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Does decreased visual attention to faces
underlie difficulties interpreting eye gaze
cues in autism?
Jason W. Griffin and K. Suzanne Scherf*

Abstract

Background: Shifts in eye gaze communicate social information that allows people to respond to another’s
behavior, interpret motivations driving behavior, and anticipate subsequent behavior. Understanding the social
communicative nature of gaze shifts requires the ability to link eye movements and mental state information about
objects in the world. Autism spectrum disorder (ASD) is characterized by atypical sensitivity to eye gaze cues, which
impacts social communication and relationships. We evaluated whether reduced visual attention to faces explains
this difficulty in ASD.

Methods: We employed eye-tracking technology to measure visual attention to faces and gazed-at objects in a 4-
alternative forced choice paradigm in adolescents with ASD and typically developing (TD) adolescents. Participants
determined the target object that an actor was looking at in ecologically rich scenes. We controlled for group
differences in task engagement and data quality.

Results: In the Gaze Following task, adolescents with ASD were relatively impaired (Cohen’s d = 0.63) in the ability
to identify the target object. In contrast to predictions, both groups exhibited comparable fixation durations to
faces and target objects. Among both groups, individuals who looked longer at the target objects, but not faces,
performed better in the task. Finally, among the ASD group, parent SSIS-Social Skills ratings were positively
associated with performance on the Gaze Following task. In the Gaze Perception task, there was a similar pattern of
results, which provides internal replication of the findings that visual attention to faces is not related to difficulty
interpreting eye gaze cues. Together, these findings indicate that adolescents with ASD are capable of following
gaze, but have difficulty linking gaze shifts with mental state information.

Limitations: Additional work is necessary to determine whether these findings generalize to individuals across the
full autism spectrum. New paradigms that manipulate component processes of eye gaze processing need to be
tested to confirm these interpretations.

Conclusions: Reduced visual attention to faces does not appear to contribute to atypical processing of eye gaze
cues among adolescents with ASD. Instead, the difficulty for individuals with ASD is related to understanding the
social communicative aspects of eye gaze information, which may not be extracted from visual cues alone.
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Background
Visual attention to faces is critical for social communica-
tion because the face is rich with cues signaling the in-
tentions, emotions, and goals of others. Eyes in faces are
especially revealing and the ability to process informa-
tion about eye gaze is foundational to human social in-
teractions (see [1]). Even from the first days of life,
human infants possess a rudimentary ability to follow
another person’s eye gaze [2]. Shifts in gaze provide in-
formation about objects and people in the world. Specif-
ically, the ability to detect what or who another person
is looking at provides information about the importance
and relevance of things and people in the world. Shifts
in gaze also provide more subtle cues about social inter-
actions and communication like the visual perspective
and/or social status of another person and whether they
are trying to be deceptive (see [1]). Sensitivity to eye
gaze allows people to respond to another’s behavior,
make attributions about motivations driving the behav-
ior, and anticipate subsequent behavior. Therefore, even
relatively subtle impairments in sensitivity to eye gaze
cues could have important ramifications for social com-
munication and relationships.

Autism and impaired eye gaze processing
Autism spectrum disorder (ASD) is a neurodevelop-
mental disability that is characterized by atypical sen-
sitivity to eye gaze cues. Individuals with ASD often
exhibit abnormal eye contact and have difficulty un-
derstanding and using eye gaze cues. Importantly, this
is a diagnostic feature of the disability [3]. These defi-
cits in sensitivity to eye gaze were originally studied
empirically in episodes of joint attention (i.e., shared
attention to objects) with other people (e.g., [4, 5])
and may contribute to difficulties that people with
ASD have in developing and maintaining social rela-
tionships, adjusting their behavior to suit different so-
cial contexts, making friends, being interested in
people, and in social-emotional reciprocity. Therefore,
it is essential to understand the patterns of behavior
and underlying mechanisms that contribute to the
deficits in sensitivity to eyes and eye gaze cues.
More recently, researchers have investigated atypical

sensitivity to eye gaze cues by measuring visual attention
using eye-tracking while participants view photographs
or movies of people. The central question has been to
evaluate whether individuals with ASD exhibit reduced
visual attention to faces, given the clinical observation
that many show reduced eye contact in social interac-
tions. The inference is that less time looking at faces
provides fewer opportunities to learn about and interpret
eye gaze and other non-verbal communicative behaviors
from the face. In spite of the clear prediction, the re-
search findings are quite mixed. Specifically, group

differences between individuals with ASD and typically
developing (TD) individuals in visual attention to faces
exist, but the magnitude of these differences is inconsist-
ent and largely dependent on experimental factors like
the nature of the task, instructions and stimuli, and age
of the participants (for review see [6, 7]). Also, most of
the work employs passive viewing paradigms with no
strategy for empirically evaluating the central assump-
tions, namely, that the duration of visual attention is a
direct reflection of information processing about gaze
(i.e., longer duration equals better and more processing
of gaze) and of how eye gaze functions for social com-
munication (i.e., understanding the communicative in-
tent of gaze shifts).
There are a few studies that measure sensitivity to the

social communicative aspects of eye gaze information.
Riby and colleagues designed a paradigm in which par-
ticipants must interpret the communicative intent of the
eye gaze cues [8, 9]. In these tasks, participants view
photographs of an actor looking at a single object in a
complex scene. Participants are required to verbalize the
name of the gazed-at object. In order to successfully
identify and name the gazed-at object, participants must
have referential understanding of the visual behavior of
the actors in the scene. This requires an understanding
that visual behavior is directed toward objects/content
(i.e., it is not abstract in nature) and that it involves the
mental experience of seeing something [10, 11]. In other
words, it requires establishing a psychological connec-
tion between the looker and the content [12]. Having
methods to assess referential understanding of gaze cues
is critical because gaze following can reflect sensitivity to
a predictive spatial cue (i.e., head or gaze direction indi-
cates something interesting is about to happen over
there; [13]) in the absence of comprehension about the
psychological relation between the looker and target.
Among TD individuals, referential understanding of eye
gaze cues develops over the first 2 years of life, as infants
learn that open eyes, not closed eyes or simple head dir-
ection, provide communicative information about the
content (e.g., [12, 14]).
The studies investigating referential understanding

of gaze cues in adolescents with ASD indicate that
they are less skilled at generating labels to identify
gazed-at objects than are TD adolescents, which sug-
gests that there is difficulty perceiving and/or inter-
preting eye gaze cues [8, 9]. Adolescents with ASD
also show reduced visual attention to both the face
and the gazed-at objects (i.e., the referential locus of
the gaze cues) [9]. Unfortunately, the researchers did
not evaluate an association between visual attention
and task performance, which would have helped as-
sess the underlying assumption that shorter looking
times to faces are related to worse performance.
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Current study
Given these limitations in the current literature, the goal
of this study was to evaluate the notion that reduced visual
attention to faces contributes to the difficulty understand-
ing eye gaze cues in ASD. To address this goal, we mea-
sured visual attention to faces using eye tracking as
adolescents with ASD and TD adolescents determined the
communicative intent of eye gaze cues in two tasks. In
both tasks, participants had to view ecologically rich
scenes, determine the specific object that an actor was
looking at, and pick out the label for the object in a 4-
alternative forced choice (4AFC) task. We also measured
visual attention to the target object, which reflects the ref-
erential intent of the gaze cue, as well as the accuracy with
which participants identified this object in the 4AFC task.
In the Gaze Following Task, we assessed whether adoles-
cents with ASD could follow and interpret dynamic shifts
in eye gaze. In the Gaze Perception Task, we assessed
whether adolescents with ASD could compute, infer, and
interpret eye gaze trajectory from photographs like those
used in prior studies (e.g., [9]). Critically, by assessing vis-
ual attention to faces and target objects as well as behav-
ioral performance in the task, we could measure the
extent to which varying levels of attention are associated
with relatively impaired abilities to use the eye gaze cues
to solve a social communication problem.
Importantly, atypical visual attention to faces and eye

gaze sensitivity is most frequently reported in infants
and children with ASD; however, the developmental pat-
tern of change in sensitivity to eye gaze cues in ASD is
largely unclear [7]. We focused on evaluating sensitivity
to eye gaze cues during adolescence in people with ASD
for several reasons. First, adolescence is a vulnerable
time for the development of the face processing system
in autism (see [15]). Second, the demands for under-
standing and interpreting eye gaze cues in particular
may be changing in adolescence when the very nature of
social relationships changes.
We hypothesized that adolescents with ASD would

show reduced ability to identify the target objects in the
4AFC tasks and reduced visual attention to faces. If re-
duced visual attention to faces is the underlying mech-
anism driving atypical processing of eye gaze cues, then
less attention to faces should predict worse performance
on the task, especially for the adolescents with ASD.

Method
Participants
A total of 89 participants were tested in this study. This
included 40 adolescents with ASD and 49 TD adoles-
cents. All individuals with ASD participated in a larger
intervention study (NCT02968225 [16]). The data de-
scribed here are part of the baseline assessment. Com-
parisons with TD adolescents have not been reported.

Participants were between the ages of 10 and 18 years
and had a Full-Scale IQ between 70 and 130 (as assessed
with the KBIT-2 [17]), normal vision, and hearing (with
correction), were native English speakers, consented, and
were compliant with the testing procedures. The full in-
clusion criteria and recruitment information are re-
ported elsewhere [16]. TD participants were over-
recruited and matched to the participants with ASD on
age, sex, and Full-Scale IQ using propensity score
matching [18]. The final sample for the analysis included
a total of 70 adolescents (35 ASD, 35 TD). The demo-
graphic characteristics are in Table 1.

Stimuli
We created the stimuli for two tasks: the Gaze Following
and Gaze Perception tasks. In both tasks, each stimulus
depicted an unfamiliar adult directing gaze to a single
target object in a complex scene. In addition to the tar-
get object, each stimulus also contained a plausible non-
target object (i.e., near the target object but not gazed
at) and several implausible objects (i.e., farther away
from target object and not gazed at). The full details
about the creation and validation of the stimuli are de-
scribed elsewhere [19]. The stimuli are curated on Data-
brary and can be accessed for research purposes (https://
doi.org/10.17910/b7.884).

Gaze following videos
This task was designed to evaluate whether adolescents
with ASD exhibit a relative impairment in the ability to
follow shifts in eye gaze for the purpose of referential
understanding. The stimuli were modeled after those

Table 1 Participant demographic characteristics

ASD TD p

N 35 35

Age 13.5 (2.7) 13.9 (2.1) ns

Sex 29 M, 6 F 24 M, 11 F ns

VIQ 96.8 (17.7) 108.1 (10.1) < .01

PIQ 102.4 (14.2) 101.7 (13.6) ns

FSIQ 100.1 (15.7) 106.5 (11.6) ns

ADOS-2 Total 14.1 (4.4) NA

ADOS-2 SA 10.6 (3.8) NA

ADOS-2 RRB 3.49 (1.7) NA

ADOS-2 Total CSS 7.7 (1.8) NA

SSIS–Social Skills 79.0 (14.8) NA

SSIS–Problem Behavior 118.8 (13.5) NA

SRS-2 Total 75.8 (10.1) NA

Note. Cells represent mean (SD). ADOS-2 Autism Diagnostic Observation
Schedule (2nd Ed.), SA social communication, RRB repetitive and restricted
behavior, CSS Calibrated Severity Score, VIQ verbal IQ, PIQ Performance IQ,
FSIQ Full Scale IQ; SSIS Social Skills Improvement System (parent report), SRS-
2Social Responsiveness Scale (2nd Ed)
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used to evaluate sensitivity to gaze shifts and joint atten-
tion in infants and toddlers [20, 21]. In each video, a single
female actor sat on a chair behind a table that occluded
her body, which prevented social cueing from her body to
indicate her gaze position. There are 6–8 small nameable
objects (e.g., crayon, car) in each video. The position of
the objects rotated across stimuli. Each video begins with
the actor looking straight into the camera for 2 s as if
making eye contact with the participant in an episode of
joint attention (see Fig. 1a). Next, the actor shifts her gaze
toward the target object (~ 500 ms) and holds her gaze on
the target object for 4 s (see Fig. 1b). Finally, the actor
shifts her gaze back toward the camera (~ 500 ms) and
holds her gaze at the camera for 2 s (Fig. 1c). Each video
lasts approximately 9 s. There were 26 videos.

Gaze perception images
This task was designed to evaluate whether adolescents with
ASD are impaired in the ability to interpret eye gaze trajec-
tory from photographs like those used in prior studies. These
stimuli were inspired by those created by Riby et al. [9] and
included digital color photographs of actors in complex nat-
uralistic visual scenes (see Fig. 3a, b). All image sizes were
standardized (1100 × 825 pixels). There were 40 images.

Clinical assessments
All ASD diagnoses were confirmed via the Autism Diag-
nostic Observation Schedule, Second Edition (ADOS-2
[22]) and expert clinical evaluation. Because of the large
age range of the participants, both modules 3 and 4 were
used to assess the ASD diagnosis. As a result, we com-
puted calibrated severity scores (CSS) for module 3 [22]
and module 4 [23] for statistical analysis. Social skills
and problematic behaviors were evaluated using both
the self- and parent-report versions of the Social Skills
Improvement System (SSIS [24]). On the parent-
reported SSIS, higher scores reflect more behaviors. So
higher SSIS-social scores indicate more social skills,
whereas higher SSIS-problem behavior scores reflect
more of these behaviors. In addition, parents of adoles-
cents with ASD reported on autism-like behaviors in
their child using the Social Responsiveness Scale, Second
Edition (SRS-2 [25]). Higher SRS-2 total scores reflect
more autism-like symptoms.

Procedure
All parents and/or older adolescents provided written
consent and younger adolescents provided written assent
according to procedures approved by the Institutional

Fig. 1 Gaze following stimuli and results. The left panel shows still frame images from one of the gaze following videos to illustrate the sequence
of events. The event begins with the actor looking directly into the camera (a); she executes a gaze shift to the target object (b) and shifts gaze
back toward the camera (c). The areas of interest for the fixation analyses are illustrated in d. The target object is in green, the plausible non-
target object is in blue, and the implausible non-target objects are in red. The face is in grey. Task performance (% correct) is plotted as a
function of group (e). Fixation durations to faces (f) and target objects (g) are plotted separated by group. Error bars reflect 95% confidence
intervals. All analyses used mixed-effects modeling of trial-level data; however, for visualization these plots reflect the mean-level data. **p < .01
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Review Board (IRB) at Pennsylvania State University.
Participants completed the IQ assessment prior to the
eye gaze tasks. Participants were compensated $20/h.
Prior to the data collection session, all participants

underwent an orientation procedure to familiarize them
with the experimenter and eye-tracking lab, provide
them with clear expectations about the sequence of the
tasks, and help them understand how the eye tracking
unit works to optimize data collection procedures (see
Supplementary Materials).
TobiiPro Studio was used to display the stimuli and

collect data. Fixation data were collected using a Tobii
X2-60 eye tracker (sampling rate of 60 Hz, ~accuracy of
0.4°, precision of 0.34°) that was integrated with a Dell
Optiplex 7040 computer and 24-in. monitor (60 Hz re-
fresh rate). Participants were positioned ~ 65 cm from
the display monitor. The tasks were administered in a
fixed order beginning with a 9-point calibration proced-
ure (see Supplementary Table 1). Any calibration point
beyond the 1° confidence area was re-calibrated.
The Gaze Following stimuli were displayed for 9000

ms and the Gaze Perception for 4000 ms on each
trial. Participants were instructed to view each item
and identify the object that the actor was looking at.
Note that these instructions emphasize the use of
gaze information for the purpose of referential under-
standing (i.e., understanding that visual behavior in-
volves the mental experience of seeing something and
is directed toward objects/content).
Immediately after the stimulus was displayed, partici-

pants were presented with 4AFC answers on a separate
screen. The choices included the target object, a plaus-
ible non-target object, and two implausible objects. The
order of the items was counterbalanced across trials.
Participants had an unlimited amount of time to select
an answer using the mouse. Following the response, a
1000-ms fixation cross was displayed prior to the next
trial. Participants completed three practice trials before
each task. Participants received a 45-s break after every
7 trials and a 2-min break halfway through each task.
Parents of participants with ASD completed the clin-

ical assessment surveys while the adolescents were being
tested in the eye-tracking paradigm. Participants with
ASD completed the self-report surveys after the eye-
tracking protocol with the assistance of a member of the
research team.

Data analysis
4AFC performance
Accuracy was the primary dependent variable.

Eye tracking data quality
To measure the ability of the eye tracker to accurately
estimate the location of gaze, we measured the number

of gaze samples in which the eye-tracker successfully es-
timated the gaze position on the display monitor (i.e.,
gaze capture). We computed total fixation duration to
the stimulus (versus whole display) for each trial (i.e.,
stimulus fixation). We assessed group differences in
these metrics and included them as trial-varying covari-
ates in all statistical models when present.

Visual attention
We computed fixation duration (in milliseconds) for the
entire stimulus and within each defined area of interest
(AOIs). Raw gaze data were preprocessed using the
Tobii identification velocity threshold filter with a mini-
mum fixation duration of 100 ms. Gaze samples were
only included when there was recordable information
from at least one eye on the stimulus.
All AOIs were manually constructed for each stimulus

with hard boundaries (see Figs. 1d and 3d) from the first
frame of the video (see Fig. 1d). For the objects and faces
in the Gaze, following videos, the AOI coordinate posi-
tions were extrapolated across the remaining frames for
the rest of the video. The manual adjustment of the AOI
coordinates across frames for the faces accommodated
subtle head movements. For each participant, the dur-
ation of all fixations within an AOI was summed to gen-
erate a total fixation duration for each stimulus in each
task.

Statistical analysis
We analyzed the data using lme4 for the statistical soft-
ware program R ([26]; R [27]). To maximize statistical
power and account for non-independence (e.g., repeated
measurement) in observations, we used linear mixed-
effects modeling to evaluate group differences in task
performance and visual attention for each task separ-
ately. Participant and stimulus item were included as
crossed random effects and diagnostic group (ASD, TD)
was the fixed factor (reference = TD). This approach is
powerful because it eliminates the need to pre-average
the data across trials, which can remove important vari-
ance; it adjusts estimates for repeated sampling; and it
explicitly models variance [28]. We modeled each trial
for each participant, which reduces the impact of ex-
treme and missing observations, while not overfitting
the data. As a result, we did not eliminate or alter any
data points because of extreme status (i.e., outlier) or
interpolate missing data. We evaluated potential group
differences in the variance of each measure using the
Levene’s test of homogeneity. We used a binomial distri-
bution to fit the accuracy models and a gaussian distri-
bution to fit the fixation duration models. All models
included a random intercept to account for individual-
level variability in outcome measures.
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We also used linear mixed-effects modeling to evalu-
ate whether fixation duration predicts accuracy (main ef-
fect) and whether this association is influenced by group
(duration × group interaction). Significant interactions
were interpreted by assessing simple main effects of fix-
ation duration within each group separately.
Finally, we used a similar linear-mixed modeling ap-

proach to assess whether underlying social deficits and/
or autism symptoms predict accuracy or fixation dur-
ation (total, faces, target objects) in the ASD group. We
conducted separate analyses for each of the following
measures: ADOS-2 Total CSS scores, SSIS-Social Skills,
SSIS-Problem Behaviors, and SRS-2 Total scores.

Results
Participants
Prior to matching, one participant with ASD was re-
moved for poor calibration. The groups did not differ in
age t(68) = 1.14, p = .26, sex χ2(1) = 1.24, p = .26, or Full
Scale IQ (FSIQ), t(68) = 1.93, p = .06; however, they did
differ in verbal IQ (VIQ), t(68) = 3.28, p < .01 (see Table
1). Importantly, verbal IQ was not correlated with accur-
acy in either task (p > .05). In the Gaze Following task,
VIQ was related to the duration of fixations to the target
object (p < .05). As a result, we did a secondary analysis
with VIQ as a covariate and confirmed that the pattern
of results was unchanged. The correlation matrix evalu-
ating associations among the clinical measures in the
ASD group is provided in Supplementary Table 3.

Gaze following
The group means for each dependent variable are re-
ported in Table 2 and displayed in Fig. 1. Parameters
from the statistical models are reported in Table 3.

Accuracy
Figure 1e shows that adolescents with ASD exhibited
impaired performance in the ability to follow eye gaze to
identify gazed-at objects, which was evident in the sig-
nificant main effect of group (see Table 3). The variance
of task performance was comparable across groups,
F(68,1) = 3.29, p = .07.

Eye tracking data quality
Our ability to capture eye gaze positions was compar-
able for both groups (b = − 0.05, se = 0.02, 95% CI
[− .09, 0.00], p = .052).

Visual attention
Figure 1f, g shows the mean fixation duration to faces
and target objects as a function of group.

Task engagement
Adolescents with ASD spent less time fixating the stim-
uli (M = 6110 ms, SD = 1981 ms) compared to TD ado-
lescents (M = 6906 ms, SD = 988 ms) (b = − 0.80, se =
0.37, 95% CI [− 1.53, − 0.06], p = .03). The variance of
these total fixation times was also different across
groups, F(68,1) = 8.16, p = .005 (see Supplementary Fig-
ure 1). As a result, we included total fixation time for
each stimulus as a covariate to control for this group dif-
ference in task engagement.

Faces
On average, adolescents with ASD and TD adolescents
both looked at the face for approximately half the dur-
ation of the video (see Fig. 1f). In contrast to predictions,
there was no main effect of group (see Table 3). This in-
dicates that on average, adolescents with ASD and TD
adolescents share similar amounts of social visual atten-
tion to faces. However, we did observe a significant dif-
ference in the variance of fixation durations to faces,
F(68,1) = 6.11, p = .02 (see Supplementary Figure 1).
There was larger variance among the adolescents with
ASD, indicating greater individual differences in looking
times to faces.

Target objects
Overall, fixations to target objects were much shorter
than to faces for both groups (see Fig. 1g). There was no
main effect of group on the duration of fixations to tar-
get objects (see Table 3), indicating similar allocation of
amount of attention to target objects across groups.
There were also no group differences in the variance of
these fixation durations to target objects, F(68,1) = 0.91,
p = .314.

Table 2 Accuracy and fixation data for both eye gaze tasks

Gaze following Gaze perception

ASD TD ASD TD

Accuracy (%) 82% (14%) 89% (7%) 80% (12%) 88% (9%)

Fixation duration—faces 3932 (1755) 4691 (1065) 961 (591) 1122 (348)

Fixation duration—target objects 683 (444) 820 (366) 440 (230) 550 (203)

Note. Cells represent mean (SD). Accuracy is reported as percent correct. Fixation times reported as total fixation duration in milliseconds
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Relating eye tracking to behavioral data
Total fixation duration to the stimuli significantly pre-
dicted task performance in both groups equally (see
Table 3). Importantly, there was no group × fixation
duration interaction, indicating that there were no
differences in the magnitude of this association across
groups.
Figure 2 shows the association between looking

time to the face (a) and target object (b) AOIs and
accuracy as a function of group in the Gaze
Following task.

Faces
Neither group exhibited differential task performance as a
function of fixation duration to faces (see Fig. 2a). There
was no main effect of fixation duration or fixation duration
× group interaction on task performance (see Table 3).

Target objects
In contrast, Fig. 2b shows that for both groups, longer
fixation durations to gazed-at objects were associated
with an increased likelihood of correctly identifying the
target object. There was a main effect of fixation

Table 3 Parameter estimates for models evaluating group differences in each task

b/OR SE t Lower CI Upper CI p

Gaze following task

Model 1 (main effect on DVs)

Task performance (group) 0.50 0.13 − 2.71 0.31 0.83 0.01

Face fixation (group) − 0.19 0.18 − 1.07 − 0.55 0.16 0.29

Target object fixation (group) − 0.05 0.09 − 0.63 − 0.22 0.11 0.53

Model 2 (fixation predicting accuracy)

Stimulus fixation 1.19 0.07 3.07 1.07 1.33 0.002

Stimulus fixation × group 1.02 0.09 0.16 0.84 1.22 0.87

Model 3 (fixation predicting accuracy)

Face fixation 1.04 0.07 0.54 0.90 1.19 0.58

Face fixation × group 1.16 0.11 2.25 0.96 1.39 0.12

Model 4 (fixation predicting accuracy)

Target object fixation 10.14 2.62 8.96 6.11 16.82 < 0.001

Target object fixation × group 2.12 1.04 1.53 0.81 5.56 0.13

Gaze perception task

Model 1 (main effect on DVs)

Task performance (group) 0.39 0.10 − 3.51 0.23 0.66 < 0.001

Face fixation (group) − 0.05 0.08 − 0.61 − 0.21 0.11 0.55

Target object fixation (group) − 0.06 0.04 − 1.35 − 0.15 0.03 0.18

Model 2 (fixation predicting accuracy)

Stimulus fixation 1.04 0.11 0.33 0.84 1.28 0.74

Stimulus fixation × group 1.23 0.24 1.07 0.84 1.80 0.27

Model 3 (fixation predicting accuracy)

Face fixation 0.92 0.10 − 0.71 0.74 1.15 0.48

Face fixation × group 1.49 0.27 2.2 1.04 2.14 0.03

TD main effect 0.77 .13 − 1.58 0.55 1.07 0.11

ASD main effect 1.02 .15 .17 0.77 1.36 0.87

Model 4 (fixation predicting accuracy)

Target object fixation 1.95 0.32 4.06 1.41 2.69 < .001

Target object fixation × group 0.23 0.08 − 4.23 0.12 0.46 < .001

TD main effect 8.24 2.96 5.87 4.08 16.7 < .001

ASD main effect 1.1 0.21 0.48 0.76 1.59 0.63

Note. TD is reference group, OR odds ratio, DV dependent variable, CI 95% Confidence Interval
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duration on task performance, but no fixation duration
× group interaction (see Table 3).

Relating clinical assessments to eye-tracking and
behavior data
Social skills (parent reported SSIS) predicted task perform-
ance (b = 1.03, se = 0.01, 95% CI [1.01, 1.06], p < .01). Specif-
ically, adolescents with more social skills looked longer at
target objects. Also, ADOS-2 Total CSS scores negatively
predicted fixation duration to target objects (b = − 0.10, se =
0.04, 95% CI [− 0.18, − 0.02], p = .02; see Supplementary
Table 2). Adolescents with more severe ASD (i.e., higher
CSS scores) exhibited shorter looking times to target objects.
No other measures of autism symptoms or problematic be-
haviors predicted task performance or fixation duration to
the stimuli, faces, or target objects.

Gaze perception
Accuracy
Figure 3c shows the mean accuracy to identify the
gazed-at object in the task as a function of group. As in
the Gaze Following task, adolescents with ASD showed
a relative impairment in the ability to identify target

objects. There was a significant main effect of group (see
Table 3). The variance of task performance was compar-
able across groups, F(68,1) = 2.21, p = .14.

Eye tracking data quality
The percentage of captured eye gaze samples was reduced in
participants with ASD (M = 91%, SD = 8%) compared to TD
(M = 95%, SD = 5%) participants (b = − 0.04, se = 0.02, 95%
CI [− .08, − 0.01], p = .02).

Visual attention
Figure 3d, e shows the mean fixation duration to faces
and target objects as a function of group.

Task engagement
Adolescents with ASD spent less time fixating the stim-
uli (M = 2594 ms, SD = 779 ms) compared to TD (M =
2878 ms, SD = 349 ms) adolescents (b = − 0.28, se =
0.14, 95% CI [− 0.57, 0], p = .05). The variance of these
total fixation times was also different across groups,
F(68,1) = 8.26, p = .005 (see Supplementary Figure 1).
As a result, we included total fixation time for each

Fig. 2 Association between visual attention and behavior during gaze following. Probability of identifying correct target object as a function of
fixation duration to face, plotted as a function of group (a). There was no association between fixation duration to faces and performance in
either group. Probability of identifying correct target object as a function of fixation duration to target object, plotted as a function of group (b).
Longer fixation duration to target objects was associated with improved task performance for both groups. Shaded region reflects 95%
confidence intervals. All plots reflect model-predicted relationships based on the mixed-effect models
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stimulus as a covariate to control for this group differ-
ence in task engagement.

Faces
In contrast to predictions, adolescents with ASD and TD
adolescents exhibited comparable fixation durations to
faces (see Fig 3d). There was no main effect of group
(see Table 3). This indicates that on average, adolescents
with ASD and TD adolescents share similar amounts of
social visual attention to faces. However, we did observe
a significant difference in the variance of fixation dura-
tions to faces, F(68,1) = 8.63, p = .04. There was larger
variance among the adolescents with ASD, indicating
larger individual differences in looking times to faces
(see Supplementary Figure 1).

Target objects
Similarly, adolescents with ASD and TD adolescents showed
similar fixation durations to target objects (see Fig. 3e).
There was no main effect of group (see Table 3), indicating
similar allocation of amount of attention to target objects
across groups. There were also no group differences in the
variance of these fixation durations to target objects, F(68,1)
= 1.00, p = .31 (see Supplementary Figure 1).

Relating eye tracking to behavioral data
In contrast to the Gaze Following task, total fixation dur-
ation to the stimuli did not predict task performance; there
was no main effect of fixation duration. Importantly, there
was also no fixation duration × group interaction, indicat-
ing that this association was not differentially present in ei-
ther group (see Table 3). Figure 4 shows the association
between looking time to face (a) and target object (b) AOIs
and performance accuracy as a function of group.

Faces
There was no main effect of fixation duration on task
performance. However, there was a fixation duration ×
group interaction (see Table 3). Fixation duration to
faces was unrelated to task performance among the ado-
lescents with ASD (Fig. 4a). However, among the TD ad-
olescents, there was a trend for a negative association
between looking time to the face and accuracy (see Fig.
4a). TD adolescents who looked at faces for the least
amount of time tended to be more successful at identify-
ing the target object in the 4AFC task.

Target objects
There was a main effect, which was qualified by a fix-
ation duration × group interaction (see Table 3). There
was no main effect among the adolescents with ASD

Fig. 3 Gaze perception stimuli and results. Example image used in Gaze Perception Task (a). The areas of interest for the fixation analyses are
illustrated in b. The target object is in green, the plausible non-target object is in blue, and the implausible non-target objects are in red. The face
is in grey. Task performance (% correct) is plotted as a function of group (c). Fixation durations to faces (d) and target objects (e) are also plotted
separated by group. Error bars reflect 95% confidence intervals. All analyses used mixed-effects modeling of trial-level data; however, for
visualization these plots reflect the mean-level data. ***p < .001
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(Fig. 4a). However, there was a positive main effect of
fixation duration to the target object in the TD adoles-
cents (see Fig. 4b), indicating that longer looking times
to the target object were associated with correct re-
sponses in the 4AFC task.

Relating clinical assessments to eye-tracking and behavior
data
Similar to the Gaze Following Task, there was a trend
showing that ADOS-2 Total CSS scores negatively pre-
dicted fixation duration to target objects (b = − 0.04, se
= 0.02, 95% CI [− 0.09, − 0.00], p = .06). Adolescents
with ASD that had more severe autism looked less at the
target objects. No other measures of social skills, autism
symptoms, or problematic behaviors predicted task per-
formance or fixation duration to the stimuli, faces, or
target objects (see Supplemental Table 2).

Discussion
We evaluated whether reduced visual attention to faces
explains the difficulty processing eye gaze information in

ASD. Specifically, we tested the prediction that limited
looking time to faces predicts poor performance in the
ability to identify the referential intent of eye gaze cues.
This hypothesis builds on the clinical observation of re-
duced eye contact, particularly in social interactions,
which could lead to lost opportunities to learn about eye
gaze cues.
We employed eye-tracking technology to measure vis-

ual attention to faces and a 4AFC paradigm to measure
behavioral responses in two tasks. We compared per-
formance of adolescents with ASD and TD adolescents.
In the Gaze Following task, we assessed group differ-
ences in the ability to follow and interpret the communi-
cative intent of online eye gaze shifts. In the Gaze
Perception task, we evaluated group differences in the
ability to interpret eye gaze cues from static images in-
volving a single actor among many objects. In both
tasks, we also measured visual attention to the
intentional locus of the gaze, the target object, and the
association between visual attention and accuracy in task
performance. In so doing, we assessed whether limited

Fig. 4 Association between visual attention and behavior during gaze perception.Probability of identifying correct target object as a function of
fixation duration to face, plotted as a function of group (a). Shorter fixation durations to faces tended to be associated with better performance
only in the typically developing adolescents. Probability of identifying correct target object as a function of fixation duration to target object,
plotted as a function of group (b). Longer fixation duration to target objects was associated with improved task performance, but only for the TD
adolescents. Shaded region reflects 95% confidence intervals. All plots reflect model-predicted relationships based on the mixed-effect models
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visual attention to faces and/or target objects is an
underlying mechanism of impaired eye gaze processing.

Following eye gaze for referential understanding
First, we evaluated whether adolescents with ASD ex-
hibit a difficulty following online shifts in eye gaze to
understand what another person intends to look at and
communicate information about. The stimulus videos
were designed much like those used in infant studies to
assess joint attention skills [20, 21]. As predicted, adoles-
cents with ASD exhibited a relative impairment in the
ability to identify the target object, which is consistent
with previous work describing children with ASD view-
ing similar video stimuli [21]. This impairment was
equivalent to one full standard deviation below the TD
group mean and reflects the difficulty adolescents with
ASD have in following shifts in gaze for the purpose of
referential understanding. In other words, the impaired
performance reflects a difficulty interpreting the social
communicative intent of the shift in gaze. This interpret-
ation is supported by our finding that adolescents with
ASD who were rated to have better social skills by their
parents also performed better in this task.
Next, we evaluated the possibility that limited visual

attention to faces influenced this impaired ability to
understand eye gaze shifts. In contrast to predictions,
adolescents with ASD and TD adolescents exhibited
comparable fixation durations to faces while watching
these videos of online gaze shifts. This indicates that at
the group level adolescents with ASD allocate visual at-
tention to faces and target objects similarly to TD ado-
lescents. Importantly, we observed this similarity in
social visual attention to faces after controlling for group
differences in general task engagement. However, we did
observe that the variability in fixation durations to faces
was larger among the adolescents with ASD. This find-
ing suggests that there are greater individual differences
among adolescents with ASD in their social visual atten-
tion to faces during this task than there are among TD
adolescents. Interestingly, these individual differences in
social visual attention to faces are not related to autism
severity, autism symptoms, or social behavior among the
adolescents with ASD. These findings converge with
those from infant [20], toddler [29], and child [21] stud-
ies reporting no differences in visual attention to faces at
the group level. We also found that fixation durations to
target objects were comparable in the ASD and TD
groups (as was the variance among these durations) in
the Gaze Following Task. In contrast to social visual atten-
tion to faces, the severity of autism as measured by
ADOS-2 Total CSS scores predicted visual attention to
the target objects. All together, these findings indicate that
social visual attention to faces is not characteristically

atypical in ASD and that gaze following behavior is intact
in ASD.
One way to interpret our findings is to consider the

component processes involved in gaze following. Follow-
ing the gaze to the target object is a prerequisite for be-
ing able to interpret the referential intent of the gaze
shift. However, while gaze following alone does not re-
quire an ability to represent another’s mental state (see
[30, 31]), the ability to interpret the referential intent of
a gaze shift does require mentalizing. Therefore, our
findings may reflect that adolescents with ASD are cap-
able of following gaze, but have difficulty linking gaze
shifts with mental state information. Our findings relat-
ing looking times to behavioral performance in this task
support this interpretation.
First, we assessed the association between target engage-

ment and the ability to identify the target object in each
group. Indeed, longer looking times predicted more accur-
ate target identification in both groups and to the same ex-
tent. This is an important finding because it shows that task
engagement is associated with better task performance in
both groups equally. Next, we determined if visual attention
to faces is associated with greater accuracy of target identifi-
cation. The prediction was that short looking times would
be associated with worse performance in the task. There
was no such association between task performance and vis-
ual attention to faces in either group. This finding indicates
that the duration of visual attention to faces is not related
to the quality of information processing about gaze and
challenges the notion that limited visual attention to faces
underlies the difficulty processing eye gaze cues in autism.
We also measured the association between visual at-

tention to target objects and the ability to identify these
objects in the 4AFC task. In contrast to social visual at-
tention to faces, longer looking times to target objects
were associated with enhanced performance in the 4AFC
task in both groups. In other words, limited visual atten-
tion to the target object, not the face, is a more plausible
mechanism for explaining the difficulty understanding
eye gaze cues in ASD. This interpretation is supported
by our finding that the severity of autism is related to
the duration of fixations to the target object. Together,
these findings are consistent with the notion that the dif-
ficulty processing shifts in gaze in ASD is related to un-
derstanding the referential intent of the gaze shift.
Understanding the social communicative nature of gaze
shifts requires linking eye movements and mental state
information about objects in the real world. Our findings
suggest that adolescents with ASD had a much more dif-
ficult time making this connection.

Perceiving eye gaze cues for referential understanding
We also evaluated whether adolescents with ASD exhibit
an impairment in the ability to interpret eye gaze cues
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from photographs of complex scenes. Consistent with
our findings from the Gaze Following task, adolescents
with ASD evinced nearly a one standard deviation deficit
in accuracy in the ability to identify the target object
compared to the TD adolescents. This finding is consist-
ent with that reported by Riby et al. [9] whose study and
stimuli inspired the development of our task.
There were no group differences in looking time to either

faces or target objects in the Gaze Perception task. This in-
dicates that the allocation of visual attention during this
task was also similar for adolescents with ASD and TD ado-
lescents. These findings are inconsistent with those re-
ported by Riby et al. [9]. Although we did find that
adolescents with ASD looked at the stimuli less overall
compared to TD adolescents, when we controlled for these
task engagement differences, we discovered that the adoles-
cents with ASD and TD adolescents were comparable in
the way they allocated visual attention to these stimuli.
Recall that our goal was to test the assumption that

reduced visual attention to faces contributes to the
difficulty processing eye gaze cues. In contrast to predic-
tions, the duration of looking time to faces did not pre-
dict the ability to pick out the correct label for the
gazed-at object for adolescents with ASD. However,
there was a trend for a negative association between
looking times to faces and performance in the 4AFC task
among TD adolescents. Specifically, individuals with the
shortest looking times to faces tended to be the most
successful at identifying the target object in the task.
This is especially interesting when considering the re-

lation between looking times to the gazed-at object and
accuracy in the 4AFC task. Again, there was a different
pattern of association in each group. Among the adoles-
cents with ASD, there was no association between look-
ing times to target objects and the ability to identify
them in the 4AFC task. In contrast, there was a positive
association between looking times to the target object
and the ability to identify them in the 4AFC task among
the TD adolescents.
In sum, no variations in looking time to either faces or

objects predicted performance for the adolescents with
ASD. However, short looking times to faces and long
looking times to target objects predict the best accuracy
to interpret eye gaze cues among the TD adolescents.
One interpretation of these findings is that long looking
times to the face for TD adolescents may reflect diffi-
culty computing the trajectory of eye gaze to the target
object, whereas long looking times to the target ob-
ject reflect an understanding of the trajectory and the
referential intent of the gaze. The lack of an associ-
ation between looking times and performance in this
task for the adolescents with ASD indicates the diffi-
culty in processing gaze information, especially for
referential understanding.

Limitations
The adolescents with ASD in this study were recruited
into a larger intervention study that had inclusion cri-
teria requiring that participants could be compliant with
these testing procedures [16]. As a result, additional
work is necessary to determine whether these novel re-
sults generalize to characterize individuals across the full
spectrum of autism, including those with more promin-
ent autism symptomology and lower IQ scores.
Also, the intervention study dictated the number of

participants with ASD. It is important to note that while
this study employed a sample size (N = 70) that is larger
than the vast majority of existing studies of social visual
attention in ASD as measured using eye-tracking, we ac-
knowledge that expectations are changing regarding
sample sizes in studies of ASD. This speaks to concerns
about whether our experimental design was underpow-
ered to detect group differences in social visual attention
to faces. Critically, improving sensitivity to detect an ef-
fect is accomplished in two ways: by (1) increasing the
sample size and/or (2) increasing sensitivity of the mea-
sures (e.g., decreasing error/measurement noise). Recall
that we employed a within-subjects design and evaluated
social visual attention to faces in two separate tasks
(Gaze Following, Gaze Perception) using state-of-the-art
eye-tracking technology and analyses. This design pro-
vided internal replication of our findings that social vis-
ual attention to faces in ASD is not characteristically
deficient or explains difficulty in eye gaze processing.
Therefore, despite the relatively smaller sample size by
newer field standards, we have conducted the most
methodologically rigorous test of the role of social visual
attention to faces in deficient eye gaze processing in
ASD. Moving forward, we encourage researchers to use
a similar methodological approach with a larger sample
size in the future. All of the stimuli are publicly available
for research purposes [19].
Recent evidence indicates that among TD adults who

vary in the broad autism phenotype, there are relative
impairments in eye gaze processing but only among
males [32]. This work led to the hypothesis that abnor-
mal eye gaze processing may not be a diagnostic feature
of autism in females. Unfortunately, we could not evalu-
ate sex differences in visual attention, eye gaze process-
ing, or referential understanding of gaze cues in this
sample because we did not have the power to do so.
Finally, given the subtle differences in the patterns of

results across the two tasks, it will be essential going for-
ward to systematically evaluate the component processes
(e.g., compute gaze trajectory, follow gaze, interpret
communicative intent of gaze shift) of each task to de-
termine which are particularly difficult for individuals
with ASD. Based on our findings, we suggest that com-
puting gaze trajectory and online gaze following appear
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to be fairly intact, while understanding the referential in-
tent of eye gaze is impaired. Going forward, it will be
important that new paradigms are developed to para-
metrically manipulate these component processes of eye
gaze tasks to confirm this interpretation.

Conclusion
This study tested the assumption that decreased visual
attention to faces is an underlying mechanism of im-
paired eye gaze processing in ASD. We found no evi-
dence to support this idea. Instead, visual attention to
the locus of the gaze shifts, the target object, was more
predictive of referential understanding. These findings
suggest that the fundamental difficulty in autism is the
referential understanding of gaze cues, which may not
be extracted from visual cues and the distribution of vis-
ual attention alone. It requires linking information about
mentalizing together with gaze information. The impli-
cation is that the common goal of many interventions,
to increase looking time to faces, may not be helpful for
improving understanding about eye gaze information.
Instead, we recommend the emphasis be on helping in-
dividuals with ASD develop more referential under-
standing of gaze cues by identifying the locus of gaze
shifts and linking that information to referential intent.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13229-020-00361-2.

Additional file 1: Supplementary Text 1: Eye-tracking Protocol Orien-
tation. Supplementary Table 1: Eye-tracking protocol and timeline.
Supplementary Table 2: Parameter estimates for models assessing the
influence of clinical measures (ADOS-2 Total CSS, SRS-2 Total, SSIS–Prob-
lem Behavior, SSIS–Social Skills) on task performance and visual attention
to stimuli, faces, and target objects in the ASD group. Supplementary
Table 3: Correlation Matrix for clinical measures in the ASD group.

Additional file 2. Supplementary Figure 1:Distribution of visual
attention to stimulus items, faces, and target objects in ASD and TD
groups.

Abbreviations
ASD: Autism spectrum disorders; TD: Typically developing; 4AFC: 4-alternative
forced choice; ADOS-2: Autism Diagnostic Observation Schedule (2nd Ed.);
SRS-2: Social Responsiveness Scale (2nd Ed.); CSS: Calibrated Severity Score;
VIQ: Verbal IQ; FSIQ: Full scale IQ; NIQ: Non-verbal IQ

Acknowledgements
We are grateful to the study families for making this research possible. The
data described in this manuscript will be uploaded to the National Institutes
of Health National Data Archive (NDA).

Authors’ contributions
JG and KSS conceptualized the idea and design of the study. KSS secured
funding for the study. KSS developed the stimuli and task parameters. JG
conducted all of the data processing, propensity score matching, and
statistical analyses under supervision of KSS. JG collected the behavioral and
eye tracking data. JG wrote the original draft of the manuscript. JG and KSS
edited and revised the manuscript. Both authors read and approved the final
manuscript.

Funding
This work was supported by grants from the National Institute of Mental
Health R61/33 MH11-624 (KSS).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
All parents and/or older adolescents provided written consent, and younger
adolescents provided written assent according to procedures approved by
the Institutional Review Board (IRB) at Pennsylvania State University.

Consent for publication
All actors in stimuli images and videos signed a photo consent.

Competing interests
All authors declare that they have no competing interests.

Received: 18 July 2019 Accepted: 25 June 2020

References
1. Emery NJ. The eyes have it: the neuroethology, function and evolution of

social gaze. Neuroscience & Biobehavioral Reviews. 2000;24(6):581–604.
2. Farroni T, Massaccesi S, Pividori D, Johnson MH. Gaze following in

newborns. Infancy. 2004;5(1):39–60.
3. American Psychiatric Association. Diagnostic and Statistical Manual of

Mental Disorders. 5th ed. Washington, DC: Author; 2013.
4. Baron-Cohen S. Perceptual role taking and protodeclarative pointing in

autism. British Journal of Developmental Psychology. 1989;7(2):113–27.
5. Mundy P, Sigman M, Kasari C. Joint attention, developmental level, and

symptom presentation in autism. Development and Psychopathology. 1994;
6(3):389–401.

6. Chita-Tegmark M. Social attention in ASD: A review and meta-analysis of
eye-tracking studies. Research in Developmental Disabilities. 2016;48:79–93.

7. Guillon Q, Hadjikhani N, Baduel S, Rogé B. Visual social attention in autism
spectrum disorder: Insights from eye tracking studies. Neuroscience &
Biobehavioral Reviews. 2014;42:279–97.

8. Riby DM, Doherty MJ. Tracking eye movements proves informative for the
study of gaze direction detection in autism. Research in Autism Spectrum
Disorders. 2009;3(3):723–33.

9. Riby DM, Hancock PJ, Jones N, Hanley M. Spontaneous and cued gaze-
following in autism and Williams syndrome. J Neurodevelopmental Disord.
2013;5(1):1–11.

10. Moore C, Dunham PJ. Joint attention: Its origins and role in development.
Mahwah: Lawrence Erlbaum Associates, Inc.; 1995.

11. Moore C. Theories of mind in infancy. Br J Dev Psychol. 1996;14(1):19-40.
12. Brooks R, Meltzoff AN. The development of gaze following and its relation

to language. Dev Sci. 2005;8(6):535–543.
13. Butterworth G, Cochran E. Towards a Mechanism of Joint Visual Attention in

Human Infancy. Int J Behav Dev. 2016;3(3):253–272.
14. Butler SC, Caron AJ, Brooks R. Infant Understanding of the Referential

Nature of Looking. J Cogn Dev. 2009;1(4):359–377.
15. Picci G, Scherf KS. A two-hit model of autism. Clin Psychol Sci. 2014;3(3):

349–71.
16. Scherf KS, Griffin JW, Judy B, Whyte EM, Geier CF, Elbich D, Smyth JM.

Improving sensitivity to eye gaze cues in autism using serious game
technology: study protocol for a phase I randomized controlled trial. BMJ
Open. 2018;8(e023682):1–11.

17. Kaufman AS, Kaufman NL. Kaufman Brief Intelligence Test. 2nd ed.
Bloomington, MN: Pearson, Inc.; 2004.

18. Ho DE, Imai K, King G, Stuart EA. MatchIt: Nonparametric preprocessing for
parametric causal inference. J Stat Softw. 2011;42(8):1–28.

19. Bill G, Whyte EM, Griffin JW, Scherf KS. Measuring sensitivity to eye gaze
cues in naturalistic scenes: Presenting the eye gaze FoCuS Database. Int J
Methods Psychiatr Res. 2020; e1833. https://doi.org/10.1002/mpr.1833 .

20. Bedford R, Elsabbagh M, Gliga T, Pickles A, Senju A, Charman T, et al.
Precursors to social and communication difficulties in infants at risk for
Autism: Gaze following and attentional engagement. J Autism Dev Disord.
2012;42(10):2208–18.

Griffin and Scherf Molecular Autism           (2020) 11:60 Page 13 of 14

https://doi.org/10.1186/s13229-020-00361-2
https://doi.org/10.1186/s13229-020-00361-2
https://doi.org/10.1002/mpr.1833


21. Falck-Ytter T, Fernell E, Hedvall Å, von Hofsten C, Gillberg C. Gaze
performance in children with Autism Spectrum Disorder when observing
communicative actions. J Autism Dev Disord. 2012;42(10):2236–45.

22. Lord, C., Rutter, M., DiLavore, P.C., Risi, S., Gotham, K., & Bishop, S. (2012).
Autism diagnostic observation schedule (2nd ed.). Western Psychological
Services, Torrance, CA.

23. Hus V, Lord C. The autism diagnostic observation schedule, module 4:
revised algorithm and standardized severity scores. Journal of autism and
developmental disorders. 2014;44(8):1996–2012. https://doi.org/10.1007/
s10803-014-2080-3.

24. Gresham FM, Elliott SN. Social Skills Improvement System: Rating Scales.
Bloomington, MN: Pearson Assessments; 2008.

25. Constantino JN, Gruber CP. Social Responsiveness Scale Manual SRS-2. 2nd
ed. Los Angeles, CA: Western Psychological Services; 2012.

26. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models
using lme4. J Stat Softw. 2015;67(1):1–48.

27. R Core Team (2018). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/.

28. McElreath R. Statistical rethinking: A Bayesian course with examples in R and
Stan. Boca Raton, FL: Chapman & Hall/CRC Press; 2020.

29. Nyström P, Thorup E, Bölte S, Falck-Ytter T. Joint attention in infancy and
the emergence of autism. Biological Psychiatry. 2019;86(8):631–8.

30. Nation K, Penny S. Sensitivity to eye gaze in autism: Is it normal? Is it
automatic? Is it social? Development and Psychopathology. 2008;20:79–97.

31. Povinelli DJ, Eddy TJ. Factors influencing young chimpanzees’ (Pan
troglodytes) recognition of attention. Journal of Comparative Psychology.
1996;110:336–45.

32. Whyte EM, Scherf SK. Gaze following is related to the broader autism
phenotype in a sex-specific way: Building the case for distinct male and
female autism phenotypes. Clin Psychol Sci. 2017;6(2):280–7. https://doi.org/
10.1177/2167702617738380.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Griffin and Scherf Molecular Autism           (2020) 11:60 Page 14 of 14

https://doi.org/10.1007/s10803-014-2080-3
https://doi.org/10.1007/s10803-014-2080-3
https://www.r-project.org/
https://doi.org/10.1177/2167702617738380
https://doi.org/10.1177/2167702617738380

	Abstract
	Background
	Methods
	Results
	Limitations
	Conclusions

	Background
	Autism and impaired eye gaze processing
	Current study

	Method
	Participants
	Stimuli
	Gaze following videos
	Gaze perception images

	Clinical assessments
	Procedure
	Data analysis
	4AFC performance
	Eye tracking data quality
	Visual attention
	Statistical analysis


	Results
	Participants
	Gaze following
	Accuracy
	Eye tracking data quality
	Visual attention
	Task engagement
	Faces
	Target objects
	Relating eye tracking to behavioral data
	Faces
	Target objects

	Relating clinical assessments to eye-tracking and behavior data
	Gaze perception
	Accuracy
	Eye tracking data quality
	Visual attention
	Task engagement
	Faces
	Target objects
	Relating eye tracking to behavioral data
	Faces
	Target objects
	Relating clinical assessments to eye-tracking and behavior data


	Discussion
	Following eye gaze for referential understanding
	Perceiving eye gaze cues for referential understanding

	Limitations
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

