural information in addition to a lack 

of configural expertise in individuals with autism across the lifespan.  A significant strength of 

this study is that it is one of the only studies in the field of autism that has examined abilities in 

children, teens, and adults.  This set of studies also suggests that individuals with autism may 

have a core cognitive difference in processing from early in life that may exist in addition to or 

precipitate social deficits.  While the current study is an important first step, many more studies 

need to be conducted in order to determine the exact role that these differences play in the 
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syndrome of autism.  Even so, this set of studies highlights the need to consider of the role that 

cognitive processes may play in the syndrome of autism in future research. 
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