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There is conflicting evidence about whether individuals with autism spectrum

disorder (ASD) demonstrate configural processing of faces. We examined two types

of configural processing of unfamiliar faces in high-functioning adults with ASD:

Holistic processing (processing a face as a gestalt percept) and processing of

second-order relations (the spatial relations among facial features, e.g., distance

between two eyes). Compared to age- and IQ-matched typical adults, 17 adults with

ASD demonstrated normal holistic processing (as demonstrated by the composite

face effect), normal sensitivity to second-order relations in upright faces, and the

expected disruption of sensitivity to second-order relations in inverted faces. They

were also normal in using the internal features and shape of the external contour to

make same/different judgements about facial identity. The results provide conver-

ging evidence of configural processing of unfamiliar faces in high-functioning

adults with ASD, and bring into question the generalizability of previous reports of

abnormal face processing in individuals with ASD.

Individuals with autism spectrum disorder (ASD) do not always show

typical face processing. For example, adults typically show a face inversion

effect: Inversion disrupts the recognition of faces more than other visual

stimuli such as aeroplanes and houses (Yin, 1969). Individuals with ASD are

worse than typical individuals at face recognition (e.g., Behrmann et al.,

2006), and also tend to show a much smaller inversion effect (e.g., Hobson,

Ouston, & Lee, 1998; Langdell, 1978; Tantam, Monaghan, Nicholson, &

Stirling, 1989). Atypical face processing by individuals with ASD is further
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suggested by recent neuroimaging evidence indicating that, when viewing

faces, individuals with ASD show less activation in areas typically associated

with face processing, such as the fusiform gyrus (Dalton et al., 2005; Grelotti

et al., 2005; Hubl et al., 2003; Kanwisher, McDermott, & Chun, 1997;
Pierce, Muller, Ambrose, Allen, & Courchesne, 2001; but see also Pierce,

Haist, Sedaghat, & Courchesne, 2004).

However, the source of the difficulty in face processing in individuals with

ASD is unclear. One hypothesis is that individuals with ASD have deficits in

configural processing, which refers to processing the spatial organization of

faces (Maurer, Le Grand, & Mondloch, 2002). The importance of configural

processing in face perception is demonstrated by a greater disruption of

configural processing than featural processing (processing the shapes
of individual features) when faces are inverted (e.g., Farah, Wilson, Drain,

& Tanaka, 1998; Mondloch, Le Grand, & Maurer, 2002; Rhodes, Brake, &

Atkinson, 1993). Configural processing can be divided into: (1) Processing

first-order relations (i.e., the same basic configuration shared by all faces

of having two eyes above a nose above a mouth), (2) holistic processing

(gluing together the features to form a gestalt), and (3) processing of second-

order relations (metric differences among individuals in the spatial relations

among the features, such as the spacing between two eyes; Maurer et al.,
2002).

Holistic processing of faces has been studied in detail in typically

developing individuals, and more recently in individuals with ASD. Young,

Hellawell, and Hay (1987) first demonstrated that typical adults are slower

to recognize that two top halves of a face are the same when they are fused

with the bottom halves of two different faces, a phenomenon now known as

the composite face effect. Adults’ accuracy increases when the two halves are

misaligned, thereby disrupting holistic processing. The interference from
information in the irrelevant half of the fused face implies that intact faces

are processed holistically. This effect has been demonstrated in typically

developing children as young as 4 and 6 years old, who show an effect at

least as strong as that shown by adults tested in the same studies (Carey &

Diamond, 1994; De Heering, Houthuys, & Rossion, 2007; Mondloch,

Pathman, de Schonen, Le Grand & Maurer, 2007).

These findings suggest that holistic processing develops fairly early.

However, Teunisse and de Gelder (2003) found that high-functioning
adolescents (16�24 years) with ASD did not show the composite face effect

like the adult control group. Typical adults were much faster at correctly

choosing the target face’s upper half from two composite faces when the

composites were misaligned versus aligned. Although the group with ASD

demonstrated a trend in the same direction, the difference in reaction times

between aligned versus misaligned conditions was not significant (and there

was also no difference in accuracy). However, they showed an adult-like
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inversion effect in a forced-choice recognition task, with greater accuracy

and faster reaction times when faces were presented upright than inverted.

This result suggests that individuals with ASD may not process faces

holistically, and that a simple demonstration of an inversion effect is not
sufficient to demonstrate that individuals with ASD have normal configural

processing.

Joseph and Tanaka (2003) used the part/whole method (Tanaka & Farah,

1993) to demonstrate that children with autism show normal holistic

processing under some conditions. With this method, holistic processing is

inferred from the finding that adults recognize parts of a face (e.g., Bob’s

nose) better in the studied context (e.g., in Bob’s face) than when it is

presented in isolation. Developmentally, children as young as 4�6 years of
age demonstrate a whole/part advantage of similar magnitude to that found

in adults, a finding that is consistent with the findings using the composite

face paradigm (Pellicano & Rhodes, 2003; Pellicano, Rhodes, & Peters, 2006;

Tanaka, Kay, Grinnell, Stansfield, & Szechter, 1998).

However, Joseph and Tanaka (2003) found that whereas typically

developing 10-year-olds showed the whole/part advantage when asked to

recognize the eyes or, on separate trials, the mouth of a target individual,

children with autism only showed the whole/part advantage when recogniz-
ing the mouth. Thus, when recognition depends on the mouth region of the

face, children with autism appear to show normal holistic processing.

However, when recognizing the eyes, children with autism were worse than

the typically developing group, both when the eyes were presented in

isolation and in the whole face. The lack of a whole/part advantage suggests

some disruption of holistic processing, and is consistent with evidence that

individuals with ASD may attend to the eyes less or attend to the mouth

more than typically developing children (e.g., Dalton et al., 2005; Klin,
Jones, Schultz, Volkmar, & Cohen, 2002; Langdell, 1978; Pelphrey, Sasson,

Reznick, Goldman, & Piven, 2002).

Another type of configural processing is sensitivity to second-order

relations, which are the metric differences in the spatial relations among

features (e.g., spacing between two eyes) that can be used to distinguish

individual facial identities. Sensitivity to second-order relations appears to

develop more slowly than featural processing, as evidenced by the finding

that 10-year-olds show adult-like abilities when discriminating faces based
on changes to feature shapes but worse performance than adults when

discriminating faces based on changes to the spacing of the features

(Mondloch et al., 2002). Furthermore, Le Grand, Mondloch, Maurer, and

Brent (2003) have demonstrated that individuals deprived of early visual

input to the right hemisphere due to a congenital cataract in the left eye have

poor sensitivity to second-order relations, a result indicating the importance

of early experience in developing sensitivity to second-order relations in
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faces. Previous studies have also suggested that processing of second-order

relations is disrupted with inversion, more than the processing of featural

information, a pattern indirectly suggesting a role of experience in the

development of skill in processing second-order relations (e.g., Collishaw &
Hole, 2000; Freire, Lee, & Symons, 2000; Leder & Bruce, 2000; Leder

& Carbon, 2006; Mondloch et al., 2002; Rhodes, Hayward, & Winkler, 2006;

but see Riesenhuber, Jarudi, Gilad, & Sinha, 2004; Sekuler, Gaspar, Gold, &

Bennett, 2004; Yovel & Kanwisher, 2004).

Rouse, Donnelly, Hadwin, and Brown (2004) argue that children with

autism are sensitive to second-order relations, as measured by the Thatcher

illusion. The Thatcher illusion is created by taking the eyes and mouth of a

face and inverting them, creating a striking difference from the original face
(Thompson, 1980). This manipulation is much harder to detect when the

face is inverted (so that the eyes and mouth are now seen in their original

orientation) compared to when the face is seen upright (Bartlett & Searcy,

1993; Lewis & Johnston, 1997). Moreover, the manipulated face looks

grotesque when viewed upright but not inverted. Although the Thatcher

illusion demonstrates the disruption of face processing when a face is

inverted, whether the Thatcher illusion is a direct test of sensitivity to

second-order relations is open for debate. Infants as young as 6 months old
are sensitive to the difference between normal and Thatcherized faces (Bertin

& Bhatt, 2004). Six-year-olds (the youngest age tested), like adults, report

that an upright Thatcherized face is grotesque (Donnelly & Hadwin, 2003),

but they are less accurate than adults in discriminating changes in facial

identity based on differences in the spacing of features (that are within

natural limits) and do not show an adult-like pattern of inversion

(Mondloch et al., 2002). The different results may arise because inverting

the eyes and mouth, as is done in the Thatcher illusion, may disrupt more
than sensitivity to second-order relations. The fact that adults are still

affected by the Thatcher illusion when presented with just the eyes and

mouth suggests that typical configural processing is not necessary to

perceive the Thatcher illusion (Boutsen & Humphreys, 2003).

The previous studies examining the effect of inversion, the composite

effect, and the whole/part advantage, suggest that individuals with ASD do

not process faces configurally as typically developing individuals do.

Behrmann and colleagues (2006) recently found that a group of individuals
with ASD, who were slower than a neurotypical control group when making

same/different judgements of facial identity, also demonstrated abnormal

configural processing in nonface tasks, such as a local bias when

discriminating hierarchical letters (unlike the control group). The authors

conclude that the difficulty experienced by individuals with ASD in

processing faces may stem from a general difficulty integrating the local

elements of a stimulus into a whole.

862 NISHIMURA, RUTHERFORD, MAURER



However, recent findings suggest that face processing, and in particular

configural processing, may not be abnormal in individuals with ASD. For

example, Homer and Rutherford (2004) found that individuals with ASD do

process faces holistically, at least under some circumstances. When the

authors used a delayed matching task with relatively short presentation

times of the face stimuli (750 ms) that would encourage holistic processing

(Celani, Battacchi, & Arcidiacono, 1999; Hole, 1994), they found that

individuals with ASD perceived emotional expressions categorically as did

their age-, gender-, and IQ-matched control group. Therefore, task demands

that encouraged holistic processing aided in the correct perception of

emotional expressions. This finding is surprising considering many studies

that report atypical processing of emotional expressions in individuals with

ASD (e.g., Adolphs, Sears, & Piven, 2001; Ogai et al., 2003; Weeks &

Hobson, 1987), and it suggests that previous studies that used longer

presentation times may have underestimated the ability of individuals with

autism to demonstrate holistic processing. Lahaie and colleagues (2006)

recently demonstrated a face inversion effect in individuals with ASD, citing

differences in difficulty of the task, number of trials involved, and stimulus

duration as possible sources for previous contradictory reports. Indeed,

Behrmann and colleagues (2006) cautioned that their demonstration of

abnormal configural processing in individuals with autism relied on reaction

time data collected from trials with unlimited viewing time of the stimuli,

and encouraged using a paradigm that utilizes short stimulus presentations

and accuracy data to complement their findings.

Given the conflicting reports of face processing by individuals with ASD,

the present study measured multiple aspects of face processing in the same

cohort in order to gain a clearer understanding of the face processing

capabilities of individuals with ASD: Two measures of configural processing

(holistic processing and sensitivity to second-order relations), two measures

of face processing that do not rely on configural information (changes in the

shape of internal features and of the external contour), and the impact of

inversion on the processing of second-order relations versus features and

contours.

EXPERIMENT 1: THE COMPOSITE FACE EFFECT*A MEASURE
OF HOLISTIC PROCESSING

Joseph and Tanaka (2003) reported that children with autism were worse

than typically developing children at discriminating between different eyes,

and showed a whole/part advantage only when recognizing the mouth and

not when recognizing the eyes, unlike typically developing children. The

differential use of the eye region versus the mouth region in individuals with
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ASD compared to typically developing individuals has been reported with

other paradigms. Individuals with ASD look less at people’s eyes than

typical individuals (e.g., Dalton et al., 2005; Pelphrey et al., 2002), they do

not use the eyes as cues in social interactions (e.g., Baron-Cohen, Campbell,

Karmiloff-Smith, Grant, & Walker, 1995; Joseph & Tager-Flusberg, 1997),

and in some conditions they attend preferentially to the mouth region of the

face (Klin et al., 2002; Langdell, 1978). If individuals with ASD in fact spend

a greater amount of time attending to the mouth region of a face, and/or

attend less to the eye region of the face, they may demonstrate varying

degrees of holistic processing of faces due to differences in experience-based

expertise, depending on whether the task requires observers to attend to the

eye region or the mouth region of the face.

Experiment 1 examined this hypothesis for the first time using the

composite face effect. Although typical adults show a composite effect

regardless of whether the task involves matching the top halves or the

bottom halves of faces (Young et al., 1987), the comparison has not been

made in individuals with autism. We designed a task suitable for individuals

with ASD and measured the composite effect when the task required

matching top halves to when it required matching bottom halves of

composite faces. Two control groups were used: A group of 24 under-

graduate students (Experiment 1a), in order to verify the validity of the

paradigm we modified from Le Grand, Mondloch, Maurer, and Brent

(2004), and an age-, gender-, and IQ-matched control group to compare

directly to the performance of individuals with ASD (Experiment 1b).

EXPERIMENT 1A: UNDERGRADUATE CONTROL GROUP

Method

Participants

Participants were 24 Caucasian undergraduate students (12 male) with

normal or corrected-to-normal vision, at McMaster University. All partici-

pants gave written consent to participate prior to testing, and received

course credit for an undergraduate psychology course or $10 for their

participation.

Apparatus

The stimuli were presented on a 22 inch computer monitor (screen size�
47.0 cm�30.0 cm; 25.28�16.78 of visual angle from a viewing distance of
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100 cm), controlled by a Power Mac G4 Cube computer on Mac OS 9.1

software, using Cedrus Superlab Software.

Stimuli

All stimuli were presented in the centre of the screen located 100 cm from

the observer.

Practice stimuli*composite face task. In order to ensure that partici-

pants in all groups would understand the task, training trials were created

using simple shapes and colours. Oval shapes, roughly the same size as the

face stimuli, were created with different colours on the top and bottom

halves (7 cm�9.7 cm; 4.008�5.548 of visual angle from a viewing distance

of 100 cm; see Figure 1). The colours used were red, green, blue, and black.

In the halves only condition, only the top or bottom halves were shown

(7 cm�5 cm; 4.008�2.868). In the misaligned condition, the top and

bottom halves were misaligned by a half-width, performed by shifting the

top half of the oval to the left by 1.7 cm (roughly a quarter of the width of

the oval) and the bottom half to the right by 1.7 cm (10.4 cm�9.7 cm;

5.938�5.548 from 100 cm). In the aligned condition, the top and bottom

halves were aligned.

In addition, four faces of Caucasian women were used to create a practice

set of faces for the composite face task. To encourage processing of the facial

features, the women were wearing surgical caps to hide their hair and

hairline, and a cape to hide their clothing, so that only their faces were

shown. Greyscale digitized images were split horizontally across the middle

of the nose, and then recombined with either their original half or one other

half. In the halves only condition, only the top or bottom halves were shown

(8.5 cm�6.3 cm; 4.868�3.608 from 100 cm). In the misaligned condition,

the top and bottom halves were misaligned by shifting the top half of the

face to the left by 1.7 cm (a quarter of the width of the face) and the bottom

half to the right by 1.7 cm, so that the top and bottom halves were displaced

by half of the width of the faces (12.7 cm�12.7 cm; 7.248�7.248 from 100

cm). In the aligned condition, the top and bottom halves were aligned (8.5

cm�12.7 cm; 4.868�7.248 from 100 cm).

Test stimuli. The test stimuli were the same stimuli used in the

composite face task created by Le Grand et al. (2004). Le Grand and

colleagues created composite faces by splitting greyscale digitized images of

adult Caucasian faces in half horizontally across the middle of the nose, and

then recombining the faces using the top and bottom halves of different

individuals. Ninety-six composite faces were used to make 48 pairs for the

top halves task (half of the pairs had the same top halves; bottom halves
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Figure 1. Examples of trials with oval stimuli: (a) Halves only condition, (b) misaligned condition,

(c) aligned condition.
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were always different) and 48 pairs for the bottom halves task (half of the

pairs had the same bottom halves; top halves were always different).1 The

same set of composite faces was used for the misaligned and aligned

conditions. Faces in the misaligned condition were misaligned by shifting the

top half to the left by half the width of the face (total size�14.7 cm�14 cm;

8.368�7.978 of visual angle from a viewing distance of 100 cm), such that

the bottom half of the faces remained centred on the screen but the top

halves were shifted to the left. The size of the faces in the aligned condition

was 9.8 cm�14 cm (5.608�8.368; see Figure 2). The size of the stimuli was

similar to the size of the practice stimuli.

Procedure

This study was approved by the research ethics board of McMaster

University. Half of the participants started by matching the top halves of

ovals and faces, followed by the task of matching the bottom halves of ovals

and faces. The task was always explained using the oval stimuli first,

followed by the face stimuli.

Procedure for participants who began with top halves

Training phase*misaligned condition. Auditory feedback was given on
each trial: A high pitch tone for correct and a low pitch tone for incorrect

responses. Observers first performed four halves only practice trials, in which

only the top halves of two ovals were shown sequentially. The first stimulus

was shown for 1000 ms, followed by a blank screen for 300 ms, and the

second stimulus remained on the screen until the participant made a

response (see Figure 1a). After the four halves only trials, a picture of an oval

with different colours on the top and bottom halves, which were misaligned,

was shown on the screen. The participants were told that two such pictures

(a) (b) 

Figure 2. Examples of trials from the composite face task: (a) Misaligned condition, (b) aligned

condition (Le Grand et al., 2004).

1 Le Grand et al. (2004) used only the 48 pairs created for the top halves task in their study.
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would be presented sequentially, and that their task was to judge whether the

top halves of the two ovals had the same or different colours. Participants

completed four misaligned practice trials, in which the first oval was shown

for 1000 ms, followed by a blank screen for 300 ms, and then the second oval
remained on the screen until the participant made a response. Following the

misaligned practice trials, participants saw a maximum of 20 trials of

misaligned ovals presented at a faster speed. Each oval was shown for 200

ms separated by an interstimulus interval (ISI) of 300 ms (the same

presentation times used later when showing composite faces). Participants

continued until they made five consecutive correct responses (see Figure 1b).

One participant asked to repeat the practice trials before attempting the

faster speed. All participants met the criterion in the first block (maximum
20 trials).

Following the practice block with oval stimuli, participants were asked to

make same/different judgements of top halves of faces, presented sequen-

tially. The halves only condition consisted of four trials with a slow

presentation time (first face: 1000 ms, ISI: 300 ms; second face: Remains

on screen until response) and four trials with a fast presentation time (first

face: 200 ms, ISI: 300 ms; second face: Remained on screen until response).

Auditory feedback was given on each trial. Participants were required to
correctly judge three out of the last four trials to move on to the next phase.

If they failed to meet this criterion, the halves only condition was repeated

until they met this criterion. Three observers required a repetition of the

halves only block before meeting the criterion.

Following the halves only condition, participants completed a practice

block of the misaligned condition (eight trials). An example of a misaligned

face was shown on the screen and the task of judging whether the top halves

of two sequentially presented faces were the same or different was explained.
There were two presentation times: Four trials with a slow presentation time

(first face: 1000 ms, ISI: 300 ms; second face: Remains on screen until

response) and four trials with a fast presentation time (first face: 200 ms, ISI:

300 ms; second face: Remained on screen until response). Auditory feedback

was no longer given, because the purpose of the feedback on earlier trials

was to ensure that participants understood the task of attending to only the

top halves of stimuli, not to train the participants to do well on the

composite face task.

Test phase*misaligned condition. Participants completed 48 test trials

of making same/different judgements of the top halves of misaligned faces

(bottom halves were always different). Each face was presented for 200 ms

with an ISI of 300 ms (see Figure 2a). There were four practice trials to

demonstrate the faster speed. Participants then completed the 48 test trials

(correct answer was ‘‘same’’ on 24 trials).
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Training phase*aligned condition. Following the misaligned condition,

participants completed the aligned condition. The practice blocks again

began with oval figures. A picture of an oval with the top and bottom halves

aligned was shown in the centre of the screen while instructions were given.

Afterwards, four practice trials with the top and bottom halves aligned were

given (presentation times: first oval�1000 ms, ISI�300 ms; second oval�
remained on screen until response; Figure 1c). Following the four practice

trials, participants repeated the task at a faster presentation time (each oval

shown for 200 ms with an ISI of 300 ms) until they met the criterion of five

consecutive correct responses, or a maximum of 20 trials (all participants

met the criterion within the first 20 trials). Auditory feedback was given on

each trial.

Participants then completed a practice block (eight trials) of matching the

top halves of aligned faces. There were four trials with a slow presentation

time (first face�1000 ms, ISI�300 ms; second face remained on screen

until response) and four trials with a faster presentation time (first face�200

ms, ISI�300 ms; second face remained on screen until response). An

aligned face was shown in the centre of the screen during the explanation of

the procedure before beginning the practice trials. ‘‘Now I’m going to show

you pictures in which the top and bottom halves of faces are fused, like this

one. Just like before, I want you to only pay attention to the top halves of the

faces. Press the top button if you think the top halves of the faces are the

same, and press the bottom button if you think the top halves are different.’’

No feedback was given.

Test phase*aligned condition. Participants then completed 48 test trials

of making same/different judgements of top halves of aligned faces as

described by Le Grand et al. (2004). Each face was presented for 200 ms with

an ISI of 300 ms (see Figure 2b). There were four practice trials to

demonstrate the faster speed. Participants then completed the 48 test trials

(correct answer was ‘‘same’’ on 24 trials).

Procedure for matching top vs. bottom halves

The participants who began by matching top halves then repeated the

entire procedure described above with the task of matching the bottom

halves of ovals and faces (ovals�halves only, ovals�misaligned, practice

faces�halves only, practice faces�misaligned, test faces�misaligned, ovals�
aligned, practice faces�aligned, test faces�aligned). The other half of the

participants performed the task of matching the bottom halves first,

followed by the task of matching top halves.
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RESULTS

The mean accuracies are presented in Figure 3. In order to minimize the

effect of outliers, the median reaction time from each individual was used to

calculate group means of reaction times, which are presented in Figure 4. In

the current paradigm, when observers were judging whether two top halves

of faces were the same or different, the bottom halves were always different.

If faces are processed holistically, it should be more difficult to correctly

detect that the two top halves are the same when the faces are aligned versus

misaligned, because the integrated Gestalt percept of the whole face

interferes with any attempts to process only the two top halves (see Figure

2b). Such interference would not be experienced when the faces are

misaligned (see Figure 2a). Therefore, holistic processing is inferred by the

size of the ‘‘composite face effect’’: Better performance when faces are

misaligned than aligned, when the attended halves are the same. No effect of

alignment would be expected when the attended halves are different, because

the irrelevant halves contain information that is congruent with the relevant

halves. Therefore, as in previous studies of the composite effect (e.g., Le

Grand et al., 2004), separate analyses were conducted for same versus

different trials.

Performance on same trials. A repeated measures ANOVA was con-

ducted on observers’ accuracy and median reaction times on correct same

trials, with alignment (misaligned vs. aligned) and attended halves (top vs.
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Figure 3. Mean accuracy of observers when matching top halves and bottom halves in the

misaligned versus aligned conditions (50% correct�at chance).
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bottom) as within-subjects variables.2 There was a main effect of alignment

on observer’s accuracy, F(1, 22)� 9.61, pB.01: Observers showed a

composite effect by being more accurate on misaligned than aligned trials.

The main effect of attended halves was not significant, F(1, 22)�0.30, p�
.57, nor was the Alignment�Attended halves interaction, F(1, 22)�0.06,

p�.81. None of the effects were significant in terms of reaction times: Main

effect of alignment, F(1, 22)�1.93, p�.18; main effect of attended halves,

F(1, 22)�0.43, p�.52; Alignment�Attended halves interaction, F(1, 22)�
0.05, p�.83).

Performance on different trials. As expected, there were no significant

main effects and no significant interactions on either accuracy or reaction

times on different trials.
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Figure 4. Means of observers’ median reaction times on correct trials when matching top halves and

bottom halves in the misaligned versus aligned conditions.

2 A preliminary repeated measures ANOVA with order (top halves first vs. bottom halves

first) as a between-subjects variable revealed no main effect of order, F(1, 22)�0.00, pB.01, and

no significant interaction of order with alignment, F(1, 22)�0.07, p�.80, nor attended halves

(bottom vs. top), F(1, 22)�0.33, p�.57. The three-way interaction of Order�Alignment�
Attended halves was significant, F(1, 22)�5.04, p�.04. An examination of the means suggested

that the composite effect was greater for the second task for all observers. However, because the

purpose of this experiment was to determine whether observers would show a composite effect,

and not to examine the effect of order, data from both groups were pooled and this variable was

dropped from further analyses. Order was also not analysed in Experiment 1b, because neither

the main effect of order nor the interactions with order were significant.
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Discussion

Observers were significantly less accurate (mean difference of 6.89% for top

halves, 6.71% for bottom halves) in the condition where holistic processing

was expected to interfere (i.e., same aligned trials) compared to a condition

where no such interference was expected (i.e., same misaligned trials), a

difference that demonstrates a composite face effect. Compared to the data

from the adult group in Le Grand et al. (2004), on which the procedure was

based, the size of the difference is smaller and, unlike Le Grand et al.’s results,

it was found only for accuracy and not also for reaction time. The differences

suggest that the modifications we made to the paradigm, namely the addition

of training trials involving oval stimuli and face stimuli at longer presentation

times, may have allowed observers to learn to partially overcome the

interference from holistic processing on aligned trials. In addition, the

training may have had more effect on aligned trials (where accuracy is

normally low) than on misaligned trials (where accuracy is high even without

training and approaches ceiling in some subjects). Such differential effects of

training would lead to a smaller composite effect on measures of accuracy. In

terms of reaction times, the means in the present study ranged from 516 ms to

578 ms, which is faster than the reaction times reported by Le Grand et al.

(M�815 ms on same aligned trials and M�621 ms on same misaligned

trials). Thus, the addition of practice trials appears to have lowered reaction

times such that a floor effect masked any composite effect. Importantly,

however, the observers in the present study demonstrated a composite effect

in accuracy. Therefore, we used the same paradigm to test individuals with

autism and matched control participants recruited from the community.

EXPERIMENT 1B: ADULTS WITH ASD AND COMMUNITY
CONTROL GROUP

Method

Participants. Two groups of adults were tested. The autism group

consisted of 17 adults (15 male, mean age�20.6 years, age range�17�26

years) with autism spectrum disorders, and an age- and IQ-matched control

group consisted of 17 adults (15 male, mean age�21.6 years, age range�
17�28 years) without any developmental disorders. Demographic informa-

tion is presented in Table 1, and detailed diagnostic information is presented

in Table 2. Participants in the autism group were recruited via referral from a

clinical specialist treating autism spectrum disorders. All participants in the

ASD group had previously received clinical diagnoses of autism or Asperger

Syndrome before entering the study, and one of the authors (MDR)
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confirmed their diagnoses via two criteria: (1) Autism Diagnostic Interview

(ADI-R; Lord, Rutter, & LeCouteur, 1994) and (2) the Autism Diagnostic

Observation Schedule (ADOS-G; Lord et al., 2000) Module 4. They were

free from other known medical conditions. Participants in the control group

were recruited from the community (i.e., nonuniversity students) through

newspaper advertisements. Each participant was randomly assigned to

match either top halves first or bottom halves first. Four additional adults

with autism were recruited for the study but their data are not included in

this report for the following reasons: Two participants were excluded

because their IQ scores were below 70, and two individuals did not

participate beyond the first block because they did not understand the

difference between ‘‘same’’ and ‘‘different’’. Participants in both groups

received $15 for their participation.

Procedure. The procedure was the same as in Experiment 1a. All

participants met the two criteria during the training phase before moving on

to the testing phase. The criteria were: Obtaining five consecutive correct

responses when matching top/bottom halves of misaligned ovals, and being

correct on at least three of the last four trials in the face halves only condition.3

TABLE 1
Age and IQ scores of participants; standard deviations are shown in parentheses

Group Age Verbal IQ Performance IQ Full-scale IQ

Autism 20.6 yrs (2.7) 100.9 (18.9) 95.6 (18.1) 98.5 (18.6)

Control 21.6 yrs (0.8) 104.6 (10.3) 102.9 (15.2) 104.4 (11.6)

t(32)�1.00,

p�.32

t(32)�0.72,

p�.48

t(32)�1.27,

p�.21

t(32)�1.11,

p�.28

TABLE 2
Diagnostic scores for the autism group: Mean, standard deviations in parentheses, and

range

ADI-R ADOS

Social Commun. Repetitive Commun. Social Repetitive

23.4 (7.9) 15.3 (5.3) 6.4 (2.1) 6.0 (1.6) 7.25 (3.3) 0.9 (1.2)

12�38 8�24 4�9 3�8 3�14 0�3

3 One individual in the autism group required repetitions in each of the criterion blocks (five

blocks of misaligned top ovals, two of misaligned bottom ovals, three of top face halves only,

and one of bottom face halves only). Five additional observers in the autism group required a

single repetition of one of the criterion blocks. None of the observers in the control group

required a block to be repeated in order to meet the criteria.
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Results

The data were analysed in the same way as in Experiment 1a. The mean

accuracies are presented in Figure 5 and the reaction times are presented in

Figure 6. A repeated measures ANOVA with group as the between-subjects

variable (autism group vs. control group), and alignment (misaligned vs.

aligned) and attended halves (top vs. bottom) as within-subjects variables,

was conducted on accuracy for same trials. There was a significant main

effect of alignment, F(1, 32)�13.18, pB.01, with both groups being more

accurate on misaligned trials than aligned trials, a difference indicative of a

composite effect. No other effects or interactions were significant. The main

effect of group approached significance, F(1, 32)�3.52, p�.07, but group

did not interact with any other variable: Group�Alignment, F(1, 32)�.38,

p�.54, Group�Attended halves, F(1, 32)�2.19, p�.15, and Group �
Alignment�Attended halves, F(1, 32)�2.63, p�.12. If individuals with

autism tend to focus on the mouth region of the face more than the eyes

relative to typically developing individuals, we would have expected a

Group�Attended halves interaction; however, this interaction was not

significant. If individuals with autism have weaker holistic processing, we

would have expected a Group�Alignment or Group�Alignment�
Attended halves interaction; however, neither was significant. Therefore,

the composite effect did not differ significantly between the autism group

and the control group (see Figure 5). We also examined how many

individuals in each group demonstrated the expected composite effect (i.e.,

better performance on same misaligned trials vs. aligned trials), but no group
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halves and bottom halves in the misaligned versus aligned conditions (50% correct�at chance).
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differences were apparent for either the task matching top halves, x2(2)�
4.03, p�.10, and the task matching bottom halves, x2(2)�0.86, p�.50 (see

Table 3).

An analysis of individual’s median reaction times on correct trials showed

that the autism group was significantly slower to respond than the control

group, F(1, 32)�13.46, pB.01. However, no other main effects or

interactions were significant, much like the findings in Experiment 1a.

The analysis on different trials revealed no significant effects or

interactions on accuracy. As with same trials, reaction time data revealed

that the autism group was slower to respond overall than the control group,

F(1, 32)�9.98, pB.01, but no other effects or interactions were significant.

Discussion

The results show that high-functioning individuals with autism spectrum

disorders can process faces holistically. They were less accurate in recogniz-

ing that the two top (or bottom) halves of faces were the same when they

were combined with different bottom (or top) halves and they were aligned,

compared to their performance when the top and bottom halves were

misaligned. The size of the composite effect was similar to that of an age-

and IQ-matched control group. Thus, given a relatively large number of

trials (48 trials vs. 21 trials used by Teunisse & de Gelder, 2003), an extensive

training procedure to explain the task, short presentation times of the face

stimuli, and a simple task of responding same or different with a button
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Figure 6. Means of observers’ (autism group vs. control group) median reaction times on correct

trials when matching top halves and bottom halves in the misaligned versus aligned conditions.
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press, at least some high-functioning adults with ASD demonstrate holistic

processing.

Contrary to previous findings, we did not see a significant difference in

the performance of individuals with ASD as a function of whether the task

required attending to the top versus bottom halves of faces. Inspection of the

mean accuracies (Figure 6) shows that the composite effect for the autism

group appears larger for the task of matching bottom halves than for the

task of matching top halves of faces; however, this difference was not

statistically significant. When we examined individual composite effects (i.e.,

better performance on misaligned same trials than aligned same trials),

again, there was no statistical difference between the autism and control

groups when attending to top versus bottom halves (see Table 3).

The autism group did differ from the control group in having

significantly longer reaction times on both same and different trials. There

are several possible explanations for this finding. Recent neuroimaging

studies have shown activation of atypical processing pathways in indivi-

duals with ASD while they process faces (Dalton et al., 2005; Hubl et al.,

2003). Therefore, one interpretation of the slower reaction times in

individuals with ASD is that activation of these pathways requires more

processing time than the typical visual pathways. However, it is important

to note that the viewing time of the faces did not differ in the two groups.

Each face was shown on the screen for only 200ms, which is much shorter

than in previous studies examining face processing in individuals with

ASD. Even with such a short stimulus duration, individuals with ASD

were as accurate as the matched control group in making same/different

judgements about the identity of the faces and demonstrated holistic

processing. Given the current findings, it is difficult to determine whether

the slower response times involve more processing time required for face

processing per se, or whether it largely reflects slower motor responses and/

or cognitive decision-making processes.

TABLE 3
Number of individuals in the autism group and the matched control group who

demonstrated a composite effect (i.e., better performance on misaligned same trials
vs. aligned same trials) and who did not show a composite effect

Top halves Bottom halves

Misaligned

�aligned

Misaligned

�aligned

Misaligned

Baligned

Misaligned

�aligned

Misaligned

�aligned

Misaligned

Baligned

Autism 9 5 3 11 4 2

Control 14 1 2 10 3 4
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To better understand the source of the difference in reaction times, we

conducted post hoc analyses on the reaction times to the oval stimuli

shown during training. Before observers viewed faces, they first completed

a block of misaligned and aligned trials with coloured ovals as stimuli.

Observers were required to reach a criterion of five consecutive correct

responses before moving on to a block of faces. We performed two separate

repeated measures ANOVAs for the first block and second block of the

ovals task (matching top halves first and bottom halves second for half of

the participants), on individual’s median reaction times for the last five

correct trials of the training blocks with oval stimuli. As in the analyses

with the test stimuli, alignment and attended halves were the within-

subjects variables, and group was the between-subjects variable. In both

blocks, as expected, the main effect of alignment was not significant, first

block: F(1, 32)�0.07, p�.79; second block: F(1, 32)�1.13, p�.30,

indicating that neither the autism group nor the control group showed

any composite effect with the oval stimuli. Furthermore, there was no main

effect of attended halves and no interactions involving these two variables

in either analyses. The only significant effect in both analyses was the main

effect of group, first block: F(1, 32)�6.13, pB.05; second block: F(1,

32)�4.36, pB.05, signifying that the autism group (first block M�595

ms; second block M�698 ms) responded significantly more slowly than

the control group (first block M�439 ms; second block M�355 ms) in

both blocks. This result suggests that the slow response of the autism

group is not limited to processing of faces, and may simply reflect slower

decision-making processes and/or slower motor responses. However,

because the oval stimuli were introduced to the participants as practice

trials, we cannot exclude the possibility that the difference in reaction times

when viewing oval stimuli may reflect a difference in how individuals with

and without autism approach practice versus test trials, rather than a

difference in processing nonface visual stimuli. Nonetheless, accuracy of

individuals with autism when making same/different judgements of one

half of the face revealed interference from the unattended half of the face,

suggesting intact holistic processing of faces.

EXPERIMENT 2: SENSITIVITY TO SECOND-ORDER
RELATIONS

Given the discrepant findings reported in the literature of whether

individuals with ASD demonstrate configural processing of faces, we felt

it necessary to test different aspects of configural processing in the same

individuals with ASD. Experiment 2 was designed to test another type of

configural processing: Processing of second-order relations (Maurer et al.,
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2002). Although Rouse and colleagues (2004) have argued that children with

autism are sensitive to second-order relations as measured by the Thatcher

illusion, the Thatcher illusion does not provide a sensitive, metric test of

sensitivity to second-order relations (see introduction).

Mondloch et al. (2002) developed a paradigm that provides a

quantitative measure of sensitivity to second-order relations and allows

direct comparison of the processing of second-order relations to the

processing of nonconfigural information (feature shapes and face con-

tours). They manipulated a digitized photograph of a young woman’s face

(named Jane), so that Jane’s eyes and mouth were replaced by those of

other women (featural set), the position of Jane’s eyes and mouth were

changed (spacing set), or Jane’s internal features were pasted into the outer

contour of other women’s faces (contour set). Participants were asked to

make same/different judgements about the identity of two sequentially

presented faces, and the face sets were blocked to encourage different

aspects of face processing. The face sets were validated by showing that

adults’ accuracy is higher for upright than inverted faces, with a small

inversion cost for the feature and contour sets and a large inversion cost

for the spacing set, as would be expected if it measures sensitivity to

second-order relations.

The purpose of Experiment 2 was to examine directly sensitivity to

second-order relations in individuals with ASD, using the same stimuli as

Mondloch et al. (2002). Mondloch, Dobson, Parson, and Maurer (2004)

demonstrated that adults’ performance in detecting changes in the spacing

set (a measure of sensitivity to second-order relations) was not affected by

whether the stimuli were presented sequentially or presented simulta-

neously side-by-side for an unlimited time, whereas 8-year-olds were

slightly more accurate with the paired presentation. Perhaps the greater

memory load created by sequential presentation is especially taxing for

observers who do not possess adult-like face processing abilities (Schiano,

Ehrlich, & Sheridan, 2001). Therefore, we chose to allow individuals with

ASD to have unlimited viewing time in a paired presentation for this task,

in order to reduce memory demands. If individuals with ASD naturally

rely more on a feature-based analysis of faces, as has been suggested by

previous research (e.g., Hobson et al., 1988), paired presentation of faces

would allow them to use their natural face-processing strategies during the

task (Celani et al., 1999), thereby revealing differences in their face

processing compared to typically developing individuals. As in Experiment

1, we first tested a control group of 24 undergraduate students to verify

that the results were not affected by using paired presentations following

participation in Experiment 1 with composite stimuli.
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EXPERIMENT 2A: UNDERGRADUATE CONTROL GROUP

Method

Participants. Participants were the same 24 Caucasian undergraduate

students (12 male) as in Experiment 1a.

Apparatus. The apparatus was the same as in Experiment 1.

Stimuli. The stimuli for testing the processing of featural, spacing, and

contour information were created by Mondloch et al. (2002). The stimuli

consisted of the face of a Caucasian woman, and 12 altered versions of her

face (see Figure 7). There were three sets of four faces: Spacing set, featural

set, and contour set. The spacing set was created by moving Jane’s eyes 4 mm

up (0.238 of visual angle from a viewing distance of 100 cm), down, in, or

out, and simultaneously moving the mouth up or down by 2 mm (0.128 from

100 cm). According to anthropomorphic norms (Farkas, 1981), the move-

ments correspond to shifts in Jane’s eyes of 1.3 SD up or down, of 2.4 SD

closer together, or of 3.2 SD farther apart and shifts of Jane’s mouth moved

up and down by 0.79 SD. Thus, the differences covered most of the

variations in spacing among adult female faces in the population, without

being so large that the faces appeared deformed or unnatural. The featural

set was created by replacing Jane’s eyes and mouth with the eyes and mouths

of four other women. The contour set was created by pasting Jane’s internal

features into four other women’s faces. A fourth set of faces, referred to as

‘‘Jane’s cousins’’, were unaltered male and female Caucasian faces with a

neutral facial expression, wearing a surgical cap and cape. This set was

included to ensure that individuals with autism had understood the task and

were following instructions. All stimuli were 8.4 cm�8.8 cm (4.808�5.038
of visual angle viewed from 100 cm). On each trial two faces were shown

simultaneously side-by-side, separated by 2.2 cm (1.268 of visual angle) of

blank space.

Procedure. Following the composite face task, each participant com-

pleted a test of processing spacing, featural, and contour information

(Mondloch et al., 2002). All participants performed a block of same/different

judgements with upright faces and then with inverted faces. First, a picture

of Jane was shown on the screen, followed by the 12 altered versions of

Jane’s face, called Jane’s sisters. Participants were informed that two photos

of Jane or her sisters would be appearing side-by-side, and that their task

was to judge whether the photos were the same or different, as quickly but as

accurately as possible. Each participant received 6 practice trials (2 from

each of the spacing, featural, and contour sets) followed by 30 test trials
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(a) 

(b) 

Figure 7. Jane (a), and her sisters (b): Top row: Featural set; middle row: Spacing set; bottom row:

Contour set (Mondloch et al., 2002).
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from each set (first spacing, second featural, third contour set). On each trial

two faces were shown side-by-side, and remained on the screen until the

participant responded. After the participants completed the 90 test trials, the

same procedure was repeated but with inverted stimuli.
Following the inverted faces block, participants completed a block of 30

upright trials with Jane and ‘‘her cousins’’ (i.e. unaltered caucasian male and

female faces). On each trial two faces were shown side-by-side until the

participant responded whether the faces were the same or different.

Participants were instructed to answer as quickly but as accurately as possible.

Results

The mean accuracies are shown in Figure 8. A repeated measures ANOVA

was conducted with condition (spacing, featural, or contour changes) and

orientation (upright vs. inverted) as within-subjects variables. There was a

significant main effect of condition, F(1, 23)�49.95, pB.01, a main effect of

orientation, F(1, 23)�17.86, pB.01, and a significant Condition�Orienta-

tion interaction, F(1, 23)�5.80, pB.01. In order to further examine this

interaction, we calculated the size of the inversion effect by subtracting

accuracy on inverted trials from upright trials. Pairwise comparisons with a

Bonferroni correction revealed that the inversion effect was larger in the

spacing condition (14.6%) than in the featural condition (3.0%), but neither

of the inversion effects observed in these two conditions was significantly

different from the inversion effect seen in the contour condition (7.3%).
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Figure 8. Mean accuracy of observers in detecting spacing, featural, and contour changes in upright

and inverted faces (50% correct�at chance).
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Mean reaction times (calculated from individual’s median reaction times

to reduce the effect of outliers) are shown in Figure 9. A repeated measures

ANOVA was conducted with condition (spacing, featural, or contour

changes) and orientation (upright vs. inverted) as within-subjects variables.

The main effect of condition was significant, F(1, 23)�15.14, pB.01 (see

Figure 9), and the main effect of orientation was also significant, F(1, 23)�
4.89, pB.05, reflecting faster reaction times to the upright faces than

inverted faces. However, the Condition�Orientation interaction was not

significant, F(1, 23)�0.35, p�.71.

Participants were highly accurate on the final cousins task, with a mean

accuracy of 92.3% correct and a mean reaction time (calculated from

individual median reaction times on correct trials) of 1793 ms,4 suggesting

that observers had understood the tasks and were still paying attention at the

end of the procedure.

Discussion

Using paired presentations and unlimited viewing time, typically developing

observers demonstrated the expected inversion effect: Better performance

when faces were presented upright than inverted. Furthermore, this

inversion effect was greater when the changes were made to the spacing of

features (14.6%) rather than the feature shapes (3.0%), demonstrating a
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Figure 9. Mean of observers’ median reaction times in detecting spacing, featural, and contour

changes in upright and inverted faces.

4 One participant did not complete the cousins task due to time constraints.
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greater disruption of sensitivity to second-order relations by inversion than

sensitivity to featural information. No interaction between the face set and

orientation was found in reaction times, ruling out the possibility of a speed�
accuracy tradeoff. The finding that observers were also more accurate at
detecting featural changes than spacing or contour changes when faces are

presented upright (see Figure 9) is consistent with previous findings (Freire

et al., 2000; Mondloch et al., 2002). These results verify that the current

paradigm successfully taps into three types of processing that are affected

differently by inversion: The processing of second-order relations, feature

shapes, and contours. Furthermore, the results indicate that the modifica-

tions we made to simplify the task do not lead to ceiling effects. Therefore,

individuals with ASD as well as age- and IQ-matched controls were tested
using the same paradigm.

EXPERIMENT 2B: ADULTS WITH ASD AND COMMUNITY
CONTROL GROUP

Method

Participants. The participants in the autism group and the age- and IQ-

matched control group were the same as in Experiment 1.

Stimuli and procedure. Stimuli and procedures were the same as in
Experiment 2a.

Results

Mean accuracies of the autism group and community control group are

presented in Figure 10. Because our main question was whether individuals

with ASD demonstrate configural processing, we first examined whether the

two groups differed in how well they detected spacing changes in upright

faces. A t-test on accuracy revealed no difference in the performance of

individuals in the autism group and the control group when making same/

different judgements of faces that differed in the spacing of the internal

features, t(32)�0.21, p�.84. However, the autism group was slower to
respond (M�2275 ms) than the control group (M�1298 ms), t(32)�3.06,

pB.01.

We then examined whether individuals with ASD differed from the

control group on other types of face processing, namely the processing of

feature shapes and face contours, as well as the effect of inversion on face

processing (as in Experiment 2a). A repeated measures ANOVA with group

as the between-subjects variable (autism group vs. control group) and two
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within-subjects variables, condition (spacing, featural, or contour changes)

and orientation (upright vs. inverted), was conducted on accuracy. There was

a significant main effect of orientation, F(1, 32)�19.54, pB.01, as observers

in both groups were more accurate in recognizing changes when the faces

were presented upright rather than inverted. There was also a significant

main effect of condition, F(1, 32)�40.95, pB.01, indicating that observers

in both groups performed best when recognizing featural changes (see

Figure 10). As expected, there was also a significant Condition�Orienta-

tion interaction, F(1, 32)�4.85, p�.01. However, there was no significant

main effect of group, F(1, 32)�.37, p�.55, and there were no significant

interactions involving group: Group�Condition, F(1, 32)�1.81, p�.17,

Group�Orientation, F(1, 32)�1.36, p�.25, and Group�Condition�
Orientation, F(1, 32)�.21, p�.81.

An analysis of median reaction times on correct trials (means shown in

Figure 11) revealed a significant main effect of condition, F(1, 32)�9.80,

pB.01, indicating that observers in the autism group and matched control

group were faster to recognize featural changes than spacing changes. The

main effect of orientation approached significance, F(1, 32)�3.84, p�.06,

as observers in both groups were faster in recognizing changes when the

faces were presented upright than inverted. There was also a significant

Condition�Orientation interaction, F(1, 32)�3.84, pB.05. The means in

Figure 11 suggest that observers in both groups were equally fast at detecting

contour changes upright and inverted, whereas spacing and featural changes

were detected faster when presented upright. There was also a significant
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Figure 10. Mean accuracy of observers in the autism group versus control group in detecting

spacing, featural, and contour changes in upright and inverted faces (50% correct�at chance).
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main effect of group, F(1, 32)�5.93, pB.05, as observers in the autism

group were slower to respond overall. However, there were no significant

interactions with the variable group: Group�Condition, F(1, 32)�2.09,

p�.13, Group�Orientation, F(1, 32)�0.71, p�.41, and Group�Con-

dition�Orientation, F(1, 32)�0.25, p�.78).

Finally, an independent samples t-test was conducted on data from the

‘‘cousins’’ task, which was the final task performed by all observers to verify

that individuals were still attending to the task and following the instruc-

tions. There was no difference in accuracy between the autism group (M�
91.9%, SE�2.5%) and the control group (M�94.7%, SE�1.9%), t(32)�
.15, p�.39. However, the autism group (M�1834 ms) was overall slower to

respond than the control group (M�1015 ms), t(32)�4.99, pB.05.

DISCUSSION

Individuals with autism spectrum disorders performed similarly to an age-

and IQ-matched control group in all aspects of face processing tested, other

than having consistently longer reaction times. If individuals with ASD have

deficits in configural processing, then they should demonstrate difficulty in

processing second-order relations of faces. However, the autism group was

just as accurate (M�74.7%, SE�2.8%) as the control group (M�75.5%,

SE�2.9%) in detecting changes in the spacing of features in upright faces.

Both groups also demonstrated an inversion effect, contrary to earlier

reports (e.g., Hobson et al., 1988; Langdell, 1978) but consistent with a more
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Figure 11. Mean of observers’ median reaction times in the autism group versus control group when

detecting spacing, featural, and contour changes in upright and inverted faces.
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recent report that high-functioning adults with autism demonstrate a face

inversion effect (Lahaie et al., 2006). Furthermore, contrary to previous

reports (e.g., Hobson et al., 1988; Lahaie et al., 2006) individuals with ASD

demonstrated a greater inversion effect to spacing changes than featural or

contour changes (9.5% decrement in spacing set vs. 0.4% in featural set and

2.2% in contour set), similar to the matched control group (12.0% decrement

in spacing set vs. 5.31% in featural set and 3.4% in contour set). Moreover,

on the cousins task, which allowed observers to use all cues to facial identity,

individuals with ASD showed accuracy as high as in the control group.

Both groups were also better at detecting featural changes than spacing

changes. Although previous studies have reported superior featural proces-

sing in individuals with ASD (e.g., Hobson et al., 1988; Lahaie et al., 2006),

such an effect was not observed in the present study (86.6% correct by

autism group compared to 90.4% correct by control group). Moreover, if

individuals with ASD rely on featural processing more than typically

developing individuals, they should have also performed better on the

inverted featural set. However, a post hoc t-test revealed no group difference

in accuracy on the inverted featural set, t(32)�0.33, p�.74.

Individuals with ASD were slower to respond than the control group in

every condition, as was true in Experiment 1, a difference suggesting that

these tasks were more difficult for the autism group than the control group.

To address the possibility that the ASD group may have been particularly

slow to respond to face stimuli, we computed the ratio of the mean reaction

times of the ASD group to the matched control group for all tasks5 to get a

measure of the elevation in reaction times in the ASD group. We then

compared this elevation for tasks using oval stimuli to tasks using face

stimuli. In Experiment 1, the autism group was 1.36 times slower than the

matched control group on the first ovals task (matching top halves for half

of the participants; bottom halves for the other half) and 1.97 times slower

than the matched control group on the second ovals task. On the face tasks,

the elevation in reaction times of the autism group ranged from being 1.46

times worse (different trials in the composite face task, Experiment 1b) to

1.81 times worse (the cousins task, Experiment 2) than the matched control

group, all within the range observed for the ovals tasks. Therefore, taking

into account the variability of reaction times for different tasks, there was no

evidence that the autism group was particularly slower than the matched

control group when processing face stimuli. Rather, the slower reaction times

are likely to reflect more general effects of slower cognitive processing and/or

motor responding.

5 We calculated mean reaction times collapsed across conditions for which there was no main

effect of condition in the ANOVAs on reaction time performed in Experiments 1b and 2b.
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GENERAL DISCUSSION

The present study demonstrates that high-functioning adults with ASD

demonstrate configural processing of upright faces just as typically

developing individuals do. Experiment 1 demonstrated that adults with

ASD process faces holistically, as evidenced by greater error rates in judging

whether two top (or bottom) halves of faces were the same when the faces

were fused with different bottom (top) halves and aligned versus misaligned.

Experiment 2 demonstrated that adults with ASD show normal sensitivity to

second-order relations in upright faces. Furthermore, like the control group,

they experienced a disruption of processing second-order relations when the

faces were inverted, whereas the effect of inversion was much smaller when

processing featural information. Together, the two experiments provide

converging evidence of configural processing of faces in high-functioning

adults with ASD.

Activation of the fusiform area has been associated with processing faces

in typical adults, but less activation has been shown in individuals with

autism during face processing (Hubl et al., 2003; Kanwisher et al., 1997).

Therefore, it is surprising that individuals with ASD in our present study

performed normally on all measures of face processing, including the

measures of configural processing. Of course the possibility remains that

there may be other individuals with ASD who do show deficits in face

processing, including configural processing. Indeed the group described here

has relatively mild social deficits, which could have an effect on face

processing. Therefore, it would be interesting to test the same individuals

from the current study with fMRI to determine if they had developed

compensatory mechanisms that may be used during face perception. For

example, Schultz and colleagues (2000) argue that neural activation of

individuals with ASD during face processing looks more like typical

activation during object recognition, suggesting a more feature-based

strategy that is typical of nonface object processing. However, the autism

group in the current study behaved much like the matched control group

when processing faces as well as oval stimuli. Therefore, rather than using

very simple tasks of face perception during an fMRI scan, it would be useful

for future research to combine tasks that tap into specific aspects of face

processing and measures of the neural correlates underlying task perfor-

mance.

What the present study cannot address is how face processing develops in

individuals with ASD. Individuals with ASD may simply take longer to

develop adult-level face processing, but by adulthood they may catch up to

typically developing individuals. Much of the atypical face processing that has

been demonstrated in individuals with autism involved tests of young children

(e.g., Boucher, Lewis, & Collins, 1998). For example, 3- and 4-year-olds with
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autism demonstrate atypical ERP responses to familiar versus unfamiliar

faces (Dawson et al., 2002). Furthermore, data comparing children with

autism to typically developing children matched on verbal mental age (whose

chronological age is usually much younger than the children with autism),

and/or that include children from a wide age range (e.g., Celani et al., 1999;

Deruelle, Rondan, Gepner, & Tardif, 2004) are difficult to interpret as

configural processing typically does not become adult-like until after age 14

years (Mondloch, Le Grand, & Maurer, 2003). Tracking the developmental

trajectory of the many aspects of face processing in individuals with ASD, as

has been done with typically developing children, may shed further light on

how their brains learn to process faces.

REFERENCES

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

in autism. Journal of Cognitive Neuroscience, 13, 232�240.

Baron-Cohen, S., Campbell, R., Karmiloff-Smith, A., Grant, J., & Walker, J. (1995). Are

children with autism blind to the mentalistic significance of the eyes? British Journal of

Developmental Psychology, 13, 379�398.

Bartlett, J. C., & Searcy, J. (1993). Inversion and configuration of faces. Cognitive Psychology, 25,

281�316.

Behrmann, M., Avidan, G., Leonard, G. L., Kimchi, R., Luna, B., Humphreys, K., & Minshew,

N. (2006). Configural processing in autism and its relationship to face processing.

Neuropsychologia, 44, 110�129.

Bertin, E., & Bhatt, R. S. (2004). The Thatcher illusion and face processing in infancy.

Developmental Science, 7, 431�436.

Boucher, J., Lewis, V., & Collins, G. (1998). Familiar face and voice matching and recognition in

children with autism. Journal of Child Psychology and Psychiatry, 39, 171�181.

Boutsen, L., & Humphreys, G. W. (2003). The effect of inversion on the encoding of normal and

‘‘Thatcherized’’ faces. Quarterly Journal of Experimental Psychology, 56, 955�975.

Carey, S., & Diamond, R. (1994). Are faces perceived as configurations more by adults than by

children? Visual Cognition, 1, 253�274.

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.

Collishaw, S. M., & Hole, G. J. (2000). Featural and configurational processes in the recognition

of faces of different familiarity. Perception, 29, 893�909.

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

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

Nature Neuroscience, 8, 519�526.

Dawson, G., Carver, L., Meltzoff, A. N., Panagiotides, H., McPartland, J., & Webb, S. J. (2002).

Neural correlates of face and object recognition in young children with autism spectrum

disorder, developmental delay, and typical development. Child Development, 73, 700�717.

De Heering, A., Houthuys, S., & Rossion, B. (2007). Holistic face processing is mature at 4 years

of age: Evidence from the composite face effect. Journal of Experimental Child Psychology,

96, 57�70.

888 NISHIMURA, RUTHERFORD, MAURER



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

in children with autism and Asperger syndrome. Journal of Autism and Developmental

Disorders, 34, 199�210.

Donnelly, N., & Hadwin, J. A. (2003). Children’s perception of the Thatcher illusion: Evidence

for development in configural face processing. Visual Cognition, 10, 1001�1018.

Farah, M. J., Wilson, K. D., Drain, M., & Tanaka, J. N. (1998). What is ‘‘special’’ about face

perception? Psychological Review, 105, 482�498.

Farkas, L. G. (1981). Anthropometry of the head and face in medicine. New York: Elsevier.

Freire, A., Lee, K., & Symons, L. A. (2000). The face-inversion effect as a deficit in the encoding

of configural information: Direct evidence. Perception, 29, 159�170.

Grelotti, D. J., Klin, A. J., Gauthier, I., Skudlarski, P., Cohen, D. J., Gore, J. C., et al. (2005).

fMRI activation of the fusiform gyrus and amygdala to cartoon characters but not to faces

in a boy with autism. Neuropsychologia, 43, 373�385.

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

of Psychology, 79, 441�453.

Hole, G. J. (1994). Configurational factors in the perception of unfamiliar faces. Perception, 23,

65�74.

Homer, M., & Rutherford, M. D. (2004). Individuals with autism can categorize facial

expressions. Undergraduate Psychology Thesis conference. Ottawa, May, 2004.

Hubl, D., Bolte, S., Feineis-Matthews, S., Lanfermann, H., Federspiel, A., Strik, W., et al.

(2003). Functional imbalance of visual pathways indicates alternative face processing

strategies in autism. Neurology, 61, 1232�1237.

Joseph, R. M., & Tager-Flusberg, H. (1997). An investigation of attention and affect in children

with autism and Down syndrome. Journal of Autism and Developmental Disorders, 4, 385�
396.

Joseph, R. M., & Tanaka, J. (2003). Holistic and part-based face recognition in children with

autism. Journal of Child Psychology and Psychiatry, 44, 529�542.

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

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

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

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

individuals with autism. Archives of General Psychiatry, 59, 809�816.

Lahaie, A., Mottron, L., Arguin, M., Berthiaume, C., Jemel, B., & Saumier, D. (2006). Face

perception in high-functioning autistic adults: Evidence for superior processing of face parts,

not for a configural face-processing deficit. Neuropsychology, 20, 30�41.

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

Psychology and Psychiatry, 19, 255�268.

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

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

Leder, H., & Carbon, C. C. (2006). Face-specific configural processing of relational information.

British Journal of Psychology, 97, 19�29.

Le Grand, R., Mondloch, C. J., Maurer, D., & Brent, H. P. (2003). Expert face processing

requires visual input to the right hemisphere during infancy. Nature Neuroscience, 6, 1108�
1112.

Le Grand, R., Mondloch, C. J., Maurer, D., & Brent, H. P. (2004). Impairment in holistic face

processing following early visual deprivation. Psychological Science, 15, 762�768.

Lewis, M. B., & Johnston, R. A. (1997). The Thatcher illusion as a test of configural disruption.

Perception, 26, 225�227.

CONFIGURAL PROCESSING IN ASD 889



Lord, C., Risi, S., Lambrecht, L., Cook, E. H., Leventhal, B. L., & DiLavore, P. C. (2000). The

Autism Diagnostic Observation Schedule�Generic: A standard measure of social and

communication deficits associated with the spectrum of autism. Journal of Autism and

Developmental Disorders, 30, 205�223.

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.

Maurer, D., Le Grand, R., & Mondloch, C. J. (2002). The many faces of configural processing.

Trends in Cognitive Sciences, 6, 255�260.

Mondloch, C. J., Dobson, K. S., Parson, J., & Maurer, D. (2004). Why 8-year-olds can’t tell the

difference between Steve Martin and Paul Newman: Factors contributing to the slow

development to the spacing of facial features. Journal of Experimental Child Psychology, 89,

159�181.

Mondloch, C. J., Le Grand, R., & Maurer, D. (2002). Configural face processing develops more

slowly than featural face processing. Perception, 31, 553�566.

Mondloch, C., Le Grand, R., & Maurer, D. (2003). Early visual experience is necessary for the

development of some*but not all*aspects of face processing. In O. Pascalis & A. Slater

(Eds.), The development of face processing in infancy and early childhood: Current perspectives

(pp. 99�117). New York: Nova Science Publishers.

Mondloch, C. J., Pathman, R., Maurer, D., Le Grand, R., & de Schonen, S. (2007). The

composite face effect in six�year�old children: Evidence of adult�like holistic face processing.

Visual Cognition, 15, 564�577.

Ogai, M., Matsumoto, H., Suzuki, K., Ozawa, F., Fukuda, R., Uchiyama, I., et al. (2003). fMRI

study of recognition of facial expressions in high-functioning autistic patients. Neuroreport,

14, 559�563.

Pellicano, E., & Rhodes, G. (2003). Holistic processing of faces in preschool children and adults.

Psychological Science, 14, 618�622.

Pellicano, E., Rhodes, G., & Peters, M. (2006). Are preschoolers sensitive to configural

information in faces? Developmental Science, 9, 270�277.

Pelphrey, K. A., Sasson, N. J., Reznick, J. S., Goldman, B. D., & Piven, J. (2002). Visual

scanning of faces in autism. Journal of Autism and Developmental Disorders, 32, 249�261.

Pierce, K., Haist, F., Sedaghat, F., & Courchesne, E. (2004). The brain response to personally

familiar faces in autism: Findings of fusiform activity and beyond. Brain, 127, 2703�2716.

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

occurs outside the fusiform ‘‘face area’’ in autism: Evidence from functional MRI. Brain,

124, 2059�2073.

Rhodes, G., Brake, S., & Atkinson, A. P. (1993). What’s lost in inverted faces? Cognition, 47,

25�57.

Rhodes, G., Hayward, W., & Winkler, C. (2006). Expert face coding: Configural and component

coding of own-race and other-race faces. Psychonomic Bulletin and Review, 13, 499�505.

Riesenhuber, M., Jarudi, I., Gilad, S., & Sinha, P. (2004). Face processing in humans is

compatible with a simple shape-based model of vision. Proceedings of the Royal Society.

Series B: Biological Sciences, 271, S448�S450.

Rouse, H., Donnelly, N., Hadwin, J. A., & Brown, T. (2004). Do children with autism perceive

second-order relational features? The case of the Thatcher illusion. Journal of Child

Psychology and Psychiatry, 45, 1246�1257.

Schultz, R. T., Gauthier, I., Klin, A., Fulbright, R. K., Anderson, A. W., Volkmar, F., et al.

(2000). Abnormal ventral temporal cortical activity during face discrimination among

individuals with autism and Asperger syndrome. Archives of General Psychiatry, 57, 331�340.

890 NISHIMURA, RUTHERFORD, MAURER



Schiano, D. J., Ehrlich, S. M., & Sheridan, K. (2001). Categorical perception of facial affect: An

illusion. In Extended abstracts of ACM CHI conference on Human Factors in Computing

Systems (pp. 299�300). New York: ACM Press.

Sekuler, A., Gaspar, C. M., Gold, J. M., & Bennett, P. J. (2004). Inversion leads to quantitative,

not qualitative, changes in face processing. Current Biology, 14, 391�396.

Tanaka, J. W., & Farah, M. J. (1993). Parts and wholes in face recognition. Quarterly Journal of

Experimental Psychology, 46A, 225�245.

Tanaka, J. W., Kay, J. B., Grinnell, E., Stansfield, B., & Szechter, L. (1998). Face recognition in

young children: When the whole is greater than the sum of its parts. Visual Cognition, 5, 479�
496.

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

interpret faces: A research note. Journal of Child Psychology and Psychiatry, 30, 623�630.

Teunisse, J. P., & de Gelder, B. (2003). Face processing in adolescents with autistic disorder: The

inversion and composite effects. Brain and Cognition, 52, 285�294.

Thompson, P. (1980). Margaret Thatcher: A new illusion. Perception, 9, 483�384.

Weeks, S., & Hobson, R. P. (1987). The salience of facial expression for autistic children. Journal

of Child Psychology and Psychiatry, 28, 137�152.

Yin, R. K. (1969). Looking at upside-down faces. Journal of Experimental Psychology, 81, 141�
145.

Young, A. W., Hellawell, D., & Hay, D. C. (1987). Configurational information in face

perception. Perception, 16, 747�759.

Yovel, G., & Kanwisher, N. (2004). The neural basis of the behavioural face-inversion effect.

Current Biology, 15, 2256�2262.

Manuscript received October 2006

Manuscript accepted May 2007

First published online November 2007

CONFIGURAL PROCESSING IN ASD 891


