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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
neurotypical individuals in these domains is debatable and, moreover, the relationship between the behaviors in these two domains remait
unclear. We first compared the face processing ability of 14 adult individuals with autism with that of neurotypical controls and showed that
the autistic individuals were slowed in their speed of face discrimination. We then showed that the two groups differed in their ability to derive
the global whole in two different tasks, one using hierarchical compound letters and the other using a microgenetic primed matching task witf
geometric shapes, with the autistic group showing a bias in favor of local information. A significant correlation was also observed between
performance on the face task and the configural tasks. We then confirmed the prediction that the ability to derive the global whole is not only
critical for faces but also for other objects as well, as the autistic individuals performed more slowly than the control group in discriminating
between objects. Taken together, the results suggest that the bias for local processing seen in autistic individuals might have an adverse imp:
on their ability to process faces and objects.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction thick glasses or a strange hairstyle.”(in “Thinking in Pictures
and Other Reports from my Life with Autism” by Temple
“And this is how | recognize someone if | don't know who Grandin).
they are. | see what they are wearing, or if they have a walking
stick, or funny hair, or a certain type of glasses, or they have a
particular way of moving theirarms, and | do a Search through
my memories to see if | have met them before.” (Christopher,
the 15-year old autistic protagonist in The Curious Incident
of the Dog in the Night-time by Mark Haddon).

Autism is a developmental disorder that is associated with
a number of characteristic deficits, most notably in the do-
mains of social interaction, communication and imaginative
behavior Frith, 2003 Klin, Jones, Schultz, Volkmar, & Co-
hen, 2002Volkmar, Lord, Bailey, Schultz, & Klin, 2004 It
is further defined by the finding that most autistic individuals
“| often get into embarrassing situations because | do not exhibit a restricted and repetitive behavioral repertoire. Ab-
remember faces unless | have seen the people many times onormalities in visual processing have also been documented
they have a very distinct facial feature such as a big beard,inautism Kanner, 1943Society for Autistic Children, 1978
although the nature and extent of the visuoperceptual impair-
* Corresponding author. Tel.: +1 412 268 2790; fax: +1 412 268 2798. mentinthese individuals remains a topic of debate. Many pre-
E-mail address: behrmann@cnbc.cmu.edu (M. Behrmann). vious studies have focused on two visuoperceptual behaviors
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in autism, one related to face processing and the other relatedCohen, 1998Plaisted, Swettenham, & Rees, 1998 rform
to the derivation of organized wholes from perceptual parts. well on tasks such as Block Design and Object Assembly that
While both lines of investigation have been fruitful, each set require a local focusMinshew, Goldstein, & Siegel, 1997
of findings remains somewhat controversial and, moreover, and exhibit superior performance in detecting embedded fig-
there has only been minimal consideration of the relation- ures Happe, 1999 Jolliffe & Baron-Cohen, 1997Shah &
ship between these behaviors in autism. We consider some-rith, 1983. One recent study has revealed that autistic chil-
of the existing data from each domain and then the possi-dren use gestalt grouping heuristics significantly less often
ble relationship between them before we outline the current than controls do, resulting in difficulties appreciating inter-
studies. element relationshipsBfosnan, Scott, Fox, & Pye, 20D4
Many studies of face processing in children with autism These findings are compatible with the framework, termed
have demonstrated the presence of an impairment that isweak central coherencer(ith, 2003 Frith & Happg, 1994,

widespread and present from an early aBawson et al., which posits that a fundamental problem in autism is the dif-
2002, affecting both the perception of and the memory for ficulty in drawing together or integrating individual pieces of

faces Ellis, Ellis, Fraser, & Deb, 1994 auck, Fein, Maltby, information (perceptual or conceptual) to establish meaning,
Waterhouse, & Feinstein, 199Rlin et al., 1999; Langdell,  with the resultant reliance on piecemeal, local information

1977). The perceptual difficulties also affect the perception rather than on the overall context. Despite the existing evi-
of the affect of faces{obson, 198pHobson, Ouston, & Lee,  dence, the extent to which autistic subjects truly do show a
1988, the perception of direction of gazéq(liffe & Baron- local bias or do fail to derive the whole is somewhat contro-
Cohen, 199yand sometimes even the perception of gender versial in itself and this point is specifically addressed in the
(Hobson, 1987; Njiokiktjien etal., 2001The sameistrue for ~ experiments below.
adults with autism, although the impairmentis apparentlyless  Although there are now rich literatures focusing on the
severe in older individuals and in more cognitively able indi- nature of face processing and the tendency to focus on local
viduals Boucher & Lewis, 1992 The reported decrementin rather than global information in autism, each domain has
face processing is consistent with a series of recent functionalmany open questions and, moreover, there is little considera-
imaging studies demonstrating atypical or weak activation of tion of the relationship between these visual processes. This
the fusiform gyrus, the preeminent area involved in face pro- relationship, however, is of great interest in cognitive neu-
cessing Critchley et al., 2000; Grelotti et al., 200Bierce, roscience. Faces form a class of perceptually similar visual
Muller, Ambroses, Allen, & Courchesne, 2Q@chultz et al., stimuli and are, therefore, thought to be the paradigmatic
2000, despite normal retinotopic and early visual system or- example of a stimulus that relies heavily on configural pro-
ganization Hadjikani et al., 2004Pierce, Haist, Sedaghat, & cessing, with the gestalt or holistic properties of the stimulus
Courchesne, 2004The neuroimaging findings are not with-  possibly even overriding the contribution of its individual
out challenge, however: a very recent study has shown sig-componentsKarah, Wilson, Drain, & Tanaka, 199%der &
nificant fusiform activation in autism, especially in the right Bruce, 2000Maurer, Le Grand, & Mondloch, 200Zanaka
hemisphere, as would be expected, and with greater activa-& Farah, 1993Tarr & Cheng, 2003Yovel, Paller, & Levy,
tion in response to familiar than unfamiliar faces, as is also 2005. One might expect then that any difficulty in deriving
expectedifladjikani et al., 2004; Pierce et al., 20G&e also, the global configuration would substantially impair the
Dalton et al., 200p The autistic individuals do show a more  ability to process faces. Indeed, individuals with integrative
limited cortical network than controls in response to famil- visual agnosia who experience difficulty in deriving configu-
iar faces in this study, but the presence of FFA activation in ral information, are also impaired both at recognizing known
autism is important and contrasts with most existing studies. faces and at discriminating novel faces. The reverse finding is
The second perceptual domain, concerning the extent ofalso reported: individuals who are impaired at face processing
global or holistic processing in autism, has also been well- either as a result of a brain damage (acquired prosopagnosia)
studied with many, but not all, investigations reporting that (Barton, Press, Keenan, & O’Connor, 20@ehrmann &
autistic individuals tend to focus more on the parts of a stimu- Kimchi, 2003 or as a result of a congenital problem are also
lus and to experience difficulty in deriving the global entity or impaired at extracting configurations from local elements
wholel For example, autistic individuals fail to take the entire  (Behrmann et al., in pressBehrmann, Avidan, Marotta, &

visual context into accounHappe, 1996 Ropar & Mitchell, Kimchi, 2005; Le Grand, Mondloch, Maurer, & Brent,
1999 and fail to perceive impossible geometric figures, atask 2004). A further indication of the relationship between faces
which requires part integratioivipttron & Belleville, 1993. and configurations comes from comparisons of performance

Using a wide variety of paradigms, investigations have also on upright versus inverted faces, relative to objects. Typi-
revealed that autistic individuals show enhanced detection of cally, for normal individuals, recognition and discrimination
local targets in visual searcRlgisted, O’'Riordan, & Baron-  of faces is better for upright than for inverted fac&$n(
1969 and this difference holds to a lesser extent for objects.
1 The terms global, holistic and configural are often used interchange- The disproportionate face versus_object inversion effect is
ably in the literature and we do so here too. However, we examine possible taken to reflect the fact that upright faces are processed
distinctions between them in the final discussion. globally or as a whole with extraction of the second-order
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relational features—when faces are inverted, the whole or recognition memory for other stimuli such as cats, horses and
configuration is no longer available and a more part-based motorbikes Blair, Frith, Smith, Abell, & Cipolotti, 2001 An
system is utilized, leading to the observed decrement in obvious outstanding question is whether any changes in their
performance Rarah, Tanaka, & Drain, 199&/aurer et al., perceptual performance on these other classes of objects may
2002 Moscovitch & Moscovitch, 2000 Consistent with also perhaps be explained by the trend towards local process-
this, prosopagnosic individuals often do not show the face ing. Although there is consensus that faces are the paradig-
inversion effect in tasks requiring face discrimination and matic stimulus requiring configural representation, there is
may even do better on inverted than upright faces presumablygrowing acknowledgement that other visual stimuli might
because their part-based strategy can proceed unhamperealso require configural processing. For example, studies have
by attempts at configural processigphirmann et al., 2005;  shown that, as is true for faces, local shape and surface fea-
Farah et al., 199@Marotta, McKeeff, & Behrmann, 2002 tures may not be the most efficient strategy for the purpose
If autistic individuals focus unduly on the local features of of discrimination and identification of objects which belong
the input, this might adversely impact their face processing to the same class and are perceptually similar as in the case
and result in a greater dependence on parts than on the wholef cars, birds, bodies, individual Greebles (5ég 6, for ex-
of aface. Indeed, some studies have reported that individualsample, of this novel 3D rendered objecGduthier & Tarr,
with autism rely more on individual components of the face 1997 or any other class of homogeneous exemplars—to effi-
such as the lower face or the mouth than normal individuals ciently differentiate individual exemplars, additional details
(Hobson et al., 1988and there is a growing consensus that and ‘configural’ or relational information may be necessary
individuals with autism process faces in a more analytical, (Gauthier & Tarr, 2002Maurer et al., 2002; Seitz, 2002arr
feature-based fashiotHbbson et al., 1988 and attend to & Cheng, 2003. If this is so, individuals with autism who
different features of a facd@seph & Tanaka, 20Q&an do focus on local details might also experience difficulty pro-
their non-autistic counterparts. This bias towards local ele- cessing other non-face stimuli when the need to do individual
ments in autism may also interfere with the extraction of the level differentiation arises, although the difficulty might be
second-order statistics, the very process thought to be criticalexaggerated for faces given the nature of the extreme homo-
for face recognition and discrimination and for the superior geneity of the exemplars.
processing of upright over inverted fac&afey & Diamond, In three sets of studies, we address face processing, con-
1994 Rhodes, 1988 Indeed, individuals with autism are not  figural processing and the relationship between them as well
as affected in behavioral studies by inversion of a face as theiras object processing more generally. We start off by exam-
controls Boucher & Lewis, 1992Davies, Bishop, Manstead, ining the face processing abilities in a sample of 14 autistic
& Tantum, 1994, show even less of a N170 ERP difference adults. We then present the findings from two experiments
between upright and inverted faces than controls and do notdesigned to examine configural processing in the same indi-
show temporal or gamma band activity thought to be neces-viduals and to explore the extent to which these individuals
sary for binding components of upright facesrice et al., exhibit a local bias. We also examine correlations between
2001, McPartland, Dawson, Webb, Panagiotides, & Carver, face and configural abilities. Finally, in the third set of ex-
2004). All of this is consistent with the idea that autistic indi- periments, we examine the perceptual performance of these
viduals may proceed in a more part-based fashion and attendndividuals on other non-face visual objects, all drawn from
to local aspects of the input (although Jemtam, Monaghan,  the same stimulus class and sharing many perceptual features,
Nicholson, & Stirling, 1989 Note, however, that some re- to evaluate the specificity of any visuoperceptual alterations
cent studies have challenged the idea that autistic individualsin autism.
experience difficulty in configural face processing; for ex-
ample, children with autism are subject to the Thatcher illu-
sion, just like their control counterparts, suggesting that they 2. General methodology
can indeed perceive second-order relational featiResge,
Donnelly, Hadwin, & Brown, 2004 Also autistic individu- 2.1. Participants
als show a processing advantage for recognizing the mouthin
context compared with when it is shown in isolatidogeph The participants were 14 high-functioning adult individ-
& Tanaka, 2008and, when cued, are further assisted in gener- uals with autism (12 male and 2 female), between 19 and 53
ating the whole-face advantadepez, Donnelly, & Hadwin, years of age, and 27 neurotypical control individuals, with
2009, suggesting that contextual information is processed. 2 control subjects matched as closely as possible by gen-
As is evident, there remain many unanswered questions con-der, age and education level to each autistic individugte
cerning configural processing, its relation to possible local mean full scale 1Q score of the autistic group was 104.1 (S.D.,
preference or bias in autism and its impact on face process-17.4). All participants had visual acuity of at least 20/40,
ing. with correction if necessary. Demographic characteristics of
Although the emphasis of much of the visuoperceptual
work in autism has been on the processing of faces, individ- 2 gecause one of the control subjects was well-matched to more than one
uals with autism have also been shown to perform poorly in autistic individual, we had 27 rather than 28 control subjects.
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Tablel _ - sat in a dimly lit room at a viewing distance of approxi-
Biographic details and IQ scores of autistic individuals mately 60 cm from the screen. All experiments were com-
Autistic (age/gender) ~ Educationlevel VIQ PIQ  FSIQ pleted in a single session. Reaction time (RT) and accuracy

1 34/F 12 89 78 83 were recorded in all experiments (except for those tasks as-
2 30M 16 104 116 110 sessing spatial frequency thresholds).

3 19M 13 139 106 126

4 47M 8 90 98 93

5  41F 12 80 77 77 .

6 46/M 12 88 103 96 3. Face processing

7 42M 12 94 90 91

8  24M 13 116 116 118 3.1. Gender and individual level discrimination of faces

9 31M 14 130 113 124

ﬂ igm ig 1%3 1;3 171g This first experiment was designed to examine the face
12 40M 15 113 128 123 p_rocesging abilities of the autistic individu_al_s. Bgsed on pre-
13 35M 14 106 105 107 vious findings, we expect that the autistic individuals may
14 22/M 14 111 112 114 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

‘ . . - g perceptual discrimination, and the reliance on second-order
Unn{e'rsny. Written informed consent was obtained from all relations, becomes more critical. This experiment has been
participants. used successfully in the past to show this exact pattern of

Autistic participants had no identifiable etiology such as findings in individuals with prosopagnosigéhrmann et al.,
tuberous sclerosis or fragile-X syndrome. Screening test52005 Gauthier, Behrmann, & Tarr, 1999

to determine eligibility of the participants with autism in-
cluded the Wechsler Adult Intelligence Scale-Méchsler,
1997, the Kaufman Test of Educational Achievement (K-
TEA)(Kaufman & Kaufman, 198 the Autism Diagnostic
Observation Schedule (ADOS)d@rd et al., 1989 and the

the autistic subjects are provided Table 1along with 1Q
scores. This study was approved by the Institutional Review
Boards of the University of Pittsburgh and Carnegie Mellon

3.1.1. Design and procedure

The stimuli consisted of 60 grey-scale faces (half male,
half female) scanned from a 3D laser and obtained from
Heinrich Bllthoff and Niko Troje (Max Planck Institute,

Autism Diagnostic Interview (ADI & ADI-Revisedie Cou-  Tiypingen, Germany). All faces were cropped using the same
teuretal., 1989Lord, Rutter, & Le Couteur, 1994 The di- 5.72x 7.62 cm oval window to remove cues from the hair-

agnosis of autism provided by the two structured instruments |iqa and face contour (sé8g. 1a). There were no diagnostic
was confirmed by expert clinical opinion (Dr. Minshew). Sub- o sajient cues on these faces. On each trial, two faces ap-
jects with autism were also required to be in good medical peared side by side on a computer screen until the subject
health, free of seizures and have a negative history of trau'pressed one of two keys to respond ‘same’ or ‘different.
matic brain injury. All autistic subje.cts were cooperative.  The distance from the middle of each face was 10.67 cm and
Controls were volunteers recruited from the community oaqh face subtended a visual angle of hérizontally and

who met preset inclusion and exclusion criteria. Potential 5 vertically. Accuracy and RT were measured. The level of
controls were screened by completion of a questionnaire on¢4eqorization (perceptual similarity) was manipulated (see
demographic information and family and personal history. piq 14) such that a pair of stimuli could contain faces that
Controls were required to be in good physical health, free of \ ere (1) identical (20 trials), (2) different gender and individ-
regular medication usage and have good peer relationships, | (Gl, 30 trials) and (3) same gender, different individual

based on report and staff observations during testing. Con-.; ‘19 yials). The trials were randomized across conditions
trols were excluded if they had a history of neuropsychiatric ithin a block.

disorder. Because autistic subjects are almost always slower than
their non-autistic counterparts in producing responses and
2.2. General procedure are more variable in their speed of response, examining ab-
solute reaction times may be misleading. Furthermore, sim-
The experiments were conducted on a Macintosh Power-ply focusing on interactions, for example, group (autistic and
book 540C (9.5in. monitor) or a Macintosh Quadra 650 control)x condition (gender and individual) with RT as the
(15in. monitor) and were executed with PsyScope version dependent measure may be subject to scaling problems that
1.2.1 Cohen, MacWhinney, Flatt, & Provost, 199® with result merely from differences in baseline performance be-
RSVP 2.5 Software (Tarr, 1994). All responses were recordedtween the groups rather than from a real interaction between
with two keys marked to identify the stimulus—response map- group and the conditions of interest. These analytical prob-
ping either on the keyboard or, for the first few subjects, on a lems are well-recognized and have plagued the literature pre-
button box customized to run with PsyScope. Participants viously, for example, in the domain of schizophrerél(er,
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(a) Face discrimination RT rather than on accuracy. We recognize that emphasizing
accuracy over speed or vice versa may produce somewhat

Different gender different results, a point we take up again in the final discus-
sion.

@ Different individual 3.1.2. Resylts a}?d discussion . _ _
There is neither a group difference nor an interaction
of groupx condition in accuracyK<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 (1,39)=11.21p<0.001), as reflected iRig. 1b.
2000 | There is also a marginally significant interaction with condi-
5 tion (F(1,39)=4.2p <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-testbased on percent RT incrementin the individual over the
gender trials (9.7% controls; 14.5% autistic) yields a signifi-
| cant difference between group&39) = 7.1 p <0.05), further
500 ‘ = confirming the increased difficulty for the autistic participants
gender individual . L . L ! .
condition in the individual level discrimination. As expected, the autis-
tic group was slower than controls but perhaps more pertinent
Fig. 1. Examples of stimuli and results for face experiments. (a) Examples is the difference across them when percentage RT increment
of stimuli for face discrimination experiment, including one trial where faces  j5 consideredTable 2shows the number of autistic individ-
e e oo e Usls whose data fall outside the 95% confidence iterval of
trials as a function of conditions of discrimination for autistic and control the control group in the individual level condition and, as is
groups. evident, this is so in 11 out of the 14 participants.
The group difference is not obviously attributable to dif-
Chapman, Chapman, & Collins, 199%n an attempt to be  ferences in IQ across the autistic and control groups. We cor-
cognizant of these potential scaling problems, we not only userelated the speed of correct same/different decisions made by
the median (to offset the influence of outliers) for each cell the autistic individuals with their IQ scores and no significant
for each individual but also more importantly, the percentage correlation was noted with VIQy(=0.8), PIQ p=0.78) or
change across the experimental conditions is calculated and=SIQ (p=0.54). It is also of interest that when we compare
compared across groups to control for differences in the ab-the RT data from only those autistic subjecis=@) whose
solute base RT. We also examined the RTs of each individualperformance 1Q is over 100 (the highest functioning sub-
and ascertained whether the individual data fall outside of the jects) with their corresponding controls, the autistic group
95% confidence interval of the control subjects, following the is still significantly slower £(1,16) =4.8,p<0.05) and, in
recommendations for single case study analySimyford addition, the difference in percent RT across conditions is
& Garthwaite, 2003t and other statistical recommendations still evident (390 ms in controls 11.5%; 1035 ms difference
(Cumming & Finch, 200h Accuracy is also analyzed. Note  in autism 16%).
that participants are instructed to respond both quickly and  This first experiment suggests a significant slowing in face
accurately. It is well-known in the neuropsychological liter- processing in the autistic participants, relative to the controls.
ature that, under conditions of unlimited exposure duration Of particular relevance is the relatively exaggerated difficulty
such as used here (non-data limited), accuracy may not be thdor the autistic individuals on the individual level discrimi-
best measure: subjects may simply spend inordinate amountsation trials, which are thought to rely to a greater extent on
of time until they are certain that their response is correct and configural processing, compared with the gender trials. Note
so RT is usually a more telling measure. Additionally, there that the group difference is apparent in RT rather than in ac-
are case reports of agnosic individuals, in whom accuracy curacy — because the participants were not under a response
measures suggest normal performance, but the corresponddeadline so as to mimic a naturalistic situation as best as pos-

®®
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1000 || i ]

ing RT data clearly indicate a marked impairmddélvenne, sible, they may have taken longer but eventually were able to
Seron, Coyette, & Rossion, 2008authier, Behrmann, etal., respond with high accuracy. This first experiment reveals a
1999 Gerlach, Marstrand, Habekost, & Gade, 2D0tis for difference in face processing between the autistic group and

these reasons that the emphasis of the analysis here is on thihe controls, and we now explore in greater detail the nature
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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) Facks Global locaf Configural elemefit Objectd Greeble®

1 34/F — + + + +

2 30/M — + inc. + +

3 19/M + — — — —

4 47IM + + - - -

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/IM + + + + +
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.

@ On trials of two different individual faces of the same gender.

b Calculated ag(global inconsistent global consistent)/(local inconsistentocal consistent).

¢ Calculated as (CS-ES) for all prime durations many element trials.

d On trials consisting of two different exemplars (e.g., two different chairs).

€ On trials consisting of two different individual Greebles; only 12 autistic subjects performed this task.

and extent of the configural processing abilities in these samewhich letters are identified at the global or local level and the
individuals. second experiment uses a primed matching paradigm, which
allows for a more fine-grained and temporally extended anal-
ysis of configural processing.
4. Configural processing in autism
4.1. Global/local processing with compound letter
Although the weak central coherence hypothesis suggestsstimuli
that autistic individuals may exhibit difficulty in integrating
information into a coherent or meaningful whole from lo- This experiment adopts the well-known compound stim-
cal parts (both perceptually and conceptually as in low and uli, which are large hierarchical letters made up of small let-
high level weak central coherence), the empirical findings are ters, in which the identity of the local letters is either consis-
more complicated. While some studies have shown that autis-tent or inconsistent with that of the global letter ($ég. 2a).
tic individuals are better able to identify the local than global In the version of the task we used, in separate blocks of tri-
letters in compound stimuli and to focus on local elements als, subjects identify the letter, via key press (‘s’ or ‘h’), at
(sometimes to an even greater degree than is true for the coneither the local or the global level. All else being equal, in
trol subjects) in visual searcPRlaisted, 2000; Plaisted et al., normal subjects, the global letter is identified faster than the
1998, this is not always the case. For example Mottron and local letter, and conflicting information between the global
his colleaguesNjottron, Burack, Stauder, & Robaey, 1999 and the local levels exerts asymmetrical global-to-local in-
Mottron, Burack, larocci, Belleville, & Enns, 200Bave re- terferenceNlavon, 1977. We note that many parameters af-
ported that autistic individuals do not differ from non-autistic fect these findings including the length of the exposure du-
subjects in deriving the identity of the global letter of com- ration (Navon, 1977 Paquet & Merikle, 198} sparsity of
pound stimuli (although perhaps even more surprising is the local letters Martin, 1979, foveal placement of the stimulus
absence of the expected global advantage for normal indi- (Pomerantz, 1983and spatial certainty@mb & Robertson,
viduals in some of these studies). The presence of a global1988 Navon, 2003. In addition, the blocked version of the
bias in autism has also been observed in other studies ustask used here requires focused attention at either the global
ing somewhat different display©gonoff, Strayer, McMa-  or local level rather than divided attention in which, within
hon, & Filloux, 1994 Rinehart, Bradshaw, Moss, Brereton, a block, identification can occur at either level. Whether the
& Tonge, 2000. Note that there are two separate issues: the paradigm is run blocked or mixed appears to affect autistic
first concerns the possible enhanced local bias in autism andndividuals differentially Plaisted et al., 1999
the second concerns the ability to derive a global configura-
tion. These may be somewhat independent and separable and I.1. Design and procedure
we explore both of them in the following experiments. The The stimuli were four hierarchical letters of two types:
first experiment uses the well-knowavon (1977%timuli in consistent letters, in which the global and the local letters
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(a) 4.1.2. Results and discussion
SSSONS'STENT At the outset, we note that there is neither a group differ-
s ° ence between autistic and control subjects, nor an interaction
of any sort, in the accuracy data (&lk 1). Autistic and con-
trol subjects were correct on average 98% (S.D., 2%) and
INCONSISTENT 98.2% (S.D., 1.3%) of the time, respectively. The high ac-

Sssg
S
SgsS

IIIITXT
=
X
IIXIXIXT

fHHe 2 3 curacy rate is not surprising given the unlimited exposure
HHtH o gsss duration and ease of task (making s/h decisions). The RT
HH HH s s

data, calculated on the median for each subject for each con-
dition, reveals a significant three-way interaction between
conlrolsgloblal ' groupx globality (global and localx consistency (consis-

800 [ T T gomraislocal | / o tent and inconsistentf(1,39) =4.9p < 0.05). There are also

(b)
850

— -autism focal main effects of group and of globality € 0.0001). As is evi-

/i 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
650 ] to the congruent case) when local identification is required
(interference from globally incongruous letter) than when

750

700

RT (msec)

600 il global identification is required (interference from locally
550 - 1 incongrgous letters). This global advantage _anql the global-
EV to-local interference replicates the standard findimggs/on,
500 | 2003, although the condition differences may not be as large
consistent inconsistent as usual given the unlimited duration and repeated foveal pre-
condition sentation.

. - The autistic subjects were slower than the control sub-
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 jects overall, but mostimportantly, a different pattern of per-
and local level and two of which do not share identity at the global and local formance is observed for therkig. 2b). The autistic group
level. (b) RT (and one SE) for means for control and autism group for global s overall faster for local than global identification although
and local identification as a function of consistency. this difference comes from the inconsistent trials: there is no

statistically significant difference between global and local

shared identity (a large H made of smaller Hs and a large Sidentification in the consistent case, but in the inconsistent
made of small Ss) anconsistent letters, in which the letters  case, local identification is faster than global identification
at the two levels had different identities (a large H made (p <0.05). The latter result, namely greater slowing in the

of small Ss and a large S made of small Hs; Bag 2a). inconsistent case when global identification is required, in-
The global letter subtended 3.2 height and 2.3in width, dicates a large local-to-global interference. The faster local
and the local letter subtended 24 height and 0.53in identification and the local-to-global interference both indi-
width. cate that autistic individuals show a local bias in their pro-

The experiment consisted of the factorial combination cessing. Itis the case, however, that there is no obvious local
of two variables in a repeated measures design: globality advantage in the consistent case suggesting that there may
(global identification versus local identification), and con- be some partial processing of the global identity too which,
sistency (consistent stimuli versus inconsistent stimuli). The when congruent with the local letter, can be extracted. We can
two tasks, local or global identification, were administered infer then that, under the conditions employed here, the autis-
in separate blocks of 96 experimental trials each, precededtic individuals were able to derive the global configuration in
by 10 practice trials. The consistent and inconsistent lettersthe consistent condition, but that their local bias gave rise
were randomized within block with each letter occurring on to large interference in the inconsistent condition, suggest-
an equal number of trials, for a total of 192 trials. Before each ing that it was difficult to attain a stable global configuration
block, participants were verbally instructed to respond to the when the elements had a conflicting identity.
global or local letters. Each trial was initiated with a central Giventhe ongoing controversy in the autism literature con-
fixation cross of 500 ms duration. This was immediately re- cerning the extent to which processing is locally biased and
placed by one of the four possible stimuli, which remained the extent to which configural processing is possible, and
centrally on the screen until a response was made. Partici-given the suggestion that the autistic group in this experi-
pants were instructed to press the left key on the button boxment may be able to derive the global identity as well as
(or keyboard) to indicate a response of ‘s’ or the right key the local identity in the consistent case, we examined the
for *h’. The order of the blocks and response designation was data of each autistic subject individually. To this end, we cal-
counterbalanced across subjects. culated the number of autistic individuals who fall outside
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the 95% confidence intervals of the control group, calculated interact with the number of elements such that with sufficient
as{(global inconsistent global consistent)/(local inconsis- time only the many- but not the few-element condition may
tent—local consisten) and 11 of the autistic subjects fall lend itself more easily to configural processing in autism (as
outside the intervals. We also conducted pairwise ANOVAs in the previous experiment).
with each autistic subject and his/her two matched controlsas This experiment used the primed matching paradigm
the between-subjects variable and globality and consistency(Beller, 197): participants view a prime followed imme-
as the within-subjects variables. Nine of the 14 pairwise com- diately by a pair of test figures, and judge, as rapidly and
parisons show the significant interaction with group, suggest- accurately as possible, whether the two test figures are the
ing that the pattern we observe for the group is present in thesame or different (seEig. 3a). No response is made to the
majority of autistic subjects but not in all of them as in the prime itself. Primes and probes are made of few or of many
confidence interval analysis. elements (but in a single trial, prime and probe always share
A number of possible explanations for the observed vari- the same number of elements). There were two types of test
ance within the autistic group may exist. One immediate pos- pairs defined by their similarity to the prime (sEw. 3a):
sibility is that autistic individuals really do differ in the extent  the element-similarity (ES) test pairs in which the test fig-
to which they can undertake configural processing. Another ures were similar to the prime in their local elements but dif-
possibility is that ‘weak coherence’ is a cognitive style rather feredin global configuration, and thenfiguration-similarity
than a deficit per se and the extent to which configural pro- (CS) test pairs in which the figures were similar to the prime
cessing manifests is a function of the autistic individual abil- in global configuration but differed in local elements. The
ity to avoid/adopt this style when instructed to do Bo@th, speed ofsame responses to the test figures depends on the
Charlton, Hughes, & Hagp 2003. An alternative explana-  representational similarity between the prime and the test
tion has to do with the parameters of this experiment: becausefigures: responses are faster when the test figures are similar
the stimuli are presented for unlimited exposure duration, to the prime than when they are dissimilar to it. For exam-
with enough time, many autistic subjects may be able to de- ple, it is now well-known that, in neurotypical individuals
rive the global shape. It is also the case that the presence ofBehrmann & Kimchi, 2003Kimchi, 1999, the availability
multiple local elements may assist this process; a display thatof elements and configuration depends on the number and
is relatively sparse with few local elements biases away from relative size of the elements. For few, relatively large ele-
global shape whereas the presence of multiple local elementanents, the component elements are available early on in pro-
(as in this case) assists in the extraction of the whdkecon cessing (ES advantage) and, only, with more time, are they
& Egeth, 1991 Kimchi, 1999. Thus, in these conditions, configured or grouped into a global configuration. For many-
with enough time and enough local elements, autistic sub- element patterns, there is an interesting U-shaped function:
jects may be able to assemble the global shape (especiallythe configuration is available very early (CS advantage), even
with help from the consistent local elements). Whether they at 40 ms, suggesting that normal individuals derive the forest
can still derive the global shape under more taxing conditions rapidly before the trees. At the intermediate durations, the

remains to be determined. elements themselves are individuated and finally, at long du-
rations (690 ms), both the configuration and the elements are

4.2. Microgenetic analysis of the perceptual available to the observer. By varying the timing of the prime

organization of hierarchical stimuli in relation to the probe, we can tap earlier and later internal

representationdBehrmann & Kimchi, 2003Kimchi, 1998,
Given the uncertainty about whether autistic subjects can 200Q Sekuler & Palmer, 1992The question addressed here

derive global identity under more challenging conditions is whether the same effects of number and relative size of
and the apparent within-group variance, this next experiment elements influence the perception of the autistic individuals,
probes the configural processing of the autistic subjects inas normal individuals, and if so, how early in time.
greater detail. In this experiment, we varied the number of
local elements across two displays, one of which contained a4.2.1. Design and procedure
few large elements and one of which contained many small Responses to the visual displays were made by press-
elements. The former is thought to bias local processing buting one of two response keys, and RTs and accuracy were
the latter is thought to bias global processiKkgnichi, 1998, recorded by the computer. Participants used their dominant
2000. Importantly, as well as using displays that have few hand for responding. The priming stimuli were few-element
large or many small elements, a prime is presented and theand many-element hierarchical patterns (global diamonds
temporal interval between the appearance of the prime and themade up of circles). The few-element prime was a diamond
probe display is manipulated. This approach, referred to asmade of four relatively large circles, and the many-element
the microgenetic approach, involves examining the temporal prime was a diamond made of sixteen relatively small cir-
evolution of the percept, rather than just the final outcome of cles. Each test stimulus consisted of two hierarchical pat-
perception. One prediction is that, with enough time, autistic terns. There were two types of test pairs, ES and CS pairs,
individuals are able to derive the global whole but cannot do each of which gave rise to same and different responses. The
so under brief exposure durations. The time course may alsoglobal diamond subtended 12%nd 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 mangrelements,
followed, after varying SOAs, by test pairs which require ‘same’ or ‘different’ responses and which are similar to the prime in elements or aonfi{gjrati
Group means of RT (and one SE) for (i) controls and (i) autistic individuals for few and many displays, shown for configuration similarity (CS)ertd elem

similarity (ES) trials as a function of SOA.
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Each individual circle element subtended 0.86 diameter) mid-durations is an ES advantage apparent. These data repli-
in the few-element patterns, and 0218 the many-element  cate the previous findings using this paradigBelirmann
patterns. Each individual square element subtended th38 & Kimchi, 2003, Kimchi, 1998, and other previous results
the few patterns, and 0.1t the many-element patterns. The showing global representation with many-element stimuli un-
distance between the centers of the two stimuli in a test pair der short exposuredlavon, 1977Paquet & Merikle, 1984

was 0.7 cm. Of particular pertinence for the comparison with the autistic
The experiment consisted of the factorial combination group, we point out the advantage for greater priming of the
of four factors: prime typeféw-element or many-element); local elements for few-element displays and the rapid ability

prime duration (40, 90, 190, 390 or 690 ms); test type (ES to derive a global configuration of many items at early SOAs.
and CS); and response choice (“same” or “different”). The  For the autistic group, there is also a large advantage for
few-element and many-element primes were administeredthe ES over CS test pairs for few-element trials (88 ms), sug-
in separate blocks of 160 trials each. All the combinations gesting a slightly greater local bias for the autistic subjects
of the three factors (prime duration, test type and response)with few, large elements than for the controls (note the un-
were randomized within block with each combination oc- explained anomalous drop in CS for autistic group at 90 ms
curring on an equal number of trials. Each trial consisted which is also diminishing the full extent of the local advan-
of the following: first, a small fixation dot appeared in the tage or ES). Of relevance too, is the absence of priming of the
center of the screen for 250 ms, followed by a prime. The configural representation for the autistic group at any prime
presentation time for the priming stimulus was equally and duration whereas CS = ES for the controls at both short and
randomly distributed among 40, 90, 190, 390 and 690 ms. Im- long durations for many elements; in contrast, there is a sub-
mediately after the presentation of the prime, the test display stantial advantage (68 ms) for ES over CS for many-element
appeared and remained until the response, for a maximum ofdisplays across all exposure durations. The major finding,
3000 ms. The test display contained two figures presented orthen, is that there is no evidence of benefit from the prime for
either side of the location previously occupied by the prime. the CS condition in autism for many-elementitems as there is
Participants had to decide whether the two figures were thein normal control individuals. Instead, a robust and persistent
same or different and respond accurately and quickly using benefit (except for 90 ms few elements) for the ES test pairs
the response keys. Each individual completed 320 trials. Six- is obtained for few-element and many-element displays.
teen practice trials were completed for each of few-element  The statistical analyses support these findings: the differ-
and many-element patterns before the experimental trials. Weence between CS and ES is significant across the groups and
note that one autistic individual (subjecflable ) and his as a function of few/many element§({,36) = 4.6 p < 0.05),
controls were not included in this analysis as his data were as described above. There is also a significant interaction of

incomplete. test typex groupx prime duration £(4,144) =2.7p < 0.05)
and a marginally significant interaction of prime typ@rime
4.2.2. Results and discussion durationx group (F(4,144)=1.9p=0.09). Post hoc tests in-

Accuracy rates were high for both groups (mean and S.D.: dicate that, at 40 ms SOA, there is no pairwise difference
autism 98.3%, S.D. 3.1%; controls 98.1%, S.D. 4.3%), again between CS and ES for the control group for the many ele-
not surprising given that the test pair remains on the screenment display whereas this difference persists for the autism
for unlimited duration. There were no differences between group. One important point is that 40 ms may be too rapid for
the groups nor any interactions between group and any of thethe autistic subjects to show the early configuration priming,
other variables on accuracy € 1). In light of this, we turn to given that there is a reduction in their speed of processing.
the RT data. Mean of median correaine RTs for prime-test However, there is no time point (in the range we tested) at
similarity (ES and CS) are plotted iig. 3 as a function of ~ which the configuration priming is observed for the autistic
prime duration for each prime typgfy-element andmany- individuals suggesting that they are not exhibiting merely a
element patterns) for the control and autistic groups (panelsi temporal delay or offset relative to the controls but, rather, are
and ii, respectively). Note that onbyime trials are analyzed  showing a different pattern of behavior. As is evident from
as the relationship between the probe and test pair is onlyTable 2 10 of the 13 autistic individuals who completed the
fully controlled when the two items in the test pair are the experiment fall outside the normal confidence intervals on
same (for example, prime is diamond made of circles and many element items (calculating all GSES).
test pair is made of two squares, both of which are made of The findings from this experiment are roughly compati-
circles so, in both halves of the test pair, the local elements ble with those from the global/local hierarchical experiment
but not global configuration are shared with prime). Mostim- (Section4.1). In both cases, for the control subjects, we see
portantly, as shown iRig. 3b, the patterns of data for the two  evidence of global or configural processing: a small but robust
groups are statistically different. For the control group, for the advantage for global over local identification and global-to-
few-element display (i, left panel), there is a 72 ms advantagelocal interference, and an equivalence in RT for CS over ES
for ES over CS, collapsed across duration. In contrast, for thein many-element trials in this experiment at early and late ex-
many-element display, very early on, as well as at the longestposure durations. The autistic subjects show some access to
SOA, there are equally rapid RTs for ES and CS. Only at the global identity in the global/local experiment (Sectiér),
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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 an
large difference between CS and ES in both the few and th
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- Fig. 4. Examples of stimuli for testing low-level vision. Examples of stimuli
ings from this experiment are consistent with the recent dataused to establish contrast thrgsholds across different spgtial frc_aquencies.
showing that autistic individuals fail to process inter-element 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
relationships and show a bias away from gestalt grouping i, he pair contains the grating.
principles Brosnan et al., 2004
it, in turn, was replaced by a 200 ms blank screen. At this
4.3. Spatial frequency thresholds point, the subject was required to decide whether the first or
second image contained the grating. Feedback was provided
Before claiming that the reduced pattern of a global ad- to the subject after each trial. A series of five practice trials
vantage in autism is one of impaired configural processing, was presented before the first block and, for most subjects,
we need to rule out some alternative explanations. One suchthe order of blocks was counterbalanced. If the response was
explanation concerns possible differences in low-level spatial correct, a more difficult discrimination (decreased contrast
frequency analyses. Several researchers have suggested aniby 0.2) was presented on the next trial. If the response was
volvement of spatial filters, based on spatial frequency chan-incorrect, the contrast was increased by 0.2. A log contrast
nels, operating at early visual processi@gr(sburg, 198pin threshold was determined for each cpi using method of lim-
the perception of global and local structures. For example, noits where threshold is defined as the value of contrast that
latency advantage for global over local processing is found produces 82% accuracy. Note that one autistic subject was
when low-spatial frequencies are removed from hierarchical unwilling to complete this experiment and two of them com-
stimuli (Badcock, Whitworth, Badcock, &dvegrove, 1990 pleted all cpis except for 0.3 (as they completed 0.1 instead in
Hughes, Fendrich, & Reuter-Lorenz, 199@Gmb & Yund, error).
1993 Shulman & Wilson, 1987Shulman, Sullivan, Gish,
& Sakoda, 198f suggesting that the global advantage ef- 4.3.2. Results and discussion
fect is mediated by low spatial frequency channels. Thus, The mean log contrast thresholds obtained for the autistic
one possible explanation for the autistic subjects’ reduced patients was compared with the mean of the normal subjects.
ability to perceive the global form of a hierarchical stimulus A groupx spatial frequency analysis reveals no difference
might concern a fundamental limitation in processing low across groups, nor an interaction of groufrequency (both
spatial frequency information. If so, then we might expect F<1). This finding confirms that the autistic individuals per-
that autistic individuals should be relatively impaired at pro- form within the normal boundaries in detecting low and high
cessing low frequency displays, resulting in an increased low frequency gratings. Having ruled out the possibility that the
spatial frequency threshold, relative to their control subjects. discrepancy between the patients and the normal control sub-
To evaluate this, we established thresholds for the autisticjects in their perception of the hierarchical stimuli is due to
subjects across a wide range of spatial frequencies and comdifferential limitations in analyzing spatial frequency infor-

pared them to those of control participants. mation, it seems that the failure to derive a global whole re-
flects a difficulty in configural processing. In the final experi-
4.3.1. Design and procedure ments, then, we examine the impact of configural processing

To document the spatial frequency function, we estab- on other visual, non-face stimuli.
lished, for each individual, the log contrast thresholds at 0.3,
1, 3, 10 and 30 cycles per inch (cpi) using a Matlab function
which implements a discrimination task. Subjects completed 5. Discrimination of non-face objects
five blocks of trials, with 20 trials each and using displays
corresponding to one of the cpis (examples of stimuli at 1 ~ The prediction to be tested here is that the autistic subjects,
and 30 cpis are shown iRig. 4). In each trial, a fixation ~ who show a bias for local processing and less efficient global
point appeared on the screen for 1 s. After 200 ms, one imageprocessing than the controls, may also perform less well than
appeared for 200 ms followed by a blank screen for a fur- the controls on non-face objects especially as the difficulty
ther 200 ms. A second image then appeared for 200 ms andf perceptual discrimination increases.
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5.1. Object processing (6.9% increment) judgment and a further 206 ms (10%) to
make the exemplar decision, and the corresponding numbers
5.1.1. Design and procedure for the control group are 62 ms (4.3%) and 122 ms (7.5%).

A set of 80 grey-scale objects was created by rendering Note that, although a significant groupcondition interac-
3D object models using Silicon Graphics Inventor Software. tion is present, the speed of the base reaction time and the
The object models were obtained from multiple sources, in- magnitudes of the cross-condition difference are lower than
cluding public domain sites and commercial CD-ROMS. As in the face discrimination experiment (compare Wily. 1
was the case for the face testing, on each trial, two stimuli and notey-axis differences). The analysis of the percent RT
(of varying levels of similarity) were placed side by side on a difference scores usingretest shows a group difference in
computer screen for an unlimited duration (§ég 5a) until RT between basic and subordinate<(0.05) although this
the subject pressed a same or different key. Accuracy and RTdoes not reach statistical significance between subordinate
were measured. The level of categorization was implementedand exemplarg(>.05). Note that the between group differ-
as follows: pairs of stimuli for each of four conditions were ences do hold when a subanalysis of RT is done comparing
created in the following way: (1) identical (40 trials, 2 rep- the nine highest 1Q (performance 1Q >100) autistic individu-
etitions), (2) pair where stimuli differ at basic, subordinate als and their controls counterpamns{0.043). Also, as shown
and exemplar levels (BSE, 20 trials: car and a duck), (3) pair in Table 2 10 (and 1 on boundary) autistic participants fell
where stimuli differ at subordinate and exemplar levels (SE, outside the 95% confidence intervals of the control subjects
20 trials): duck and a pelican) and (4) pair where stimuli based on RTs on the exemplar trials of the task. There was
are different exemplars but from the same subordinate levelneither a group nor a groupcondition interaction in the ac-
(E, 20 trials: 2 different ducks). The trials were randomized curacy datak <1) (mean S.D.: autistic 98%, 3.9%; controls
across conditions within a block. 97%, 4%), presumably because the exposure duration was

unlimited and the effects manifested in speed rather than in

5.1.2. Results and discussion accuracy.

The analysis of the median RT on correct different trials
reveals a significant interaction between group and condi- >-2- Greeble processing
tion (F(2,78) =5.1p <0.008); although both groups exhibit
slower RTs as level of categorization becomes more specific,”-2-1- Design and procedure _
this is so to a somewhat greater degree for the autistic than for  1he stimuli consisted of 60 grey-scale pictures of Greebles
the control group (sefeig. 5b). Thus, autistic subjects require (examples irFig. 6a). As was the case for the face and object

an additional 149 ms to make the subordinate over the basict€sting, on each trial, two stimuli were placed side by side on

Novel objects: Greebles
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Fig. 5. Examples of stimuli and results of common object discrimination
experiment. (a) Examples of stimuli from common object discrimination Fig. 6. Examples of stimuli and results of Greeble discrimination experi-
task, showing pairs of stimuli that differ at the basic, subordinate or exemplar ment. (a) Examples of stimuli from Greeble task, showing pairs that differ at
levels. (b) RT (and one SE) for means for control and autism group as a the basic, family, gender and individual level. (b) RT (and one SE) for means
function of condition of discrimination. for control and autism group as a function of condition of discrimination.
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a computer screen for an unlimited duration until the subject their control counterparts but that the nature of the decision
pressed a same or different key. Accuracy and RT were mea-is not equal across all conditions. For example, autistic in-
sured. Greebles are a class of novel stimuli, designed to mimicdividuals, like the controls, do not show much of a RT dif-
the processing demands of faces, i.e., all have the same numference between decisions involving family (main body) and
ber and rough geometry of local parts requiring the derivation decisions involving gender (appendage direction). The autis-
of spatial relationships between them. Additionally, to paral- tic individuals, however, as a group, are slowed in differen-
lel the level of categorization of faces (face versus object, two tiating between two Greebles compared with differentiating
faces of different gender or individual faces of the same gen- between a Greeble and another object (basic level) even when
der), the Greebles are designed to fall into families which all absolute reaction time is taken into account. Although we ex-
share the same main body. Within each family, there are two pected that the autistic individuals would also be dispropor-
possible genders (appendages go up or down) and then withirtionately impaired in discriminating between two individual
the family and gender, there are individual, unique Greebles. Greebles, the autistic subjects are only minimally slower than
In this task, the level of categorization was implemented in the controls when a difference score is computed and baseline
the following way: there were five conditions (1) identical (63 RT taken into account.

trials), (2) basic (paired with a familiar object, such as a car),

(3) different gender (G; paired with a Greeble from another ¢ Relationship between configural and face and

gender but same family), (4) different family (F; paired witha  gpject processing

Greeble of different family but same gender) and (5) individ-

ual (I, paired with a Greeble with different individual identity The findings thus far indicate that the group of autistic
but from same family and gender). Conditions 2-5 had 30 tri- individuals was slower at face processing than their con-
als each. Only 12 autistic subjects and corresponding controltrols, especially as the level of categorization and perceptual
subjects completed this experiment (the remaining two inad- similarity became more fine-grained. The autistic group also
vertently completed a more complex version which included showed a greater local bias than the control group and, under
upright and inverted Greebles—we note, however, that the the testing conditions employed, did not show the configu-
findings from these two subjects are roughly the same as forral or global processing observed in the control pattern. The

those tested here). autistic individuals also performed more slowly than the con-
trol group on non-face common and novel objects, and this
5.2.2. Results and discussion toowastrue to asomewhat greater degree as the need for more

An analysis of the median RT data from correct dif- precise discrimination (based on configural knowledge) was
ferent trials reveals an interaction of growpondition required.
(F(3,90)=6.3p<0.001). As is evident frorRig. b, the con- Given that one of the goals of this study was to examine
trol subjects show a graded effect with RT increasing with dif- the relationship between face/object processing and config-
ficulty of perceptual discrimination. This slowing, however, ural processing, we performed correlation analyses first be-
is disproportionately increased in the autism group. The dif- tween the two configural tasks and then between them and
ference between some conditions is almost double for thethe face/object tasks. We took the individual values from the
autistic than for the control groups; the difference between configural tasks, which we used to establish whether the in-
basic and gender is 579 ms (22%) for autistic and 319 ms dividual subjects fell outside the normal confidence intervals
(17%) for controls, the difference between gender and fam- (seeTable 2 and correlated them. The value was 0.23
ily trials is 188 ms (5.4%) for autistic and 113 ms (4.9%) for (p =0.09), which is encouraging given the small number of
controls and, finally, the difference between family and in- subjects and suggests some replicability of the findings across
dividuals is 631 ms (14.8%) for autistic and 382 ms (13.2%) the two configural tasks. We then went on to investigate the
for controls. The percent difference score reveals a significantcorrelation with faces/objects using the value for each subject
group difference in going from basic to gendek(0.05) but from the global/local task.
not between the other conditions. An analysis of the datain- The median RT for face processing, collapsed across con-
cluding the highest 1Q autistic individuals (only eight rather dition, correlated with the configural value described above,
than nine as one of the high 1Q autistic subjects performed theyielded a significant? value of 0.61 f=0.03). Although
other version of the task) does reveal a greugpndition in- correlation is not causation, the relationship between RT in
teraction p <0.038) and, with the exception of family to gen- face processing and a local bias is clear in the autistic indi-
der, all cross-condition differences are significant. As seen in viduals. Of interest also is that a significant correlation is also
Table 2 8 of 12 autistic individuals who completed this task observed between the effect of globality, as above, and the
fell outside the 95% confidence intervals on the Greeble in- median RT on the Greeble experiment in the autistic group
dividual task. There was neither a main effect of group nor an [2 value of 0.47 f=0.01; 12 individuals)]. This same cor-
interaction evident in the accuracy dafé<(1) (mean S.D.: relation does not reach significance for objeetsvalue of
autistics 92%, 13.5%; controls 94.6%, 4.5%). 0.21,p=0.1].

These findings suggest that individuals with autism are  Taken together, the results of the correlation analyses are
slower in making decisions about Greebles compared with informative: the slowing in face (and Greeble) processing is
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well correlated with the relative superiority of processing lo- nificantly slowed at making same/different discriminations
cal information. The lack of a significant correlation with ob- between novel faces, relative to their matched control coun-
jects is consistent with the idea that the objects may well rely terparts, and this was so to a greater extent as the perceptual
on configural processing (especially at an individual level) discriminationwas more fine-grained. The second set of stud-
but to a lesser extent and indeed, the relationship betweenies explored the configural processing abilities of the same
global and object processing is much weaker. autistic subjects. Relative to the controls, the autistic individu-
Before turning to the final discussion, we examine the als show alocal bias or local superiority such that identifying
profile of the individual autistic subjects across the five ex- local elements was faster than identifying global letters or
periments using the data fromable 2which shows whether  shapes and identifying a compound letter at the global level
on eachtask, the subjects performance fell beyond the normalwas slowed by inconsistent local information.
95% confidence interval. Four of the 14 subjects fall outside A more detailed investigation, manipulating the number
the normal confidence intervals on all five experiments and an of elements in a display and the time course by which the
additional two who did not complete the Greebles task, did local versus global information is available, revealed a pat-
so on the remaining four experiments (and, as mentioned,tern of behavior that differs from the well-established profile
showed the same findings as we see here on the Greeble tasif neurotypical individuals. In particular, the autistic individ-
they did perform). A further three subjects fall below the low- uals did not show the signature effects of normal grouping
est confidence intervals of the normal limits on four of the behavior in displays with many items: early priming for test
five tasks. Two subjects did so on a single task and one subjecpairs that are configurally similar to the prime (CS) over items
did so on two tasks (faces and global/local). that are similar to the prime in the local elements (ES) reflect-
Taken together, these explorations of the patterns of indi- ing the global advantage with many elemeitsrichi, 1998
vidual data provide reasonably, although not perfectly, good at brief exposure durationslévon, 1977Paquet & Merikle,
support for the relationship between the configural and face 1984). Instead, the autistic individuals are primed by the local
task and to a somewhat lesser degree between configural andlements and show a clear advantage for the elements over
object and Greebles task. It is also the case that many, al-the whole shape. Taken together, the large local-to-global in-
though not all, autistic individuals exhibit the same pattern terference in the global/local experiment, and the absence
of performance in RT. of facilitation from the global configuration in the primed
matching experiment (in the many-element condition) at any
of the possible prime durations (not just an early configural
7. General discussion organization) suggest that the autistic subjects may be able to
derive a global configuration, in a time-consuming fashion,
To date, much research in visuoperceptual processing inonly under favorable circumstances (facilitating local infor-
autism has focused on two lines of investigation. The one line mation) and that, in general, they show a bias towards local
of investigation has shown that autistic individuals perform elements.
poorly on tasks requiring face processing, including identity ~ We also confirmed that the poorer perceptual performance
recognition as well as discrimination of gender, gaze direc- in autism is not attributable to a fundamental difference in
tion and emotionTeunisse & De Gelder, 2003The second  spatial frequency thresholds. Of particular interest is that the
line of investigation has been concerned with the extent to difficulty in configural processing, indexed by the failure to
which autistic individuals are able to derive a coherent or group rapidly and efficiently many relatively small elements
meaningful whole from the local elements present in visual into a global shape, was positively correlated with the slowing
input. While most studies report that autistic individuals show in face processing. Although our focus has been on visual
alocal bias, sometimes leading to superior performance thanprocessing, we note the visual perceptual difficulty we have
control subjects@aron, Mottron, Rainville, & Chouinard, = documented here may be part of a more general perceptual
2004 Plaisted, Saksida, Alcantara, & Weisblatt, 2))0Be pattern; the apparent difficulty in detecting configurations in
extent to which autistic individuals can integrate the local the auditory modality Roxton et al., 200Balso suggests a
components and derive the global configuration is less clear.bias towards local processing and may reflect a pattern in
The focus of the current paper is on each of these lines of autism that is independent of the sensory modality of the
investigation as well as on the relationship between them. A input.
final issue addressed is whether autistic subjects differ from  The third set of studies showed that the perceptual dif-
their controls on non-face stimuli, so as to ascertain the speci-ferences in autism extended beyond faces to non-face ob-

ficity of any altered perceptual patterns in autism. jects too, with the autistic individuals being significantly
slowed, relative to the controls, on same/different discrim-

7.1. Face/object processing in autism and the ination tasks. This slowing was not as great as was true

relationship to configural processing for faces and it did not hold perfectly consistently across

all individuals and all conditions. A positive correlation was
In the course of this paper, three series of studies were un-also noted between the local bias and the performance on
dertaken. Thefirst setrevealed that 14 autistic adults were sig-the Greeble processing task but not on the non-face object
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task. Taken together, these findings indicate important differ- elements and face processing is well-established in other pop-
ences in visuoperceptual processing in autism compared withulations. There are several studies showing that individuals

the control subjects in both face/non-object and in configural with prosopagnosia perform poorly on tasks that require the

processing and further suggest that there may be a positiveintegration of perceptual informatioBérton et al., 200p

relationship between these patterns of performance. and integrative agnosic patients who are impaired at group-
ing information to form a global shape may show concurrent
7.2. Preference for local information in autism problems in object and face recognitiddethrmann & Kim-

chi, 2003 Ricci, Vaishnavi, & Chatterjee, 1999Moreover,

The obvious question is what underlying mechanism gives individuals who are congenitally prosopagnosic (CP), with no
rise to these differences in perceptual performance. We haveidentifiable neural substrate that gives rise to this behavioral
shown that there are no differences in spatial frequency alteration, are impaired on the global/local task and show a
thresholds in autism and in the control group, suggesting thatprofile similar to that of the autistic individuals on the very
the differences are probably not arising at the very early stagessame few/many experiment conducted h&ehrmann etal.,
of the visual system. Consistent with this, a recent functional 2005. We note that these CP individuals also differ from their
magnetic resonance imaging study found no differences be-controls on the non-face objects, as is the case for the autis-
tween the sensory visual areas of people with autism andtic individuals tested here. The CP individuals, however, do
normal controlskladjikani et al., 200%—the ratio of central not share the neuropsychological and social deficits present
to peripheral visual field representation was normal and the in most autistic individuals. These sources of evidence from
maps of retinotopic organization did not differ from those of other populations bolster the claim that there is a relation-
controls in any respect. This result would suggest that the vi- ship between face and configural processing. But, of course,
sual abnormalities arise further upstream and that the procesgorrelation is not causation and causality still remains to be
involved in the perceptual organization and grouping of the determined.
local elements may be the source of the difference. However, Insum, the view that we have taken here is that the slowing
we should note that several studies have argued for alow-levelin face processing in autism might arise from a more funda-
visual deficit in autism in the domain of motion perception; mental visual (and possibly even sensory independent) bias
given random dot stereograms with the requirement to detecttowards the local elements and perhaps simultaneous or resul-
coherent motion, individuals with autism have higher thresh- tant difficulty in integrating local components of a stimulus
olds for detection than their peemsliine et al., 2002, are into a whole. Moreover, this fundamental perceptual form of
deficient in motion direction discriminatio8értone, Mot- processing is not restricted to faces but may impact visual
tron, Jelenic, & Faubert, 200and experience difficulty with  processing of other non-face objects too when the demands
rapidly moving stimuli Gepner & Mestre, 2002 Although for discrimination and recognition are high, as is true in the
these biases have been attributed to an alteration in the magease of faces. Because faces are typically identified at an
nocellular pathways in autisnviine et al., 2002, they may exemplar-specific level, they are the most susceptible to the
possibly be reinterpreted as a higher-order difficulty in inte- impairment in integrating local elements, but common ob-
grating elements, reflecting the same local bias as we haveects and novel Greebles are also affected, albeit not to the
documented here. Determining motion coherence or patternssame degree as faces.
of biological motion requires the observer to track multiple In contrast with this view of weak perceptual coherence
parts of the display and the relationship of the local elements or difficulty comprehending the spatial relationship between
with each other. Additionally, items must be integrated across the elements perhaps by virtue of a local bias, other stud-
time and the difficulty may arise in this integration, just as ies have argued that the face processing difficulties in autism
we have demonstrated a deficit in integrating local elementsarise as a consequence of a social, rather than perceptual,
across space. Thus, the motion deficit might potentially also deficit. For example, it is known that individuals with autism
arise from the failure to derive a global configuration from have a limited capacity for social adaptatidfli§ et al.,
stimuli® containing multiple local elements and not from a 2002 and orient more to objects than to facBafvson et al.,
change in early visual processing per se. 2004). But it is possible that the social deficit and the per-

We have suggested that the apparent slowing in objectceptual disorder work in tandem: the lack of experience and
processing, and to a greater extent in face processing may behe inadequate attention to faces may limit the acquisition
explained by the local bias exhibited by the autistic individ- of the normal configural perceptual skill. Consistent with
uals. The relationship between the ability to configure local the claim that expertise comes to fine-tune or optimize the

fusiform gyrus (FG), the putative ‘face area’, as a function

3 Onthe surface, one possible exception to this is that Blake and colleaguesOf experience with a class of stimuli (Gauthier et al., submit-

(Blake, Turner, Smoski, Pozdol, & Stone, 20@8port increased biological ted for publicationGauthier, Tarr, Anderson, Skudlarski, &
motion thresholds in autistic children with preserved ability to group small Gore, 19991 e Grand, Mondloch, Maurer, & Brent, 2003

line elements into a single global figure. This form of grouping, by collinear- . . L
ity, is thought to be done by early visual processémvcs, Kozma, Feher. the fusiform region of autistic individuals does not appar-

& Benedek, 199pand can be distinguished from the kind of higher-level €NtlY come to respond. preferentia}lly to faces ?—nd .this_hy'
grouping into identifiable shapes to which we are referring. poactivation may be a direct reflection of the social disability
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(Schultz, 2005Schultz et al., 2008 Some, although not all,  stead, introduces questions about confounds that emerge from
recent functional magnetic resonance imaging studies haveartifacts of scaling (a problem that has plagued literature such
shown reduced activation of the FG of autistic individuals as that in the domain of schizophrenia). In some cases and in
when viewing faces; instead strong activation is noted in the some of our paradigms, we have been able to show qualitative
inferior temporal gyrus region, the region activated during rather than simply quantitative differences. For example, in
object discrimination in controls3relotti et al., 2005; Hubl  the global/local task, the control subjects show global supe-
et al., 2003Pierce et al., 2004, 2001; Schultz et al., 2D00 riority whereas the autistic subjects exhibit local superiority.
We have, however, suggested an alternative interpretationA second example is in the few/many task in which autistic
and that itis that face processing is slowed not solely becauseindividuals (under the range of temporal intervals used here)
faces are social but because they represent a particularly comnever exhibit priming (equal or better performance on CS
plex visual stimulus that depends specifically on configural than ES) when primes share configural representations with
processing. This view is also supported by a recent study thatthe probe whereas this is evident in normal individuals both
shows that face recognition is not correlated with ratings of early and late with many element displays. However, the pat-
social impairment nor does it line up with a particular di- tern of data in the face, object and Greeble tasks all indicate
agnosis of social developmental disorder. Instead, as we doslowing in autism compared with control and understanding
the authors argue that any difficulties in face processing in the basis of this slowing will require further investigation.
individuals with social deficits may well be causally related Converging evidence from studies using brief exposure and
to an underlying perceptual alteration, suggestive of occip- accuracy may help in this regard.
itotemporal dysfunctionBarton et al., 2004 Whether the An additional issue to confront is the apparent discrep-
perceptual alteration is primarily responsible for the local ancies between various measures in the paradigms we have
bias and/or difficulty to derive configuration or whether it reported. So, for example, while statistically significant group
comes from lack of experience with faces remains to be de- differences may be observed (as in object and Greeble exper-
termined. Of course, the social disability and the perceptual iment), more detailed analyses do not always bear out the
performance are not mutually exclusive and each may ulti- predictions. It is also the case that not every individual autis-
mately contribute both to the difficulties in processing faces tic subject shows the full profile of perceptual differences
and the difficulties in configural processing. The challenge is (seeTable 9. These issues suggest that one might want to
to understand their relative and joint contributions in greater exercise some caution in interpreting the data and, indeed,

detalil. we recommend that additional data be collected to verify the
strength of the patterns we have observed.
7.3. Caveats and considerations Even if we set aside these statistical/technical issues, there

still remains the question of the mechanism underlying these

We have argued for an altered perceptual profile in autism differences. As stated above, the differences could arise in the
based on differences in reaction time between neurotypical perceptual system of autistic individuals or even in the motor
and autistic subjects in face and object processing as well agesponse system. The differences might also reflect a prefer-
in configural processing. We have suggested that these reacential strategy or cognitive style in which autistic individuals
tion time differences provide an important index of the nature spend more time inspecting details in a situation when there
of visual processing in autism. Before concluding, however, is no requirement for speed in a task. Why these individuals
we need to consider some limitations of our approach and, adopt this style or strategy still remains an open issue but, im-
at the same time, caution the reader to possible confoundsportantly, if this were the case, the slowed performance might
that might be at play. The experiments were all conducted arise neither in the perceptual nor in the motor systems per se
in a ‘data-unlimited fashion’, i.e., the stimuli were present and an alternative approach entirely might need to be sought.
for an unlimited duration and our dependent measure was Another facet of the data that requires cautious interpreta-
the speed with which the various perceptual decisions weretion is that the match between the control group and autistic
made rather than the accuracy, as would be more telling ingroups was not perfect. We had not been able to match the
cases of displays with brief presentation of visual images. groups on IQ but matched on age and gender and education
Our approach, while advantageous in approximating natural-level (as a rough but obviously not adequate proxy for in-
istic conditions where stimuli remain present for extended tellectual function). Although we analyzed the data from the
periods of time, is potentially problematic, too. One compli- highest functioning autistic individuals in some sub-analyses
cation is that just because autistic subjects are slower than theand showed that the pattern of data remained unchanged com-
controls does not obviously tell us whether the pattern of data pared with the entire group analysis, the need for a compa-
in autism is qualitatively different rather than quantitatively rable intellectual group is pressing to ensure definitively that
different. Indeed, autistic individuals are notoriously slow the patterns we see are specific to autism and not attributable
in their motor control and response timBauman, 199p to differential intellectual competence between the autistic
Emphasizing the interaction (for example, greater slowing and control group.
in condition B than A for autistics than for controls), while A final, more theoretical question that remains to be ad-
somewhat helpful, does not eliminate this quandary, and in- dressed is exactly what constitutes ‘configural’ processing
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and whether the configural processing required for faces (andBauman, M. L. (1992). Motor dysfunction in autism. In A. B. Joseph &
for other objects) is the same as that required for global/local ~ R. R. Young (Eds.)Movement disorders in neurology and psychiatry
and few/many element processing. The definition of configu- _ (PP 658-661). Boston, MA: Blackwell . .

LT . . Behrmann, M., & Kimchi, R. (2003). What does visual agnosia tell us
ral pro.ces'smg IS hlghly controversial and is the focus of many about perceptual organization and its relationship to object percep-
mvestlgatlons((;authler & Tarr, 2002Leder & Bruce, 2000 tion? Journal of Experimental Psychology: Human Perception and
Maurer et al., 2002Moscovitch, Winocur, & Behrmann, Performance, 29(1), 19-42.
199D In the domain of face perception, one sense of ‘Config_ Behrmann, M., Avidan, G., Marotta, J. J., & Kimchi, R. (2005). Detailed
ural’ refers to the perception of relations among the features exploration of face-related processing in congenital prosopagnosia: 1.

. . L. . Behavioral findingsJournal of Cognitive Neuroscience, 17(7), 1-19.
of a stimulus, with a distinction between two types of config- Beller, H. K. (1971). Priming: Effects of advance information on match-

ural processmg(};arey & Diamond, 199/Rhodes, 198B (l) ing. Journal of Experimental Psychology, 87, 176—182.
first-order relations among elements, for example, process-Bertone, A., Mottron, L., Jelenic, P., & Faubert, J. (2003). Motion percep-
ing the presence of two eyes above a nose and (ii) second- tion in autism: A complex issuelournal of Cognitive Neuroscience,
order relations—local elements are processed in a relational_ /(2. 218-225. _ N

. Blair, R. J. R., Frith, U., Smith, N., Abell, F., & Cipolotti, L. (2001).
manner (e_'g" nose-mouth d'_Stance)' A S?COHd sense of the Fractionation of visual memory: Agency detection and its impairment
term ‘configural’ refers to holistic processing—the features in autism. Newropsychologia, 40, 108-118.
or local elements are glued together into a gesihéka Blake, R., Turner, L. M., Smoski, M. J., Pozdol, S. L., & Stone, W. L.
& Sengco, 199Y. Although the distinctions are reasonable, (2003). Visual recognition of biological motion is impaired in children
many outstanding issues remain such as the extent of the su- With autism.Psychological Science, 14(2), 150-157.

. . .. - Booth, R., Charlton, R., Hughes, C., & HappF. (2003). Disentan-
peradditivity of the features in the holistic case, the ability gling weak coherence and executive dysfunction: Planning drawing

to access the local elements in the holistic case and the re- in autism and attention-deficit/hyperactivity disord@hilosophical
lationship between these different forms. Additionally, these  Transactions of Royal Society of London. Series B: Biological Sci-
various configural processes are generally considered inrela-  ences, 358(1430), 387-392.

tion to faces (but seedauthier & Tarr, 200p and so apply- Boucher, J., & Lewis, V. (1992). Unfamiliar face recognition in relatively

. . able autistic childrenJ I of Child Psychology and Psychiatry,
ing this taxonomy to the global/local task or to the few/many 370"z aco ournal of Child Psychology and Psychiatry

task is less clear. Understanding what constitutes configu-grosnan, M. J., Scott, F. J., Fox, S., & Pye, J. (2004). Gestalt processing
ral processing, how the elements are represented in relation in autism: Failure to process perceptual relationships and the implica-
to each other and whether the same form of configural pro-  tions for contextual understandingournal of Child Psychology and
cessing applies across all visual stimuli is critical for future _ Psychiarry, 45(3), 459-469.

. . . Carey, S., & Diamond, R. (1994). Are faces perceived as configurations
research. Moreover, detailed understanding of the configu- more by adults than by childresual Cognition, 1(2-3), 253-274.

ral processing is autism remains elusive but its specification caron, M. J., Mottron, L., Rainville, C., & Chouinard, S. (2004). Do

is a hecessary precursor to developing targeted intervention high functioning persons with autism present superior spatial abilities?

procedures_ Neuropsychologia, 42(4), 467-481.
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