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1. Introduction

Several studies have reported successful triadic gaze following in typically developing infants as young as 3–6 months of
age (D’Entremont, 2000; D’Entremont, Hains, & Muir, 1997; Scaife & Bruner, 1975). Initially, gaze following is constrained by
perceptual factors (e.g., the ability to disengage attention from a central stimulus) and scaffolded by environmental supports
(e.g., salience of the target and the adults’ attentional cues). It is not until 12–18 months that children start to follow others’
gaze behind visual obstructions (Brooks & Meltzoff, 2002, 2005), providing more direct evidence for children’s emerging
perspective taking abilities (Jao, Robledo, & Deák, 2010). Recent evidence from prospective longitudinal studies of children
with ASD demonstrates that deficits in joint attention can be reliably detected as early as 12 months (Nadig et al., 2007).
Interestingly, longitudinal research that followed children with ASD into middle childhood and adolescence found that many
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A B S T R A C T

This study evaluated whether diagnostic classifications or features of ASD were associated
with individual differences in children’s gaze pattern during an eye-tracking measure of
joint attention. The sample included 21 children with ASD (mean age, 7.3! 1.5 years) and
24 typically developing children (mean age, 6.8! 1.6 years), matched on receptive language
abilities. Results revealed no significant group differences on global measures of gaze
allocation (total gaze time allocation). However, significant group differences emerged using a
measure evaluating a microstructure of children’s gaze (duration of first fixation). In addition,
individual differences in children’s gaze pattern were reliably predicted by parent report
measures of children’s social abilities. The majority of children in this sample (including all
typically developing children and those children with ASD who scored lowest on the SRS Social
Awareness subscale) showed significant modulation in eye-gaze between the two
experimental conditions. In contrast, children with ASD who also scored the highest on
the SRS Social Awareness subscale consistently failed to modulate their eye gaze in accordance
with the experimental condition. This failure to flexibly modulate gaze in the context of a joint
attention eye-tracking paradigm may reveal children’s limited awareness of social cues that
may further limit social learning.
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children eventually acquire the ability to respond to an adults’ pointing gesture. For example, Sigman and Ruskin (1999)
reported that the percentage of successful gaze following trials increased from 40% to 88% between 4 and 13 years of age.
Despite these notable increases in children’s responsiveness to others’ pointing gestures, it remains unclear whether deficits
in spontaneous gaze following (i.e., under conditions of limited environmental support) persist across the autism spectrum
and age span.

Advances in neuropsychological techniques, specifically eye-tracking, have allowed researchers to begin asking questions
about individuals’ spontaneous processing of socially relevant information. Early studies involving mostly high-functioning
adolescents and adults consistently found that individuals with ASD showed lower gaze time allocation to faces, specifically
to eyes, when compared to matched controls (Dalton et al., 2005; Klin, Jones, Schultz, Volkmar, & Cohen, 2002; Pelphrey
et al., 2002; Spezio, Adolphs, Hurley, & Piven, 2007). In contrast, studies involving child samples revealed a less consistent
picture. That is, while some studies reported group differences on global measures of gaze time allocation between children
with ASD and matched controls (Jones, Carr, & Klin, 2008; Riby & Hancock, 2009; Geest, Kemner, Verbaten, & Van Engeland,
2002), other studies failed to find such differences (Anderson, Colombo, & Jill Shaddy, 2006; Freeth, Ropar, Mitchell,
Chapman, & Loher, 2011; McPartland, Webb, Keehn, & Dawson, 2011). One interpretation of these seemingly inconsistent
findings is that specific patterns of gaze allocation (e.g., the tendency to fixate on the mouth) may be an adaptive response for
some children with ASD but not others. For example, Rice, Moriuchi, Jones, and Klin (2012) demonstrated that for children
with uneven cognitive profiles and strengths in verbal abilities (i.e., children whose verbal IQ scores were at least 12 points
higher than their nonverbal IQ scores), increases in mouth-looking were associated with an enhancement in social
adaptation. In contrast, in children with even cognitive profiles and high IQ scores, increases in mouth-looking were
associated with a detriment in social adaptation.

It has also been suggested that global measures of eye gaze behavior (i.e., gaze duration, fixation duration) may be less
likely to yield significant diagnostic group differences than measures that tap into microstructures of gaze behavior (i.e.,
fixation latency, duration of first fixation, number of fixation, fine time-course analyses) (Falck-Ytter, Fernell, Hedvall, von
Hofsten, & Gillberg, 2012; Falck-Ytter & von Hofsten, 2011). Consistent with this interpretation, two recent studies that failed
to identify significant group differences at the level of children’s overall fixation durations, reported differences in the timing
of specific gaze shifts (e.g., the latency to look at a gazed-at toy, Falck-Ytter et al. (2012); the latency to look at a face in a
complex photograph (Freeth, Chapman, Ropar, & Mitchell, 2010)).

To date, only a small number of eye-tracking studies have evaluated triadic gaze following in individuals with ASD.
Fletcher-Watson, Leekam, Benson, Frank, and Findlay (2009) evaluated gaze allocation while viewing static images of
complex social scenes in which a person fixated a visible object. Results showed that control adults, but not adults with ASD,
fixated the object in the line of the model’s gaze more than would be expected at random (Fletcher-Watson et al., 2009).
Similarly, Akechi et al. (2011) evaluated children’s ability to learn a novel word–object association in a situation where the
speakers’ gaze direction and the location of a novel object were discrepant. The stimuli included the face of a simple cartoon
character whose eyes were directed at one of two possible objects. Results showed that typically developing children looked
longer at the object in the character’s focus than they looked at the comparison object. In comparison, children with ASD
attended equally to both objects. The current study aims to extend this emerging literature by evaluating children’s gaze
pattern while viewing a dynamic paradigm that aims to mimic key features of naturalistic joint attention experiences. One
aim of this research is to compare the gaze patterns of matched samples of children with ASD and typically developing
controls. Children’s gaze patterns will be evaluated using global measures of gaze time allocation as well as a measure
capturing differences in the microstructure of children’s gaze (i.e., duration of first fixation). The second aim of this research
is to evaluate whether children’s eye gaze patterns are associated with continuous measures of children’s social abilities.
Recent neuro-psychological theories emphasize the continuity between early gaze following abilities and children’s
emerging social and linguistic comprehension (Mundy & Jarrold, 2010). In the current study, the receptive aspects of
children’s social abilities we will be evaluated using a standardized parent report measure (Social Awareness Subscale of the
Social Responsiveness Scale, SRS, Constantino, 2002).

2. Methods

2.1. Participants

A total of 45 children participated in this research. Children were recruited through online research directories (i.e.,
Interactive Autism Network, IAN, Kennedy Krieger Institute, Baltimore, MD) as well as local print and electronic
advertisements. The research protocol was approved by the Hunter College Institutional Review Board. All children had
normal, or corrected to normal vision. The sample was ethnically diverse and included groups of European American (25%),
African American (24%), Hispanic (20%), Asian (11%), and mixed (20%) ethnic and racial origin. The 45 children were
comprised of 21 children with ASD and 24 typically developing (TD) children.

The ASD and TD samples were matched on gender ratio, chronological age, receptive language, expressive language and
non-verbal mental abilities (Table 1). Receptive and expressive language abilities were derived from the Peabody Picture
Vocabulary Test-4 (PPVT-4; Dunn & Dunn, 2007) and the Expressive One-Word Picture Vocabulary Test, 4th Edition
(EOWPVT-4; Brownell, 2000), respectively. Both language measures yield age equivalent as well as standard scores. Non-
verbal cognitive skills were evaluated with the Differential Abilities Scales II Special Nonverbal Composite (DAS II; Elliott,
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1990). The Special Nonverbal Composite is derived from four subscales (Picture Similarities, Matrices, Pattern Construction,
and Copying) that each yields an age equivalent and standard score from which we calculated a composite non-verbal
mental age and a non-verbal mental developmental quotient.

All children in the ASD sample, except one, were referred to our project with a previous clinical diagnosis of ASD.
Children’s community diagnoses were confirmed using the Autism Diagnostic Observation Schedules (ADOS; Lord et al.,
2000). All children except two met criteria for either autism or autism spectrum disorder on the ADOS. One child failed to
complete the ADOS due to time constraints, and a second child missed the criteria for autism spectrum disorder by one point.
Since both children entered the project with a community diagnosis of ASD and scored in the ‘‘severe range’’ on the Social
Responsiveness Scale (SRS; Constantino, 2002), we decided to retain both children in the ASD sample. TD children were
selected from a larger sample (Swanson, Serlin, & Siller, 2013) and included if the child (1) scored in the average range (>70)
on the Special Nonverbal Composite of the DAS, (2) scored negative for ASD risk on the SRS, and (3) had no first-degree
relatives with ASD or a related disorder (based on medical history questionnaire completed by the child’s parent).

2.2. Assessment of social abilities and risk for ASD

Children’s parents completed the Social Responsiveness Scale (SRS; Constantino, 2002). The SRS is a 65-item
questionnaire, designed to evaluate key aspects of children’s emerging social abilities. The SRS provides standardized scores
for five subscales capturing Receptive, Cognitive, Expressive, and Motivational aspects of children’s social abilities, as well as
Autistic Preoccupations. As described above, current neuro-psychological theory suggests that gaze following is most closely
associated with the receptive aspects of children’s social abilities. Thus, we used the SRS Social Awareness Subscale to
capture children’s ability to pick up on social cues (e.g., ‘‘Is aware of what others are thinking or feeling’’). Moreover, the SRS
Total Score is commonly used as a level-1 screening measure to identify children at ‘high risk’ for ASD.

2.3. Eye-tracking measure of joint attention (Swanson et al., 2013)

Passive visual scanning and fixations were measured with eye-tracking while children viewed a series of 8 videos. At the
center of the screen, each video displayed the head and face of a model, while targets appeared and disappeared in each of the
four corners (see Fig. 1). Half of the videos were congruent (the model’s gaze followed the target on the screen) and the other
half of the videos were incongruent (the model’s gaze was directed elsewhere). Videos began with a model looking straight
into the camera (simulating the model making eye contact with the participant). Next, a target (i.e., a popular cartoon
character, ! 2011 Nintendo/Pokémon) appeared in one of the four corners of the screen and shortly thereafter the model
shifted her gaze to a corner, either congruent or incongruent. In both conditions, the model’s gaze returned to the center of
the screen, after which the next trial was presented. Each of the 8 videos was approximately 34 s long, included 4 gaze shifts
trials, and displayed a unique target. Targets covered on average 4.02% of the screen (SD = 0.75%; range 2.84–4.78%).

2.3.1. Data acquisition
Stimuli presentation and participant eye gaze behavior was recorded using a Tobii T-60 eye tracker with infrared cameras

integrated under a 1700 LCD display monitor (TOBII Technology AB, Tobii T-60). Eye movements from both eyes were
collected at a rate of 60 recordings per second (60 Hz), from an average distance of 60 cm, with an accuracy of 0.58. Videos
covered a rectangular space on the screen of 21.5 cm" 30.5 cm. Viewed at a distance of 60.0 cm, videos corresponded to a
20.38 by 28.58 visual angle. In terms of average size, Faces were 8.4 cm and circular, while Targets were 7.0 cm and polygons.
Viewed at a distance of 60.0 cm, Faces and Targets corresponded to an 8.08 and 6.78 visual angle, respectively.

Table 1
Participant characteristics.

Variable ASD group (n = 21) TD group (n = 24) t value Effect sizea

Gender, M/F, No. 18/3 20/4 #.22 #0.08

Mean (SD) Range Mean (SD) Range

Chronological age, m 87.24 (18.39) 51–113 81.67 (19.21) 46–111 0.99 0.33
Receptive language age, m 85.10 (30.32) 33–165 86.83 (23.00) 48–135 #0.22 #0.06
Receptive language SS 97.81 (21.58) 51–146 103.63 (9.15) 84–124 #1.15 #0.36
Expressive language age, m 83.29 (29.69) 39–155 82.13 (25.970) 43–134 #0.14 0.04
Expressive language SS 98.43 (18.76) 55–145 99.63 (10.72) 77–122 #0.27 #0.08
Non-verbal mental age, m 84.67 (20.28) 53–125 87.29 (25.15) 43–136 #0.38 #0.11
Non-verbal DQ 98.78 (19.08) 51–128 107.75 (22.18) 65–165 #1.44 #0.43
SRS total raw scores 87.95 (24.30) 46–149 32.58 (14.75) 8–62 9.37* 2.88
SRS total T-scores 76.81 (11.55) 56–105 49.83 (6.80) 38–64 9.69* 2.89
SRS social awareness T-scores 67.48 (9.93) 49–88 50.08 (9.50) 36–65 6.00* 1.79

Abbreviations: m, months; SS, standard score; DQ, developmental quotient; SRS, social responsiveness scale.
* p< .001.
a Hedges’ g was used to calculate effect size.

M.R. Swanson, M. Siller / Research in Autism Spectrum Disorders 7 (2013) 1087–1096 1089



Author's personal copy

The eye-tracking system was completely non-invasive, allowing for free, unconstrained movement of the head and
body. Data acquisition focused on specific time intervals (scenes) that were selected to allow for the analysis of gaze
allocation. The beginning of each scene was selected to coincide with the first frame when the target appeared on the
screen; similarly, the end of each scene coincided with the moment the target disappeared from the screen. Thus, for each
participant, we created 32 scenes (8 videos with 4 trials each), 16 of which were congruent and 16 incongruent. Eye gaze
patterns during each scene were evaluated by specifying two Areas of Interest (AOI; Boraston & Blakemore, 2007): (1)
Target AOI, or gaze to the target stimuli (2) Face AOI, or gaze to the model’s face. To quantify individuals’ gaze allocation, we
computed the percentage of gaze time spent in each AOI, relative to the duration of time participants spent looking on
screen (Tobii Studio Metric Fixation Duration). Based on previous research (Chen & Yoon, 2011) we also examined gaze
patterns during one microstructure of children’s gaze behavior, Tobii Studio Metric First Fixation Duration. This metric
measures the length in time of the first fixation to a given AOI (in our case the Target AOI), and is thought to quantify the
social salience attributed to a stimulus, or in our case the extent to which children were ‘captured’ by the target stimuli
(Chen & Yoon, 2011).

2.4. Statistical analysis

This research included three kinds of data analyses. The first set of analyses was preliminary and evaluated possible
confounds such as: individual variation in on-task behavior, variation in the size of the target stimuli, and participant
characteristics such as gender, age, and indicators of global development (e.g., language and nonverbal cognitive abilities).
The second set of analyses concerned our key hypotheses and evaluated group differences in gaze time allocation and first
fixation duration between the ASD and TD groups. We predict that the gaze pattern of typically developing children will
show greater modulation between the congruent and incongruent condition than the gaze pattern of children with ASD.
Finally, the third set of analyses investigates whether the extent to which children modulate their gaze pattern between the
congruent and incongruent condition can be predicted by continuous measures of children’s receptive social abilities. All
analyses were completed by fitting mixed models for repeated measures using SAS Proc Mixed (SAS software, Version 9.2 !
2002–2008 SAS Institute Inc.). The associations between group (ASD vs. TD) and children’s modulation in gaze pattern
(congruent vs. incongruent condition) was evaluated by testing the group*condition interaction term. Similarly, the
association between continuous measures of receptive social abilities (SRS Social Awareness Subscale) and modulation in
children’s gaze pattern evaluated by testing the SRS*condition interaction term. All models were specified with a random
intercept, which is equivalent to a Repeated Measure ANOVA.

[(Fig._1)TD$FIG]

Fig. 1. On the left is an example of a congruent condition video, on the right is an example of an incongruent condition video. In both conditions videos begin
Phase 1 (4 s): The model looks straight into the camera (simulating the model making eye contact with the participant). Phase 2 (0.5 s): One of eight targets
(i.e., popular cartoon characters, ! 2011 Nintendo/Pokémon) appears in one of the four corners of the screen. Phase 3 (3.8 s): The model shifts her gaze to a
corner and holds her gaze, either congruent or incongruent. Phase 4 (0.5 s): The target disappears while the model continues gazing at the corner. After this
last phase, the model shifts her gaze back to the center and the next trial begins.
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3. Results

3.1. Preliminary analyses

Preliminary analyses were conducted to evaluate the quality of data collection for the eye-tracking paradigm. The On-
task Percentage was computed for each trial, defined as the percentage of time during which each participant gazed at the
screen, including fixations and viewing time in between fixations (Tobii Studio metric Total Visit Duration). Results from
fitting a mixed model using SAS Proc Mixed showed that the On-task Percentage did not significantly differ by condition,
group, or group-by-condition interaction. Across all participants, the mean On-task Percentage ranged between 48.7% and
99.7% (ASD: M = 81.15; TD: M = 85.08). For all subsequent analyses, trials with an On-task Percentage smaller than 50% were
considered missing. This criterion resulted in excluding 11.5% and 16.1% of trials for the TD and ASD samples, respectively.

The second set of preliminary analyses evaluated associations between global developmental measures (including
chronological age, gender, receptive language standard scores, receptive language age, expressive language standard score,
expressive language age, non-verbal mental age, nonverbal developmental quotient) and gaze time allocation to the Target
and Face AOIs. Specifically, we aimed to rule out that the extent to which children modulate their gaze patterns between the
congruent and incongruent condition can be attributed to global developmental characteristics (i.e., a significant global
development*condition interaction effect). To investigate this issue we specified a series of mixed models, each focused one
of the aforementioned global developmental measure. The specified models included two main effects (experimental
condition, global developmental measure) and one interaction term (global developmental measure*experimental
condition). When evaluating looking time to the Target AOI as outcome, we did not find any evidence suggesting a significant
interaction effect between experimental condition and global measures of child development, p> .40. However, results
suggested that the extent to which children modulated their looking time to the Face AOI between the congruent and
incongruent condition was significantly predicted by children’s expressive language standard scores, F(43, 1203) = 5.63,
p< .05, as well as children’s expressive language age equivalent scores, F(43, 1203) = 4.97, p< .05. No other measures of
global development emerged as significant predictor, p> .05. Finally, we found no evidence of any significant three way
interaction effects (global developmental measure*group*experimental condition), p> .20.

Last, we investigated whether target-size predicted differences in On-task Percentage, as well as gaze allocation to the
Target and Face AOIs. All videos displayed unique targets, however the size of Target AOIs did not differ significantly across
incongruent and congruent videos, t(6) = 0.89, p = .41. Results from fitting a mixed model showed that there was a significant
main effect of target size for the viewing screen F(44, 1204) = 16.03, p< .01, as well as the Target AOI, F(44, 1204) = 4.18,
p< .05, but not for the Face AOI F(44, 1204) = 1.71, p = .19. On average, during trials with larger targets, participants
demonstrated more gaze allocation to the Target AOI and the viewing screen, as compared to trials with smaller targets. We
did not find any evidence for a significant target-size by condition interaction effect (p> .18). In order to control for possible
confounds associated with variation in target-size, all subsequent models included target-size as a main effect.

3.2. Group comparison analyses

3.2.1. Child characteristics
Table 1 provides participant characteristic data for the ASD and TD samples, as well as the corresponding statistical

comparisons. Results confirmed that the two comparison samples were well matched with regards to gender ratio as well as
children’s developmental age equivalent scores. Only two global developmental characteristics evidenced (non-significant)
group differences with small effect sizes, indicating that the average chronological age of the children with ASD was 5.6
months higher that the average chronological age of the TD sample. Similarly, the receptive language standard scores of
children with ASD was 5.8 points lower that the corresponding standard scores of the TD sample. As predicted, statistical
comparisons revealed large group differences on measures of social impairment. In regards to social impairment,
independent t-test revealed large effect sizes for group differences in SRS Total Raw Scores, t(43) = 9.37, p< .001, SRS Total T-
Scores, t(43) = 9.69, p< .001, and SRS Social Awareness T-Scores, t(43) = 6.00, p< .001, with children with ASD scoring
significantly higher (i.e., more symptomatic) than typically developing children.

3.2.2. Total fixation duration as a global measure of gaze behavior
Based on our previous research we predicted that children would allocate more gaze to the Target AOI during the

congruent than the incongruent condition, and that this difference would be more pronounced for typically developing
children and less pronounced for children with ASD (Swanson et al., 2013). To investigate this issue we specified a mixed
model with looking time to the Target AOI as outcome, main effects for group (ASD vs. TD) and condition (congruent vs.
incongruent), as well as a group*condition interaction effect. Results revealed a significant main effects for condition, F(44,
1203) = 14.52, p< .01. Across both groups, children allocated more time to viewing the Target AOI during the congruent
(estimated marginal mean = 61.3%, SE = 2.7) than the incongruent condition (estimated marginal mean = 56.2%, SE = 3.0).
Neither the main effect for group, F(43, 1203) = 0.03, ns, nor the condition*group interaction effect was significant, F(43,
1203) = .81, ns.

Likewise, we predicted that children would allocate more gaze to the Face AOI during the incongruent than the congruent
condition, and that this difference would be more pronounced for typically developing children and less pronounced for
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children with ASD. Again, we specified a mixed model with looking time to the Face AOI as outcome, main effects for group
(ASD vs. TD) and condition (congruent vs. incongruent), as well as a group*condition interaction effect. Results revealed a
significant main effect for condition, F(44, 1203) = 19.74, p< .01. Across both groups, children allocated less time to viewing
the Face AOI during the congruent (estimated marginal mean = 30.8%, SE = 2.4) than the incongruent condition (estimated
marginal mean = 36.4%, SE = 2.6). Neither the main effect for group, F(42, 1201) = 0, ns, nor the condition-by-group
interaction effect was significant, F(42, 1201) = 0, ns.

3.3. Duration of first fixation to the target AOI as a microstructure of gaze behavior

We predicted that children would show longer first fixations to the Target AOI during the congruent than the incongruent
condition, indicating that the social salience of the target stimuli is enhanced during trials where the model’s gaze is directed
at the target. Moreover, we predicted that this condition-specific difference in the length of children’s first fixations to the
Target AOI would be more pronounced for typically developing children and less pronounced for children with ASD. Again,
we tested this hypothesis by specifying a mixed model with the duration of children’s first fixation to the Target AOI as
outcome, main effects for group (ASD vs. TD) and condition (congruent vs. incongruent), as well as a group*condition
interaction effect. Results showed a significant condition*group interaction effect, F(43, 1202) = 5.50, p< .05. For typically
developing children, first fixations to the Target AOI were longer in the congruent condition (M = .84 s, SE = .07) when
compared to the incongruent condition (M = .71 s, SE = .07) indicating that Targets captured participants attention for longer
when the model also viewed the Target compared to times when the model looked elsewhere. Children with ASD however
viewed the targets in an indistinguishable manner across conditions (congruent condition M = .61 s, SE = .06; incongruent
condition M = .62 s, SE = .07).

3.4. Analyses evaluating associations between gaze time allocation and social awareness

Despite significant differences in children’s Social Awareness Scores between the ASD and TD samples, histogram
analyses revealed a strikingly continuous distribution with significant overlap between the two diagnostic groups (Fig. 2).
Results from a Shapiro–Wilk Test reveal that the distribution of children’s scores across both groups approximated a normal
distribution, W = .97, p> .05. Thus, the current analyses investigate whether the extent to which children modulate their
gaze pattern between the congruent and incongruent condition can be predicted by continuous measures of children’s
receptive social abilities (i.e., SRS Social Awareness Subscale). For these analyses, data from the ASD and TD groups were
pooled and three outcome measures were considered: total fixation duration to the Target and Face AOI, and duration of
children’s first fixation to the Target AOI. To test our hypotheses, we fit three mixed models specified with main effects for
children’s Social Awareness scores and condition (congruent vs. incongruent) and the corresponding Social Awareness*-
Condition interaction effect. Results revealed significant Social Awareness*Condition interaction effect for (1) total fixation
[(Fig._2)TD$FIG]

Fig. 2. Distribution of SRS Social Awareness Subscale by group. n = 21 for children with ASD. n = 24 for typically developing children.
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duration to the Target AOI, F(43, 1202) = 7.78, p< .01 and (2) total fixation duration to the Face AOI, F(43, 1202) = 3.85,
p< .05.1 The Social Awareness*Condition interaction effect was not significant when considering the duration of children’s
first fixation to the Target AOI as outcome, F(43, 1202) = 1.55, p = .21.

We used a ‘Regions of Significance’ (RoS) approach (Preacher, Curran, & Bauer, 2006) to aid the interpretation of the
significant Social Awareness*Condition interaction effects. This approach identifies specific values of the continuous
moderator (i.e., SRS Social Awareness scores) for which the difference between the congruent and incongruent conditions is
statistically significant. Identifying ‘Regions of Significance’ is both, statistically conservative and practically more
meaningful than other methods used to analyze continuous moderators (i.e. splitting participants into quartiles). When
considering the total fixation duration to the Target AOI as outcome, the RoS analysis identified an upper limit of 66.05,
indicating that participants with SRS Social Awareness Subscale T-scores below 66.05 showed reliable differences in their
gaze allocation to the Target AOI between the congruent and incongruent condition (the lower limit fell outside the range of
observed scores). In contrast, participants scoring above this value (n = 9, 20.0%) did not reliably modulate their gaze in
response to the experimental condition (congruent vs. incongruent). All 9 children met diagnostic criteria for ASD.
Exploratory t-tests, comparing the 9 children with ASD who scored outside the Region of Significance to the 12 children with
ASD who scored inside the Region of Significance revealed no significant differences on any of our global developmental
measures, p> .25. Fig. 3a provides a graphic representation of the Social Awareness*Condition interaction effect, with the
total fixation duration to the Target AOI as outcome. Conducting similar RoS analyses for the mixed model predicting
children’s total fixation duration to the Face AOI revealed an upper limit of 70.25, indicating that participants with SRS Social
Awareness Subscale T-scores below this value (n = 7, 15.6%) showed reliable differences in their gaze allocation to the Face
AOI between the congruent and incongruent condition (the lower limit fell outside the range of observed scores). Fig. 3b
provides a graphic representation of the Social Awareness*Condition interaction effect, with the total fixation duration to the
Face AOI as outcome.

Preliminary analyses revealed a significant expressive language*condition interaction effect when predicting children’s
total fixation duration to the Face AOI (results were significant for both, expressive language standard scores and age
equivalents). To test whether Social Awareness*Condition interaction can be attributed to individual differences in children’s
expressive language standard scores, we specified a mixed model that included one categorical main effect (condition,
congruent vs. incongruent), two continuous main effects (SRS Social Awareness T-scores, expressive language standard
scores) and two interaction effects (Social Awareness*Condition, expressive language*condition). Results revealed that
Social Awareness*condition interaction effect significantly predicted children’s total fixation duration to the Face AOI, F(42,
1201) = 3.96, p< .05, even when individual differences in expressive language standard scores were statistically controlled.
Similar analyses were also conducted controlling for children’s expressive language age equivalent scores, revealing that the
Social Awareness*condition interaction effect remained marginally significant, F(42, 1201) = 3.48, p = 06.

[(Fig._3)TD$FIG]

Fig. 3. Graphs depicting of condition*SRS Social Awareness interaction effect for (a) target AOI, and (b) Face AOI for total fixation duration. Regions of
significance (RoS) are indicated with a dotted line.

1 Exploratory analyses evaluating associations between children’s gaze pattern and other SRS subscales (evaluating cognitive, expressive, and
motivational aspects of children’s social abilities, as well as autistic preoccupations) revealed no significant associations, indicating that the reported
findings are specific to the SRS Social Awareness subscale.

M.R. Swanson, M. Siller / Research in Autism Spectrum Disorders 7 (2013) 1087–1096 1093



Author's personal copy

4. Discussion

This study evaluated whether diagnostic classifications or features of ASD were associated with individual differences in
children’s gaze pattern during an eye-tracking measure of joint attention. Results revealed no significant group differences in
global measures of gaze allocation (i.e., total gaze time allocation). However, significant group differences emerged using a
measure evaluating the microstructure of children’s gaze (i.e., duration of first fixation to the target). In addition, when both
groups were combined, individual differences in children’s gaze pattern were reliably predicted by parent report measures of
children’s social abilities. That is, the majority of children in this sample (including all typically developing children and
those children with ASD who scored lowest on the SRS Social Awareness subscale) showed significant modulation in eye-
gaze between the two experimental conditions. In contrast, children with ASD who also scored the highest on the SRS Social
Awareness subscale consistently failed to modulate their eye gaze in accordance with the experimental condition.

Contrary to our prediction, results revealed that global measures of gaze allocation (i.e., total gaze time allocation) did not
reliably differentiate our two diagnostic groups (ASD vs. TD). During recent years, several eye-tracking studies have been
published that also failed to find significant group differences on global overall looking time measures (Anderson et al., 2006;
Bal et al., 2010; Freeth et al., 2010, 2011; McPartland et al., 2011). One interpretation of these findings is that the gaze patterns of
children with ASD may differ from their typical developing peers in timing rather than overall duration. This may be particularly
the case when children are presented with dynamic stimuli that mimic naturalistic social interactions. That is, clinical
characterizations of ASD emphasize not the absence of eye contact, but rather a lack of flexibility and social modulation (Lord,
Luyster, Gotham, & Guthrie, 2012). Consistent with this interpretation, findings from the current study revealed significant
group differences in the microstructure of children’s gaze behavior. That is, the length of first fixations of typically developing
children was modulated based on the experimental condition while the first fixations of children with ASD were not. Similar
findings were also reported by Freeth and colleagues (Freeth et al., 2010, 2011), who found that children with ASD and TD
allocated similar amounts of viewing time to key areas of interest in complex naturalistic scenes across a 15 s time window,
however a time course analysis using a microstructure of gaze behavior found that typically developing children were quicker
to first fixate the face of the model in the scene when compared to children with ASD (see also Nakano et al., 2010).

The second major finding of this research was that individual differences in gaze pattern were reliably predicted by a
parent report measure of children’s social abilities. Results revealed that all typically developing children and some children
with ASD (those with the lowest SRS Social Awareness scores) consistently modulated their gaze pattern between the
congruent and incongruent condition. In contrast, children with ASD who scored relatively high on the SRS Social Awareness
subscale, showed similar pattern of gaze allocation to both experimental conditions. It is important to note, that this
prediction was specific to children’s SRS Social Awareness scores, and could not be attributed to global developmental
characteristics or other aspects of children’s social abilities (i.e., other SRS subscales evaluating the cognitive, expressive, and
motivational aspects of children’s social abilities). This finding comports nicely with recent neuro-psychological theories
emphasizing developmental continuity between early gaze following abilities and children’s emerging social and linguistic
comprehension (Mundy & Jarrold, 2010).

How is it possible that children’s pattern of gaze allocation are predicted by continuous measures of children’s social
awareness, but fail to differentiate children with ASD from typically developing controls? One possible explanation is that
continuous measures capturing autism severity may provide more statistical power than binary diagnostic classifications.
However, given that children’s eye gaze pattern were linked specifically to the receptive aspects of children’s social abilities
(rather than autism severity defined more broadly), a merely statistical explanation may be insufficient. In fact, recent
genetic theories suggest that genetic risk factors are more likely to be associated with specific features or components of ASD
(i.e., endophenotypes) rather than ASD itself (Abrahams & Geschwind, 2008; Geschwind & Alarcón, 2006). Thus, the current
eye-tracking paradigm may capture an aspect of children’s social information processing that is specifically linked to
children’s emerging social comprehension abilities. Pelphrey, Shultz, Hudac, and Vander Wyk (2011) predict that
developmental brain endophenotypes related to the neural circuitry that underlies key aspects of social information
processing will be particularly powerful in facilitating future genetic studies.

One area of future research is to determine if our eye-tracking measure captures deficits in social information processing that
are more prevalent in family members of individuals with ASD than individuals without a family history of ASD. Such
information would be an important step in determining whether our measure captures indeed a heritable trait. Few studies
have evaluated the heritability of eye-tracking measures of social information processing. In one notable exception, Adolfs and
colleagues found that parents of children with ASD with an aloof personality spent less time looking at the eyes of faces when
compared to parents of typically developing children and non-aloof parents of children with ASD (Adolphs, Spezio, Parlier, &
Piven, 2008). Finally, future research needs to investigate whether the individual differences in social information processing
captured by our measure are a good marker for underlying brain mechanisms. In one fMRI study utilizing a similar experimental
paradigm, results indicated that brain areas associated with joint attention were activated during congruent (i.e., an adult
model gazed at a target) but not incongruent stimuli (Williams, Waiter, Perra, Perrett, & Whiten, 2005).

5. Conclusion

This study contributes to a growing body of research that uses eye-tracking to evaluate children’s social information
processing, and linking individual differences in children’s gaze pattern to features of ASD. This research contributes to our
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understanding of enophenotypes, elementary features of ASD that may eventually help elucidate the complex linkage
between genetic risk factors, changes in neural circuitry and known behavioral characteristics of ASD. Moreover, subtle
deficits in the ability to flexibly modulate gaze while processing social information may reveal characteristic ASD-specific
limitations in children’s awareness of others’ social cues. Even among children with ASD, most children with mental ages
above 4 years successfully follow another person’s eye gaze and head turn under experimental conditions (Leekam,
Hunnisett, & Moore, 1998; Sigman & Ruskin, 1999). Findings from the current study suggest that subtle deficits in children’s
social responses may persist, further limiting children’s ability to fully participate in everyday social learning.
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