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A hallmark behavioral feature of fragile X syndrome (FXS) is
the propensity for individuals with the syndrome to exhibit
significant impairments in social gaze during interactions
with others. However, previous studies employing eye tracking
methodology to investigate this phenomenon have been limited
to presenting static photographs or videos of social interactions
rather than employing a real-life social partner. To improve
upon previous studies, we used a customized eye tracking
configuration to quantify the social gaze of 51 individuals
with FXS and 19 controls, aged 14-28 years, while they engaged
in a naturalistic face-to-face social interaction with a female
experimenter. Importantly, our control group was matched to
the FXS group on age, developmental functioning, and degree of
autistic symptomatology. Results showed that participants with
FXS spent significantly less time looking at the face and had
shorter episodes (and longer inter-episodes) of social gaze than
controls. Regression analyses indicated that communication
ability predicted higher levels of social gaze in individuals
with FXS, but not in controls. Conversely, degree of autistic
symptoms predicted lower levels of social gaze in controls, but
not in individuals with FXS. Taken together, these data indicate
that naturalistic social gaze in FXS can be measured objectively
using existing eye tracking technology during face-to-face social
interactions. Given that impairments in social gaze were specific
to FXS, this paradigm could be employed as an objective and
ecologically valid outcome measure in ongoing Phase II/Phase
III clinical trials of FXS-specific interventions.
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INTRODUCTION

Children diagnosed with genetic syndromes associated with intel-
lectual and developmental disability (e.g., fragile X syndrome,
Williams syndrome) often engage in highly specific forms of aber-
rant social behavior that can interfere with everyday functioning. For
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example, individuals diagnosed with Williams syndrome show a
particular form of hypersociability in which they actively seek out
social interactions with others [Jones et al., 2000; Frigerio et al.,
2006]. Conversely, children with fragile X syndrome (FXS) com-
monly show deficits in social gaze behavior in which interactions
with others are actively avoided [Cohen et al., 1988; Cohen et al.,
1989; Cohen et al., 1991; Hall et al., 2006; Hall et al., 2009]. These
contrasting behavioral phenotypes have been considered useful
and important models for investigations examining the interplay
between genes and environment [Kennedy et al., 2001; Schroeder
et al., 2001].

FXS is a particularly interesting model of potential gene-envi-
ronment interactions because it is a “single-gene” disorder. The
disease affects approximately 1 in 3,000 individuals in the United
States (approx. 100,000 people) and is the most common known
form of inherited intellectual disability [Hagerman, 2008]. First
described by Martin and Bell in 1943 as a “pedigree of mental defect
showing sex linkage” [Martin and Bell, 1943], FXS is caused by
mutations to the FMRI gene at locus 27.3 on the long arm of the X
chromosome [Verkerk et al., 1991]. Excessive methylation of the
gene results in reduced or absent Fragile X Mental Retardation
Protein (FMRP), a key protein involved in synaptic plasticity and
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dendritic maturation in the brain [Greenough et al., 2001; Soden
and Chen, 2010]. As a consequence, individuals with FXS exhibit a
cascade of developmental and cognitive deficits [Reiss and Dant,
2003] including impairments in executive functioning, visual
memory, and perception, mental manipulation of visual-spatial
relationships among objects, aberrant processing of arithmetical
stimuli, as well as increased risk for autistic-like behaviors (e.g.,
social avoidance, communication impairments, and repetitive
behaviors) [Sudhalter et al., 1990; Bennetto et al., 2001; Mazzocco,
2001; Cornish et al., 2004; Kaufmann et al., 2004; Skinner et al.,
2005; Hall et al., 2006; Mazzocco et al., 2006; Sullivan et al., 2006;
Sullivan et al., 2007; Dissanayake et al., 2009; Hall et al., 2009;
Murphy, 2009]. EXS has therefore increasingly, but perhaps incor-
rectly, been considered a genetic model of autism itself [Hall et al.,
2009].

Social gaze avoidance during interactions with others is a
particularly prominent behavioral feature of individuals with
FXS [Cohen et al., 1988]. For example, during a standardized
20-min face-to-face conversation with an unfamiliar research
assistant, Hall and colleagues showed that boys with FXS engaged
in social gaze avoidance approximately 90% of the time, and
exhibited high levels of physiological arousal (as evidenced by
elevated heart rate and low vagal tone) [Hall et al., 2009]. By
contrast, age-matched typically developing siblings engaged in
these behaviors for only 10% of the time and experienced signifi-
cantly lower levels of physiological arousal. On the basis of these
studies and others, several authors have suggested that social
impairments observed in children with FXS may be caused by
different underlying mechanisms than those diagnosed with Au-
tism Spectrum Disorder (ASD) [Cohen et al., 1988; Cohen et al.,
1989; Cohen et al., 1991; Cornish et al., 2007b; Cornish et al., 2008;
Hall etal., 2010]. For example, given that children with FXS are able
to discriminate between familiar and unfamiliar persons, and
exhibit symptoms of social anxiety during social encounters
with unfamiliar people [Cohen et al., 1988; Cohen et al., 1989;
Cohenetal., 1991; Hall etal., 2009], it has been suggested that social
impairments may be related to social anxiety and hyperarousal in
FXS, whereas in ASD they may be related to social indifference
[Cohen et al., 1988; Cornish et al., 2008].

Maintaining appropriate social gaze is a critical prerequisite for
language development, emotion recognition, social engagement,
and general learning through joint attention [Emery, 2000; Morales
et al., 2000; Farroni et al., 2002; Brooks and Meltzoff, 2005; Csibra
and Gergely, 2006; Itier and Batty, 2009; Senju and Johnson, 2009].
For example, several studies have indicated that high levels of social
gaze avoidance can negatively impact social interaction skills and
communication flow, given that crucial non-verbal gestures and
facial expressions that usually aid social interaction will be missed
[Doherty-Sneddon et al., 2013; Riby et al., 2012]. Given these
factors, it seems important to examine and quantify social gaze in
FXS in a naturalistic social setting (i.e., while individuals are
actually engaged in a “real-life” social interaction).

Surprisingly few studies have attempted to employ eye tracking
methodology to quantify social gaze during a real-life social setting.
Part of the problem concerns the difficulty of setting up an
experimental situation in which eye tracking data can be collected
simultaneously while the person is engaged in a conversation with a
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“live” person. Studies conducted to date have therefore been
limited to showing static photographs of faces or videos to indi-
viduals with FXS and quantifying which areas of the face are most
commonly viewed [Cornish et al.,, 2007a; Dalton et al., 2008;
Holsen et al., 2008; Shaw and Porter, 2013; Williams et al.,
2013]. In a study conducted by Farzin et al. [2009], for example,
photographs of faces that depicted various emotions were pre-
sented to 16 individuals with FXS (13 male, 3 female) and 16
typically developing controls. These authors found that partici-
pants with FXS looked significantly less at the eye region of the
faces, and were more likely to look at the nose region compared to
age-matched typically developing individuals. These findings were
largely replicated in a second study by Farzin et al. [2011] in which
15 individuals with FXS and 20 age-matched typically developing
controls were required to view photographs of the faces in two
separate sessions. As before, these authors found that participants
with FXS engaged in significantly less eye gaze than typically
developing controls. However, in that study, participants with
FXS were more likely to look at the mouth region of the face
and no associations were found between levels of eye gaze and
degree of autistic symptomatology. Limitations of both studies
include the small number of individuals studied, the fact that no
social interaction was actually presented, and that the controls were
not matched on level of functioning or autistic symptomatology to
the participants with FXS. In the present study, we therefore
recruited a larger sample of individuals with FXS (males and
females) and improved the ecological validity of the experimental
setting by employing a real-life social partner (a female research
assistant) who interacted directly with the participant during the
experiment. In order to control for the confounds of developmen-
tal functioning and degree of autistic symptomatology on levels of
social gaze, we compared the levels of social gaze in FXS to those
observed in a group of individuals who had similar levels of
developmental functioning and autistic symptomatology, but
who did not have FXS or any other known genetic syndrome.
We also examined potential differences between males and females
with FXS. However, this latter comparison was of less interest to us
given that, as a group, males with FXS are already known to be
significantly more impaired than females with respect to intellec-
tual ability and behavior.

We had four questions: (1) Can social gaze in FXS be measured
in a naturalistic social setting using eye tracking methodology? (2)
Which areas of the face do individuals with FXS look at when they
are engaged in social interaction with an unfamiliar person? (3)
How does social gaze behavior in FXS differ from social gaze
behavior shown by age- and developmental age-matched individ-
uals? (4) What effect does age, communication ability and degree of
autistic symptoms have on the proportion of social gaze observed?

Participants were recruited for the present study over a 3-year
period as part of a longitudinal investigation of brain function and
development conducted at Stanford University. Individuals with
FXS were included in the study if they were aged between 12 and
28 years inclusive, had a genetic diagnosis of FXS (full mutation
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with evidence of aberrant methylation of the FMRI gene, con-
firmed by genetic testing), were able to travel to Stanford for a 3-day
visit and could remain seated in a chair during a social interaction
for approximately 10 min without attempting to leave the room.
Individuals in the control group were recruited from the local area
(e.g., Regional centers, special education centers) and were includ-
ed if they were aged between 12 and 28 years, and had been
diagnosed with an unspecified form of developmental disability
(i.e., not FXS or other known genetic disorder associated with
intellectual disability such as Down syndrome, Prader-Willi syn-
drome, Turner syndrome, or Williams syndrome). Control par-
ticipants were subsequently tested to confirm that they did not have
FXS. Exclusion criteria for both groups included the presence of
sensory impairments, or any other serious medical or neurological
condition that affected growth or development (e.g., seizure dis-
order, diabetes, congenital heart disease).

Fifty-six individuals with FXS (36 male, 20 female) and 20
individuals diagnosed with idiopathic developmental disability
(10 male, 10 female) traveled to Stanford for the present study.
However, 4 male participants with FXS were unable to comply with
the study procedures, and valid eye tracking data were not available
for one female participant with FXS, as well as one male control
participant (see below). These individuals were excluded from the
present analyses. We therefore obtained valid data for 51 individ-
uals with FXS (32 male, 19 female) and 19 (10 female, 9 male)
controls. All procedures were approved by the local IRB at Stanford
University and parental consent and participant assent was
obtained in all cases.

Table I shows the background characteristics for the two groups.

The two groups were well matched in terms of chronological age
and developmental age, as evidenced by similar mean scores
obtained on the subscales and composite score of the Vineland
Adaptive Behavior Scales (VABS) [Sparrow et al., 2008], a well-
established measure of developmental functioning. The VABS
adaptive behavior composite standard score was 58.47 (SD
=23.47) for individuals with FXS and 57.68 (SD =16.78) for

controls, indicating that the level of functioning in the two groups
was almost 3 standard deviations below the mean. As expected for
an X-linked genetic disorder, males with FXS obtained significantly
lower scores than females with FXS on all subdomains of the VABS
(P’s <.001). On the Social Communication Questionnaire (SCQ)
[Rutter et al., 2003], 31.8% of participants with FXS and 38.9% of
controls obtained scores in the ASD range (total score > 14). The
mean total score obtained on the SCQ was 11.86 (SD =7.58) for
individuals with FXS and 11.50 (SD = 7.36) for controls, indicating
that degree of autistic symptoms in the two groups was also
comparable. As expected, males with FXS obtained significantly
higher total scores on the SCQ than females with FXS (P < .05).
Apparatus. A Tobii X120 Eye Tracker (Tobii Technology) was
used to collect all eye tracking data in the study. The Tobii X120 isa
stand-alone eye tracking device that can be customized for various
experimental settings. The Tobii X120 was particularly suited for
the present study as it allows large freedom of head movement, thus
ensuring that participants could behave as naturally as possible
during the experiment without distraction from intrusive machin-
ery. The X120 was also advantageous because no device or headgear
was required to be attached to the participant during the experi-
ment. The Tobii X120 has a data rate of 120 Hz, a latency of 35 ms, a
mean time to tracking recovery of 100 ms, an accuracy of 0.5°, a
spatial resolution of .2 degrees, a drift of 0.3°, a freedom-of-head
movement of 30 x 22 x 30 cm, a tracker field of view of 22 x 22
x 30 cm and a top head-motion speed of 35 cm/sec. A custom setup
was employed for the present study to ensure that the experimental
setting was as naturalistic as possible. The Tobii X120 was posi-
tioned on a height-adjustable rectangular table (60 cm by 90 cm)
with two height-adjustable chairs (one for the participant, one for
the experimenter) positioned either side of the table (see Fig. 1).
When seated in the height-adjustable chairs, the distance be-
tween the experimenter and participant was approximately, 1 m. A
scene camera (Sony Handycam DCR-HC37E), positioned directly
above and behind the participant’s chair, was used to monitor the
face of the experimenter. A mini user camera (Microsoft LifeCam

Fragile X Controls Total sample

Girls Boys Girls Boys Fragile X Controls

Measure (N=19) (N=32) Sig. (N=10) (N=9) Sig. (N=51) (N=19) Sig.

Age (years) 20.2 (4.2) 20.2 (3.7) NS 20.0 (3.3) 18.7 (2.5) NS 20.2 (3.8) 19.4 (2.9) NS

VABS composite® 76.2 48.4 (16.9) <.001 61.3 53.7 NS 58.5 (23.6) 57.7 (16.8) NS
(23.6) (17.9) (15.5)

Communication 74.6 38.5 (17.8) <.001 58.7 46.6 NS 52.0 (26.1) 53.0 (17.6) NS
(21.8) (18.7) (14.6)

Daily Living 82.3 53.5 (23.8) <.001 1.2 64.0 NS 64.3 (27.8) 67.8 (21.9) NS
(24.7) (22.9) (21.4)

Socialization ??.0 59.2 (21.4) <.01 67.5 64.0 NS 65.9 (23.1) 65.8 (18.8) NS
(22.1) (19.6) (19.0)

Autistic 9.1 (7.3) 13.8 (7.3) <.05 12.0 (?.7) 11.0 (7.5) NS 11.9 (7.6) 11.50 (7.4) NS

symptoms®

Yineland Adaptive Behavior Scales [Sparrow et al., 2008]
%Social Communication Questionnaire [Rutter et al.,, 2003]
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FIG. 1. Customized configuration of the Tobii X120 eye-tracker.

VX-5000), positioned centrally on top of the eye tracker, was used
to simultaneously monitor the face of the participant. In order to
calibrate the eye tracker to the area where the participant would be
looking during the experiment, a calibration board (60cm by
60 cm) was mounted perpendicular to the left edge of the table
by a moveable computer monitor arm so that the center of the
board was in the same plane as to where the experimenter’s face
would be positioned (see Fig. 1). The calibration board had four
small magnetic orange-colored circles (diameter = 2 cm) arranged
in a square grid (27cm by 27 cm). The distance between the
participant’s eyes and the eye tracker was approximately 70 cm
and the gaze angle was 20°. All eye movement and video/audio data
were collected on a Dell Precision M6300 laptop computer using
Tobii Studio 1.7.2 software.

Procedure. Participants were instructed to sit down in the
appropriate chair and to remain seated throughout the experiment.
Depending on the height of the participant, the height of the chair
was adjusted until the participant could see all four points on the
calibration board. In order to calibrate the eye tracker to the area
where the experimenter’s face would be situated, the participant
was instructed to look at the top left and bottom right corners of the
grid on the calibration board in quick succession. The calibration
process took approximately, 2-10 min depending on the individ-
uals’ compliance level. To achieve calibration, the experimenter
worked with the individual to simplify instruction, pointing to the
dots if necessary, and encouraging the participant to persist with
calibration. No additional training was needed for the participants
to complete the task. Four low functioning males with FXS were
unable to comply with the calibration procedure due to an inability
to direct attention to the calibration board for a sufficient length of
time to enable tracking of the eyes, and these participants were not
included in the study. Once the calibration was successful, the
calibration board was moved aside and the experimenter sat in the
chair opposite the participant with her face positioned in the same
plane as to where the calibration board had been positioned (see
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Fig. 1). The experimenter then looked directly at the participant,
and said, “OK, now we are going to have a conversation and I need
you to look me in the eyes as much as possible while we are talking.”
The experimenter then proceeded to engage the participant in
simple conversation, asking about familiar topics such as the
participant’s family, friends, and hobbies. The experimenter
kept as still as possible (to avoid moving outside of the range of
the eye tracker), and looked directly at the participant at all times,
but in all other aspects acted as naturally as possible. If the
participant did not make eye contact for 30-s, the experimenter
delivered an eye contact “prompt” (i.e., reminding the participant
to make eye contact) and encouraged the participant to continue
looking. Each conversation lasted ten minutes.

Training of the experimenter involved a thorough review of
written training protocols (i.e., introduction wording, eye con-
tact prompting details, conversation topics), and several practice
sessions. Due to the specific physical and behavioral phenotype of
FXS, the experimenter could not be blinded to group assignment.
However, the experimenter performed the task in a similar way
across all participants using consistent language when prompting
for eye contact and initiating conversation topics. Conversation
was allowed to flow and follow the participants’ interests to
promote a naturalistic setting. To check the consistency of
experimenter behavior across subjects, we coded the amount
of time that the experimenter talked to the participant (including
the administration of eye contact prompts) for a representative
sample of participants (10 males with FXS, 11 females with
FXS and 6 controls). The mean percentage of experimenter
talking was 48.1% (SD =15.9%) for females with FXS, 57.5%
(SD =5.0%) for males with FXS and 50.7% (SD =11.0%) for
controls.

The goal of our analysis was to classify whether and when partic-
ipants fixated on the experimenter’s face, and which specific sub-
regions of the face were fixated. Because the experimenter exhibited
natural head movements during the conversation flow, we first
used an automatic face detection algorithm to identify regions of
interest (ROIs) in the scene camera and then calculated the
proportion of fixations within these ROIs.

Face detection was accomplished using a variant of the de-
formable part model (DPM) [Zhu and Ramanan, 2012] which
applied a template to each image independently; this template
was composed of a number of parts whose relationship to one
another is elastic, and so permits deformation caused by differ-
ences in face structure, facial expression, or pose. The DPM
algorithm allows the detection of faces and face structure even
when faces are at non-canonical angles (e.g. profile) or are
partially occluded. Because the scene camera videos contained
face-forward images on a blank background (see Fig. 2 for an
example video frame), the algorithm’s performance was essen-
tially perfect. To increase computational efficiency, we sub-
sampled each video to 5 frames per second and applied DPM
to each. The result from our algorithm was a map of keypoints on
the face for each frame, which we verified by hand through spot-
checks of each participant’s video.
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FIG. 2. Example frame from the scene camera video. The red dot
shows the participant’s point of gaze.

We next grouped keypoints into a set of ROIs (left eye, right eye,
nose, mouth, and jaw; see Fig. 3). To map eye-movements to these
ROIs, we wrote custom Matlab scripts, based on those described in
Frank, Vul, and Saxe (2012). These scripts processed the raw
tabular data output from the Tobii tracker, averaging gaze position
across eyes. We then computed the ROI into which each point of
gaze fell by associating each point with the closest keypoint, up to a
threshold of 20 pixels.

For each participant, we calculated dwell time in each ROI as a
proportion of total looking time (excluding looks away and other
missing data). Total looking at the face was computed as the sum of

OlJaw o Nose

eleft eye

ORighteye @®Mouth

FIG. 3. Sample heatmaps showing density of fixation (warmer
colors show more fixation) for representative FXS and control
participants. Circles show grouped keypoints for the region-of-
interest analyses.

looking times to each ROI. We also calculated average episode
length, a measure of the average length of gaze at the face, by
smoothing across looks away less than 600 msec and then com-
puted the average length of a period of looking at the face. The goal
of this smoothing was to avoid taking into account short losses of
tracking data and extremely brief (one fixation) looks away from
the face. For statistical analyses, we used a log transformation to
improve the normality of the data distributions. There were no
laterality effects, and so the left and right eye regions were com-
bined into one region. Overall, we were able to include data from
87% of frames from FXS participants and 92% of frames from
controls.

RESULTS

Table II shows a summary of the results comparing the various
metrics of social gaze across groups.

Proportion of Social Gaze

Our primary metric was the proportion of looking time to the
experimenter’s face. The data show that participants with FXS
spent significantly less proportion of time looking at the experi-
menter’s face (M =.20, SD =.22) compared to controls (M =.55,
SD =.26) (t(68)=5.58, P<.001). As expected, males with FXS
spent significantly less time looking at the experimenter’s face
(M =.12, SD=.16) then females with FXS (M =.33, SD =.25)
(t(49) =3.69, P<.001).

Data concerning the proportion of looking time at the various
regions of the experimenter’s face are also shown in Table II. Here,
participants with FXS spent significantly less proportion of time
compared to controls looking at the eyes (FXS: M =.08; controls:
M =.24), nose (FXS: M =.05; controls: M =.16) and mouth (FXS:
M =.01; controls: M =.04) (all P’s < .05). There was no difference
between the groups in terms of the proportion of looking time to
the jaw. Males with FXS spent significantly less time looking at the
eyes (P < .001) and nose (P < .05) compared to females with FXS.

Given that overall looking time to the face was significantly
lower in participants with FXS, we examined whether differences in
looking times to the various regions of the face would remain when
overall looking time to the face was controlled statistically in the
analysis. When total looking time to the face was controlled, there
were no differences between the groups in terms of where partic-
ipants looked at the face (all P’s > .05).

Episode Length of Social Gaze

Table II shows the mean episode (and inter-episode) length of
social gaze to the face for the two groups. Statistical analysis
indicated that participants with FXS displayed significantly shorter
episodes of face looking (M =1.5s, SD =0.8's) compared to con-
trols (M =4.2s, SD=2.4s), (t(68) =7.07, P<.001). The mean
inter-episode length of face looking was also significantly longer for
participants with FXS (M =4.6s, SD =2.2) compared to controls
(M=2.4s, SD=14) (t(68) =4.04, P<.001). Within the FXS
group, as expected, males with FXS had significantly shorter
episode lengths (M =1.3s, SD=0.5) than females with FXS
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Fragile X Controls Total sample
Girls Boys Girls Boys Fragile X Controls
Metric (N=19) (N=32) Sig. (N=10) (N=29) Sig. (N=51) (N=19) Sig.
Proportion of gaze
Face .33 (.25) .12 (.16) <.001 .53 (.25) .57 (.28) NS .20 (.22) .55 (.26) <.001
Eyes .16 (.20) .03 (.07) <.001 .26 (.26) 23 (.23) NS .08 (.15) .24 (.24) <.001
Nose .09 (.11) .03 (.055) <.01 .13 (.15) .20 (.16) NS .05 (.08) .16 (.16) <.000
Mouth .06 (.08) .05 (.10) NS .07 (.06) 11 (.12) NS .06 (.09) .09 (.09) <.05
Jaw .01 (.01) .01 (.01) NS .06 (.14) .03 (.03) NS .01 (.02) .04 (.10) NS
Face looking
Episode length 1.8 (1.1) 1.3 (0.5) <.05 3.8 (2.1) 4.7 (2.8) NS 1.5 (0.8) 4.2 (2.4) <.001
(s)
Inter-episode 3.0 (1.1) 5.6 (2.2) <.001 2.2 (0.3) 2.7 (2.1) NS 4.6 (2.2) 24 (1.4) <.001

length (s)

(M=1.85,SD=1.1) (t(49) =2.61, P=.012) and also had signifi-
cantly longer inter-episode lengths (M =5.6s, SD=2.2) than
females with FXS (M =3.0s, SD=1.1) (t(49) =4.95, P<.001).

To examine how participant age, communication ability, and
degree of autistic symptoms affected levels of social gaze, we
conducted a multiple regression analysis of the data in each group.
The independent variables for each analysis were participant age,
the Communication domain standard score on the VABS-II, and
the total score on the SCQ. The dependent variable for each analysis
was the proportion of gaze to the face. Table III shows the results.

In the FXS group, there was a significant effect of communica-
tion ability on levels of social gaze (B =.483, P=.005), but no effect
of degree of autistic symptoms (B=—.047, P>.05) or age
(B=.0116, P> .05). These data indicted that increased communi-
cation ability predicted increased levels of social gaze in individuals
with FXS when age and degree of autistic symptoms were con-
trolled. In the control group, there was a significant effect of degree
of autistic symptoms on levels of social gaze (3 = —.795, P < .001),
but no effect of age (8 =.155, P>.05) or communication ability
(B=—.107, P<.05). These data indicated that increased autistic

Group Independent variables Beta P
FXS (N=51) Age 116 NS
Communication 483 .005
Autistic symptoms .047 NS
Controls (N=19] Age .155 NS
Communication —.107 NS
Autistic symptoms —.795 <.001

Beta is the standardized regression coefficient.

symptoms predicted lower levels of social gaze in controls when age
and communication ability were controlled.

Previous investigations employing eye tracking methodology to
quantify social gaze in individuals with FXS have been limited by
poor ecological validity. For example, the literature is replete with
studies in which participants have been required to passively view
social scenes on video or to view static images of faces [Cornish
et al., 2007; Dalton et al., 2008; Holsen et al., 2008; Farzin et al.,
2009; Shaw and Porter, 2013; Williams et al., 2013]. In these studies,
we believe that a crucial aspect of the social milieu is missing —
namely the back-and-forth interaction with a live person. We
therefore developed a relatively unobtrusive method to track eye
gaze during a real-life conversation using existing eye tracking
software. We believe that an advantage of this method is that more a
valid representation of gaze patterns can be obtained.

The experimental social setting was designed so that participants
could interact directly with a social partner while social gaze
behavior was unobtrusively measured on a Tobii X120 eye tracker.
An advantage of this system is that it is stand-alone and does not
require any wires or intrusive machinery to be worn on the body.
The eye tracker was simply placed on the table in front of the
participant, and participants could move their head freely, as would
naturally occur during a social interaction. Using this naturalistic
social paradigm, we were able to obtain valid eye tracking data on
91% of participants with FXS, aged 12-28 years. However, four low
functioning males with FXS were unable to follow the calibration
procedures indicating that there may be IQ limitations using this
paradigm. For the remaining participants, the percentage of frames
that needed to be discarded due to eye tracking errors was relatively
low (13%, see above). These data suggest that valid eye tracking
data can be collected for the majority of individuals with FXSin a
naturalistic social setting.

Opverall, our results showed that individuals with FXS engaged in
social gaze approximately 20% of the time on average during the
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10-min social interaction. These data are similar to the levels of
social gaze obtained in previous eye-tracking studies of individuals
with FXS that employed static photographs of faces [Farzin et al.,
2009], as well as in studies in which eye gaze has been manually
coded from video recordings during live social interactions with
others [Cohen et al., 1989, 1991; Hall et al., 2006, 2009]. In our ROI
analyses, we found that on average, individuals with FXS looked at
the eye region for about 8% of the time, at the nose region for about
6% of the time, and at the mouth region for about 6% of the time.
By contrast, control individuals looked at the eye region for about
25% of the time, at the nose region for about 16% of the time, and at
the mouth region for about 9% of the time on average. Individuals
with FXS therefore appeared to be particularly impaired in looking
at the eyes and the nose regions relative to controls. However, when
overall looking time to the face was controlled statistically, there
were no differences between the groups in terms of where partic-
ipants looked. These data indicate that individuals with FXS
exhibited less attentiveness to the face overall.

We compared individuals with FXS to a group of individuals who
were matched on age, developmental age and autistic symptom-
atology, as opposed to a group of typically developing individuals,
for several reasons. First, we wanted to determine whether impair-
ments in social gaze were specific to FXS, as opposed to being simply
associated with impairments shown by individuals with develop-
mental disabilities in general. Several previous studies of social gaze
have compared individuals with FXS to typically developing indi-
viduals, and not surprisingly, have found that individuals with FXS
show significant impairments in social gaze relative to that group.
However, given that these groups differ significantly in level of
functioning and degree of social impairments, the more interesting
question is whether social gaze impairments in FXS could be
detected relative to individuals with similar levels of social im-
pairment but who did not have FXS (see Cohen et al., 1989,
1991]. We found that episode lengths of social gaze were almost
3 times shorter (1.5s vs. 4.2s on average) and mean inter-episode
lengths of social gaze were almost twice as long (4.6s vs. 2.4 s) in
individuals with FXS compared to controls. Taken together, our data
indicate that impairments in social gaze behavior in FXS are present
even relative to individuals with similar levels of developmental
disability and autistic symptoms [c.f., Cohen et al., 1991].

In our regression analyses, we examined how participant age,
communication ability, and degree of autistic symptoms affected
social gaze levels in each group. In the FXS group, we found that
higher levels of communication ability were associated with higher
levels of social gaze, supporting the findings of Cohen and col-
leagues [Cohen et al., 1991] who also found that eye gaze levels
improved with increases in communicative ability. Interestingly, in
the control group, we found that higher levels of autistic symp-
tomatology were associated with greater impairments in social
gaze. Although this analysis may have been affected by the small
sample size, these data provide external validity to our findings,
given that individuals with a greater degree of autistic symptoms
should, by definition, be more likely to show more social impair-
ments. It is unclear why this relationship was not found in the FXS
group. One potential explanation could be that autistic-like symp-
toms are qualitatively different in individuals diagnosed with FXS
compared to those diagnosed with autism [see Cohen, 1996; Hall

et al., 2010]. Thus, although the groups were well matched on the
SCQ, it seems likely that the symptoms listed on the SCQ may not
adequately capture the nature of the social impairment displayed
by individuals with FXS. For example, many items on the SCQ are
related to social indifference, yet many individuals with FXS
actually appear interested in interacting socially with others, but
are subsequently hampered by increased levels of physiological
arousal once the interaction begins [Hall et al., 2009]. It is possible,
therefore, that physiological activity may have been significantly
increased in individuals with FXS compared to controls during the
social interaction. In future studies, we plan to include simulta-
neous monitoring of physiological activity during the social inter-
action paradigm to test this hypothesis [see Hall et al., 2009].

There are several limitations of the study that should be men-
tioned. First, given that a typically developing group of individuals
was not included in the study, it is unknown how levels of gaze
behavior would be affected under these conditions in individuals
without a developmental disability. In a previous study that
employed a similar face-to-face paradigm in which gaze duration
was coded from videotape rather than on an eye-tracker, we found
that social gaze to the face in typically developing siblings of
children with FXS was typically quite high (occurring > 90% of
the time) [Hall et al., 2009]. This is most likely because typically
developing individuals in this age range may have encountered
similar social situations in the past (e.g., interviews, one-to-one
discussions with parents or teachers) and were more able to comply
with simple instructions such as “please look at me as much as
possible”. Future studies need to establish normative data on social
gaze in younger populations and in cases where no explicit
instruction is given. A second limitation concerns the fact that
the conversation between the participant and the experimenter
itself was somewhat contrived. The experimenter was instructed to
engage the participant in a conversation while looking at the
participant 100% of the time. In the studies conducted by Cohen
and colleagues, mothers were observed interacting naturalistically
with their children via a one-way mirror, and trained observers
coded dyadic gaze patterns (mother looking at child, child looking
at mother, both looking at each other, or neither looking). Given
that the experimenter never looked away during the experiment, it
is unknown whether increased levels of eye gaze would have
occurred once the experimenter looked away [c.f. Cohen et al,
1991]. It would also be interesting to determine whether the
amount of talking may have influenced the amount of eye gaze.
It seems likely, for example, that social gaze may decrease signifi-
cantly when the child is speaking as compared to when the child is
listening. A final limitation concerns whether there may have been a
bias towards inclusion of higher functioning individuals with FXS
simply because we included individuals who could travel to
Stanford for a 3-day visit and were able to sit in a chair for
10 min without attempting to leave the room.

In summary, the present study provides evidence to suggest that
social gaze can be measured objectively during a naturalistic social
paradigm in individuals with FXS. Over the past decade, several
Phase II clinical trials have been conducted to test the efficacy of
FXS-specific pharmacological interventions but these studies have
been limited by the dearth of reliable, valid, sensitive and objective
outcome measures available to evaluate outcomes in individuals



with developmental disabilities [Berry-Kravis et al., 2013]. Given
that social gaze deficits are so prevalent in individuals with FXS, the
paradigm described here may provide a useful tool to meet the
requirements for an ecologically valid outcome measure to evaluate
social impairments in FXS in clinical trials.
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