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Abstract This study used eye-tracking to examine visual

attention to faces and objects in adolescents with autism

spectrum disorder (ASD) and typical peers. Point of gaze

was recorded during passive viewing of images of human

faces, inverted human faces, monkey faces, three-dimen-

sional curvilinear objects, and two-dimensional geometric

patterns. Individuals with ASD obtained lower scores on

measures of face recognition and social-emotional func-

tioning but exhibited similar patterns of visual attention. In

individuals with ASD, face recognition performance was

associated with social adaptive function. Results highlight

heterogeneity in manifestation of social deficits in ASD

and suggest that naturalistic assessments are important for

quantifying atypicalities in visual attention.
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Introduction

Autism spectrum disorders (ASDs) represent a continuum

of neurodevelopmental disorders characterized by impair-

ments in social interaction, communication, and restricted

or repetitive interests and behaviors (American Psychiatric

Association 2000). Social dysfunction is the hallmark of

ASDs and their unifying diagnostic feature, with face

perception representing a well-studied facet of this domain.

Atypicalities in face perception have been noted early in

the development of children with ASD, as children sub-

sequently diagnosed with the disorder display reduced

attention to faces during the first year of life in retrospec-

tive studies of home videos (Maestro et al. 2001; Osterling

and Dawson 1994). Many studies of both children and

adults indicate that individuals with ASD show selective

difficulties with face recognition and discrimination

(Boucher and Lewis 1992; Boucher et al. 1998; McPartland

et al. 2004; Tantam et al. 1989), though it has been argued

that these difficulties may be neither universal nor limited

to faces (Behrmann et al. 2006; Jemel et al. 2006). Reduced

face inversion (Langdell 1978) and face decomposition

effects (Hobson et al. 1988; Tantam et al. 1989) have been

observed in this population and have been interpreted as

evidence of application of featural processing strategies
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(Joseph and Tanaka 2003) instead of the holistic approa-

ches that characterize typical face perception (Elgar and

Campbell 2001; Freire et al. 2000).

Much has been learned about visual attention to human

faces in ASD through eye-tracking studies. Despite normal

psychometrics in terms of basic eye movements (Goldberg

et al. 2002; Minshew et al. 1999) individuals with ASD do

not consistently demonstrate the pattern of preferential

attention to the eyes and core facial features evident in

typical development (Haith et al. 1977; Walker-Smith et al.

1977). Most studies examining patterns of gaze to faces in

ASD reveal reduced attention to the central features of the

face, especially the eyes (Corden et al. 2008; Falck-Ytter

2008; Hernandez et al. 2009; Jones et al. 2008; Klin and

Jones 2008; Klin et al. 2002a, b; Pelphrey et al. 2002;

Trepagnier et al. 2002). Several studies have, however,

only partially replicated this pattern of results (Sterling

et al. 2008) or have revealed looking patterns comparable

to typical individuals (Anderson et al. 2006; Dapretto et al.

2006; van der Geest et al. 2002). This variability in results

may reflect differences in task-related factors, such as

deciphering emotional expressions versus viewing faces

without explicit directions (Sterling et al. 2008), or dif-

ferences in the visual stimuli employed, with dynamic

facial stimuli being more likely to elicit atypical viewing

patterns than static stimuli (Speer et al. 2007).

Despite consideration of task demands and the role of

motion in visual attention to faces, the role of the visual

properties of face stimuli as a potential influence on pat-

terns of gaze in ASD remains unexplored. Most eye-

tracking studies of static face perception have examined

visual attention only to faces. This leaves open the possi-

bilities that (a) individuals with ASD display atypical

patterns of visual exploration to any object (e.g., prefer-

entially inspecting the lower half) or (b) that atypical

looking patterns are elicited by the distinct visual proper-

ties of faces (rather than social or experiential factors). To

our knowledge, only one study has examined visual

attention in ASD to static non-face objects (Anderson et al.

2006). Group differences were observed in looking patterns

to non-face stimuli (landscapes) that correlated with

autistic symptomatology. Though these findings emphasize

the import of investigating visual attention to non-face

stimuli, the study design limits inferential power and

generalizability. Because individual exemplars of a variety

of heterogeneous control stimuli (e.g., non-human faces

consisting of a dog, cat, lion, and fox face and toy stimuli

consisting of a shape-sorter, ball, boat, and puzzle) were

presented, the influence of the particular visual character-

istics of a homogenous stimulus class on viewing patterns

could not be explored. Secondly, because this study fea-

tured an extremely wide developmental span among chil-

dren with ASD, encompassing a range of 1–6 years of age,

developmental effects cannot be extricated from the

results.

The role of the visual form of the human face in per-

ception is relevant for understanding visual attention.

Neuroimaging studies suggest that the visual properties of

faces, including shape, may influence their neural pro-

cessing (Ishai et al. 1999). Individuals with face recogni-

tion problems also have difficulty perceiving stimuli that

resemble faces in terms of being three-dimensional and

curvilinear (Laeng and Caviness 2001). Behavioral studies

of face and object recognition suggest that individuals with

ASD display difficulties distinguishing among homoge-

neous sets of non-face objects (Scherf et al. 2008). The

extant literature employing eye-tracking to study static

faces cannot extricate ‘‘faceness’’, per se, from these

potential confounds.

The current study sought to systematically examine the

influence of the visual properties of static stimuli on visual

attention. To do so, four sets of homogenous control

stimuli varying in perceptual similarity to human faces

were employed. First, human faces were compared to

monkey faces. Both stimuli share a common visual con-

figuration but differ in terms of social relevance and

developmental exposure. It was predicted that the ASD

group would differ from the typical group in terms of

reduced attention to eyes and increased attention to mouths

for the human faces only. Despite structurally similar

visual properties, it was hypothesized that both groups,

lacking experience with monkey faces, would scan them

similarly. A second comparison contrasted looking patterns

between upright human faces and inverted human faces.

Given evidence that inversion of faces disrupts typical

processing strategies and elicits object-like processing in

typical individuals, it was predicted that individuals with

ASD would exhibit anomalies relative to typical individ-

uals to upright but not inverted faces. A third comparison

examined visual attention to upright human faces versus

three-dimensional, curvilinear objects (Greebles; Gauthier

and Tarr 1997) and two-dimensional geometric patterns.

Both Greebles and patterns were novel stimuli for both

groups, but only Greebles, unlike angular geometric pat-

terns, feature three-dimensional curvature. It was hypoth-

esized that Greebles and patterns would elicit scan patterns

in individuals with ASD similar to those observed in typ-

ical individuals. This study also examined interrelation-

ships among patterns of visual attention to faces and social

behavior, including face recognition ability. Consistent

with the notion that face processing deficits are a mani-

festation of social disability, it was predicted that individ-

ual differences in visual attention to faces and in the ability

to recognize faces would correlate with measures of social

ability. In contrast, if social deficits are a manifestation of

differences in basic sensory perception (Mottron et al.

J Autism Dev Disord (2011) 41:148–157 149

123



2006), differences in viewing patterns to a broader array of

non-face visual stimuli might relate to measures of social

function.

Methods

Participants

Participants were recruited from the University of Wash-

ington Autism Center, local parent advocacy groups, public

schools, clinics, hospitals, internet newsgroups, and flyers

posted at the University of Washington. Exclusionary cri-

teria included known neurological disorder or disease,

genetic syndrome, medication affecting the oculomotor

system, significant ocular pathology, and history of sei-

zures, serious head injury, or neurological disease. Addi-

tional exclusionary criteria for typical participants included

birth or developmental abnormalities, family history of

autism spectrum disorder, and learning or language dis-

ability. All participants had a performance IQ of 80 or

higher, as assessed using an abbreviated form of the

Wechsler Intelligence Scale for Children—Third Edition

(Block Design and Object Assembly subtests; WISC-III;

Wechsler 1997). All participants in the ASD group had pre-

existing diagnoses, which were confirmed with the Autism

Diagnostic Interview—Revised (ADI-R; Lord et al. 1994),

the Autism Diagnostic Observation Schedule—Generic

(ADOS-G; Lord et al. 2000), and clinical diagnosis (JM)

according to the Diagnostic and Statistical Manual of

Mental Disorders: Fourth Edition (DSM-IV-TR; American

Psychiatric Association 2000). Of 17 participants meeting

inclusion criteria, adequate eyetracking data were collected

from 15 individuals with ASD (1 subject’s eyeglasses

prevented data collection, and 1 subject’s data were not

collected due to equipment failure). Of 18 typically

developing participants, 17 provided adequate eyetracking

data (1 subject’s data were not collected due to equipment

failure). Table 1 presents sample demographic and

descriptive information, including sex, race, handedness,

chronological age, and performance IQ for both groups.

Groups did not significantly differ on any of these

factors.

Behavioral Assessments

Face/Object memory

Non-face object recognition was assessed with the Cam-

bridge Neuropsychological Test Automated Battery Pattern

Recognition Subtest (Fray et al. 1996; Sahakian and Owen

1992). 12 colored patterns were presented on a computer

screen for 3 s each; after a 5 s pause following the 12th

pattern, the participant was presented with 12 consecutive

pairs of patterns, each consisting of one of the patterns he

or she just viewed and one unfamiliar pattern. For each

pair, the subject selected (by touching the pressure sensi-

tive computer screen) the pattern that he or she had already

seen. This procedure was repeated with a second set of

patterns for a total of 24 trials. An analogous task, the

Computerized Face Recognition Task, was designed using

identical procedures and gray-scale faces digitally masked

to conceal hair and background. Dependent variables were

number of correct responses and average latency to

response.

The Children’s Memory Scale Faces Subtest (CMS;

Cohen 1997) was administered as an additional measure of

face recognition, yielding a scaled score. In this task, 16

faces were presented for 2 s each and then identified

among a larger, sequentially presented set of 48 faces. The

Child Mind in the Eyes Test—Revised Version (Baron-

Cohen et al. 2001) assessed ability to infer gender and

emotion from the eye region. The task presented 36

exemplars twice, requiring participants to identify gender

on one iteration and to select mental state from four

choices on the second iteration. Number of correct

responses for emotion and gender conditions were the

resultant dependent variables.

Social function

The Vineland Adaptive Behavior Scales—Survey Form

(Sparrow et al. 1984) Communication and Socialization

domains provided standard scores reflecting adaptive social

and communicative function based on parent report. The

Social Competence Questionnaire (Sarason et al. 1985) is a

10-item parent-report questionnaire measuring social

Table 1 Participant descriptive characteristics

Group n: Male Ethnicity Handed Age (Years) Performance IQ

Range M (SD) Range M (SD)

Typical 17: 13 13 White

4 Other

15 Right

2 Left

13.2–17.0 14.5 (1.3) 80–131 115.5 (13.6)

ASD 15: 13 14 White

1 Other

13 Right

2 Left

12.0–16.6 14.5 (1.7) 94–139 115.1 (11.8)
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communication skill and comfort using a four-point scale

to rate responses, ranging from 1 (‘‘not at all like my

child’’) to 4 (‘‘a great deal like my child’’). It yields a social

disability score, computed by summing across all items.

The Social Responsiveness Scale (SRS; Constantino 2003)

is a 65-item parent-report instrument assessing social

function during the previous 6 months. A proportional

score was calculated for each participant by assigning

numerical values to the responses, summing across all

items, and dividing by the maximum possible total.

Eye-tracking Procedure

Eye movements were recorded with the ISCAN Eye

Tracking Laboratory (ETL-500) system, using the Head-

band Mounted Eye/Line of Sight Scene Imaging System

(ISCAN Incorporated, Burlington, MA) with Polhemus

FastTrack head tracking system. The Headband Mounted

Imaging System consists of a lightweight headband built

into a baseball cap that supports a solid-state infrared

illuminator, two miniature video cameras, and a dichroic

mirror that reflects infrared light to the cameras but is

transparent to the subject. The dichroic mirror reflects an

infrared image of the subject’s eye to the eye-imaging

camera, which outputs directly to the ETL-500, a computer

system running the RK-726PCI Pupil/Corneal Reflection

Tracking System and the RK-620 PC Autocalibration

System. Point of gaze was sampled at 240 Hz with an

accuracy of 0.5 visual degrees. Co-registration of point of

gaze with head position (measured by the Polhemus head

tracker) preserved accuracy with tolerance for head

movement.

Eye-tracking sessions were recorded in a sound-attenu-

ated room. Participants were seated in a comfortable chair

approximately 70 cm from a 21-inch flat screen monitor at

a resolution of 800 by 600 pixels. Participants were

familiarized with the testing setting prior to the experiment

and were desensitized to the recording apparatus with a

mock device comparable in structure and weight. An

automated rapid calibration procedure took approximately

10–20 s, first computing a head vector at central fixation

and then five on-screen calibration points at center and six

visual degrees towards the top, bottom, left, and right of the

monitor. Calibration was manually checked before and

after presentation of each stimulus category by testing

accuracy of gaze to a target subtending one visual degree at

the extremities of the stimulus presentation portion of the

monitor.

After calibration, participants were shown 10 stimuli

from five stimulus categories, each lasting 8 s and preceded

by a 2-second crosshair at the center of the screen. Par-

ticipants were instructed to focus on the crosshair when-

ever it was present but to ‘‘look at the pictures as [he or

she] wish[ed]’’. Administration order of individual stimuli

was randomized within each category, and the sequence of

stimulus category administration was counterbalanced

across participants in each group.

Stimuli

Visual stimuli consisted of digitized grayscale images

standardized in terms of background color, size, and visual

resolution. Stimuli subtended 15 horizontal visual degrees

and 19 vertical visual degrees. The following categories of

stimuli were presented: upright human faces, monkey

faces, two-dimensional geometric patterns, Greebles, and

inverted human faces. All stimuli were bilaterally sym-

metrical (except for the hair of human faces), and geo-

metric designs were constructed so that, like human faces,

monkey faces, and Greebles, most of the visual information

was contained in the upper portion of the stimulus field. For

each stimulus, ROIs reflecting upper and lower visual areas

of stimuli were defined prior to data collection. ROI sizes

were equivalent across stimulus categories, and onscreen

position was constant across stimuli within a particular

category. For upright faces, inverted faces, and monkey

faces, upper and lower ROIs corresponded to eyes and

mouth, respectively (i.e., for inverted faces the upper ROI

corresponded to the upper face though it was displayed on

the bottom half of the stimulus monitor). Because no

a priori hypotheses existed with respect to regions of

interest for geometric designs and Greebles, upper and

lower ROIs for upright faces were applied, to allow most

direct comparison with upright human faces. Figure 1

depicts on-screen presentation of stimuli with upper and

lower ROIs shaded in light and dark, respectively. ROIs

were not visible to participants.

Data Processing

The ETL-500 Point of Regard Data Acquisition and Fix-

ation Analysis software package managed the collection

Fig. 1 Screenshots depicting stimuli with regions of interest indicated
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and retrieval of eye point of regard parameters. Fixations

were predefined as consecutive eye gaze positions focused

within an area of one visual degree for a period of 100 ms

or greater (Manor and Gordon 2003). Blinks and off-screen

gazes were automatically excluded from data analysis by

the software program. For each stimulus category, software

automatically output a sequential list of all fixations,

specifying the duration and location (with respect to pre-

defined ROIs) of each. From this information, proportion of

fixations to each ROI and total duration of fixation time to

each ROI were computed for each stimulus category.

Results

Patterns of Visual Attention

Separate univariate repeated measures analyses of variance

were conducted for each dependent variable (proportion of

fixations, duration of fixations) for the following compari-

sons: (1) faces versus monkey faces, (2) faces versus inverted

faces, and (3) faces versus Greebles versus patterns). For

each analytic model, group was entered as a between subjects

factor, with ROI (upper, lower) and stimulus category as

within-subjects factors. Tables 2 and 3 display the mean

proportion of fixations and duration of fixations, respec-

tively, to each ROI for each stimulus class for both groups.

Faces versus monkey faces

Main effects of ROI for both proportion of fixations,

F (1, 30) = 157.53, p \ .01, and duration of fixations,

F (1, 30) = 131.83, p \ .01, indicated that both groups

devoted greater attention to the upper versus lower ROI for

both human and monkey faces. No other effects and no

between-group differences were detected.

Faces versus inverted faces

A main effect of ROI for both proportion of fixations,

F (1, 30) = 159.06, p \ .01, and duration of fixations,

F (1, 30) = 99.20, p \ .01, indicated that both groups

devoted greater attentional resources to the upper relative

to the lower ROI irrespective of orientation. A stimulus

category by ROI interaction for both proportion of fixa-

tions, F (1, 30) = 12.30, p \ .01, and duration of fixations,

F (1, 30) = 9.69, p \ .01, indicated that, for both groups,

the difference between proportion of fixations to eyes and

fixations to mouths was reduced during viewing of inverted

faces relative to upright faces. Though participants in both

groups looked more at the eyes in both stimulus categories,

they showed relatively reduced attention to the eyes and

increased attention to the mouth for inverted faces.

Faces versus Greebles versus patterns

A main effect of stimulus category for both proportion of

fixations, F (2, 60) = 37.26, p \ .01, and duration of fix-

ations, F (2, 60) = 28.60, p \ .01, indicated that partici-

pants in both groups looked more to ROIs when viewing

faces than patterns or Greebles. A main effect of ROI for

both proportion of fixations, F (1, 30) = 214.30, p \ .01,

and duration of fixations, F (1, 30) = 121.37, p \ .01,

showed that for both groups and across stimulus categories

greater attention was allocated to the upper ROI relative to

the lower ROI. A stimulus category by ROI interaction for

both proportion of fixations, F (2, 60) = 35.02, p \ .01,

and duration of fixations, F (2, 60) = 25.97, p \ .01,

indicated that, for both groups; participants looked more to

the upper ROI when viewing faces relative to patterns or

Greebles. For duration of fixations, a ROI by group inter-

action, F (1, 30) = 7.47, p \ .01, indicated that, across

stimulus category, typical individuals spent less time

looking to the upper ROI than individuals with ASD.

Figure 2 depicts this interaction effect by displaying

average duration of fixations to each ROI for each stimulus

class for both groups.

Face Recognition and Social/Emotional Functioning

Table 4 shows means for each group on measures of face

and object perception and social-emotional functioning, as

well as p values for between group t-tests comparing per-

formance on each measure. Individuals with ASD obtained

significantly lower scores on the computerized face

Table 2 Mean proportion of fixations to ROIs

Group ROI Faces Monkey

faces

Patterns Greebles Inverted

faces

M (SD) M (SD) M (SD) M (SD) M (SD)

Typ Eyes .45 .11 .43 .09 .25 .08 .19 .09 .35 .10

Mouth .10 .07 .11 .07 .08 .04 .12 .06 .18 .08

ASD Eyes .48 .21 .47 .19 .29 .10 .21 .09 .36 .14

Mouth .08 .06 .09 .05 .06 .05 .09 .06 .18 .16

Table 3 Mean duration (in seconds) of fixations to ROIs

Group ROI Faces Monkey

faces

Patterns Greebles Inverted

faces

M (SD) M (SD) M (SD) M (SD) M (SD)

Typ Eyes 2.4 0.8 2.4 0.9 1.2 0.7 0.9 0.6 1.7 0.9

Mouth 0.6 0.5 0.6 0.5 0.4 0.3 0.6 0.4 0.9 0.5

ASD Eyes 3.0 1.7 2.8 1.3 1.8 1.0 1.2 0.7 2.2 1.2

Mouth 0.4 0.3 0.4 0.2 0.3 0.2 0.5 0.4 1.1 1.2
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recognition task and marginally lower scores on the CMS

faces subtest. On measures of social function (Vineland

social domain, Vineland communication domain, SCS, and

SRS), the ASD group’s scores reflected significantly

greater impairment.

Visual Attention, Face Recognition, and Social

Function

To examine relations among patterns of visual fixation and

social functioning in individuals with ASD, Pearson’s

product moment correlations were computed among eye-

tracking dependent variables for upright face stimuli,

measures of social/emotional functioning, and face mem-

ory. Analysis revealed that higher scores on the Mind in the

Eyes: Gender task were marginally associated with

increased proportion of fixations to eyes (r = .51, p \ .10);

individuals with ASD who devoted greater attentional

resources to the eyes were more likely to accurately iden-

tify gender by looking at the eyes. Higher Vineland social

score was associated with improved performance on the

CMS faces task (r = .53, p \ .05); individuals with ASD

who scored higher on this face recognition measure

exhibited higher levels of adaptive social functioning.

Discussion

This study examined visual attention to faces and a variety

of control stimuli in individuals with ASD. Relations

among fixations, face and pattern recognition, and social-

emotional functioning were also explored. Visual fixations

were measured while participants passively viewed five

different homogenous classes of stimuli including upright

human faces, inverted human faces, monkey faces, three

dimensional curvilinear forms (Greebles), and two-

dimensional geometric patterns. Typically developing

individuals and those with ASD displayed comparable

patterns of visual attention across stimulus categories. Both

groups tended to focus attention to the upper regions of

visual stimuli and less attention to the lower regions, par-

ticularly for upright face stimuli. The only between group

difference to emerge was an interaction effect indicating

that, when comparing upright faces, three-dimensional

objects, and geometric patterns, individuals with ASD

devoted proportionally greater attentional resources to the

upper, relative to lower, portions of visual stimuli.

In contrast to our predictions, the sample of children

with ASD in this study exhibited normative patterns of

visual attention to human faces despite face recognition

impairments and significant social deficits. These findings

are consistent with other research investigating visual

attention to static face stimuli in ASD (Sterling et al. 2008;

van der Geest et al. 2002) and may reflect the diminished

realism and consequently decreased ecological validity of

grayscale, static stimuli (Speer et al. 2007). Dynamic in

vivo social interactions may be better able to characterize

the variability in eye gaze among individuals with ASD

(Klin et al. 2003).

Details of the experimental design may also have

influenced results. Extended viewing times of eight sec-

onds may have affected viewing patterns, as previous

studies using shorter viewing times (e.g., 2 s; Pelphrey

et al. 2002) have detected differences while those

employing longer viewing times (e.g., 10 s; van der Geest

et al. 2002) have not. The large stimulus display size in the
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Fig. 2 Mean duration of fixations to ROIs

Table 4 Performance on measures of neuropsychological and social/

emotional functioning

Typical ASD p

M (SD) M (SD)

Computerized face rec.

Score 21.41 2.45 18.00 2.42 \.01

Latency (in seconds) 3.17 0.57 3.16 0.68 .96

CANTAB pattern rec.

Score 22.53 1.42 21.64 2.21 .19

Latency (in seconds) 2.08 0.55 2.25 0.60 .41

CMS faces 9.59 3.91 7.27 3.31 .08

Mind in the Eyes

Gender 26.12 1.50 26.20 1.90 .89

Emotion 20.71 2.64 20.80 3.76 .94

Vineland

Social 88.65 12.91 49.07 6.10 \.01

Communication 94.35 14.16 56.00 8.05 \.01

SCS 7.47 5.70 22.13 5.34 \.01

SRS 0.10 0.06 0.59 0.12 \.01
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current study may also have impacted scan patterns. There

is evidence that, when individuals with ASD are provided

with sufficient time and visual resolution to process high

spatial frequency information, they display, not only more

typical patterns of face recognition, but more typical pat-

terns of brain activity associated with face processing

(Hadjikhani et al. 2004). The absence of any competing

stimuli on-screen stimuli may also have influenced results,

as several studies documenting anomalous viewing patterns

simultaneously displayed alternative sources of visual

information (Klin et al. 2002b; Vivanti et al. 2008). Face

scanning atypicalities as a consequence of difficulties in

attention shifting or disengaging might only emerge under

such circumstances.

The variability among results in research studies

investigating visual attention to static faces in ASD mirrors

that observed in the clinical phenotype. Although social

deficits represent a pervasive and unifying feature of ASD,

there is much variation in the manifestation of this char-

acteristic. Indeed, considering that diagnosis requires that

only 6 of 12 diagnostic criteria be met, children may

qualify for identical diagnostic labels despite distinct

symptom profiles. The diversity observed in clinical man-

ifestation and evident in the present study has also been

noted in face processing research using other methods. For

example, findings of electrophysiological anomalies in the

processing of faces (Dawson et al. 2002; McPartland et al.

2004; O’Connor et al. 2005, 2007; Webb et al. 2006) have

failed to replicate in some samples (Kemner et al. 2006;

Webb et al. 2009). Hypoactivation of the fusiform gyrus

during face perception (Schultz 2005; Schultz et al. 2000)

has also failed to manifest in some samples (Hadjikhani

et al. 2004; Hadjikhani et al. 2007; Kleinhans et al. 2008,

2009; Pierce et al. 2004; Pierce and Redcay 2008). The

current results do not clarify whether individuals with

preserved face perception represent a meaningful subgroup

within the autism spectrum or simply variation in one

aspect of social behavior. This heterogeneity represents

informative variance, offering descriptive information

about individual differences at a level not yet permitted by

extant diagnostic categories.

Differences in visual attention to faces may also reflect

developmental variation. We have suggested elsewhere

(Dawson et al. 2005) that atypical scan patterns to human

faces may represent a developmental consequence of

reduced attention to people in early childhood. It then

follows that variability in social motivation would predict

variability in scan patterns and that this developmentally-

induced heterogeneity would be most evident in adoles-

cents and adults. Thus, it is possible that preserved looking

patterns in the current sample may reflect high levels of

social motivation during development. Though formal

quantification of social motivation was not obtained in the

current study, clinical interviews suggested strong social

interest despite underdeveloped social skills, corresponding

to the ‘‘active but odd’’ classification ASD described by

Wing and Gould (1979). Individuals with these character-

istics might obtain higher levels of developmental exposure

to other people and consequently increased experience with

human faces and thus display more normative looking

patterns. It will be important in future research to examine

face processing in ASD in light of social motivation.

Indeed, in typically developing populations; personality

characteristics associated with social motivation, such as

extroversion and introversion, modulate neural responses

to faces (Cheung 2010, in press). In considering the

influence of development on face scanning, evidence for

eye-biased scan patterns in neonates suggests that, to some

extent, the typical pattern of upper face preference may be

present from birth (Farroni 2002; Farroni et al. 2005).

Our results may also reflect diagnostic distinctions

within the autism spectrum. The symptom profile of all

participants in the current study was consistent with DSM-

IV-TR criteria for Asperger Syndrome. The absence of

differential looking patterns between clinical and control

groups suggests possible preservation of fixation patterns to

faces in this diagnostic subgroup (but see Corden et al.

2008). The absence of clinical comparison groups in this

study prevents analysis of fixation differences among As-

perger Syndrome and other subtypes of ASD; however, the

potential utility of fixation patterns as diagnostic differen-

tiator merits further research.

It is also possible that cognitive or experiential charac-

teristics of the children in the current study contributed to

their performance. The sample in the current study was

extremely high-functioning, with cognitive abilities a full

standard deviation above average. Prior research suggests

that face processing anomalies in ASD may be more likely

in individuals with lower intelligence (Teunisse and de

Gelder 2003). Though, in the current study, recognition

ability did not correlate with IQ, the influence of cognitive

ability cannot be ruled out. Intervention history may have

also impacted performance. Given that eye contact is a

common objective in social therapies, it is possible that (a)

genuine improvement in eye gaze secondary to interven-

tion was reflected in more normative gaze patterns or (b)

acquiescent response bias skewed participants towards

more typical viewing patterns under circumstances in

which they knew their fixations were being monitored.

Parent report and clinical observation suggest that the latter

may be more likely, as all participants were impaired in eye

gaze in naturalistic contexts.

Despite typical looking patterns and comparable per-

formance to typical counterparts on a measure of pattern

recognition, individuals with ASD demonstrated selective

impairment on measures of face recognition. Their poor
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performance on the computerized test of facial recognition

is most striking, as this measure was identical in procedure

and administration to the pattern recognition subtest, on

which they performed comparably to peers. These results

suggest a potential disconnect between patterns of visual

attention and face recognition skill; face recognition diffi-

culties were evident even among individuals with norma-

tive patterns of visual attention. Shortened exposure times

in the face computer task and on the face memory test may

have also contributed to poorer performance. Performance

on the CMS faces task was associated with stronger

adaptive social function, as measured by the Vineland

social domain. This pattern of results is consistent with the

prediction that individuals with stronger face recognition

skills should show stronger social ability.

Despite difficulties on measures of identity recognition,

children with ASD were comparable to typically develop-

ing children on measures of gender and emotion recogni-

tion, putatively the more challenging social-cognitive task.

As described above, this finding may reflect ‘‘teaching to

task’’ in the context of social skills training. This inter-

pretation is also consistent with the observed marginal

correlation in the ASD group between gender discrimina-

tion and increased attention to eyes. Because gender

identification may be less focal in intervention programs

for individuals with ASD, it may provide an ‘‘uncontami-

nated’’ measure of an individual’s ability to extract infor-

mation from a human face; individuals may have thus been

less likely to have had the opportunity or the inclination to

develop and practice compensatory strategies for gender

identification. When the likelihood of compensatory strat-

egies was eliminated by a novel task, individuals with more

typical patterns of attention (i.e., increased attention to

eyes) were more proficient at interpreting the information

contained in the human face.

One limitation of the current study is that measures of

fixation were limited to theoretically-defined regions of

interest. Though measures of looking time indicated that

these regions captured a significant portion of visual

attention in both groups, it is possible that between-group

differences in visual attention might have been revealed

with exploration of additional regions of interest (e.g.,

inner versus outer features or stimulus area versus non-

stimulus on-screen area). An objective of ongoing work is

to use empirically-derived regions of interest to compare

viewers with ASD and typical counterparts (Jones and Klin

2010, submitted).
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