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a b s t r a c t
Autism spectrum disorder (ASD) is a neurodevelopmental condition in which children show reduced
attention to social aspects of the environment. However in adults with ASD, evidence for social attentional
deﬁcits is equivocal. One problem is that many paradigms present social information in an unrealistic, isolated way. This study presented adults and adolescents, with and without ASD, with a complex social scene
alongside another, non-social scene, and measured eye-movements during a 3-s viewing period. Analyses ﬁrst identiﬁed viewing time to different regions and then investigated some more complex issues.
These were: the location of the very ﬁrst ﬁxation in a trial (indicating attentional priority); the effect of a
task instruction on scan paths; the extent to which gaze-following was evident; and the degree to which
participants’ scan paths were inﬂuenced by the low-level properties of a scene. Results indicate a superﬁcially normal attentional preference for social information in adults with ASD. However, more sensitive
measures show that ASD does entail social attention problems across the lifespan, supporting accounts
of the disorder which emphasise lifelong neurodevelopmental atypicalities. These subtle abnormalities
may be sufﬁcient to produce serious difﬁculties in real-life scenarios.
© 2008 Elsevier Ltd. All rights reserved.

1. Introduction
The term autism spectrum disorder (ASD) refers to a set of neurodevelopmental disorders deﬁned by atypicalities in three major
symptom domains: communication, interaction and imagination
(Wing & Gould, 1979). Children with ASD often show signiﬁcant
impairments in their attention to social elements of the environment. This includes well-documented impairments in triadic joint
attention (Loveland & Landry, 1986; Leekam, Baron-Cohen, Perrett,
Milders, & Brown, 1997; Leekam, Hunnisett, & Moore, 1998; Mundy
& Newell, 2007; Mundy, Sigman, Ungerer, & Sherman, 1986) and
attentional capture by social stimuli (Dawson, Meltzoff, Osterling,
Rinaldi, & Brown, 1998; Dawson et al., 2004). Perhaps the most
fundamental aspect of social attention is attention to another person, and this has also been shown to present problems for children
with autism in both interactive (Leekam, Lopez, & Moore, 2000)
and picture-viewing (Riby & Hancock, 2008) paradigms.
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The prevalence of social attention problems in autism has led
many to suggest that these may be at the root of the development of
the disorder (Klin, Jones, Schultz, & Volkmar, 2003; Mundy & Neal,
2001; Schultz, 2005). These theories all suggest that autism results
from an interaction between experience and neural development,
creating developmental impairments in social behaviour and the
‘social brain’ (Brothers, 1990; Johnson, 2005). The amygdala is particularly important in the investigation of social attention, since
abnormalities in this area are thought to be related to reduced ﬁxation on the eye-region in autism (Corden, Chilvers & Skuse, 2008;
Dalton et al., 2005) as well as underpinning wider deﬁcits in social
cognition (Baron-Cohen et al., 1999, 2000; Howard et al., 2000;
Nacewicz et al., 2006).
Schultz (2005) suggests that early atypicalities in amygdala
function (Dawson et al., 2002) contribute to the development of
deﬁcits in social behaviour as well as constraining neural development in regions such as the fusiform face area. This process would
result in lifelong neural atypicalities, affecting the developmental
trajectory of people with ASD, and maintaining the social problems
characteristic of autism. This interpretation is supported by evidence of functional abnormalities in the brains of adults with ASD
performing social cognitive tasks (Bird, Catmur, Silani, Frith, & Frith,
2006; Castelli, Frith, Happé, & Frith, 2002; Critchley et al., 2000;
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Freitag et al., 2008; Pelphrey, Morris, & McCarthy, 2005) and of
structural abnormalities in the social brain (Frith, 2001; Kleinhans
et al., 2008).
On the other hand, behavioural research shows that joint attention and social orienting is clearly related to developmental level
and age in children (Leekam et al., 2000; Leekam & Ramsden, 2006;
Mundy & Sigman, 1990; Mundy, Sigman, & Kasari, 1994). This raises
the possibility that people with ASD (particularly high-functioning
individuals) might be able to develop social skills not apparent in
childhood, as they grow older. There has been very little investigation of attention to social information in adults with ASD and the
question remains whether or not social attention continues to be
impaired beyond childhood in autism.
One signiﬁcant study to address this question employed eyetracking technology to examine whether adults and adolescents
with ASD looked at the same parts of a moving image with social
content as typically developed (TD) adults (Klin, Jones, Schultz,
Volkmar, & Cohen, 2002). The authors found that people with ASD
had atypical ﬁxation patterns, looking less at the eye-region and
more at the mouth and objects. However, others have suggested
that this multi-sensory, moving stimulus produced group differences due to complex processing requirements, which particularly
affected the performance of participants with ASD (Kemner & van
Engeland, 2003). This suggestion is supported by evidence that
children and adolescents with ASD only have abnormal ﬁxation
patterns for moving stimuli, which depict two people engaged in a
social exchange (Speer, Cook, McMahon & Clark, 2007). The authors
conclude that for static images or those which present social information in isolation (i.e. just one person) social attention is normal
in autism.
Evidence from studies which present static images of isolated
social information to adults with ASD remains equivocal. Some
ﬁndings correspond with Speer et al., showing that ﬁxation within
a static face is normal in autism (Bar-Haim, Shulman, Lamy, &
Reuveni, 2006). Others suggest that people with ASD do ﬁxate
less on the eye-region of faces speciﬁcally (Spezio, Adolphs, Hurley, & Piven, 2007), some that ﬁxation to all central features of
the face is reduced (Pelphrey et al., 2002). Moreover, all of these
studies present only faces, without a visible body or realistic scene
context, and so they tell us more about face processing (Sasson,
2006) than about attention to social information. One study that did
present social information within a realistic scene showed a normal attentional bias for eye-gaze information in able young adults
with autism (Fletcher-Watson, Leekam, Findlay, & Stanton, 2008).
However, the ‘change blindness’ method used in this case could not
reveal how attention is distributed temporally and spatially to the
scene as a whole.
Research measuring the eye-movements of TD adults viewing
social and non-social stimuli has recently demonstrated that they
show a strong attentional preference for social scenes (FletcherWatson, Findlay, Leekam, & Benson, 2008). TD adults are capable
of identifying human ﬁgures and even faces in peripheral vision
and moving their eyes directly to that spot, with no delay in eyemovement processing time. This attentional preference to look at
people is increased by the introduction of a task requirement to
identify the gender of the person depicted. Furthermore, there is
evidence of a gaze-following process, whereby the viewer looks at
the person in the scene and subsequently to the area being ﬁxated
by that person.
Replicating this study with participants with ASD can help to
reveal whether they will also preferentially attend to and prioritise social information. Given the equivocal nature of existing
evidence, it is hard to make concrete predictions. If stimulus complexity makes a difference to adults’ attention, our static stimuli,
which depict only one person, might not produce atypical ﬁxa-

Table 1
Descriptive statistics for each group, with t-test results for group comparisons
ASD

Age (years)
FSIQ
VIQ
PIQ

TD

t-Test result

Mean

S.D.

Mean

S.D.

18.8
91.3
87.2
97.3

2.3
12.7
12.3
15.9

21.5
107.1
104.5
108.7

7.8
13.5
13.0
13.5

t(25) = 1.19, p = .24
t(25) = 3.06, p = .005
t(25) = 3.53, p = .002
t(25) = 2.02, p = .054

tion patterns in participants with ASD, in line with ﬁndings in
children (Speer et al., 2007). On the other hand, by presenting
realistic social information in a naturalistic context, our experimental stimuli could produce larger group differences than have been
found in experiments using isolated face stimuli, such as that by
Pelphrey and colleagues (2002). Of particular interest will be the
degree to which each group ﬁxates on the eye-region of the person
depicted—a measure perhaps directly related to amygdala function
(Dalton et al., 2005) and to social function (Klin et al., 2002).
In addition, we will investigate three further questions of interest for autism research. First, an examination of the effect of a task
instruction on social attention will help to reveal the possible distinction between what someone with ASD does spontaneously, and
what they can do when instructed. Second, the presence of gazefollowing behaviours when viewing a static visual scene will be
investigated. Third, we will assess the degree to which low-level
stimulus properties direct visual ﬁxation. This latter question is
of particular interest in the context of an ongoing debate about
the relative inﬂuence of low and high-level stimulus properties on
attention in TD individuals (Hayhoe & Ballard, 2005).
Finally, some research suggests that people with ASD show atypical saccades and other types of eye-movement (Kemner, Verbaten,
Cuperus, Camfferman, & Van Engeland, 1998; Minshew, Luna, &
Sweeney, 1999; Rosenhall, Johansson, & Gillberg, 1988; Takrae,
Minshew, Luna, Krisky, & Sweeney, 2004; Takrae, Minshew, Luna,
& Sweeney, 2004). Therefore, an initial comparison of the two participant groups in this study will also look for differences in basic
eye-movement patterns.
2. Method
2.1. Participants
The TD group comprised 15 adolescents and adults (2 female) aged 17–48 years,
from mainstream high schools and further education colleges in the Durham area.
None of these participants had taken part in previous research with this paradigm.
Participants completed the Autism Quotient questionnaire to rule-out autistic spectrum diagnosis (Baron-Cohen, Wheelwright, Hill, Raste & Plumb, 2001) and all
received a score well below the recommended cut-off of 32+ for ASD (TD range
10–25).
The ASD group comprised 12 adolescents and adults (2 female) aged 16–23
years, with high-functioning autism or Asperger’s syndrome. All these participants
attended a specialist college in the Sunderland area for which a diagnosis of autism or
Asperger’s syndrome was a criterion of admission. All had been diagnosed by experienced clinicians (a psychiatrist or clinical psychologist employed by the National
Health Service) working in specialised centres, as meeting DSM-IV criteria for either
high-functioning autism or AS (American Psychiatric Association, 1994). These diagnoses were conﬁrmed, upon each participant’s admission to the college, by a second
clinical psychologist.
The groups were group-wise matched on chronological age, rather than using
one-to-one matching, since age in an adolescent and adult group is not likely to affect
eye-movements or attentional preference. The full Wechsler abbreviated Scales of
Intelligence (WASI) was administered to all participants (Wechsler, 1999). While
the groups were comparable in terms of educational level, it was not possible to
match them on IQ. There were signiﬁcant group differences in full-scale IQ, verbal
IQ and performance IQ. IQ scores were therefore included as covariates if there was
evidence of a signiﬁcant correlation with dependent variables (Keppel & Zedeck,
1989). Descriptive statistics and t-test results for group differences are illustrated in
Table 1.
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Fig. 1. A sample stimulus, illustrating the domains used in analyses. (a) Sample stimulus, (b) basic analysis domains, (c) viewing cone domain and (d) object domain.

2.2. Materials and apparatus
The stimuli consisted of 40 pairs of scenes, each pair presented in a single display,
with the 2 scenes separated by a central, vertical black line. Each display contained
one person-present (PP) scene and one person-absent (PA) scene. These scenes were
paired randomly, such that a PP scene set in a living room could be paired with
another from the same location-type or from another location-type (ofﬁce, kitchen
or garden). A sample stimulus is depicted in Fig. 1.
Stimuli were divided into two blocks of 20 combined scenes and these blocks
were matched for content of the PP scene, using the following content categories:
the setting of the image (garden, ofﬁce, living room, kitchen); the location of the
PP scene (on the left or right of the stimulus); the direction of gaze of the person
depicted (into or away from the PA scene); the posture of the person depicted (sitting
or standing); the ﬁxation of the person depicted (on a visible object or off-camera);
the amount of face visible; the head angle of the person depicted (level, looking up
or looking down); and ﬁnally the gender of the person depicted. The person depicted
in the PP scene was located randomly – in the centre of the scene, to the left or to
the right – and all presented a neutral facial expression. No scenes showed someone
gazing directly into the camera.
Participants saw all the stimuli, either seeing Block A in a free-viewing condition, followed by Block B in a gender-discrimination condition or vice versa. Within
each block, stimuli were presented in a different random order for each participant.
Stimuli were presented on a colour monitor and ﬁlled the entire screen (1024 × 768
pixels). Eye-movements from one eye were recorded using a Dual Purkinje Image
eye-tracker as participants viewed the stimuli binocularly from a distance of 1 m. The
stimuli therefore subtended a visual angle of approximately 22◦ × 15◦ . Participants’
eye-movements were monitored at a rate of 200 recordings per second.

2.3. Procedure
Participants were given an information sheet outlining the study and gave their
consent to be involved. A nine-point calibration was taken before each half of the
experiment. The ﬁrst half of the experiment was the free-viewing condition, in which
no instructions were given beyond, “You are going to see some colour pictures. Just have
a look.” Each trial presentation sequence consisted of a 1-s blank screen followed by
a 1-s central ﬁxation cross and then presentation of the experimental stimulus for
3 s. Participants viewed 21 stimuli, of which the ﬁrst was a practice stimulus with
no data recorded.
The second half of the experiment was the gender-discrimination condition. This
ﬁxed order of conditions was selected in order to prevent any possible confound
preventing genuine ‘free-viewing’. Here, participants were told “You’re going to see
some more pictures just like before, but this time I want you to decide on the gender of the
person in the picture.” Trials proceeded as before but with the addition of a response

screen, saying “Respond Now”, which appeared after the experimental stimulus. This
response screen was presented until the participant made a button-press response
to indicate the perceived gender of the person in the display. Participants viewed
23 stimuli, of which the ﬁrst three were practice stimuli with no data recorded.
Participants were debriefed and paid £10 for their participation.

3. Results
3.1. Data preparation
For each data set an automatic saccade detection programme
detected the beginning and end of every saccade and these selections were then checked manually. This software provided an
output including the path of each saccade and the location and
duration of every ﬁxation. Each stimulus presented during the
experiment was divided into six domains (see Fig. 1b) demarcating the Eyes, the Face-remainder and the Body of the person in the
scene, the Background of each scene and the black central bar separating the pair of scenes. The Face-remainder domain consists of
the rest of the face, excluding the Eyes domain. The tracker output was then combined with these domains to produce a data set
recording the distribution of ﬁxations across domains of interest.
Each trial lasted 3000 ms, however due to tracker loss and the
exclusion of blinks, only some of this time was recorded for some
trials. Since a partial recording may not be representative, all trials
in which less than 500 ms of data were recorded were excluded.
This resulted in the exclusion of 4.25% of all trials.
There were no differences between groups in the number of
excluded trials, the number of ﬁxations recorded, the amount
of time recorded, the number of lost ﬁrst ﬁxations or in accuracy to identify gender. There was also no difference in the mean
number of ﬁxations made within a trial (and consequently also
the mean number of saccades), suggesting that participants had
similar basic eye-movement patterns in this task. The use of percentage measures of viewing time and ﬁrst ﬁxations means that
any non-signiﬁcant group differences in basic oculomotor control
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Table 2
Percentage of total viewing time in each scene and domain, by group and viewing condition (means with S.D.s in brackets)
PA Scene

PP Scene

PP Background

Body

Face-remainder

Eyes

Free
ASD
TD

38.1 (7.0)
37.2 (8.9)

55.4 (7.6)
58.9 (9.4)

28.2 (7.0)
25.9 (6.8)

13.3 (5.3)
15.8 (5.6)

9.6 (11)
11.9 (9.6)

4.3 (5.9)
5.3 (5.6)

Gender
ASD
TD

23.5 (9.6)
19.6 (12)

71.2 (11)
77.2 (11)

24.0 (8.0)
19.8 (9.8)

23.2 (8.9)
28.2 (9.7)

17.2 (10)
19.7 (11)

6.8 (5.2)
9.5 (9.1)

NB: Percentages for the person-absent and person-present scenes do not sum to 100% because a small proportion of viewing time was spent in the central bar dividing the
two scenes (see Fig. 1). Standard deviations for viewing time in the Face-remainder and Eyes domains are high, because these domains are so variable in size. Faces ranged
from .09% to 1.65% of the display, while Eyes took up between .01% and .24% of the display. Consequently, the proportion of time ﬁxating these domains was also highly
variable.

or quantity of data recorded would be accommodated in the subsequent analysis.

3.2. Viewing time in each domain
Viewing time was calculated as the percentage of total viewing
time (ﬁxation only) recorded per trial, in each domain of interest.
None of full-scale, verbal or performance IQ measures correlated
with viewing time to any domain in either viewing condition (all
r < .310 and all p > .116, with Bonferroni correction for multiple comparisons). There were also no signiﬁcant correlations when these
tests were repeated for each participant group separately. Therefore viewing time scores were analysed without IQ as a covariate.
Viewing time statistics for each group for each scene and domain
are shown in Table 2.
Comparisons were made between groups for the percentage of
viewing time spent in each scene and then in each domain. These
comparisons investigate how attention is distributed between the
two scenes, and also within sub-domains of the PP scene, across the
full-viewing period of 3 s. They are designed to investigate attention
to increasingly social scene regions. The analyses ﬁrst compare the
two scenes as a whole, then compare sub-domains of the PP scene
with each other: Background vs. Person; Body vs. Face; Eyes vs.
Face-remainder. The Person domain consists of the Body and Face
domains, summed together and the Face domain consists of the
Eyes and Face-remainder domains summed together. All ANOVAs
compare a pair of domains, and also include Group (ASD vs. TD) and
Condition (free-viewing vs. gender-discrimination) variables.
The ﬁrst ANOVA compared viewing time between the two
scenes (see Table 2), revealing no main effect, nor any interactions
involving Group. There was a main effect of Scene, F(1, 25) = 197.59,
p < .001, such that a greater percentage of viewing time was spent
in the PP scene across all participants and conditions. There was
also a signiﬁcant interaction between Scene and Condition, F(1,
25) = 41.33, p < .001. This showed that the difference in viewing time
between scenes was increased in the gender-discrimination condition compared to the free-viewing condition.
To investigate viewing time within the PP scene, a comparison was made between the Background of this scene and the
Person. Once more, this ANOVA revealed no group effects. There
was a main effect of Domain, F(1, 25) = 29.50, p < .001, such that a
higher percentage of viewing time was spent looking at the Person than at the PP Background. There was also a main effect of
Condition, F(1, 25) = 40.35, p < .001, because there were more ﬁxations in both Background and Person domains combined, in the
gender-discrimination than in the free-viewing condition. Finally,
there was an interaction between Domain and Condition, F(1,
25) = 73.62, p < .001, which showed that there was a greater difference between looking at the Person and the Background in the
gender-discrimination condition.

A comparison was also made between viewing time in the Body
and Face domains, to investigate how attention was distributed
between different parts of the person. This ANOVA produced a
borderline main effect of Group, F(1, 25) = 3.94, p = .058. This had
a small effect size (partial 2 = .136) but represented a tendency
for the ASD group to spend less viewing time on both Body and
Face domains overall, compared with the TD group. There was also
a main effect of Condition, F(1, 25) = 90.22, p < .001, because more
viewing time was spent in both the Body and Face domains in the
gender-discrimination than in the free-viewing condition.
To check that the borderline group difference found here was not
due to IQ differences, this analysis was repeated in an ANCOVA (type
1 sums of squares) with full-scale IQ as a covariate, which revealed
no IQ effects, but a signiﬁcant group difference, F(1, 24) = 6.19,
p = .02.
Finally an ANOVA was performed on the sub-domains of the
Face. This was to investigate the distribution of attention to the
most social element of the Person, their eyes, and to test the speciﬁc
hypothesis that people with ASD look less at the eye-region. This
hypothesis was not upheld, since there were no Group effects in
this analysis. There was a main effect of Condition, F(1, 25) = 25.34,
p < .001, because, once again, more viewing time was spent in both
domains in the gender-discrimination than in the free-viewing condition. There was also a main effect of Domain, F(1, 25) = 27.41,
p < .001, such that more time was spent viewing the rest of the face
than the eye-region speciﬁcally.
This initial analysis of viewing times in different domains reveals
no signiﬁcant group differences, and so a series of analyses controlling for domain size were performed, to look for more subtle group
differences in the spatial distribution of attention.

3.3. Viewing time, adjusted according to domain size
Each stimulus was divided into six domains for analysis (as
depicted in Fig. 1b). The domains varied in size between images, and
in particular, Face-remainder and Eyes domains were always much
smaller than any other domain. Therefore viewing time scores were
adjusted to give domain-relative measures. Viewing times as percentages were divided by the size of the relevant domain, also
expressed as a percentage of the total stimulus size. If ﬁxations
were spread randomly across the stimulus, one would expect a
score close to one (e.g. 50% of ﬁxation time/50% of stimulus size).
If ﬁxations were being directed to a domain more than randomly
predicted, this score would be greater than one, and vice versa.
Domain-relative viewing times are reported in Table 3.
A series of t-tests were conducted for each group separately,
investigating whether scores differed signiﬁcantly from one. In
order to reduce the number of t-tests required, this analysis was
only performed on data from the free-viewing condition. Because
12 t-tests were being performed, (2 groups × 6 domains), a Bonfer-
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Table 3
Domain-relative viewing time by group and viewing condition, for domains within
the person-present scene (means with S.D.s in brackets)
PP Background

Body

Face-remainder

Eyes

Free
ASD
TD

.68 (.17)
.62 (.17)

2.27 (.78)
2.84 (1.0)

58.9 (54)
68.6 (45)

68.1 (75)
110.3 (137)

Gender
ASD
TD

.58 (.19)
.47 (.23)

4.79 (2.0)
5.53 (2.3)

112.3 (71)
111.1 (65)

148.4 (118)
164.0 (164)

roni adjustment was made such that a p-value of .004 or less was
required for signiﬁcance. Both groups showed a domain-relative
score signiﬁcantly different from one (all p < .004) for every domain
(PP Background, Person, Body, Face, Face-remainder) except the
Eyes domain. Viewing time to the Eyes domain did not signiﬁcantly
differ from one in either participant group, indicating that this
region was viewed only as much as would be expected by chance.
For the PP Background, domain-relative viewing times were less
than one, indicating that this domain was ﬁxated less than would
be predicted by a random viewing pattern. The other four domains
were all ﬁxated more than would be predicted by a random viewing
pattern.
Domain-relative viewing time for the background of the PP
Scene did not signiﬁcantly differ from that for the entire PA Scene,
for either group or viewing condition (all p > .10), indicating that
differences in viewing times between these two scenes is due to
the time spent looking at the person depicted.
3.4. Summary of viewing time analysis
The viewing time data reveal a consistent pattern of results.
First, participants from both groups show a preference to look
at social elements of the display: the PP scene is viewed more
than the PA scene and the Person is viewed more than the Background of the PP scene. These biases are consistent across individual
participants, and exaggerated in the gender-discrimination condition.
The Body and Face receive an equal proportion of viewing time,
though the TD participants tend to look at both domains more
than the ASD group. This is the only group effect in the viewing
time data and it is only marginally signiﬁcant (p = .058). Both Body
and Face receive more viewing time in the gender-discrimination
condition than in the free-viewing condition and across both conditions, the Eyes are looked at for less time than the rest of the face.
While the eyes are often thought of as the most socially informative
region of the face, this result emphasises the socio-communicative
importance of the mouth area.
Domain-relative scores show that all domains are more likely to
be ﬁxated than would be predicted by chance, except for the Eyes,
the background of the PP scene and the entire PA scene. There is no

5

difference in ﬁxation probability between these two latter domains,
indicating that the attentional preference for the PP scene is entirely
driven by ﬁxations on the Person in the scene.
In conclusion therefore, these analyses indicate no group differences in the allocation of ﬁxations to different areas of a naturalistic,
social and non-social display over time.

3.5. First ﬁxations
The ﬁrst ﬁxation is deﬁned as that ﬁxation following the ﬁrst
saccade made after trial-onset. This measure examines which items
received attentional priority in the scene, rather than simply which
items received the greatest amount of viewing time. Data on the
distribution of ﬁrst ﬁxations are shown in Table 4.
None of the IQ measures (full-scale, verbal or performance IQ)
correlated with the percentage of ﬁrst ﬁxations made in any domain
in either viewing condition (all Pearson’s r < .304, and all p > .124,
with Bonferroni correction for multiple tests) and this lack of signiﬁcant results holds when the participant groups are analysed
separately. Nor were there any group differences in the latency of
ﬁrst saccades to each domain (all p > .057, Bonferroni adjustment
requires p < .0035 for signiﬁcance). Therefore no IQ measures were
included in the analyses of ﬁrst ﬁxations. As in the analysis of viewing times, a series of ANOVAs was used to compare the percentage
of ﬁrst ﬁxations made in each Scene and then pairs of domains
within the PP scene.
An ANOVA comparing ﬁrst ﬁxations in the two scenes revealed
a Scene by Group interaction, F(1, 25) = 5.41, p = .028, which showed
that the TD group had a larger bias to make ﬁrst ﬁxations on the PP
Scene than the ASD group (see Fig. 2). Post hoc t-tests (both viewing
conditions’ data combined) reveal that the ASD group made fewer
PP scene ﬁrst ﬁxations, t(25) = 2.51, p = .019, and more PA scene ﬁrst
ﬁxations, t(25) = 2.00, p = .057, than the TD group. However, both
groups did have a bias to make a higher proportion of ﬁrst ﬁxations
in the PP scene, despite the difference in degree of bias: TD group
t(14) = 22.15, p < .001; ASD group t(11) = 9.44, p < .001.
This ANOVA also produced a main effect of Scene, F(1,
25) = 394.73, p < .001, indicating that a larger percentage of ﬁrst ﬁxations fell in the PP than the PA Scene. There was also a Scene by
Condition interaction, F(1, 25) = 21.39, p < .001, showing that the difference in the distribution of ﬁrst ﬁxations between scenes was
greater in the gender-discrimination condition.
An ANOVA on ﬁrst ﬁxations in the PP Background and Person
domains produced a main effect of Group, F(1, 25) = 6.31, p = .019,
because the participants with ASD made a smaller percentage of
ﬁrst ﬁxations in both these PP scene domains combined. In addition,
there was a Group by Domain interaction, F(1, 25) = 10.23, p = .004,
showing that the TD group had a strong bias to make more ﬁrst
ﬁxations on the Person than the PP Background, but that this bias
was reduced in the ASD group (see Fig. 3). Post hoc t-tests revealed
that in fact the preference present in the TD group fails to reach

Table 4
Percentage of ﬁrst ﬁxations in each scene and domain, by group and viewing condition (means with S.D.s in brackets)
PA Scene

PP Scene

PP Background

Body

Face-remainder

Eyes

Free
ASD
TD

21.4 (13)
15.0 (9.6)

73.7 (14)
81.7 (12)

37.3 (12)
23.3 (10)

25.0 (10)
35.2 (9.1)

8.6 (9.1)
21.2 (19)

2.7 (4.3)
2.1 (4.7)

Gender
ASD
TD

13.7 (9.8)
7.2 (4.4)

81.2 (12)
92.1 (5.2)

32.7 (12)
25.7 (17)

36.3 (15)
37.1 (14)

10.5 (8.2)
25.4 (12)

1.8 (2.7)
4.0 (4.3)

NB: In Table 4, percentages for the person-present and person-absent scenes do not sum to 100% because a small number of ﬁrst ﬁxations were made in the central bar
dividing the two scenes.
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3.6. Looking where others look

Fig. 2. Interaction between percentage of ﬁrst ﬁxations in each Scene with Group.

signiﬁcance for the ASD group: TD group t(14) = 6.87, p < .001; ASD
group t(11) = 1.98, p = .073. Main effects of Condition, F(1, 25) = 17.77,
p < .001, and of Domain, F(1, 25) = 22.65, p < .001, were also found,
showing a larger percentage of ﬁrst ﬁxations in the Person than the
Background, and in the gender-discrimination condition.
An ANOVA also compared the two domains within the Person (Body and Face). Again, there was a main effect of Group,
F(1, 25) = 11.52, p = .002, showing that the ASD group made fewer
ﬁrst ﬁxations to the Person than the TD group. There were also
main effects of Condition, F(1, 25) = 8.15, p = .009, and Domain, F(1,
25) = 23.51, p < .001, showing a larger proportion of ﬁrst ﬁxations in
the Body than the Face, and in the gender-discrimination condition.
A ﬁnal ANOVA compared the two face domains (Eyes and
Face-remainder), revealing a main effect of Group, F(1, 25) = 11.92,
p = .002, showing again that the ASD group made fewer ﬁrst ﬁxations than the TD group to the face as a whole. There was also an
interaction of Group and Domain, F(1, 25) = 15.98, p < .001, which
resulted from both groups making a similar percentage of ﬁrst ﬁxations in the Eyes domain, while the TD group made a much larger
percentage of ﬁrst ﬁxations to the rest of the face (see Table 4). Post
hoc t-tests showed that in this case, both groups did show a signiﬁcant bias to look at the rest of the face more than the eye-region: TD
group t(14) = 8.27, p < .001; ASD group t(11) = 5.51, p < .001. Finally,
there was also a main effect of Domain, F(1, 25) = 73.40, p < .001,
indicating that a smaller percentage of ﬁrst ﬁxations were made
to the eye-region than to the rest of the face. There was no
effect of Condition in this ANOVA, indicating that the genderdiscrimination instruction did not effect viewing time to Face
regions.

Fig. 3. Interaction of percentage of ﬁrst ﬁxations in two Domains (PP background
and Person) with Group, across both viewing conditions.

Two new domains were also created (see Fig. 1c and d), in
order to investigate the secondary question of whether participants
looked at the areas looked at by the person represented in the scene.
The Viewing Cone domain was a 30◦ cone extending from the centre of the eye-region of the person depicted. Thirty degrees is the
range visible to an individual without moving their head (Sanders,
1963). The cone therefore encompassed the entire region visible to
the person depicted in the scene, even in cases where it was not
possible to identify eye-gaze direction (e.g. Fig. 1). The area was
selected using the cues of head angle and, where available, eyegaze direction (which were always congruent), and a 30◦ cone was
drawn over the scene using Paint Shop Pro.
In addition, for the subset of scenes (26/40) in which a visible
object was being ﬁxated by the person in the scene, this ‘object’ was
analysed separately with its own domain. There were no correlations between any IQ score and viewing time to these two domains
in either viewing condition or group (all r < .353, all p > .157). Therefore IQ was not included in these analyses.
Domain-relative ﬁxation time scores were calculated as before:
a score of one indicates randomly allocated viewing, less than one
indicates a paucity of viewing of this area and scores greater than
one indicate above chance viewing in this area. Student’s t-tests
showed that looking at the Viewing Cone did not signiﬁcantly differ from one, across both Groups and Conditions, indicating that
this region was ﬁxated neither more nor less than a random viewing pattern would predict. The Object domain was also not ﬁxated
more than randomly predicted for the ASD group in both conditions. However the TD group did ﬁxate the Object more than
expected, t(14) = 3.36, p = .005, in the free-viewing condition only.
This result was conﬁrmed by a t-test showing a signiﬁcant difference between groups for domain-relative viewing time in the
Object in the free-viewing condition, t(20.15) = 2.57, p = .018 (equal
variances not assumed, F = 7.73, p = .01). This result suggests that in
the free-viewing condition the TD group were more inclined to look
at the Object being looked at by the Person in the scene than the
ASD group.
3.7. Low-level image feature analysis
In a further analysis, we attempted to test whether the ASD
and TD groups differed in the degree to which their eye-gaze
was attracted by low-level features of the stimuli (similar to the
approach taken with infant data by Frank, Vul, & Johnson, submitted). To do this, we created saliency maps (Itti & Koch, 2001)
– maps of the low-level visual properties of the stimulus pictures –
to quantify what locations in the images would attract participants’
attention in the free-viewing condition.
We reasoned that an analysis of the viewing patterns of the
participants relative to these saliency maps might reveal subtle differences in the degree to which ASD and TD participants’ gaze was
drawn by low-level, bottom-up properties of the stimuli. Note that
this analysis is complementary to, rather than at odds with, the
region-of-interest-based analyses we have used elsewhere in the
paper. For instance, it might be the case that while both groups
looked equally at a particular domain, one or the other population
might be drawn differentially to more salient regions within that
domain.
We constructed these low-level maps using difference-ofGaussians ﬁlters to calculate luminance contrast, orientation
contrast, red–green and blue–yellow contrast, and colour saturation (an example showing luminance contrast is given in Fig. 4).
We then computed how well each saliency map was able to predict the eye-movements of the participants in each group. For each
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Fig. 4. Example of a low-level saliency map using difference-of-Gaussians ﬁlters to calculate luminance contrast.

map, rather than identifying ﬁxations and saccades (as in the other
analyses reported here), we instead calculated the mean likelihood
of each participants’ scan-path by averaging the likelihood of each
point along that path at each sample recorded by the eye-tracker.
This mean likelihood measure gives us a way of comparing ASD and
TD participants on the degree to which low-level image features
predict their attentional allocation.
We applied the saliency map analysis to data from both the
free-viewing and gender conditions, and analysed the resulting
mean likelihoods in an ANOVA with Condition, Group, and Feature
(luminance, orientation, red–green, blue–yellow, and saturation)
as factors. We found a signiﬁcant main effect of Feature, F(4,
253) = 63.19, p < .0001, but no effects of either Condition (p = .25)
or Group (p = .86) and no interactions (all p values > .56).
Orientation contrast was the best predictor of gaze, with luminance, red–green, and blue–yellow contrast all approximately
equivalent, and saturation the worst predictor. However, no map
predicted the gaze of one group differentially, suggesting that ASD
participants’ ﬁxations were no more predictable as a function of
low-level stimulus information than were the ﬁxations of TD participants (see Fig. 5).
3.8. Summary
The ﬁrst goal of this analysis was to investigate attentional preferences for social information in people with and without ASD. All
analyses show a strong bias for both groups to look at the personpresent scene and particularly the Person themselves. For the TD

Fig. 5. Mean likelihood of ﬁxation in the free-viewing condition, plotted by group
and by low-level image feature. NB: Each saliency map constitutes a set of quantitative predictions about which areas of the images are salient to participants. Absolute
likelihoods are very small since they represent the probability of the point of ﬁxation falling in the precise location it did rather than any other location on the image.
Although there were signiﬁcant differences between the mean likelihoods of different feature maps, ASD and TD participants did not differ in the predictability of their
looking with respect to saliency.

group, this bias appears in the ﬁrst ﬁxation. The ASD group differs
from the TD group only at a subtle level: a preference for social
information at the ﬁrst ﬁxation is either less strong, or absent, in
participants with ASD, indicating a reduced attentional priority for
social elements of a scene.
Both groups respond to an instruction to discriminate gender
by increasing ﬁxation on the Person depicted. The ASD group do
not show spontaneous gaze-following in their ﬁxation of the Object
domain in the free-viewing condition; a behaviour which is present
in the TD group. Both groups also make ﬁxations which are not
highly predictable by the low-level visual properties of the stimulus.

4. Discussion
The current study used a novel preferential-looking task to
investigate how the attention of adults with and without ASD is
distributed across social and non-social scenes, and social and nonsocial elements within a scene. The task was combined with an
eye-tracking methodology, which provides an on-line measure of
visual and cognitive processing of the material under inspection
(Liversedge & Findlay, 2000). Moreover, the method assessed spontaneous, naturalistic attention, without making extra processing
demands upon participants. It was predicted that this study would
reveal a reduced social attentional bias in people with ASD compared to their TD peers, but this prediction was only upheld for
ﬁrst ﬁxation measures of attentional priority for social stimuli.
The TD group show a strong bias to ﬁxate the person-present
scene, and particularly the Person themselves, replicating the ﬁndings of a previous study using the same method (Fletcher-Watson,
Findlay, et al., 2008). On a gross level, the ASD group show a similar viewing pattern to their TD peers, also preferentially looking at
the person-present, rather than the person-absent scene. Likewise,
an instruction to identify the person’s gender increases viewing
of the person-present scene and particularly of the relevant person domains, from the ﬁrst ﬁxation in both groups. This indicates
that the participants with ASD involved in this study did not show
any aversion to social information (Dalton et al., 2005; Kylliainen
& Hietanen, 2006), though the stimuli also did not feature direct
gaze.
The eye-region of the face is thought to convey a great deal
of social information and attention to this area has been extensively studied in people with ASD. Evidence from children and
adults has been found showing reduced attention to eyes (Corden
et al., 2008; Dalton et al., 2005; Klin et al., 2002; Pelphrey et al.,
2002; Riby & Hancock, 2008; Spezio et al., 2007) but a minority
of studies report normal attention to this area (Bar-Haim et al.,
2006; Fletcher-Watson, Leekam et al., 2008; van der Geest et al.,
2002). The difference may in part be due to differences in stimu-
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lus type (Speer et al., 2007) but this is not the whole story since
studies recording eye-movements to static, isolated face stimuli
have produced opposing results (e.g. Pelphrey et al., 2002 vs. van
der Geest et al., 2002). Our ﬁnding contributes to this controversial literature by revealing that adults and adolescents with ASD do
spontaneously attend to the eye-region of a person, presented in a
static but naturalistic image.
This ﬁnding is particularly important in the context of current neurodevelopmental hypotheses of autism, which suggest
that childhood abnormalities in amygdala function have cascading effects on the development of the social brain and behaviour
(Schultz, 2005). Abnormalities of the amygdala are proposed to
play a particularly signiﬁcant role in deﬁcits in attending to the
eye-region of faces, and interpreting emotions and mental states
from this cue (Ashwin et al., 2006; Corden et al., 2008). Another
suggestion is that the relationship between amygdala dysfunction
and reduced ﬁxation on eyes is mediated by a heightened emotional response to direct gaze in particular (Dalton et al., 2005). It is
therefore possible that our ﬁnding of normal attention to the eyeregion was due to our choice of stimuli, none of which featured
direct gaze to camera or emotional content. On the other hand,
other studies have found that people with ASD do spontaneously
use the eye-region to interpret complex emotional states from faces
with direct gaze (Back, Ropar, & Mitchell, 2007).
The analyses reviewed so far suggest that attention to social
information is normal in adults and adolescents with ASD. They
imply that it is possible for people with ASD to develop social attentional skills with age and developmental level, perhaps despite
underlying atypicalities in the social brain. However, further investigation reveals that, in the ASD group, looking at a social stimulus
is consistently less marked at the ﬁrst ﬁxation. This subtle, but consistent and signiﬁcant ﬁnding reinforces the suggestion that autism
is a lifelong disorder, in which neurodevelopmental difﬁculties in
childhood produce long-term effects. These group differences do
not appear to be driven by variation in IQ in this sample. Nevertheless, taking intellectual and developmental level and age into
account in future studies of autism must persist. For example, these
results can be contrasted with a social scene-viewing study which
demonstrated signiﬁcantly reduced attention to people in a lowerfunctioning and younger group of children with ASD, compared
with controls (Riby & Hancock, 2008).
While the difference between our groups in priority given to
social information is subtle, it is possible that the consequences
in the real world could be serious. Social information is often
presented ﬂeetingly as people’s speech, facial expression and gestures change rapidly from moment to moment. Any impairment in
attending to or keeping track of this shifting array of social input
would be effective in derailing attempts to interact with other
people. Thus the ﬁne attentional differences apparent here could
translate into more signiﬁcant social problems for people with ASD
in every day life. This might explain the ﬁnding that dynamic stimuli
present particular problems for people with ASD in terms of their
ability to attend to relevant social cues (Klin et al., 2002; Speer et al.,
2007). Likewise processing multi-sensory information may present
a particular challenge to people with ASD (Iarocci & McDonald,
2006).
TD participants show a tendency to look at the object being ﬁxated by the person in the scene, in the free-viewing condition only,
in line with previous ﬁndings (Castelhano et al., 2007). Since the
eye-region was not ﬁxated more than would be predicted by a random pattern of eye-movements, this ﬁnding raises the possibility
that participants were using other cues such as head angle and body
posture to identify the target of the depicted individual’s gaze, as
has been shown elsewhere (Langton, 2000). The ASD group do not
show evidence of following these social cues, suggesting that the

drive to share attention is absent or weak in this group, despite their
age and high-functioning status. Joint attention has rarely been
studied among adults with ASD but this ﬁnding provides evidence
that a difﬁculty with sharing attention may also persist across the
lifespan.
The low-level saliency map analysis of ﬁxation distribution
showed that both groups were equally unlikely to have their
attention affected by low-level stimulus features such as contrast,
brightness and colour. This analysis is important in demonstrating
that the perceptual basis of the social attentional abilities seen in
our participants with ASD is normal. Often, participants with ASD
show abilities which, on further inspection, seem to be based on
an atypical strategy, but in this experiment there is no evidence
that the ﬁxations of participants with ASD are atypically affected
by low-level stimulus features.
5. Conclusions
The eye-movement measures obtained from this preferentiallooking task illustrate subtle differences in the distribution of
attention to social information between adults with and without
ASD. Even in the high-functioning autistic sample who took part in
this study, there is evidence of social attention atypicalities, with
less priority for social information and reduced gaze-following. This
supports the suggestion that the reciprocal relationship between
abnormal social experience and brain development in childhood
results in long-lasting impairments, which maintain deﬁcits in
social cognition in people with ASD into adulthood. This work
demonstrates how important it is to investigate autism across the
lifespan and not just in children.
Nevertheless, within a social stimulus (namely a person) both
TD and ASD participants showed similar distribution of attention between different socially informative regions. These results
emphasise the need to investigate attention to different kinds
of social information, presented in a realistic context (Smilek,
Birmingham, Cameron, Bischof, & Kingstone, 2006). Future studies should focus on systematically varying both the level of social
content present (from pictures of isolated faces up to real human
beings) and the complexity of that information (e.g. motion, multisensory qualities, affective content). It is possible that presenting
emotionally neutral stimuli without direct gaze could help to overcome the difﬁculty people with ASD have in attending to the eyes.
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