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Configural processing in autism and its relationship to face processing
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Abstract

Studies of the perceptual performance of individuals with autism have focused, to a large extent, on two domains of visual behavior,
one associated with face processing and the other associated with global or holistic processing. Whether autistic individuals differ from
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eurotypical individuals in these domains is debatable and, moreover, the relationship between the behaviors in these two doma
nclear. We first compared the face processing ability of 14 adult individuals with autism with that of neurotypical controls and sh

he autistic individuals were slowed in their speed of face discrimination. We then showed that the two groups differed in their ability
he global whole in two different tasks, one using hierarchical compound letters and the other using a microgenetic primed matchin
eometric shapes, with the autistic group showing a bias in favor of local information. A significant correlation was also observe
erformance on the face task and the configural tasks. We then confirmed the prediction that the ability to derive the global whole
ritical for faces but also for other objects as well, as the autistic individuals performed more slowly than the control group in discr
etween objects. Taken together, the results suggest that the bias for local processing seen in autistic individuals might have an ad
n their ability to process faces and objects.
2005 Elsevier Ltd. All rights reserved.

eywords: Local; Global; Visual processing; Objects; Greebles; Faces; Configural

. Introduction

And this is how I recognize someone if I don’t know who
hey are. I see what they are wearing, or if they have a walking
tick, or funny hair, or a certain type of glasses, or they have a
articular way of moving their arms, and I do a Search through
y memories to see if I have met them before.” (Christopher,

he 15-year old autistic protagonist in The Curious Incident
f the Dog in the Night-time by Mark Haddon).

I often get into embarrassing situations because I do not
emember faces unless I have seen the people many times or
hey have a very distinct facial feature such as a big beard,

∗ Corresponding author. Tel.: +1 412 268 2790; fax: +1 412 268 2798.
E-mail address: behrmann@cnbc.cmu.edu (M. Behrmann).

thick glasses or a strange hairstyle.”(in “Thinking in Pictu
and Other Reports from my Life with Autism” by Temp
Grandin).

Autism is a developmental disorder that is associated
a number of characteristic deficits, most notably in the
mains of social interaction, communication and imagina
behavior (Frith, 2003; Klin, Jones, Schultz, Volkmar, & Co
hen, 2002; Volkmar, Lord, Bailey, Schultz, & Klin, 2004). It
is further defined by the finding that most autistic individu
exhibit a restricted and repetitive behavioral repertoire.
normalities in visual processing have also been docum
in autism (Kanner, 1943; Society for Autistic Children, 1978),
although the nature and extent of the visuoperceptual im
ment in these individuals remains a topic of debate. Many
vious studies have focused on two visuoperceptual beha

028-3932/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
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in autism, one related to face processing and the other related
to the derivation of organized wholes from perceptual parts.
While both lines of investigation have been fruitful, each set
of findings remains somewhat controversial and, moreover,
there has only been minimal consideration of the relation-
ship between these behaviors in autism. We consider some
of the existing data from each domain and then the possi-
ble relationship between them before we outline the current
studies.

Many studies of face processing in children with autism
have demonstrated the presence of an impairment that is
widespread and present from an early age (Dawson et al.,
2002), affecting both the perception of and the memory for
faces (Ellis, Ellis, Fraser, & Deb, 1994; Hauck, Fein, Maltby,
Waterhouse, & Feinstein, 1998; Klin et al., 1999; Langdell,
1977). The perceptual difficulties also affect the perception
of the affect of faces (Hobson, 1986; Hobson, Ouston, & Lee,
1988), the perception of direction of gaze (Jolliffe & Baron-
Cohen, 1997) and sometimes even the perception of gender
(Hobson, 1987; Njiokiktjien et al., 2001). The same is true for
adults with autism, although the impairment is apparently less
severe in older individuals and in more cognitively able indi-
viduals (Boucher & Lewis, 1992). The reported decrement in
face processing is consistent with a series of recent functional
imaging studies demonstrating atypical or weak activation of
the fusiform gyrus, the preeminent area involved in face pro-
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Cohen, 1998; Plaisted, Swettenham, & Rees, 1999), perform
well on tasks such as Block Design and Object Assembly that
require a local focus (Minshew, Goldstein, & Siegel, 1997)
and exhibit superior performance in detecting embedded fig-
ures (Hapṕe, 1999; Jolliffe & Baron-Cohen, 1997; Shah &
Frith, 1983). One recent study has revealed that autistic chil-
dren use gestalt grouping heuristics significantly less often
than controls do, resulting in difficulties appreciating inter-
element relationships (Brosnan, Scott, Fox, & Pye, 2004).
These findings are compatible with the framework, termed
‘weak central coherence’ (Frith, 2003; Frith & Hapṕe, 1994),
which posits that a fundamental problem in autism is the dif-
ficulty in drawing together or integrating individual pieces of
information (perceptual or conceptual) to establish meaning,
with the resultant reliance on piecemeal, local information
rather than on the overall context. Despite the existing evi-
dence, the extent to which autistic subjects truly do show a
local bias or do fail to derive the whole is somewhat contro-
versial in itself and this point is specifically addressed in the
experiments below.

Although there are now rich literatures focusing on the
nature of face processing and the tendency to focus on local
rather than global information in autism, each domain has
many open questions and, moreover, there is little considera-
tion of the relationship between these visual processes. This
relationship, however, is of great interest in cognitive neu-
r isual
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essing (Critchley et al., 2000; Grelotti et al., 2005; Pierce
uller, Ambroses, Allen, & Courchesne, 2001; Schultz et al.
000), despite normal retinotopic and early visual system
anization (Hadjikani et al., 2004; Pierce, Haist, Sedaghat,
ourchesne, 2004). The neuroimaging findings are not wi
ut challenge, however: a very recent study has shown
ificant fusiform activation in autism, especially in the ri
emisphere, as would be expected, and with greater a

ion in response to familiar than unfamiliar faces, as is
xpected (Hadjikani et al., 2004; Pierce et al., 2004; see also
alton et al., 2005). The autistic individuals do show a mo

imited cortical network than controls in response to fam
ar faces in this study, but the presence of FFA activatio
utism is important and contrasts with most existing stu

The second perceptual domain, concerning the exte
lobal or holistic processing in autism, has also been w
tudied with many, but not all, investigations reporting
utistic individuals tend to focus more on the parts of a st

us and to experience difficulty in deriving the global entity
hole.1 For example, autistic individuals fail to take the en
isual context into account (Hapṕe, 1996; Ropar & Mitchell,
999) and fail to perceive impossible geometric figures, a
hich requires part integration (Mottron & Belleville, 1993).
sing a wide variety of paradigms, investigations have

evealed that autistic individuals show enhanced detecti
ocal targets in visual search (Plaisted, O’Riordan, & Baron

1 The terms global, holistic and configural are often used intercha
bly in the literature and we do so here too. However, we examine po
istinctions between them in the final discussion.
oscience. Faces form a class of perceptually similar v
timuli and are, therefore, thought to be the paradigm
xample of a stimulus that relies heavily on configural
essing, with the gestalt or holistic properties of the stim
ossibly even overriding the contribution of its individ
omponents (Farah, Wilson, Drain, & Tanaka, 1995; Leder &
ruce, 2000; Maurer, Le Grand, & Mondloch, 2002; Tanaka
Farah, 1993; Tarr & Cheng, 2003; Yovel, Paller, & Levy

005). One might expect then that any difficulty in deriv
he global configuration would substantially impair
bility to process faces. Indeed, individuals with integra
isual agnosia who experience difficulty in deriving confi
al information, are also impaired both at recognizing kn
aces and at discriminating novel faces. The reverse find
lso reported: individuals who are impaired at face proces
ither as a result of a brain damage (acquired prosopagn
Barton, Press, Keenan, & O’Connor, 2002; Behrmann &
imchi, 2003) or as a result of a congenital problem are a

mpaired at extracting configurations from local eleme
Behrmann et al., in pressBehrmann, Avidan, Marotta
imchi, 2005; Le Grand, Mondloch, Maurer, & Bren
004). A further indication of the relationship between fa
nd configurations comes from comparisons of perform
n upright versus inverted faces, relative to objects. T
ally, for normal individuals, recognition and discriminat
f faces is better for upright than for inverted faces (Yin,
969) and this difference holds to a lesser extent for obje
he disproportionate face versus object inversion effe

aken to reflect the fact that upright faces are proce
lobally or as a whole with extraction of the second-o
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relational features—when faces are inverted, the whole or
configuration is no longer available and a more part-based
system is utilized, leading to the observed decrement in
performance (Farah, Tanaka, & Drain, 1996; Maurer et al.,
2002; Moscovitch & Moscovitch, 2000). Consistent with
this, prosopagnosic individuals often do not show the face
inversion effect in tasks requiring face discrimination and
may even do better on inverted than upright faces presumably
because their part-based strategy can proceed unhampered
by attempts at configural processing (Behrmann et al., 2005;
Farah et al., 1996; Marotta, McKeeff, & Behrmann, 2002).

If autistic individuals focus unduly on the local features of
the input, this might adversely impact their face processing
and result in a greater dependence on parts than on the whole
of a face. Indeed, some studies have reported that individuals
with autism rely more on individual components of the face
such as the lower face or the mouth than normal individuals
(Hobson et al., 1988) and there is a growing consensus that
individuals with autism process faces in a more analytical,
feature-based fashion (Hobson et al., 1988), and attend to
different features of a face (Joseph & Tanaka, 2003) than do
their non-autistic counterparts. This bias towards local ele-
ments in autism may also interfere with the extraction of the
second-order statistics, the very process thought to be critical
for face recognition and discrimination and for the superior
processing of upright over inverted faces (Carey & Diamond,
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recognition memory for other stimuli such as cats, horses and
motorbikes (Blair, Frith, Smith, Abell, & Cipolotti, 2001). An
obvious outstanding question is whether any changes in their
perceptual performance on these other classes of objects may
also perhaps be explained by the trend towards local process-
ing. Although there is consensus that faces are the paradig-
matic stimulus requiring configural representation, there is
growing acknowledgement that other visual stimuli might
also require configural processing. For example, studies have
shown that, as is true for faces, local shape and surface fea-
tures may not be the most efficient strategy for the purpose
of discrimination and identification of objects which belong
to the same class and are perceptually similar as in the case
of cars, birds, bodies, individual Greebles (seeFig. 6, for ex-
ample, of this novel 3D rendered object) (Gauthier & Tarr,
1997) or any other class of homogeneous exemplars—to effi-
ciently differentiate individual exemplars, additional details
and ‘configural’ or relational information may be necessary
(Gauthier & Tarr, 2002; Maurer et al., 2002; Seitz, 2002; Tarr
& Cheng, 2003). If this is so, individuals with autism who
focus on local details might also experience difficulty pro-
cessing other non-face stimuli when the need to do individual
level differentiation arises, although the difficulty might be
exaggerated for faces given the nature of the extreme homo-
geneity of the exemplars.

In three sets of studies, we address face processing, con-
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994; Rhodes, 1988). Indeed, individuals with autism are n
s affected in behavioral studies by inversion of a face as
ontrols (Boucher & Lewis, 1992; Davies, Bishop, Manstea
Tantum, 1994), show even less of a N170 ERP differe

etween upright and inverted faces than controls and d
how temporal or gamma band activity thought to be ne
ary for binding components of upright faces (Grice et al.
001; McPartland, Dawson, Webb, Panagiotides, & Car
004). All of this is consistent with the idea that autistic in
iduals may proceed in a more part-based fashion and a
o local aspects of the input (although seeTantam, Monaghan
icholson, & Stirling, 1989). Note, however, that some r
ent studies have challenged the idea that autistic indivi
xperience difficulty in configural face processing; for
mple, children with autism are subject to the Thatcher
ion, just like their control counterparts, suggesting that
an indeed perceive second-order relational features (Rouse
onnelly, Hadwin, & Brown, 2004). Also autistic individu
ls show a processing advantage for recognizing the mo
ontext compared with when it is shown in isolation (Joseph
Tanaka, 2003) and, when cued, are further assisted in ge
ting the whole-face advantage (Lopez, Donnelly, & Hadwin
004), suggesting that contextual information is proces
s is evident, there remain many unanswered questions
erning configural processing, its relation to possible l
reference or bias in autism and its impact on face pro

ng.
Although the emphasis of much of the visuopercep

ork in autism has been on the processing of faces, ind
als with autism have also been shown to perform poor
gural processing and the relationship between them as
s object processing more generally. We start off by ex

ning the face processing abilities in a sample of 14 au
dults. We then present the findings from two experim
esigned to examine configural processing in the same
iduals and to explore the extent to which these individ
xhibit a local bias. We also examine correlations betw
ace and configural abilities. Finally, in the third set of
eriments, we examine the perceptual performance of

ndividuals on other non-face visual objects, all drawn f
he same stimulus class and sharing many perceptual fea
o evaluate the specificity of any visuoperceptual altera
n autism.

. General methodology

.1. Participants

The participants were 14 high-functioning adult indiv
als with autism (12 male and 2 female), between 19 an
ears of age, and 27 neurotypical control individuals,
control subjects matched as closely as possible by

er, age and education level to each autistic individual.2 The
ean full scale IQ score of the autistic group was 104.1 (S
7.4). All participants had visual acuity of at least 20
ith correction if necessary. Demographic characteristi

2 Because one of the control subjects was well-matched to more tha
utistic individual, we had 27 rather than 28 control subjects.
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Table 1
Biographic details and IQ scores of autistic individuals

Autistic (age/gender) Education level VIQ PIQ FSIQ

1 34/F 12 89 78 83
2 30/M 16 104 116 110
3 19/M 13 139 106 126
4 47/M 8 90 98 93
5 41/F 12 80 77 77
6 46/M 12 88 103 96
7 42/M 12 94 90 91
8 24/M 13 116 116 118
9 31/M 14 130 113 124

10 53/M 18 118 119 117
11 19/M 12 78 81 78
12 40/M 15 113 128 123
13 35/M 14 106 105 107
14 22/M 14 111 112 114

the autistic subjects are provided inTable 1along with IQ
scores. This study was approved by the Institutional Review
Boards of the University of Pittsburgh and Carnegie Mellon
University. Written informed consent was obtained from all
participants.

Autistic participants had no identifiable etiology such as
tuberous sclerosis or fragile-X syndrome. Screening tests
to determine eligibility of the participants with autism in-
cluded the Wechsler Adult Intelligence Scale-III (Wechsler,
1997), the Kaufman Test of Educational Achievement (K-
TEA)(Kaufman & Kaufman, 1985), the Autism Diagnostic
Observation Schedule (ADOS) (Lord et al., 1989) and the
Autism Diagnostic Interview (ADI & ADI-Revised; (Le Cou-
teur et al., 1989; Lord, Rutter, & Le Couteur, 1994)). The di-
agnosis of autism provided by the two structured instruments
was confirmed by expert clinical opinion (Dr. Minshew). Sub-
jects with autism were also required to be in good medical
health, free of seizures and have a negative history of trau-
matic brain injury. All autistic subjects were cooperative.

Controls were volunteers recruited from the community
who met preset inclusion and exclusion criteria. Potential
controls were screened by completion of a questionnaire on
demographic information and family and personal history.
Controls were required to be in good physical health, free of
regular medication usage and have good peer relationships,
based on report and staff observations during testing. Con-
t tric
d
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sat in a dimly lit room at a viewing distance of approxi-
mately 60 cm from the screen. All experiments were com-
pleted in a single session. Reaction time (RT) and accuracy
were recorded in all experiments (except for those tasks as-
sessing spatial frequency thresholds).

3. Face processing

3.1. Gender and individual level discrimination of faces

This first experiment was designed to examine the face
processing abilities of the autistic individuals. Based on pre-
vious findings, we expect that the autistic individuals may
perform more poorly than their control counterparts. A fur-
ther prediction is that any observed difference will be dispro-
portionately exaggerated as the level of categorization be-
comes more specific (individual as opposed to gender level)
since it is at this level that the need for more fine-grained
perceptual discrimination, and the reliance on second-order
relations, becomes more critical. This experiment has been
used successfully in the past to show this exact pattern of
findings in individuals with prosopagnosia (Behrmann et al.,
2005; Gauthier, Behrmann, & Tarr, 1999).

3.1.1. Design and procedure
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rols were excluded if they had a history of neuropsychia
isorder.

.2. General procedure

The experiments were conducted on a Macintosh Po
ook 540C (9.5 in. monitor) or a Macintosh Quadra
15 in. monitor) and were executed with PsyScope ver
.2.1 (Cohen, MacWhinney, Flatt, & Provost, 1993) or with
SVP 2.5 Software (Tarr, 1994). All responses were reco
ith two keys marked to identify the stimulus–response m
ing either on the keyboard or, for the first few subjects,
utton box customized to run with PsyScope. Particip
The stimuli consisted of 60 grey-scale faces (half m
alf female) scanned from a 3D laser and obtained
einrich Bülthoff and Niko Troje (Max Planck Institut
übingen, Germany). All faces were cropped using the s
.72× 7.62 cm oval window to remove cues from the h

ine and face contour (seeFig. 1a). There were no diagnos
r salient cues on these faces. On each trial, two face
eared side by side on a computer screen until the su
ressed one of two keys to respond ‘same’ or ‘differe
he distance from the middle of each face was 10.67 cm
ach face subtended a visual angle of 1.8◦ horizontally and
.5◦ vertically. Accuracy and RT were measured. The lev
ategorization (perceptual similarity) was manipulated
ig. 1a) such that a pair of stimuli could contain faces
ere (1) identical (20 trials), (2) different gender and indiv
al (GI, 30 trials) and (3) same gender, different individ
I, 10 trials). The trials were randomized across condit
ithin a block.
Because autistic subjects are almost always slower

heir non-autistic counterparts in producing responses
re more variable in their speed of response, examinin
olute reaction times may be misleading. Furthermore,
ly focusing on interactions, for example, group (autistic
ontrol)× condition (gender and individual) with RT as t
ependent measure may be subject to scaling problem
esult merely from differences in baseline performance
ween the groups rather than from a real interaction betw
roup and the conditions of interest. These analytical p

ems are well-recognized and have plagued the literature
iously, for example, in the domain of schizophrenia (Miller,
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Fig. 1. Examples of stimuli and results for face experiments. (a) Examples
of stimuli for face discrimination experiment, including one trial where faces
differ on the basis of gender and one trial where faces differ on the basis of
individual identity. (b) Mean of median RT (and one SE) for correct different
trials as a function of conditions of discrimination for autistic and control
groups.

Chapman, Chapman, & Collins, 1995). In an attempt to be
cognizant of these potential scaling problems, we not only use
the median (to offset the influence of outliers) for each cell
for each individual but also more importantly, the percentage
change across the experimental conditions is calculated and
compared across groups to control for differences in the ab-
solute base RT. We also examined the RTs of each individual
and ascertained whether the individual data fall outside of the
95% confidence interval of the control subjects, following the
recommendations for single case study analysis (Crawford
& Garthwaite, 2004) and other statistical recommendations
(Cumming & Finch, 2005). Accuracy is also analyzed. Note
that participants are instructed to respond both quickly and
accurately. It is well-known in the neuropsychological liter-
ature that, under conditions of unlimited exposure duration
such as used here (non-data limited), accuracy may not be the
best measure: subjects may simply spend inordinate amounts
of time until they are certain that their response is correct and
so RT is usually a more telling measure. Additionally, there
are case reports of agnosic individuals, in whom accuracy
measures suggest normal performance, but the correspond
ing RT data clearly indicate a marked impairment (Delvenne,
Seron, Coyette, & Rossion, 2004; Gauthier, Behrmann, et al.,
1999; Gerlach, Marstrand, Habekost, & Gade, 2004). It is for
these reasons that the emphasis of the analysis here is on th

RT rather than on accuracy. We recognize that emphasizing
accuracy over speed or vice versa may produce somewhat
different results, a point we take up again in the final discus-
sion.

3.1.2. Results and discussion
There is neither a group difference nor an interaction

of group× condition in accuracy (F < 1), which is high in
both groups (mean, S.D.: autism 92%, 13.7%; controls 95%,
6.9%)—this is not surprising given the unlimited exposure
duration of the displays but warrants further discussion and
is taken up again later in the paper. The RT analysis per-
formed on the median of the correct different trials (for each
condition) reveals slower RTs for autistic than normal indi-
viduals (F(1,39) = 11.21,p < 0.001), as reflected inFig. 1b.
There is also a marginally significant interaction with condi-
tion (F(1,39) = 4.2,p < 0.07): autistic individuals are slower
at individual versus gender discrimination trials than the con-
trol subjects (difference: autism 656 ms, controls 226 ms). A
t-test based on percent RT increment in the individual over the
gender trials (9.7% controls; 14.5% autistic) yields a signifi-
cant difference between groups (t(39) = 7.1,p < 0.05), further
confirming the increased difficulty for the autistic participants
in the individual level discrimination. As expected, the autis-
tic group was slower than controls but perhaps more pertinent
is the difference across them when percentage RT increment
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s considered.Table 2shows the number of autistic indivi
als whose data fall outside the 95% confidence interv

he control group in the individual level condition and, a
vident, this is so in 11 out of the 14 participants.

The group difference is not obviously attributable to
erences in IQ across the autistic and control groups. We
elated the speed of correct same/different decisions ma
he autistic individuals with their IQ scores and no signific
orrelation was noted with VIQ (p = 0.8), PIQ (p = 0.78) or
SIQ (p = 0.54). It is also of interest that when we comp

he RT data from only those autistic subjects (n = 9) whose
erformance IQ is over 100 (the highest functioning s

ects) with their corresponding controls, the autistic gr
s still significantly slower (F(1,16) = 4.8,p < 0.05) and, in
ddition, the difference in percent RT across condition
till evident (390 ms in controls 11.5%; 1035 ms differe
n autism 16%).

This first experiment suggests a significant slowing in
rocessing in the autistic participants, relative to the con
f particular relevance is the relatively exaggerated diffic

or the autistic individuals on the individual level discrim
ation trials, which are thought to rely to a greater exten
onfigural processing, compared with the gender trials.
hat the group difference is apparent in RT rather than in
uracy – because the participants were not under a res
eadline so as to mimic a naturalistic situation as best as
ible, they may have taken longer but eventually were ab
espond with high accuracy. This first experiment revea
ifference in face processing between the autistic group

he controls, and we now explore in greater detail the na
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Table 2
Tabulation of autistic individuals falling outside of the 95% confidence intervals calculated from the normal control subjects

Autistic (age/gender) Facesa Global localb Configural elementc Objectsd Greeblese

1 34/F − + + + +
2 30/M − + inc. + +
3 19/M + − − − −
4 47/M + + − − −
5 41/F + − + + +
6 46/M + + + + +
7 42/M + + + * −
8 24/M + + + + +
9 31/M − − + − −
10 53/M + + + + n/a
11 19/M + + + + n/a
12 40/M + + − + +
13 35/M + + + + +
14 22/M + + + + +

Total 11 11 10/13 10 8/12

‘+’: Falls outside the 95% confidence intervals of the control group; ‘−’: falls within the 95% confidence intervals of the control group;‘*’: falls at the 95%
confidence interval of the control group; n/a: did not perform this task; inc.: did not complete task in entirety.

a On trials of two different individual faces of the same gender.
b Calculated as{(global inconsistent− global consistent)/(local inconsistent− local consistent)}.
c Calculated as (CS–ES) for all prime durations many element trials.
d On trials consisting of two different exemplars (e.g., two different chairs).
e On trials consisting of two different individual Greebles; only 12 autistic subjects performed this task.

and extent of the configural processing abilities in these same
individuals.

4. Configural processing in autism

Although the weak central coherence hypothesis suggests
that autistic individuals may exhibit difficulty in integrating
information into a coherent or meaningful whole from lo-
cal parts (both perceptually and conceptually as in low and
high level weak central coherence), the empirical findings are
more complicated. While some studies have shown that autis-
tic individuals are better able to identify the local than global
letters in compound stimuli and to focus on local elements
(sometimes to an even greater degree than is true for the con-
trol subjects) in visual search (Plaisted, 2000; Plaisted et al.,
1998), this is not always the case. For example Mottron and
his colleagues (Mottron, Burack, Stauder, & Robaey, 1999;
Mottron, Burack, Iarocci, Belleville, & Enns, 2003)have re-
ported that autistic individuals do not differ from non-autistic
subjects in deriving the identity of the global letter of com-
pound stimuli (although perhaps even more surprising is the
absence of the expected global advantage for normal indi-
viduals in some of these studies). The presence of a global
bias in autism has also been observed in other studies us-
ing somewhat different displays (Ozonoff, Strayer, McMa-
h on,
& : the
fi and
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t le an
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which letters are identified at the global or local level and the
second experiment uses a primed matching paradigm, which
allows for a more fine-grained and temporally extended anal-
ysis of configural processing.

4.1. Global/local processing with compound letter
stimuli

This experiment adopts the well-known compound stim-
uli, which are large hierarchical letters made up of small let-
ters, in which the identity of the local letters is either consis-
tent or inconsistent with that of the global letter (seeFig. 2a).
In the version of the task we used, in separate blocks of tri-
als, subjects identify the letter, via key press (‘s’ or ‘h’), at
either the local or the global level. All else being equal, in
normal subjects, the global letter is identified faster than the
local letter, and conflicting information between the global
and the local levels exerts asymmetrical global-to-local in-
terference (Navon, 1977). We note that many parameters af-
fect these findings including the length of the exposure du-
ration (Navon, 1977; Paquet & Merikle, 1984), sparsity of
local letters (Martin, 1979), foveal placement of the stimulus
(Pomerantz, 1983) and spatial certainty (Lamb & Robertson,
1988; Navon, 2003). In addition, the blocked version of the
task used here requires focused attention at either the global
or local level rather than divided attention in which, within
a the
p tistic
i

4
es:

c ers
on, & Filloux, 1994; Rinehart, Bradshaw, Moss, Breret
Tonge, 2000). Note that there are two separate issues

rst concerns the possible enhanced local bias in autism
he second concerns the ability to derive a global config
ion. These may be somewhat independent and separab
e explore both of them in the following experiments. T
rst experiment uses the well-knownNavon (1977)stimuli in
d

block, identification can occur at either level. Whether
aradigm is run blocked or mixed appears to affect au

ndividuals differentially (Plaisted et al., 1999).

.1.1. Design and procedure
The stimuli were four hierarchical letters of two typ

onsistent letters, in which the global and the local lett
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Fig. 2. Examples of stimuli and results of global/local task. (a) Four com-
pound stimuli, two of which are consistent and share identity at the global
and local level and two of which do not share identity at the global and local
level. (b) RT (and one SE) for means for control and autism group for global
and local identification as a function of consistency.

shared identity (a large H made of smaller Hs and a large S
made of small Ss) orinconsistent letters, in which the letters
at the two levels had different identities (a large H made
of small Ss and a large S made of small Hs; seeFig. 2a).
The global letter subtended 3.2◦ in height and 2.3◦ in width,
and the local letter subtended 0.44◦ in height and 0.53◦ in
width.

The experiment consisted of the factorial combination
of two variables in a repeated measures design: globality
(global identification versus local identification), and con-
sistency (consistent stimuli versus inconsistent stimuli). The
two tasks, local or global identification, were administered
in separate blocks of 96 experimental trials each, precede
by 10 practice trials. The consistent and inconsistent letters
were randomized within block with each letter occurring on
an equal number of trials, for a total of 192 trials. Before each
block, participants were verbally instructed to respond to the
global or local letters. Each trial was initiated with a central
fixation cross of 500 ms duration. This was immediately re-
placed by one of the four possible stimuli, which remained
centrally on the screen until a response was made. Partic
pants were instructed to press the left key on the button box
(or keyboard) to indicate a response of ‘s’ or the right key
for ‘h’. The order of the blocks and response designation was
counterbalanced across subjects.

4.1.2. Results and discussion
At the outset, we note that there is neither a group differ-

ence between autistic and control subjects, nor an interaction
of any sort, in the accuracy data (allF < 1). Autistic and con-
trol subjects were correct on average 98% (S.D., 2%) and
98.2% (S.D., 1.3%) of the time, respectively. The high ac-
curacy rate is not surprising given the unlimited exposure
duration and ease of task (making s/h decisions). The RT
data, calculated on the median for each subject for each con-
dition, reveals a significant three-way interaction between
group× globality (global and local)× consistency (consis-
tent and inconsistent) (F(1,39) = 4.9,p < 0.05). There are also
main effects of group and of globality (p < 0.0001). As is evi-
dent fromFig. 2b, under these testing conditions, the control
subjects responded quickly and showed a slight advantage
for global over local identification (23 ms) and a slight asym-
metry with greater slowing in the inconsistent case (relative
to the congruent case) when local identification is required
(interference from globally incongruous letter) than when
global identification is required (interference from locally
incongruous letters). This global advantage and the global-
to-local interference replicates the standard findings (Navon,
2003), although the condition differences may not be as large
as usual given the unlimited duration and repeated foveal pre-
sentation.
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The autistic subjects were slower than the control su
jects overall, but most importantly, a different pattern of pe
formance is observed for them (Fig. 2b). The autistic group
is overall faster for local than global identification althoug
this difference comes from the inconsistent trials: there is
statistically significant difference between global and loc
identification in the consistent case, but in the inconsiste
case, local identification is faster than global identificatio
(p < 0.05). The latter result, namely greater slowing in th
inconsistent case when global identification is required, i
dicates a large local-to-global interference. The faster loc
identification and the local-to-global interference both ind
cate that autistic individuals show a local bias in their pr
cessing. It is the case, however, that there is no obvious lo
advantage in the consistent case suggesting that there
be some partial processing of the global identity too whic
when congruent with the local letter, can be extracted. We c
infer then that, under the conditions employed here, the au
tic individuals were able to derive the global configuration
the consistent condition, but that their local bias gave ri
to large interference in the inconsistent condition, sugge
ing that it was difficult to attain a stable global configuratio
when the elements had a conflicting identity.

Given the ongoing controversy in the autism literature co
cerning the extent to which processing is locally biased a
the extent to which configural processing is possible, a
given the suggestion that the autistic group in this expe
ment may be able to derive the global identity as well
the local identity in the consistent case, we examined t
data of each autistic subject individually. To this end, we ca
culated the number of autistic individuals who fall outsid
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the 95% confidence intervals of the control group, calculated
as{(global inconsistent− global consistent)/(local inconsis-
tent− local consistent)} and 11 of the autistic subjects fall
outside the intervals. We also conducted pairwise ANOVAs
with each autistic subject and his/her two matched controls as
the between-subjects variable and globality and consistency
as the within-subjects variables. Nine of the 14 pairwise com-
parisons show the significant interaction with group, suggest-
ing that the pattern we observe for the group is present in the
majority of autistic subjects but not in all of them as in the
confidence interval analysis.

A number of possible explanations for the observed vari-
ance within the autistic group may exist. One immediate pos-
sibility is that autistic individuals really do differ in the extent
to which they can undertake configural processing. Another
possibility is that ‘weak coherence’ is a cognitive style rather
than a deficit per se and the extent to which configural pro-
cessing manifests is a function of the autistic individual abil-
ity to avoid/adopt this style when instructed to do so (Booth,
Charlton, Hughes, & Hapṕe, 2003). An alternative explana-
tion has to do with the parameters of this experiment: because
the stimuli are presented for unlimited exposure duration,
with enough time, many autistic subjects may be able to de-
rive the global shape. It is also the case that the presence of
multiple local elements may assist this process; a display that
is relatively sparse with few local elements biases away from
g ents
(
& s,
w sub-
j cially
w they
c tions
r

4
o

can
d ons
a ment
p ts in
g r of
l ed a
f mall
e g but
t
2 few
l d the
t d the
p to as
t oral
e e of
p istic
i t do
s also

interact with the number of elements such that with sufficient
time only the many- but not the few-element condition may
lend itself more easily to configural processing in autism (as
in the previous experiment).

This experiment used the primed matching paradigm
(Beller, 1971): participants view a prime followed imme-
diately by a pair of test figures, and judge, as rapidly and
accurately as possible, whether the two test figures are the
same or different (seeFig. 3a). No response is made to the
prime itself. Primes and probes are made of few or of many
elements (but in a single trial, prime and probe always share
the same number of elements). There were two types of test
pairs defined by their similarity to the prime (seeFig. 3a):
the element-similarity (ES) test pairs in which the test fig-
ures were similar to the prime in their local elements but dif-
fered in global configuration, and theconfiguration-similarity
(CS) test pairs in which the figures were similar to the prime
in global configuration but differed in local elements. The
speed ofsame responses to the test figures depends on the
representational similarity between the prime and the test
figures: responses are faster when the test figures are similar
to the prime than when they are dissimilar to it. For exam-
ple, it is now well-known that, in neurotypical individuals
(Behrmann & Kimchi, 2003; Kimchi, 1998), the availability
of elements and configuration depends on the number and
relative size of the elements. For few, relatively large ele-
m pro-
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lobal shape whereas the presence of multiple local elem
as in this case) assists in the extraction of the whole (Bacon

Egeth, 1991; Kimchi, 1998). Thus, in these condition
ith enough time and enough local elements, autistic

ects may be able to assemble the global shape (espe
ith help from the consistent local elements). Whether
an still derive the global shape under more taxing condi
emains to be determined.

.2. Microgenetic analysis of the perceptual
rganization of hierarchical stimuli

Given the uncertainty about whether autistic subjects
erive global identity under more challenging conditi
nd the apparent within-group variance, this next experi
robes the configural processing of the autistic subjec
reater detail. In this experiment, we varied the numbe

ocal elements across two displays, one of which contain
ew large elements and one of which contained many s
lements. The former is thought to bias local processin

he latter is thought to bias global processing (Kimchi, 1998,
000). Importantly, as well as using displays that have

arge or many small elements, a prime is presented an
emporal interval between the appearance of the prime an
robe display is manipulated. This approach, referred

he microgenetic approach, involves examining the temp
volution of the percept, rather than just the final outcom
erception. One prediction is that, with enough time, aut

ndividuals are able to derive the global whole but canno
o under brief exposure durations. The time course may
ents, the component elements are available early on in
essing (ES advantage) and, only, with more time, are
onfigured or grouped into a global configuration. For ma
lement patterns, there is an interesting U-shaped fun

he configuration is available very early (CS advantage),
t 40 ms, suggesting that normal individuals derive the fo
apidly before the trees. At the intermediate durations
lements themselves are individuated and finally, at lon
ations (690 ms), both the configuration and the elemen
vailable to the observer. By varying the timing of the pr

n relation to the probe, we can tap earlier and later inte
epresentations (Behrmann & Kimchi, 2003; Kimchi, 1998,
000; Sekuler & Palmer, 1992). The question addressed h

s whether the same effects of number and relative siz
lements influence the perception of the autistic individu
s normal individuals, and if so, how early in time.

.2.1. Design and procedure
Responses to the visual displays were made by p

ng one of two response keys, and RTs and accuracy
ecorded by the computer. Participants used their dom
and for responding. The priming stimuli were few-elem
nd many-element hierarchical patterns (global diam
ade up of circles). The few-element prime was a diam
ade of four relatively large circles, and the many-elem
rime was a diamond made of sixteen relatively small
les. Each test stimulus consisted of two hierarchical
erns. There were two types of test pairs, ES and CS p
ach of which gave rise to same and different responses
lobal diamond subtended 1.25◦, and the global square 0.96◦.
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Fig. 3. Examples of stimuli and results of few/many microgenetic experiment. (a) Primed match paradigm: probes, consisting of few and many elements,are
followed, after varying SOAs, by test pairs which require ‘same’ or ‘different’ responses and which are similar to the prime in elements or configuration. (b)
Group means of RT (and one SE) for (i) controls and (ii) autistic individuals for few and many displays, shown for configuration similarity (CS) and element
similarity (ES) trials as a function of SOA.
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Each individual circle element subtended 0.36◦ (in diameter)
in the few-element patterns, and 0.18◦ in the many-element
patterns. Each individual square element subtended 0.38◦ in
the few patterns, and 0.19◦ in the many-element patterns. The
distance between the centers of the two stimuli in a test pair
was 0.7 cm.

The experiment consisted of the factorial combination
of four factors: prime type (few-element or many-element);
prime duration (40, 90, 190, 390 or 690 ms); test type (ES
and CS); and response choice (“same” or “different”). The
few-element and many-element primes were administered
in separate blocks of 160 trials each. All the combinations
of the three factors (prime duration, test type and response)
were randomized within block with each combination oc-
curring on an equal number of trials. Each trial consisted
of the following: first, a small fixation dot appeared in the
center of the screen for 250 ms, followed by a prime. The
presentation time for the priming stimulus was equally and
randomly distributed among 40, 90, 190, 390 and 690 ms. Im-
mediately after the presentation of the prime, the test display
appeared and remained until the response, for a maximum of
3000 ms. The test display contained two figures presented on
either side of the location previously occupied by the prime.
Participants had to decide whether the two figures were the
same or different and respond accurately and quickly using
the response keys. Each individual completed 320 trials. Six-
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mid-durations is an ES advantage apparent. These data repli-
cate the previous findings using this paradigm (Behrmann
& Kimchi, 2003; Kimchi, 1998), and other previous results
showing global representation with many-element stimuli un-
der short exposures (Navon, 1977; Paquet & Merikle, 1984).
Of particular pertinence for the comparison with the autistic
group, we point out the advantage for greater priming of the
local elements for few-element displays and the rapid ability
to derive a global configuration of many items at early SOAs.

For the autistic group, there is also a large advantage for
the ES over CS test pairs for few-element trials (88 ms), sug-
gesting a slightly greater local bias for the autistic subjects
with few, large elements than for the controls (note the un-
explained anomalous drop in CS for autistic group at 90 ms
which is also diminishing the full extent of the local advan-
tage or ES). Of relevance too, is the absence of priming of the
configural representation for the autistic group at any prime
duration whereas CS = ES for the controls at both short and
long durations for many elements; in contrast, there is a sub-
stantial advantage (68 ms) for ES over CS for many-element
displays across all exposure durations. The major finding,
then, is that there is no evidence of benefit from the prime for
the CS condition in autism for many-element items as there is
in normal control individuals. Instead, a robust and persistent
benefit (except for 90 ms few elements) for the ES test pairs
is obtained for few-element and many-element displays.
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een practice trials were completed for each of few-elem
nd many-element patterns before the experimental trial
ote that one autistic individual (subject 2Table 1) and his
ontrols were not included in this analysis as his data
ncomplete.

.2.2. Results and discussion
Accuracy rates were high for both groups (mean and S

utism 98.3%, S.D. 3.1%; controls 98.1%, S.D. 4.3%), a
ot surprising given that the test pair remains on the sc

or unlimited duration. There were no differences betw
he groups nor any interactions between group and any
ther variables on accuracy (F < 1). In light of this, we turn to

he RT data. Mean of median correctsame RTs for prime-tes
imilarity (ES and CS) are plotted inFig. 3b as a function o
rime duration for each prime type (few-element andmany-
lement patterns) for the control and autistic groups (pane
nd ii, respectively). Note that onlysame trials are analyze
s the relationship between the probe and test pair is

ully controlled when the two items in the test pair are
ame (for example, prime is diamond made of circles
est pair is made of two squares, both of which are mad
ircles so, in both halves of the test pair, the local elem
ut not global configuration are shared with prime). Most
ortantly, as shown inFig. 3b, the patterns of data for the tw
roups are statistically different. For the control group, for

ew-element display (i, left panel), there is a 72 ms advan
or ES over CS, collapsed across duration. In contrast, fo
any-element display, very early on, as well as at the lon
OA, there are equally rapid RTs for ES and CS. Only a
The statistical analyses support these findings: the d
nce between CS and ES is significant across the group
s a function of few/many elements (F(1,36) = 4.6,p < 0.05),
s described above. There is also a significant interacti

est type× group× prime duration (F(4,144) = 2.7,p < 0.05)
nd a marginally significant interaction of prime type× prime
uration× group (F(4,144) = 1.9,p = 0.09). Post hoc tests i
icate that, at 40 ms SOA, there is no pairwise differe
etween CS and ES for the control group for the many
ent display whereas this difference persists for the au
roup. One important point is that 40 ms may be too rapi

he autistic subjects to show the early configuration prim
iven that there is a reduction in their speed of proces
owever, there is no time point (in the range we teste
hich the configuration priming is observed for the auti

ndividuals suggesting that they are not exhibiting mere
emporal delay or offset relative to the controls but, rather
howing a different pattern of behavior. As is evident fr
able 2, 10 of the 13 autistic individuals who completed
xperiment fall outside the normal confidence interval
any element items (calculating all CS− ES).
The findings from this experiment are roughly comp

le with those from the global/local hierarchical experim
Section4.1). In both cases, for the control subjects, we
vidence of global or configural processing: a small but ro
dvantage for global over local identification and globa

ocal interference, and an equivalence in RT for CS ove
n many-element trials in this experiment at early and late
osure durations. The autistic subjects show some acc
lobal identity in the global/local experiment (Section4.1),
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possibly afforded by the identity and numerosity of the lo-
cal elements. In this current experiment, there is no apparent
evidence for global processing and the enhancement of lo-
cal processing is striking, as evident in the persistent and
large difference between CS and ES in both the few and the
many-element trials. To the extent that adults with autism
have the capacity to derive a global whole, this ability is
rather weak and possibly supported by the opportunity for
local elements to prime the global shape in the global/local
experiment. Note that the patterns used here are all inconsis-
tent (squares made of circles or diamonds made of squares)
so there is no such opportunity for local facilitation. The find-
ings from this experiment are consistent with the recent data
showing that autistic individuals fail to process inter-element
relationships and show a bias away from gestalt grouping
principles (Brosnan et al., 2004).

4.3. Spatial frequency thresholds

Before claiming that the reduced pattern of a global ad-
vantage in autism is one of impaired configural processing,
we need to rule out some alternative explanations. One such
explanation concerns possible differences in low-level spatial
frequency analyses. Several researchers have suggested an in-
volvement of spatial filters, based on spatial frequency chan-
nels, operating at early visual processing (Ginsburg, 1986) in
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Fig. 4. Examples of stimuli for testing low-level vision. Examples of stimuli
used to establish contrast thresholds across different spatial frequencies.
Examples here are 1 cycle per inch (left) and 30 cycles per inch (right). In a
sequential paired task, subjects indicate whether the first or second stimulus
in the pair contains the grating.

it, in turn, was replaced by a 200 ms blank screen. At this
point, the subject was required to decide whether the first or
second image contained the grating. Feedback was provided
to the subject after each trial. A series of five practice trials
was presented before the first block and, for most subjects,
the order of blocks was counterbalanced. If the response was
correct, a more difficult discrimination (decreased contrast
by 0.2) was presented on the next trial. If the response was
incorrect, the contrast was increased by 0.2. A log contrast
threshold was determined for each cpi using method of lim-
its where threshold is defined as the value of contrast that
produces 82% accuracy. Note that one autistic subject was
unwilling to complete this experiment and two of them com-
pleted all cpis except for 0.3 (as they completed 0.1 instead in
error).

4.3.2. Results and discussion
The mean log contrast thresholds obtained for the autistic

patients was compared with the mean of the normal subjects.
A group× spatial frequency analysis reveals no difference
across groups, nor an interaction of group× frequency (both
F < 1). This finding confirms that the autistic individuals per-
form within the normal boundaries in detecting low and high
frequency gratings. Having ruled out the possibility that the
discrepancy between the patients and the normal control sub-
jects in their perception of the hierarchical stimuli is due to
d or-
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m ssing
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jects,
w lobal
p than
t ulty
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he perception of global and local structures. For exampl
atency advantage for global over local processing is fo
hen low-spatial frequencies are removed from hierarc
timuli (Badcock, Whitworth, Badcock, & Lovegrove, 1990;
ughes, Fendrich, & Reuter-Lorenz, 1990; Lamb & Yund,
993; Shulman & Wilson, 1987; Shulman, Sullivan, Gish
Sakoda, 1986), suggesting that the global advantage

ect is mediated by low spatial frequency channels. T
ne possible explanation for the autistic subjects’ red
bility to perceive the global form of a hierarchical stimu
ight concern a fundamental limitation in processing

patial frequency information. If so, then we might exp
hat autistic individuals should be relatively impaired at p
essing low frequency displays, resulting in an increased
patial frequency threshold, relative to their control subj
o evaluate this, we established thresholds for the au
ubjects across a wide range of spatial frequencies and
ared them to those of control participants.

.3.1. Design and procedure
To document the spatial frequency function, we es

ished, for each individual, the log contrast thresholds at
, 3, 10 and 30 cycles per inch (cpi) using a Matlab func
hich implements a discrimination task. Subjects compl
ve blocks of trials, with 20 trials each and using displ
orresponding to one of the cpis (examples of stimuli
nd 30 cpis are shown inFig. 4). In each trial, a fixatio
oint appeared on the screen for 1 s. After 200 ms, one i
ppeared for 200 ms followed by a blank screen for a

her 200 ms. A second image then appeared for 200 m
ifferential limitations in analyzing spatial frequency inf
ation, it seems that the failure to derive a global whole

ects a difficulty in configural processing. In the final exp
ents, then, we examine the impact of configural proce
n other visual, non-face stimuli.

. Discrimination of non-face objects

The prediction to be tested here is that the autistic sub
ho show a bias for local processing and less efficient g
rocessing than the controls, may also perform less well

he controls on non-face objects especially as the diffic
f perceptual discrimination increases.
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5.1. Object processing

5.1.1. Design and procedure
A set of 80 grey-scale objects was created by rendering

3D object models using Silicon Graphics Inventor Software.
The object models were obtained from multiple sources, in-
cluding public domain sites and commercial CD-ROMS. As
was the case for the face testing, on each trial, two stimuli
(of varying levels of similarity) were placed side by side on a
computer screen for an unlimited duration (seeFig. 5a) until
the subject pressed a same or different key. Accuracy and RT
were measured. The level of categorization was implemented
as follows: pairs of stimuli for each of four conditions were
created in the following way: (1) identical (40 trials, 2 rep-
etitions), (2) pair where stimuli differ at basic, subordinate
and exemplar levels (BSE, 20 trials: car and a duck), (3) pair
where stimuli differ at subordinate and exemplar levels (SE,
20 trials): duck and a pelican) and (4) pair where stimuli
are different exemplars but from the same subordinate level
(E, 20 trials: 2 different ducks). The trials were randomized
across conditions within a block.

5.1.2. Results and discussion
The analysis of the median RT on correct different trials

reveals a significant interaction between group and condi-
t bit
s cific,
t n for
t ire
a basic

F tion
e tion
t mplar
l as a
f

(6.9% increment) judgment and a further 206 ms (10%) to
make the exemplar decision, and the corresponding numbers
for the control group are 62 ms (4.3%) and 122 ms (7.5%).
Note that, although a significant group× condition interac-
tion is present, the speed of the base reaction time and the
magnitudes of the cross-condition difference are lower than
in the face discrimination experiment (compare withFig. 1
and notey-axis differences). The analysis of the percent RT
difference scores using at-test shows a group difference in
RT between basic and subordinate (p < 0.05) although this
does not reach statistical significance between subordinate
and exemplar (p > .05). Note that the between group differ-
ences do hold when a subanalysis of RT is done comparing
the nine highest IQ (performance IQ > 100) autistic individu-
als and their controls counterparts (p = 0.043). Also, as shown
in Table 2, 10 (and 1 on boundary) autistic participants fell
outside the 95% confidence intervals of the control subjects
based on RTs on the exemplar trials of the task. There was
neither a group nor a group× condition interaction in the ac-
curacy data (F < 1) (mean S.D.: autistic 98%, 3.9%; controls
97%, 4%), presumably because the exposure duration was
unlimited and the effects manifested in speed rather than in
accuracy.

5.2. Greeble processing

5
bles

( ject
t e on

F peri-
m fer at
t eans
for control and autism group as a function of condition of discrimination.
ion (F(2,78) = 5.1,p < 0.008); although both groups exhi
lower RTs as level of categorization becomes more spe
his is so to a somewhat greater degree for the autistic tha
he control group (seeFig. 5b). Thus, autistic subjects requ
n additional 149 ms to make the subordinate over the

ig. 5. Examples of stimuli and results of common object discrimina
xperiment. (a) Examples of stimuli from common object discrimina
ask, showing pairs of stimuli that differ at the basic, subordinate or exe
evels. (b) RT (and one SE) for means for control and autism group
unction of condition of discrimination.
.2.1. Design and procedure
The stimuli consisted of 60 grey-scale pictures of Gree

examples inFig. 6a). As was the case for the face and ob
esting, on each trial, two stimuli were placed side by sid

ig. 6. Examples of stimuli and results of Greeble discrimination ex
ent. (a) Examples of stimuli from Greeble task, showing pairs that dif

he basic, family, gender and individual level. (b) RT (and one SE) for m
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a computer screen for an unlimited duration until the subject
pressed a same or different key. Accuracy and RT were mea-
sured. Greebles are a class of novel stimuli, designed to mimic
the processing demands of faces, i.e., all have the same num-
ber and rough geometry of local parts requiring the derivation
of spatial relationships between them. Additionally, to paral-
lel the level of categorization of faces (face versus object, two
faces of different gender or individual faces of the same gen-
der), the Greebles are designed to fall into families which all
share the same main body. Within each family, there are two
possible genders (appendages go up or down) and then within
the family and gender, there are individual, unique Greebles.
In this task, the level of categorization was implemented in
the following way: there were five conditions (1) identical (63
trials), (2) basic (paired with a familiar object, such as a car),
(3) different gender (G; paired with a Greeble from another
gender but same family), (4) different family (F; paired with a
Greeble of different family but same gender) and (5) individ-
ual (I, paired with a Greeble with different individual identity
but from same family and gender). Conditions 2–5 had 30 tri-
als each. Only 12 autistic subjects and corresponding control
subjects completed this experiment (the remaining two inad-
vertently completed a more complex version which included
upright and inverted Greebles—we note, however, that the
findings from these two subjects are roughly the same as for
those tested here).
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their control counterparts but that the nature of the decision
is not equal across all conditions. For example, autistic in-
dividuals, like the controls, do not show much of a RT dif-
ference between decisions involving family (main body) and
decisions involving gender (appendage direction). The autis-
tic individuals, however, as a group, are slowed in differen-
tiating between two Greebles compared with differentiating
between a Greeble and another object (basic level) even when
absolute reaction time is taken into account. Although we ex-
pected that the autistic individuals would also be dispropor-
tionately impaired in discriminating between two individual
Greebles, the autistic subjects are only minimally slower than
the controls when a difference score is computed and baseline
RT taken into account.

6. Relationship between configural and face and
object processing

The findings thus far indicate that the group of autistic
individuals was slower at face processing than their con-
trols, especially as the level of categorization and perceptual
similarity became more fine-grained. The autistic group also
showed a greater local bias than the control group and, under
the testing conditions employed, did not show the configu-
ral or global processing observed in the control pattern. The
autistic individuals also performed more slowly than the con-
t this
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.2.2. Results and discussion
An analysis of the median RT data from correct

erent trials reveals an interaction of group× condition
F(3,90) = 6.3,p < 0.001). As is evident fromFig. 6b, the con
rol subjects show a graded effect with RT increasing with
culty of perceptual discrimination. This slowing, howev
s disproportionately increased in the autism group. The
erence between some conditions is almost double fo
utistic than for the control groups; the difference betw
asic and gender is 579 ms (22%) for autistic and 31
17%) for controls, the difference between gender and
ly trials is 188 ms (5.4%) for autistic and 113 ms (4.9%)
ontrols and, finally, the difference between family and
ividuals is 631 ms (14.8%) for autistic and 382 ms (13.

or controls. The percent difference score reveals a signifi
roup difference in going from basic to gender (p < 0.05) bu
ot between the other conditions. An analysis of the dat
luding the highest IQ autistic individuals (only eight rat
han nine as one of the high IQ autistic subjects performe
ther version of the task) does reveal a group× condition in-

eraction (p < 0.038) and, with the exception of family to ge
er, all cross-condition differences are significant. As se
able 2, 8 of 12 autistic individuals who completed this ta
ell outside the 95% confidence intervals on the Greebl
ividual task. There was neither a main effect of group no

nteraction evident in the accuracy data (F < 1) (mean S.D
utistics 92%, 13.5%; controls 94.6%, 4.5%).

These findings suggest that individuals with autism
lower in making decisions about Greebles compared
rol group on non-face common and novel objects, and
oo was true to a somewhat greater degree as the need fo
recise discrimination (based on configural knowledge)
equired.

Given that one of the goals of this study was to exam
he relationship between face/object processing and co
ral processing, we performed correlation analyses firs

ween the two configural tasks and then between them
he face/object tasks. We took the individual values from
onfigural tasks, which we used to establish whether th
ividual subjects fell outside the normal confidence inter
seeTable 2) and correlated them. Ther2 value was 0.2
p = 0.09), which is encouraging given the small numbe
ubjects and suggests some replicability of the findings a
he two configural tasks. We then went on to investigate
orrelation with faces/objects using the value for each su
rom the global/local task.

The median RT for face processing, collapsed across
ition, correlated with the configural value described ab
ielded a significantr2 value of 0.61 (p = 0.03). Although
orrelation is not causation, the relationship between R
ace processing and a local bias is clear in the autistic
iduals. Of interest also is that a significant correlation is
bserved between the effect of globality, as above, an
edian RT on the Greeble experiment in the autistic g

r2 value of 0.47 (p = 0.01; 12 individuals)]. This same co
elation does not reach significance for objects [r2 value of
.21,p = 0.1].

Taken together, the results of the correlation analyse
nformative: the slowing in face (and Greeble) processin
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well correlated with the relative superiority of processing lo-
cal information. The lack of a significant correlation with ob-
jects is consistent with the idea that the objects may well rely
on configural processing (especially at an individual level)
but to a lesser extent and indeed, the relationship between
global and object processing is much weaker.

Before turning to the final discussion, we examine the
profile of the individual autistic subjects across the five ex-
periments using the data fromTable 2which shows whether
on each task, the subjects performance fell beyond the normal
95% confidence interval. Four of the 14 subjects fall outside
the normal confidence intervals on all five experiments and an
additional two who did not complete the Greebles task, did
so on the remaining four experiments (and, as mentioned,
showed the same findings as we see here on the Greeble task
they did perform). A further three subjects fall below the low-
est confidence intervals of the normal limits on four of the
five tasks. Two subjects did so on a single task and one subject
did so on two tasks (faces and global/local).

Taken together, these explorations of the patterns of indi-
vidual data provide reasonably, although not perfectly, good
support for the relationship between the configural and face
task and to a somewhat lesser degree between configural and
object and Greebles task. It is also the case that many, al-
though not all, autistic individuals exhibit the same pattern
of performance in RT.
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nificantly slowed at making same/different discriminations
between novel faces, relative to their matched control coun-
terparts, and this was so to a greater extent as the perceptual
discrimination was more fine-grained. The second set of stud-
ies explored the configural processing abilities of the same
autistic subjects. Relative to the controls, the autistic individu-
als show a local bias or local superiority such that identifying
local elements was faster than identifying global letters or
shapes and identifying a compound letter at the global level
was slowed by inconsistent local information.

A more detailed investigation, manipulating the number
of elements in a display and the time course by which the
local versus global information is available, revealed a pat-
tern of behavior that differs from the well-established profile
of neurotypical individuals. In particular, the autistic individ-
uals did not show the signature effects of normal grouping
behavior in displays with many items: early priming for test
pairs that are configurally similar to the prime (CS) over items
that are similar to the prime in the local elements (ES) reflect-
ing the global advantage with many elements (Kimchi, 1998)
at brief exposure durations (Navon, 1977; Paquet & Merikle,
1984). Instead, the autistic individuals are primed by the local
elements and show a clear advantage for the elements over
the whole shape. Taken together, the large local-to-global in-
terference in the global/local experiment, and the absence
of facilitation from the global configuration in the primed
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. General discussion

To date, much research in visuoperceptual processi
utism has focused on two lines of investigation. The one
f investigation has shown that autistic individuals perf
oorly on tasks requiring face processing, including ide
ecognition as well as discrimination of gender, gaze d
ion and emotion (Teunisse & De Gelder, 2003). The secon
ine of investigation has been concerned with the exte
hich autistic individuals are able to derive a coheren
eaningful whole from the local elements present in vi

nput. While most studies report that autistic individuals s
local bias, sometimes leading to superior performance
ontrol subjects (Caron, Mottron, Rainville, & Chouinar
004; Plaisted, Saksida, Alcantara, & Weisblatt, 2003), the
xtent to which autistic individuals can integrate the lo
omponents and derive the global configuration is less c
he focus of the current paper is on each of these line

nvestigation as well as on the relationship between the
nal issue addressed is whether autistic subjects differ
heir controls on non-face stimuli, so as to ascertain the s
city of any altered perceptual patterns in autism.

.1. Face/object processing in autism and the
elationship to configural processing

In the course of this paper, three series of studies wer
ertaken. The first set revealed that 14 autistic adults wer
atching experiment (in the many-element condition) at
f the possible prime durations (not just an early config
rganization) suggest that the autistic subjects may be a
erive a global configuration, in a time-consuming fash
nly under favorable circumstances (facilitating local in
ation) and that, in general, they show a bias towards
lements.

We also confirmed that the poorer perceptual perform
n autism is not attributable to a fundamental differenc
patial frequency thresholds. Of particular interest is tha
ifficulty in configural processing, indexed by the failure
roup rapidly and efficiently many relatively small eleme

nto a global shape, was positively correlated with the slow
n face processing. Although our focus has been on v
rocessing, we note the visual perceptual difficulty we h
ocumented here may be part of a more general perce
attern; the apparent difficulty in detecting configuration

he auditory modality (Foxton et al., 2003) also suggests
ias towards local processing and may reflect a patte
utism that is independent of the sensory modality of

nput.
The third set of studies showed that the perceptua

erences in autism extended beyond faces to non-fac
ects too, with the autistic individuals being significan
lowed, relative to the controls, on same/different disc
nation tasks. This slowing was not as great as was
or faces and it did not hold perfectly consistently acr
ll individuals and all conditions. A positive correlation w
lso noted between the local bias and the performanc

he Greeble processing task but not on the non-face o
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task. Taken together, these findings indicate important differ-
ences in visuoperceptual processing in autism compared with
the control subjects in both face/non-object and in configural
processing and further suggest that there may be a positive
relationship between these patterns of performance.

7.2. Preference for local information in autism

The obvious question is what underlying mechanism gives
rise to these differences in perceptual performance. We have
shown that there are no differences in spatial frequency
thresholds in autism and in the control group, suggesting that
the differences are probably not arising at the very early stages
of the visual system. Consistent with this, a recent functional
magnetic resonance imaging study found no differences be-
tween the sensory visual areas of people with autism and
normal controls (Hadjikani et al., 2004)—the ratio of central
to peripheral visual field representation was normal and the
maps of retinotopic organization did not differ from those of
controls in any respect. This result would suggest that the vi-
sual abnormalities arise further upstream and that the process
involved in the perceptual organization and grouping of the
local elements may be the source of the difference. However,
we should note that several studies have argued for a low-level
visual deficit in autism in the domain of motion perception;
given random dot stereograms with the requirement to detect
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elements and face processing is well-established in other pop-
ulations. There are several studies showing that individuals
with prosopagnosia perform poorly on tasks that require the
integration of perceptual information (Barton et al., 2002)
and integrative agnosic patients who are impaired at group-
ing information to form a global shape may show concurrent
problems in object and face recognition (Behrmann & Kim-
chi, 2003; Ricci, Vaishnavi, & Chatterjee, 1999). Moreover,
individuals who are congenitally prosopagnosic (CP), with no
identifiable neural substrate that gives rise to this behavioral
alteration, are impaired on the global/local task and show a
profile similar to that of the autistic individuals on the very
same few/many experiment conducted here (Behrmann et al.,
2005). We note that these CP individuals also differ from their
controls on the non-face objects, as is the case for the autis-
tic individuals tested here. The CP individuals, however, do
not share the neuropsychological and social deficits present
in most autistic individuals. These sources of evidence from
other populations bolster the claim that there is a relation-
ship between face and configural processing. But, of course,
correlation is not causation and causality still remains to be
determined.

In sum, the view that we have taken here is that the slowing
in face processing in autism might arise from a more funda-
mental visual (and possibly even sensory independent) bias
towards the local elements and perhaps simultaneous or resul-
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oherent motion, individuals with autism have higher thr
lds for detection than their peers (Milne et al., 2002), are
eficient in motion direction discrimination (Bertone, Mot

ron, Jelenic, & Faubert, 2003) and experience difficulty wit
apidly moving stimuli (Gepner & Mestre, 2002). Although
hese biases have been attributed to an alteration in the
ocellular pathways in autism (Milne et al., 2002), they may
ossibly be reinterpreted as a higher-order difficulty in i
rating elements, reflecting the same local bias as we
ocumented here. Determining motion coherence or pa
f biological motion requires the observer to track mult
arts of the display and the relationship of the local elem
ith each other. Additionally, items must be integrated ac

ime and the difficulty may arise in this integration, jus
e have demonstrated a deficit in integrating local elem
cross space. Thus, the motion deficit might potentially
rise from the failure to derive a global configuration fr
timuli3 containing multiple local elements and not from
hange in early visual processing per se.

We have suggested that the apparent slowing in o
rocessing, and to a greater extent in face processing m
xplained by the local bias exhibited by the autistic indi
als. The relationship between the ability to configure l

3 On the surface, one possible exception to this is that Blake and colle
Blake, Turner, Smoski, Pozdol, & Stone, 2003) report increased biologic
otion thresholds in autistic children with preserved ability to group s

ine elements into a single global figure. This form of grouping, by collin
ty, is thought to be done by early visual processes (Kovács, Kozma, Fehe

Benedek, 1999) and can be distinguished from the kind of higher-le
rouping into identifiable shapes to which we are referring.
ant difficulty in integrating local components of a stimu
nto a whole. Moreover, this fundamental perceptual form
rocessing is not restricted to faces but may impact v
rocessing of other non-face objects too when the dem

or discrimination and recognition are high, as is true in
ase of faces. Because faces are typically identified
xemplar-specific level, they are the most susceptible t

mpairment in integrating local elements, but common
ects and novel Greebles are also affected, albeit not t
ame degree as faces.

In contrast with this view of weak perceptual cohere
r difficulty comprehending the spatial relationship betw

he elements perhaps by virtue of a local bias, other
es have argued that the face processing difficulties in au
rise as a consequence of a social, rather than perce
eficit. For example, it is known that individuals with auti
ave a limited capacity for social adaptation (Klin et al.,
002) and orient more to objects than to faces (Dawson et al.
004). But it is possible that the social deficit and the p
eptual disorder work in tandem: the lack of experience
he inadequate attention to faces may limit the acquis
f the normal configural perceptual skill. Consistent w

he claim that expertise comes to fine-tune or optimize
usiform gyrus (FG), the putative ‘face area’, as a func
f experience with a class of stimuli (Gauthier et al., sub

ed for publicationGauthier, Tarr, Anderson, Skudlarsk
ore, 1999;Le Grand, Mondloch, Maurer, & Brent, 200),

he fusiform region of autistic individuals does not app
ntly come to respond preferentially to faces and this
oactivation may be a direct reflection of the social disab
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(Schultz, 2005; Schultz et al., 2003). Some, although not all,
recent functional magnetic resonance imaging studies have
shown reduced activation of the FG of autistic individuals
when viewing faces; instead strong activation is noted in the
inferior temporal gyrus region, the region activated during
object discrimination in controls (Grelotti et al., 2005; Hubl
et al., 2003; Pierce et al., 2004, 2001; Schultz et al., 2000).

We have, however, suggested an alternative interpretation
and that it is that face processing is slowed not solely because
faces are social but because they represent a particularly com-
plex visual stimulus that depends specifically on configural
processing. This view is also supported by a recent study that
shows that face recognition is not correlated with ratings of
social impairment nor does it line up with a particular di-
agnosis of social developmental disorder. Instead, as we do,
the authors argue that any difficulties in face processing in
individuals with social deficits may well be causally related
to an underlying perceptual alteration, suggestive of occip-
itotemporal dysfunction (Barton et al., 2004). Whether the
perceptual alteration is primarily responsible for the local
bias and/or difficulty to derive configuration or whether it
comes from lack of experience with faces remains to be de-
termined. Of course, the social disability and the perceptual
performance are not mutually exclusive and each may ulti-
mately contribute both to the difficulties in processing faces
and the difficulties in configural processing. The challenge is
t ater
d
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stead, introduces questions about confounds that emerge from
artifacts of scaling (a problem that has plagued literature such
as that in the domain of schizophrenia). In some cases and in
some of our paradigms, we have been able to show qualitative
rather than simply quantitative differences. For example, in
the global/local task, the control subjects show global supe-
riority whereas the autistic subjects exhibit local superiority.
A second example is in the few/many task in which autistic
individuals (under the range of temporal intervals used here)
never exhibit priming (equal or better performance on CS
than ES) when primes share configural representations with
the probe whereas this is evident in normal individuals both
early and late with many element displays. However, the pat-
tern of data in the face, object and Greeble tasks all indicate
slowing in autism compared with control and understanding
the basis of this slowing will require further investigation.
Converging evidence from studies using brief exposure and
accuracy may help in this regard.

An additional issue to confront is the apparent discrep-
ancies between various measures in the paradigms we have
reported. So, for example, while statistically significant group
differences may be observed (as in object and Greeble exper-
iment), more detailed analyses do not always bear out the
predictions. It is also the case that not every individual autis-
tic subject shows the full profile of perceptual differences
(seeTable 2). These issues suggest that one might want to
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.3. Caveats and considerations

We have argued for an altered perceptual profile in au
ased on differences in reaction time between neuroty
nd autistic subjects in face and object processing as w

n configural processing. We have suggested that these
ion time differences provide an important index of the na
f visual processing in autism. Before concluding, howe
e need to consider some limitations of our approach
t the same time, caution the reader to possible confo

hat might be at play. The experiments were all condu
n a ‘data-unlimited fashion’, i.e., the stimuli were pres
or an unlimited duration and our dependent measure
he speed with which the various perceptual decisions
ade rather than the accuracy, as would be more telli

ases of displays with brief presentation of visual ima
ur approach, while advantageous in approximating nat

stic conditions where stimuli remain present for exten
eriods of time, is potentially problematic, too. One com
ation is that just because autistic subjects are slower tha
ontrols does not obviously tell us whether the pattern of
n autism is qualitatively different rather than quantitativ
ifferent. Indeed, autistic individuals are notoriously s

n their motor control and response time (Bauman, 1992).
mphasizing the interaction (for example, greater slow

n condition B than A for autistics than for controls), wh
omewhat helpful, does not eliminate this quandary, an
-

xercise some caution in interpreting the data and, ind
e recommend that additional data be collected to verify
trength of the patterns we have observed.

Even if we set aside these statistical/technical issues,
till remains the question of the mechanism underlying t
ifferences. As stated above, the differences could arise
erceptual system of autistic individuals or even in the m
esponse system. The differences might also reflect a p
ntial strategy or cognitive style in which autistic individu
pend more time inspecting details in a situation when t

s no requirement for speed in a task. Why these individ
dopt this style or strategy still remains an open issue bu
ortantly, if this were the case, the slowed performance m
rise neither in the perceptual nor in the motor systems p
nd an alternative approach entirely might need to be so

Another facet of the data that requires cautious interp
ion is that the match between the control group and au
roups was not perfect. We had not been able to matc
roups on IQ but matched on age and gender and educ

evel (as a rough but obviously not adequate proxy fo
ellectual function). Although we analyzed the data from
ighest functioning autistic individuals in some sub-anal
nd showed that the pattern of data remained unchanged
ared with the entire group analysis, the need for a co
able intellectual group is pressing to ensure definitively
he patterns we see are specific to autism and not attribu
o differential intellectual competence between the aut
nd control group.

A final, more theoretical question that remains to be
ressed is exactly what constitutes ‘configural’ proces
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and whether the configural processing required for faces (and
for other objects) is the same as that required for global/local
and few/many element processing. The definition of configu-
ral processing is highly controversial and is the focus of many
investigations (Gauthier & Tarr, 2002; Leder & Bruce, 2000;
Maurer et al., 2002; Moscovitch, Winocur, & Behrmann,
1997). In the domain of face perception, one sense of ‘config-
ural’ refers to the perception of relations among the features
of a stimulus, with a distinction between two types of config-
ural processing (Carey & Diamond, 1994; Rhodes, 1988): (i)
first-order relations among elements, for example, process-
ing the presence of two eyes above a nose and (ii) second-
order relations—local elements are processed in a relational
manner (e.g., nose–mouth distance). A second sense of the
term ‘configural’ refers to holistic processing—the features
or local elements are glued together into a gestalt (Tanaka
& Sengco, 1997). Although the distinctions are reasonable,
many outstanding issues remain such as the extent of the su-
peradditivity of the features in the holistic case, the ability
to access the local elements in the holistic case and the re-
lationship between these different forms. Additionally, these
various configural processes are generally considered in rela-
tion to faces (but see (Gauthier & Tarr, 2002)) and so apply-
ing this taxonomy to the global/local task or to the few/many
task is less clear. Understanding what constitutes configu-
ral processing, how the elements are represented in relation
t pro-
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