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Spatial Frequency and Face Processing in Children 
with Autism and Asperger Syndrome

Christine Deruelle,1,5 Cecilie Rondan,1,4 Bruno Gepner,2 and Carole Tardif3

Two experiments were designed to investigate possible abnormal face processing strategies in

children with autistic spectrum disorders. A group of 11 children with autism was compared to

two groups of normally developing children matched on verbal mental age and on chronologi-

cal age. In the first experiment, participants had to recognize faces on the basis of identity, emo-

tion, gaze direction, gender, and lip reading. All aspects of face processing, except for identity

matching, were deficient in the autistic population compared with controls. In the second study,

children had to match faces on either high–(i.e., local facial features) or low–spatial frequency

information (i.e., global configuration of faces). Contrary to the control subjects, children with

autism showed better performance when using high rather than low spatial frequency, confirm-

ing face-processing peculiarities in this population.

KEY WORDS: Autism; Asperger syndrome; face processing; high and low spatial frequency.

INTRODUCTION

Although social and communicative deficits are

undoubtedly the most striking manifestations charac-

terizing the autistic spectrum disorder (ASD), individ-

uals with autism also present atypical visual processing;

for instance, when they perceive faces or geometrical

patterns.

Peculiar visuo-spatial skills have often been re-

ported in tasks involving the processing of geometri-

cal figures or objects (e.g., Frith, 1989; Happé, 1999;

Shah & Frith, 1993). People with autism show better

abilities than their control subjects when searching for

a part embedded in a figure (e.g., Shah & Frith, 1983)

and in the block design task (e.g., Shah & Frith, 1993).

Happé (1996) also showed that, in contrast to typically

developing children, those with autism did not succomb

to visual illusions. These observations, together with

anecdotal reports and clinical evidence, have lead sev-

eral authors to propose that autistic persons focus on

details at the expense of global or contextual under-

standing (e.g., Frith, 1989). According to Frith’s (1989)

theory of “weak central coherence,” autism is char-

acterized by a cognitive style biased toward local rather

than global information processing. This means that

they tend toward local details (i.e., elements constitut-

ing a figure) and have difficulties integrating the de-

tails into a coherent whole (i.e., the global configuration

of the figure). This preference for local processing

stands in sharp contrast with what is found in typically

developing adults (e.g., Navon, 1977), children (e.g.,

Deruelle, Mancini, Livet, Cassé Perrot, & de Schonen,

1999), and infants (e.g., Frick, Colombo, & Ryther

Allen, 2000). In the normal population, the global as-

pect of figures is processed before the local aspects.

For instance, with hierarchical stimuli (i.e., a large letter

made of smaller letters), subjects respond quicker to

the large letter than to the smaller letters (e.g., Navon,

1977).
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Performance of autistic subjects also appears at

odds with that of the normal population within the

domain of face recognition. Langdell (1978) found that

young autistic children tend to focus their attention on

the lower part of the face, whereas normal control sub-

jects exhibit a bias toward the upper part. Moreover, it

appears that, as for object processing, autistic subjects

present peculiar ways of processing faces by relying

more on local facial features than on configural aspects

of faces (i.e., the relationship between the different

parts). Performance of adolescents and adults with

autism (Hobson, Ouston, & Lee, 1988) and of autis-

tic children (Langdell, 1978; Tantam, Monaghan,

Nicholson, & Stirling, 1989) was not altered, compared

with controls, when faces were presented inverted. In

these studies, autistic subjects made an equal number

of correct answers when faces were presented upright

and inverted, whereas control children made signifi-

cantly more errors when faces were presented inverted

compared with upright. The lack of face-inversion

effect is taken as a sign of a local rather than a config-

ural processing of faces because only local information

is available in inverted faces (e.g., Carey & Diamond,

1994). In line with this, data from Miyashita’s study

(1988) indicated that autistic children recognized

schematic face stimuli by relying on the facial features

only. The same conclusion was drawn when using

photographs of faces (Davies, Bishop, Manstead, &

Tantam, 1994; Hobson et al., 1988; Kracke, 1994).

More recently, a study using functional magnetic reso-

nance imaging (fMRI) demonstrated that individuals

with autistic spectrum disorders, contrary to normal

controls, exhibited a pattern of brain activity during

face discrimination that is typical of object perception

and consistent with feature-based strategies (Schultz

et al., 2000). These latter findings indicate that autis-

tic individuals attend to the local aspects of faces rather

than to the whole structure. This preference for the local

facial information is in opposition with the configural

advantage in face processing found in the normal adult

population (Carey & Diamond, 1977; Rhodes, 1988;

Tanaka & Farah, 1993; Young, Hellawell, & Hay, 1987)

and during childhood (Baenninger, 1994; Carey &

Diamond, 1994; Deruelle & de Schonen, 1998; Lundy,

2000; Tanaka, Kay, Grinnell, Stansfield, & Szechter,

1998).

Many authors have examined the relevance of

low– and high–spatial frequency information in face-

recognition tasks. Visual information is analyzed by a

series of channels tuned to different spatial frequency

ranges. Spatial frequencies are integrated in a low-to-

high processing order, with low spatial frequencies

being processed faster than high spatial frequencies

(e.g., Breitmeyer, 1984). These findings have been

related to the more general proposal that the global

aspects of an image are available before the finer details

(e.g., Hughes, Nozawa, & Kitterle, 1996). By exten-

sion, it has been established that the configural prop-

erties of a face are better represented at a low than at

a high spatial frequency level (e.g., Costen, Parker, &

Craw, 1994). Low-pass filtering blurs faces, and this

renders the facial features unavailable. In contrast,

when faces are high-pass filtered, the contrasts are

increased, which renders the facial features highly

salient. A greater use of low– than of high–spatial fre-

quency information in face processing has been sup-

ported by numerous studies on normal adults (e.g.,

Fiorentini, Maffei, & Sandini, 1983; Schyns & Oliva,

1999; Sergent, 1982, 1986), thus confirming the pre-

dominance of configural processing in face recognition

(e.g., Tanaka & Farah, 1993).

To our knowledge, no data are available on the use

of high– and low–spatial frequency information in

autistic children. Whether face processing relies on

high– or on low–spatial frequency information is, how-

ever, of particular importance to understand atypical

visual processing in the autistic population. In partic-

ular, the use of this technique may indicate whether or

not the weak central coherence (WCC) hypothesis (i.e.,

a configural processing impairment) could apply to the

domain of face recognition.

This study was aimed at further questioning in

which way autistic children process faces differently

from controls. More precisely, predictions issued from

the WCC theory were assessed in two experiments. In

the first experiment, the performance of autistic chil-

dren was evaluated through a battery of face-matching

tasks that differed in their need for local or configural

analysis, and their performance was compared to that

of control subjects. The second experiment was de-

signed to verify whether the same autistic subjects

processed faces differently from controls when manip-

ulating the stimuli in terms of spatial frequencies and,

thus, to determine the role of configural versus local

analysis in face processing.

EXPERIMENT 1

Experiment 1 used a sample matching task to eval-

uate autistic perceptual abilities in five different face-

recognition tasks (identity, gaze, gender, emotional
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expression, and lip reading). Specific predictions con-

cerning which aspect of face processing should or

should not be deficient in children with autism is quite

difficult to ascertain from previous studies. This diffi-

culty is the result of large disparities both in the pop-

ulation recruited (severity of autistic syndrome and age

of participants may vary among studies) and in the

variety of tasks used.

According to the WCC theory, it could be hy-

pothesized that the processing of facial aspects that

require configural processing should be more impaired

in the autistic population than the processing of those

that may be solved based on components or local fea-

tures. In particular, performance of children with

autism should be deficient in the identity, gaze, and

emotional expression processing that involves config-

ural analysis (e.g., Calder, Young, Keane, & Dean,

2000; Ricciardelli, Ro, & Driver, 2002), whereas their

performance should be relatively preserved in gender

and lip-reading processing that may be tackled with

componential analysis (e.g., Campbell, Landis, &

Regard, 1986; Yamaguchi, Hirukawa, & Kanazawa,

1995).

Using a simultaneous matching task, Gepner, de

Gelder, and de Schonen (1996) demonstrated that

whereas the recognition of facial identity, lip reading,

and gaze direction discrimination were not impaired in

children and adolescents with autism compared with

that of their verbal controls, the recognition of emo-

tions was poorer in autistic subjects. Generalization

from this study is, however, difficult, as underlined

earlier. Experiment 1 thus assesses the reliability of

Gepner et al.’s (1996) findings by testing various face-

processing abilities with a simultaneous matching task

in our particular sample of subjects.

1 The TVAP is made up of 30 sets of five pictures. These pictures

represent either objects or actions. This test is divided into two

subtests (Passive and Active Vocabulary subtests). In the Passive

Vocabulary subtest, the experimenter asks the child to point to one

of the five pictures. This subtest assesses verbal comprehension

level. In the Active Vocabulary subtest, the experimenter asks the

child to give a definition of one of the five pictures. This subtest

assesses verbal expression level. In our study, autistic children were

matched with normally developing children, using the Passive

Vocabulary subtest only.

Participants

Three groups of children were tested. The first

group included 11 children with autism or Asperger

syndrome that we will designate as the autistic group

(ASD). All diagnoses were based on the DSM-IV

(American Psychiatric Association, 1994) and were

made by a child psychiatrist (B.G.) after extensive

diagnostic evaluation, including a review of prior

records (developmental history and child psychiatric

and psychological observations). According to the

DSM-IV criteria for autism, seven subjects were diag-

nosed with autism and four with Asperger syndrome

(see Table I). The autistic children were aged between

4 years 6 months and 13 years 1 month (mean = 9 years

3, months; SD = 2 years 3 months). Their develop-

mental verbal age was measured with the TVAP1 (Test

de Vocabulaire Actif et Passif; Deltour & Hupkens,

1980) and ranged from 4 years 4 months to 12 years

1 month (mean = 6 years 7 months, SD = 2 years

4 months). It was ensured that verbal mental age was

sufficient to comprehend the tasks used in this study.

The severity of the children’s autism or Asperger

syndrome was estimated by a child psychiatrist (B.G.)

with the CARS score (Childhood Autism Rating Scale;

Schopler, Reichler, DeVellis, & Daly, 1980), which

Table I. Characteristics of Autistic Children

Chronological age Verbal mental age Childhood autism rating scale

Subjects Diagnostic Gender (CA) (VMA) (CARS)

1 Asperger Male 4.5 4.6 25

2 Autism Male 7.8 4.0 38

3 Autism Male 7.10 6.6 36

4 Asperger Male 8.5 8.5 20

5 Autism Male 8.5 4.5 38

6 Autism Male 10.0 4.6 38

7 Autism Female 10.2 6.9 32

8 Autism Female 10.6 6.3 36

9 Asperger Male 10.9 8.9 25

10 Autism Female 11.1 17.0 38

11 Asperger Female 13.1 12.1 27
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ranged from 20 to 38 (mean = 32, SD = 6.6). Five of

these children attended a child daycare psychiatric unit

for children with developmental disorders (Montperrin

Hospital, Aix en Provence), four children attended spe-

cial educational programs for children with learning

disabilities, and two children followed normal school-

ing. None of them had known associated medical dis-

orders at the time of testing, and visual examination was

found to be normal. Five additional participants with

autism were recruited for the study but were not in-

cluded in the final sample because they failed to un-

derstand the tasks. However, no statistical comparison

between verbal IQs of these subjects and those of the

subjects left in the final sample was performed because

of too small samples.

The autistic group was matched to two control

groups consisting of normally developing children. Chil-

dren of the first control group (verbal mental age [VMA])

were individually matched on gender and verbal com-

prehension level (n = 11, mean age = 6 years 6 months,

SD = 2 years 3 months) to the autistic participants, and

children of the second group (chronological age [CA])

were individually matched on gender and chronologi-

cal age (n = 11, mean age = 9 years 5 months, SD =

2 years 4 months) to the autistic participants. Parents of

both autistic and control subjects consented to the par-

ticipation of their children in this study.

Tasks and Stimuli

Stimuli consisted of black-and-white photographs

of 25 adult faces and five faces of children wearing

scarves to mask their hair. They were of 6 × 6 degrees

of visual angle viewed at 60 cm from a portable screen.

These photographs of faces were the same as the ones

used in Deruelle et al. (1999). All participants underwent

five sessions of a face-matching task. There was one ses-

sion in each of the following five conditions: identity

matching across different emotional expressions or

across different point of views, matching based on emo-

tional expression (disgust, surprise, happiness), match-

ing based on lip reading (“a” “o” and “i”), matching

based on gaze direction (leftward, rightward, and straight

forward), and matching based on gender. The target and

the comparison faces displayed different individuals in

all matching conditions except identity. Gender and age

of the face stimuli were counterbalanced across trials.

Procedure

Participants were individually tested in a quiet

room at the child daycare unit in the Montperrin hospital 2 Note that we used a French keyboard.

(Aix en Provence) or at their home. They were seated

in front of a portable computer (Macintosh), on which

the stimuli were presented. The size of the portable

screen was 14 inches. Subjects underwent a two-

alternative forced-choice (2AFC) matching task. Three

stimuli were simultaneously displayed, one at the top

and two at the bottom of the screen. Subjects were asked

to indicate by a key-press which one of the two faces

displayed at the bottom of the screen was of the same

identity, showed the same emotional expression,

mouthed the same sound, looked in the same direction,

or was of the same gender as the face at the top of the

screen. They were to press the “a” keyboard2 button

when choosing the face on the left side or the “p” button

when choosing the face on the right side. These keys

were identified by using patches of different colors.

Note that the subjects were already familiarized with

this task because they had been enrolled in a previous

set of experiments involving a similar procedure

(Deruelle, Rondan, Gepner, Wicker, & Fagot, submit-

ted). Each participant underwent a total of 70 trials com-

prising Identity (15 trials), Emotional Expression

(15 trials), Gaze Direction (15 trials), Lip-Reading

(15 trials), and Gender (10 trials) conditions. Gender

condition contained fewer trials than the other condi-

tions, as there were only two alternatives (male/female).

Trials were blocked within each condition, and the order

of presentation was counterbalanced across participants.

Results

An analysis of variance was performed on the per-

centage of correct responses, with the Group (ASD,

VMA, and CA) as the between-subject factor and

Condition (Identity, Emotional Expression, Gaze

Direction, Gender, and Lip Reading) as the within-

subject factor. The Group effect was significant

[F(2, 30) = 19.1, p < .001], showing lower perfor-

mance in the ASD group compared with the VMA

group [F(1, 20) = 17.2, p < .001] or the CA group

[F(1, 20) = 24.6, p < .001]. The Condition effect was

also significant [F(4, 120) = 20.2, p < .001], as well

as the Group by Condition interaction [F(8, 120) = 5.6,

p < .001].

Further analysis of this interaction revealed group

differences in the Emotional Expression, Gaze Direc-

tion, Gender, and Lip-Reading conditions [respectively,

F(2, 30) = 20.6, p < .001; F(2, 30) = 20.2, p < .001;

F(2, 30) = 4.6, p < .05; and F(2, 30) = 6.1, p < .01; see
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Fig. 1. Mean percentage of correct responses in each of the five face conditions for the three groups of 

subjects (Autistic Spectrum Disorder, Verbal Mental Age-matched, and Chronological Age-matched).

Fig. 1]. Autistic children performed poorer than the

VMA and CA groups in the Emotional Expression, Gaze

Direction, Gender, and Lip-Reading conditions. The

three groups did not differ when the Identity condition

was considered [F(2, 30) = 1.9, p > .10]. The Condi-

tion factor was significant in each experimental group

[ASD: F(4, 40) = 11.4, p < .001; VMA: F(4, 40) =

10.1, p < .001; CA: F(4, 40) = 8.4, p < .001].

Within the ASD group, performance in the Identity

condition was significantly poorer than in the Gender

and the Lip-Reading condition [respectively, F(1, 10) =

6.7, p < .05; F(1, 10) = 13.3, p < .01). Furthermore,

performance in Emotional Expression was significantly

poorer than in Gender [F(1, 10) = 27.6, p < .001] and

Lip Reading [F(1, 10) = 59.4, p < .001], and the Gaze

condition was less well performed than the Gender

[F(1, 10) = 10, p < .05] and Lip-Reading Conditions

[F(1, 10) = 21.8, p < .001; see Table II]. Results in

Identity, Gaze, and Emotional Expression conditions

did not differ from each other (p > .05).

The VMA group exhibited lower performance

in the Identity condition than in all other conditions

[Emotional Expression: F(1, 10) = 5.2, p < .05; Gaze:

F(1, 10) = 23.8, p < .001; Gender: F(1, 10) = 22.2,

p < .001; Lip Reading: F(1, 10) = 36.2, p < .001; see

Table II]. Similarly, the CA group performed poorer

in the Identity condition than in all other conditions

[Emotional Expression: F(1, 10) = 5, p < .05; Gaze:

F(1, 10) = 14.3, p < .01; Gender: F(1, 10) = 11.2, p <

.01; Lip Reading: F(1, 10) = 9.2, p < .05; see Table II].

These findings indicate that Identity matching was not

the easiest condition for children with autism, but that

it was the most difficult condition for the control

groups.

Table II. Scores Obtained by the Three Groups in Each Condition

of Experiment 1

Face tasks

Group Id. Em. Ga. Ge. Li.

AUT

Mean 76 65.7 68.9 89.1 90

SD 11 16.8 19.4 14.5 12.4

Verbal mental age

Mean 82.6 90.3 96.6 98.2 99.5

SD 9.7 10.3 8.1 6 1.8

Chronological age

Mean 85.9 96.1 98.9 100 99.4

SD 14 5.1 3.8 0 2

Note: Id., Identity; Em., Emotional expression; Ga., Gaze; Ge.,

Gender; Li., Lip-Reading.
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The effect of age on performance was evaluated by

performing the Spearman Rank Correlation test for each

matching condition. For the CA group, no significant

correlation emerged between chronological age and per-

formance (all p > .10). For the VMA group, the only

aspect of face processing that improved with age was

the gender judgment (Rho = .63, p < .05). In the ASD

group, significant correlation was found between per-

formance in the Lip-Reading condition for both verbal

mental age (Rho = .69, p < .05) and chronological age

(Rho = .62; p < .05).

Discussion

We wish to emphasize that Experiment 1 findings

showed that autistic subjects displayed more difficul-

ties than control subjects in the majority of the facial

tasks. These data bring further evidence to a long-

lasting debate that face-processing difficulties in autism

were not limited to the processing of emotional ex-

pressions. Our results showed that several aspects such

as gender, lip-reading, and gaze discrimination were

also altered in autistic subjects when compared to con-

trol subjects, confirming previous reports (Baron-

Cohen, Campbell, Karmiloff-Smith, & Grant, 1995; de

Gelder, Vroomen, & Van der Heide, 1991; Gepner

et al., 1996).

Interestingly, performance of the autistic children

was similar to that of the two control groups in the fa-

cial identity–matching condition. One may argue that

our subject-matching procedure was not sensitive

enough to reveal performance differences in the iden-

tity condition. Indeed, some authors have proposed that

matching by verbal mental age might mask possible

deficits, at least in tasks involving emotion processing

(e.g., Celani, Battacchi, & Arcidiacono, 1999). We

still think that our procedure is a conservative proce-

dure that minimizes group differences (Fein, Lucci,

Braverman, & Watherhouse, 1992). Moreover, it is very

unlikely that this matching procedure could explain a

lack of difference between autistic and control subjects

in the facial identity but not in the other aspects of face

processing that have been tested.

Considering several reports in the literature indi-

cating that autistic children preferentially rely on local

rather than on configural facial information (e.g.,

Hobson et al., 1988; Kracke, 1994; Schultz et al.,

2000), it is surprising that facial-identity matching was

the only aspect of face processing that was not defi-

cient in our autistic population compared with controls.

Indeed, identity matching required the recognition of

a face under different emotional expressions and under

different viewpoints, and this ability is usually consid-

ered to involve configural processing (e.g., Hill,

Schyns, & Akamatsu, 1997). It is possible, however,

that control and autistic subjects used different strate-

gies despite a similar level of performance. Even

though identity matching usually involves a configural

analysis in typically developing children (e.g., Tanaka

et al., 1998), one cannot reject the idea that autistic

children could resolve the task by relying on facial

components only. As both target and comparison fig-

ures remained visible until the subject gave his/her

answer, an analytical analysis comparing facial features

by components was possible.

This explanation is furthermore supported by the

relative strength and weakness within the ASD group

in the different face tasks. Children with autism pre-

sent more difficulty in Identity, Gaze, and Emotional

Expression matching than in Gender and Lip-Reading

matching. It has been established that identity, gaze,

and emotional expression requires configural pro-

cessing (e.g., Calder et al., 2000). In contrast, Gen-

der (e.g., Yamaguchi et al., 1995) and Lip Reading

(e.g., Campbell, et al., 1986) rely on the use of a local

strategy. Our data are then consistent with a config-

ural processing impairment in the autistic population

(e.g., Hobson et al., 1988; Kracke, 1994; Schultz

et al., 2000), and thus are consistent with the WCC

prediction. This way of analyzing faces differs from

what is observed in typically developing children, and

our findings indicate the use of different facial pro-

cessing strategies by autistic and typically develop-

ing children. This experience leads us to propose that

the WCC in autism would apply not only to the pro-

cessing of geometrical shapes but also to facial

processing. An alternative explanation could be to

consider that the aspects of faces that are impaired in

the autistic population are deficient not because they

rely on configural analysis but because they are in-

volved in communication and social interaction in

which autistic persons are weak (DSM IV; American

Psychiatric Association, 1994). If this second expla-

nation is valid, it seems that lip reading should also

be impaired, as it is implicated in verbal communi-

cation. Instead, lip reading is relatively preserved in

our population of children with autism as in other

studies, at least when static stimuli are used (e.g.,

Gepner et al., 1996).

As it is difficult to draw conclusions from the

results of Experiment 1 about the strategies used by the

autistic population in face recognition, the hypothesis

of a configural face-processing impairment will be

directly assessed in the following experiment.
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3 For reasons of convenience and duration of testing, we used only

identity matching under different viewpoints in this second

experiment. Preliminary analysis of results from experiment 1

revealed no difference between matching identity under different

viewpoints (M = 78% correct) compared with matching identity

under different emotions (M = 76.4% correct) in the autistic group

(p > .05). Moreover, performance of autistic children was different

from neither that of CA (viewpoint M = 86.6% correct, emotion

M = 84.1% correct) nor of VMA (viewpoint M = 82.3% correct,

emotion M = 83.4% correct) controls in either identity condition

(all p > .05).

EXPERIMENT 2

The previous experiment showed that performance

of the autistic subjects did not differ from their control

groups in the facial identity task.3 The main goal of

experiment 2 was to assess whether the strategies used

by the autistic children in the facial identity task imply

visual processing different from those used by normal

controls, despite equivalent performance. This experi-

ment is built on the argument that low–spatial fre-

quency images convey more configural features than

local ones, whereas the local features are primarily con-

veyed by high spatial frequencies (Hughes et al., 1996;

Lamb & Yund, 1993; Shulman & Wilson, 1987). When

applied to face recognition, fine details of facial fea-

tures (i.e., local cues) are available when the stimulus

contains high spatial frequencies but not when it con-

tains only low facial frequencies.

Considering the hypothesis that autistic and

Asperger subjects rely more on local than on configural

information in face processing, we expected that more

errors would be made by autistic children when pre-

sented with low-pass compared with high-pass filtered

faces. In contrast, as control children are supposed to

rely on configural rather than on local processing (e.g.,

4 These values of low- and high-pass cut-off corresponded to those

usually used in adult studies on the role of spatial frequencies in

face processing (e.g., Costen, Parker, & Craw, 1994).

Carey & Diamond, 1994), they should make more errors

in the high-pass than in the low-pass filtered situations.

Participants

The same subjects as in experiment 1 participated

in this experiment. A maximum of 1 month elapsed be-

tween the first and the second experiment.

Stimuli

The stimuli set was composed of black and white

256 × 256-pixel photographs depicting four different

poses of three male faces. Poses varied from nearly

frontal to three-quarter views. Each photograph was

low-pass filtered (LSF, below two cycles/degree of

visual angle) and high-pass filtered (HSF, above six

cycles/degree of visual angle),4 so that the stimuli set

contained 24 filtered faces. Twelve LSF and 12 HSF

faces were used as targets. Only male faces were used

because they were easier to homogenize compared with

female faces. Each stimulus subtended 6° × 6° of vi-

sual angle when viewed at a distance of 60 cm.

Procedure

A trial consisted of the simultaneous presentation

of three faces on the screen: one target (LSF or HSF

face) at the top, and two probes (unfiltered faces) at the

bottom left and right of the screen (see Fig. 2). Each tar-

get was presented twice so that children underwent a

total of 48 trials composed of 24 LSF and 24 HSF trials.

Fig. 2. Example of stimuli used in the high- (right side) and low-pass filtered (left side)

condition in experiment 2.
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Fig. 3. Mean number of errors in the high- and low-pass filtered conditions of experi-

ment 2 in the three groups of subjects (Autistic Spectrum Disorder, Verbal Mental Age-

matched, Chronological Age-matched).

The positive probe was the unfiltered version of

another viewpoint of the face displayed as the target,

and the negative probe was an unfiltered face of another

individual matched with the target on hairstyle, skin

complexion, and eye color. All the negative probes also

served as positive probes in another trial. Position (right

or left) of the positive probe was counterbalanced across

trials. LSF and HSF trials were mixed within a block,

and trial orders were randomized for each subject.

The subjects were tested individually at their

home or in a quiet room in the child daycare unit in

the Montperrin hospital (Aix en Provence). They were

seated in front of a portable computer on which the

stimuli were displayed. Subjects were asked to decide

whether the face on the bottom left or the bottom right

was of the same identity as the LSF or the HSF face

presented on the top of the screen. Children had to press

the “a” keyboard button if they chose the face on the

left side, or the “p” button for the face on the right side.

Patches of different colors were used to identify re-

sponse keys. A few (n = 5) training trials with unfil-

tered face stimuli were given to the subjects before the

test to ascertain that they understood the task.

Results and Discussion

A 3 × 2 analysis of variance was performed on the

number of errors, with Group (ASD, VMA, CA) as

between-subject factor and Condition (LSF/HSF) as

within-subject factor. The Group × Condition interac-

tion was significant [F(2, 30) = 5.4, p < .01]. Further

analyses of this interaction revealed a significant effect

of condition in the ASD group [F(1, 10) = 7.6, p < .05],

showing better performance in the HSF (M = 3.5, SD =

1.7) than in the LSF condition (M = 5, SD = 2.1; see

Fig. 3). In contrast, the VMA group performed better

in the LSF (M = 3.9, SD = 3.8) than in the HSF (M =

5.8; SD = 3.8), (F(1, 10) = 6, p < .05; see Fig. 3). Al-

though not reaching a level of significance, the per-

formance of the CA group also shows more errors in

the HSF (M = 4, SD = 3.8) than in the LSF (M = 2.5,

SD = 2.5).

Interestingly, performance of CA or VMA groups

did not increase with age, whereas the autistic subjects

became better with age (Rho = .78, p < .05); this ef-

fect was significant in the LSF (Rho = .75, p < .05) but

not in the HSF condition (p > .05).

GENERAL DISCUSSION

These experiments suggest two main conclusions.

First, data from experiment 1 showed that facial iden-

tity recognition was not impaired in children with

autism. These findings support earlier studies conducted

by Hobson et al. (1988) and by Langdell (1978),
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showing that mentally retarded autistic children, ado-

lescents, and adults are proficient in judging faces by

identity. Similarly, another study (e.g., Gepner et al.,

1996) using the same facial-identity matching proce-

dure as in our study, reported that autistic children per-

formed as well as their controls matched for verbal

mental age. The pattern of strengths and weaknesses in

the various aspects of face processing evaluated in ex-

periment 1 is not the same between controls and autis-

tic population, indicating the use of different strategies

in these populations.

Second, results of the second experiment confirmed

that facial identities are recognized in a different way

by autistic and Asperger subjects than by normally

developing children matched on verbal mental age.

Whereas children of the VMA group used primarily LSF

information, children with autism based their judgments

on HSF cues. Our study is the first demonstration, to

our knowledge, of a HSF preference in the autistic pop-

ulation. If mere exposure rather than developmental pro-

gression in cognitive skills determined this difference,

then these autistic youngsters should show the same pat-

tern as normally developing children. This hypothesis

is not confirmed by the data.

As exposed earlier, numerous studies have estab-

lished a link between LSF and configural processing and

between HSF and local processing (e.g., Hughes et al.,

1996). Thus, the better results of our control subjects in

the LSF than in the HSF condition agrees with the idea

that typically developing children (Baenninger, 1994;

Carey & Diamond, 1994; Tanaka et al., 1998), as well

as normal adults (e.g., Rhodes, 1988), use configural in-

formation in face processing. In contrast, performance

of the autistic children indicates that they relied more

on local (HSF) than on configural (LSF) cues when pro-

cessing faces, thus confirming data from previous stud-

ies (Hobson et al., 1988; Langdell, 1978; Miyashita,

1988). A recent study by Schultz and colleagues (2000)

showed that individuals with ASD did not engage the

same cerebral structure (i.e., the fusiform face area) as

controls when processing faces but used structures usu-

ally accessed in object processing (i.e., right inferior

temporal gyrus). According to the authors, the autistic

participants processed faces like objects; that is, by

using feature-based strategies. Note, however, that the

ability of the autistic children to process LSF informa-

tion seems to benefit from age and practice. It is more

plausible that a dysfunction in configural face analysis

is observed in children with autism because of their lack

of face expertise. This explanation concords with the

proposal defended by Grelotti and colleagues (Grelotti,

Gauthier, & Schultz, 2002) that the poor specialization

for faces that results from an atypical way of processing

faces (more locally than configurally) and the inactiva-

tion of the fusiform face area in the autistic population

could be the result of their lack of expertise with faces.

However, tasks using nonsocial stimuli have also put

forward a possible deficit in configural processing in

the autistic population (Deruelle et al., submitted).

Further studies including mentally retarded

nonautistic children are necessary to make conclusions

about the specificity of the pattern of results observed

in the autistic group. However, it seems unlikely that

we will obtain similar findings on mentally retarded

nonautistic children, as earlier studies have revealed dif-

ferent ways of performing visual face-processing tasks

in these two populations (e.g., Campbell et al., 1999;

Hobson et al., 1988; Langdell, 1978). For instance, stud-

ies have established that nonautistic retarded children

were less focused on facial features than autistic chil-

dren when they had to sort faces on the basis of emo-

tional expression or identity (e.g., Hobson et al., 1988).

The local advantage in face processing observed

in children with autism and Asperger syndrome is in

accordance with the local bias demonstrated in this

population in tasks involving object perception (e.g.,

Mottron, Belleville, & Ménard, 1999) and with the

“weak central coherence” theory defended by Frith

(1989). In line with Frith (1989), Happé’s (1999) recent

review proposed that this weak central coherence may

concern perceptual, visuo-spatial, visuo-constructive,

and semantic processing. Our results bring additional

information to this proposition by showing that the local

bias observed in autistic children could be expressed as

early in the information processing as spatial frequency

decoding.

Though the peculiarities in face recognition ob-

served in our autistic group are not related to develop-

mental level, the possibility that they could originate

from brain developmental abnormalities should not be

excluded. In particular, a specific impairment of the dor-

sal visual pathway in the autistic population has been

evoked (e.g., Spencer et al., 2000). What could our find-

ings imply in terms of neuro-functional pathways?

In the visual pathway from the retina to the cortex,

two functional distinct streams may be distinguished.

At the level of the lateral geniculate nucleus, a magno-

cellular system (containing large cell bodies) codes for

movement and contrast and a parvocellular system (con-

taining small cell bodies) codes for color and fine visual

texture. Beyond the prestriate cortex, a dorsal and a ven-

tral visual pathway may be identified. The dorsal path-

way receives inputs from the magnocellular system,

whereas the ventral pathway receives inputs from

both the magno- and the parvocellular systems (e.g.,

Merigan & Maunsell, 1993).
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Low– and high–spatial frequency processing has

been related to the magno-parvo visual pathway. It has

been advanced that the magnocellular system shows

greater sensitivity to low spatial frequencies (i.e., to

those characteristics that correspond to the overall,

global/configural properties of a visual stimulus),

whereas the parvocellular system shows greater sensi-

tivity to high spatial frequencies (i.e., to those charac-

teristics that correspond to the finer, local details of a

visual stimulus) (e.g., Breitmeyer, 1975).

Difference in the maturational speed between the

two pathways could partly explain why one pathway

would be specifically altered in a developmental syn-

drome such as autism. However, data on the develop-

mental course of magno- and parvocellular pathway

maturations are somehow in contradiction. On one hand,

some neuro-anatomical findings have indicated that the

parvocellular system reaches maturity earlier than the

magnocellular system (see Hickey & Peduzzi, 1987).

On the other hand, various studies showed that newborn

humans preferentially process low rather than high spa-

tial frequencies (see de Schonen & Mathivet, 1989, for

a review). Nevertheless, several data have indicated that

the magno-pathway is particularly vulnerable in devel-

opmental neurological impairments. Specific deficits of

the magnocellular pathway in dyslexia have indeed

often been reported (e.g., Galaburda, 1993). If the hy-

pothesis is verified that the magnocellular system defi-

ciency is at the origins of the peculiar visual behavior

observed in children with autism, then it would indicate

that their different style of processing is present very

early in life.

Because it is assumed that the magnocellular

stream mainly projects to the dorsal pathway (DeYoe &

Van Essen, 1988), our findings are in agreement with

recent data indicating a specific deficit in the dorsal

pathway in autism (Spencer et al., 2000). These authors

showed that autistic children exhibited higher thresh-

olds in motion coherence perception (involving the

dorsal pathway) than typically developing children,

whereas these differences did not emerge for the form-

coherence threshold (involving the ventral pathway).

Also consistent with a dorsal pathway impairment in the

autistic population are two studies revealing that autis-

tic children are severely impaired in visually perceived

environmental motion (Gepner, Mestre, Masson, & de

Schonen, 1995; Gepner & Mestre, 2002).

Caution is, however, requested when interpreting

our results in terms of a dorsal visual system impair-

ment in the autistic population. First of all, the hy-

pothesis of a magno- or a parvocellular deficit was not

directly tested in our study. Furthermore, though the

dorsal stream receives its projections primarily from

the magnocellular pathway, the ventral stream likely

receives projections from both the magno- and parvo-

cellular pathways (e.g., Merigan & Maunsell, 1993).

Thus, even though an anomalous development of the

magnocellular visual system could be evidenced in

autism, it would not directly imply that only the dorsal

pathway is impaired in this population. In addition, the

hypothesis of a dorsal pathway deficit is supported nei-

ther by animal models (for a review, see Bachevalier,

1994) nor by studies using functional neuroimaging in

autism (e.g., Boddaert & Zilbovicius, 2002), which in-

dicate that the medial temporal lobe is an appealing

candidate as a neural substrate underlying the social

deficits in autism. Furthermore, recent fMRI data re-

vealed that face recognition difficulties in subjects with

autism could result from a deficit of the medial tem-

poral lobe (e.g., Dawson, Meltzoff, Osterling, &

Rinaldi, 1998; Howard et al., 2000), though it is up-

held by both Schultz and colleagues (2000) and by

Pierce, Müller, Ambrose, Allen, and Courchesne

(2001), who showed that individuals with autism and

Asperger syndrome exhibited abnormal ventral tempo-

ral cortical activity during face discrimination. These

contradictory results prove that more research on the

neuroanatomy and the development of the visual stream

in autism is necessary before jumping to conclusions.

Our study, in line with earlier findings (e.g.,

Minshew, Goldstein, & Siegel, 1997), emphasizes that

neuropsychological functioning in autism should take

into consideration intact abilities and deficits. Some as-

pects of visual perception are good and sometimes even

above normal in certain domains (see Happé, 1999, for

a review). As shown by the current study, autistic indi-

viduals do not attend to the same information within

faces as normally developing children. Nevertheless, the

use of a different strategy does not preclude good per-

formance in facial identity recognition.

Furthermore, it may be interesting to note that a

frequency bias was recently reported in the auditory

domain (e.g., Mottron, Peretz, & Ménard, 2000), indi-

cating that a general mechanism could explain enhanced

abilities in the autistic population independent of the

modality. Additional studies are, of course, needed to

elucidate this issue.
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