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Cognitive neuroscience and neuropsychology 1

Both dog and human faces are explored abnormally by young
children with autism spectrum disorders
Quentin Guillon?, Nouchine Hadjikhani®®, Sophie Baduel?, Jeanne Kruck?,

Mado Arnaud® and Bernadette Rogé®

When looking at faces, typical individuals tend to have a
right hemispheric bias manifested by a tendency to look
first toward the left visual hemifield. Here, we tested for the
presence of this bias in young children with autism
spectrum disorders (ASD) for both human and dog faces.
We show that children with ASD do not show a left visual
hemifield (right hemispheric) bias for human faces. In
addition, we show that this effect extends to faces of dogs,
suggesting that the absence of bias is not specific to human
faces, but applies to all faces with the first-order
configuration, pointing to an anomaly at an early stage of
visual analysis of faces. The lack of right hemispheric
dominance for face processing may reflect a more general
disorder of cerebral specialization of social functions

Introduction

Eye-tracking studies of face perception have showed that
typical individuals tend to explore the left side of a face
(from the viewer’s perspective) first and for a longer time
if the face is presented at the central vision [1-8]. This
left visual hemifield gaze bias has been found in typically
developing children as young as 6 months [3,6,8], and is
independent of the task [4], the emotional valence [7],
the race [6], and even the species of the face — human or
animal [3,7]. The current hypothesis links this bias to the
right hemispheric dominance for face processing [4].
According to this view, the left side of a face would be
more salient than the right side because it is initially
projected to the right hemisphere [1,9].

Autism spectrum disorders (ASD) are conditions that
affect more than 1% of the population [10] and in which
social communication is affected. In particular, difficul-
ties are noted in the domain of face perception. Despite
these difficulties, only a few studies have investigated
hemispheric lateralization for face processing in ASD.
This is all the more surprising, given the atypicalities
observed in this area, both at the behavioral level and at
the electrophysiological level [11-13]. EEG studies have
reported a selective processing delay for faces in the right
hemisphere and a reduced right lateralization effect for
faces compared with controls [11,12]. At the behavioral
level, Dundas ¢ a/. [14] have reported a lack of a left
visual hemifield bias for the proportion of looking time
during face perception in high-functioning adults.

The aim of the present study was to investigate the
presence of a gaze bias for the left visual hemifield in
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response to the presentation of human and canine faces
in young children with ASD. Unlike Dundas e a/. [14],
we specifically focused on the direction of the first fix-
ation as it is an automatic response considered to reflect
directly the right hemispheric dominance for face pro-
cessing [1]. We tested the hypothesis that contrary to
neurotypical children, young children with ASD would
not show a left visual hemifield bias for the direction of
the first fixation for faces.

Methods

Participants

All parents provided their free and informed consent to
participate in the study in accordance with the
Declaration of Helsinki (6th revision), and all procedures
were approved by the local ethical committee.

A total of 47 children (20 children with ASD), aged
24-60 months, participated in this study. One child with
ASD and six control children had to be excluded because
of attention problems during the data acquisition or visual
disorders. The data from 19 children with ASD and 22
typically developing ('TD) children were included in the
analyses.

The diagnosis of ASD was established with the ADOS-G
[15] and the ADI-R [16]. The diagnosis was confirmed by at
least one clinical psychologist trained and certified in mak-

ing a diagnosis of ASD on the basis of these tools and with
experience in diagnosing young children (B.R. or J.K.).

Exclusion criteria for typically developing children were
first-degree relation to a child with neurodevelopmental
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disorder, visual impairment, neurological disorder,
genetic disorder, and developmental delay at the time of
inclusion.

Mullen Scales of Early Learning were used to assess
nonverbal and verbal developmental levels in all chil-
dren [17].

No difference was observed between groups for chron-
ological age [in months: meanagp=39.6, SD=10.5;
meanpp=43.1, SD =14.6; (39) = — 0.854; P=0.398] and
the sex ratio [boy/girl: ASD: 15/4; TD: 13/9, 41,
N=41)=1.86, P=0.173]. However, the nonverbal and
verbal mental ages were significantly lower for the ASD
group [in months: NVMA: meansgp=32.3, SD=11.7;
meantp=45.1, SD=14.9; #39)=-3.02; P=0.005;
VMA: meanpgp=27.4, SD=13.6; meantp=44.0,
SD=14.1; A39)=-3.85; P<0.001].

Stimuli

The stimuli were used previously by Racca e al. [7].
They consisted of 28 grayscale photographs, including 12
photographs of faces selected from the Ekman and
Friesen database [18]. These were further divided into
four faces (two women) with a negative facial expression
(anger), four faces (two women) with a neutral facial
expression, and four faces (two women) with a positive
facial expression (happy). Twelve photographs were
canine faces. As for the human faces, four canine faces
had negatively valenced expression, four faces were
neutral, and four faces were positively valenced. An
additional four photographs of symmetrical objects with
respect to a vertical axis (flower, tree, house, and shoe)
completed the set of stimuli (Fig. 1).

All photographs were 19° X 20° at a distance of 60 cm. All
had a uniform gray background so that the left and the
right side of each stimulus did not differ in terms of
luminance (cd/m?) and contrast (percentage of ‘gray’
pixels) to control for an effect of the low-level properties
of the stimulus on eye movements. The stimuli were
presented using E-prime 2.0 software (Psychology
Software Tools Inc., Pittsburgh, Pennsylvania, USA) on a
17-inch screen (1024 X 768 resolution), integrated to a
Tobii T120 eye-tracking system (Tobii Inc., Stockholm,
Sweden). The pupil and corneal reflections were record-
ed at a sampling rate of 60 Hz.

Procedure

The recordings were made in a room where light levels
were maintained constant for all the participants. All
potential distractors were removed, and children sat in a
car seat adapted and fixed to a chair with an adjustable
height at a distance of about 60 cm from the screen. If
they so desired, parents could stay with their children,
provided that they remained behind the seat and did not
talk to the child during the experiment.

A five-point calibration was performed. The calibration
point was a video (1.5° % 1.5°) representing a bouncing
ball with a sound. If less than four points per eye were
properly calibrated, a new calibration was performed until
it was satisfactory (i.e. >4 focus properly calibrated for
each eye).

Each trial began with a central fixation point (1.5° % 1.5°)
representing a spinning top on a gray background. For
the stimuli to appear, the child had to look at the spin-
ning top for 300 consecutive milliseconds within a time
window of 5 s after its onset. This procedure ensured that
all children looked at the same place when the stimuli
appeared. In case the participant did not look at the
spinning top, the stimuli were displayed after 5s had
elapsed, but the trial was considered invalid and not
included in the analysis. The stimuli were presented for
3500 ms in a random order, followed by a gray screen with
a sound varying from 500 to 800 ms to retain the attention
of the child.

Gaze data analysis

All data analyses were carried out with Matlab (R2011a;
MathWorks, Natick, Massachusetts, USA) using in-house
scripts. Fixations were identified using algorithms from
[19]. A velocity threshold of 35°/s and a temporal
threshold of 100 ms were used to identify fixations.

First fixation was considered to be in toward the left or
the right visual hemifield when their amplitude was
equal to or larger than 1° relative to the central fixation in
that direction. Fixations that fell within 1° of the center
were considered non-lateralized fixations.

For each participant and each face category, a laterality
index for the direction of the first fixation was computed
as follows:

(L=R)

LI=— 0
(L+C+R)

where L and R indicate the number of first fixations
directed to the left and the right visual hemifield,
respectively, and ¢ indicates the number of non-
lateralized fixations.

Statistical analysis

Statistical analyses were carried out using PASW
Statistics 18.0 (SPSS, Chicago, Illinois, USA) software.
Group-level analyses were carried out using repeated-
measure analysis of variance (ANOVA) with face category
(2x) as a within-participant factor and diagnostic group
(2 x) as a between-participant factor. To further examine
between-group differences within each face category, a
one-way ANOVA was used. To test for a bias toward the
left or the right visual hemifield, a one-sample #-test was
used to compare the data against chance level (0) within
each group separately.
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Correlation analyses between laterality index and non-
verbal and verbal mental age within each group did not
show any association between these variables; thus, they
were not entered as covariables in the between-group
analyses.

Results

At least five valid trials per face category were needed to
include the participant in the analyses. The number of
valid trials for human faces was similar between groups
[meanasp=9.1, SD=2.1; meanp=9.6, SD=2.0;
F(1,39)=0.86, P=0.360]. For canine faces, the number
of wvalid trials was higher for the TD group
[meanpgp=9.8, SD=2.0; meantp=10.8, SD=14;
F(1,39)=4.52, P=0.040].

The number of trials of symmetrical objects was less than
5; these were not included in the analysis.

Emotional valence

The Friedman test was used to examine the effect of
emotional valence on the laterality index of the first
fixation for each group and each category separately.
Emotional valence had no effect on the laterality index of
the first fixation for human faces (;(2:1.53, P=0.465)
and canine faces ()(2 =3.35, P=0.188) in ASD. Emotional
valence for human faces did not have an effect in the TD
group (¥*=2.80, P=0.869). However, an effect of
valence was observed on the laterality index for canine
faces (;(2:6.69, P=0.035). The Wilcoxon test between
each emotional valence showed a difference between

negative emotional valence and neutral emotional

valence (Z=-2.56, P=0.010).

Laterality index

An ANOVA with repeated category faces (human vs.
canine) as the within-subject factor and group (ASD vs.
'TD) as the between-subject factor did not show a main
effect of face category [F(1,39)=0.01, P=0.924] and no
interaction effect [F(1,39)=1.19, P=0.281]. A main
effect of group was found [F(1, 39)=4.12, P=0.049,
f=0.33] indicating that irrespective of the face (human or
canine), TD were more likely to direct their first fixation
to the left visual hemifield than the ASD group.

Human faces

The results of the one-way ANOVA indicate that for
human faces, the TD group of children was more likely
to direct the first fixation to the left visual hemifield than
children in the ASD group [F(1,39)=4.88, P=0.033,
f=0.35] (Fig. 2).

For the ASD group, no gaze bias toward the left visual
hemifield was found [meanagp=0.08, SD=0.59;
/(18)=0.57, P=0.577]. In contrast, for the T'D group, the
results showed a bias toward the left visual hemifield
[meanp=0.43, SD=0.42; #21)=4.73, P<0.001;
d=1.01].

For the ASD group, the proportion of children who
showed a left visual hemifield gaze bias (47%) was not
different from that of a binomial probability distribution
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of 0.5 (binomial test, P =0.999). In the TD group, a trend
toward a significant proportion of children (73%) having a
bias for left lateralized first fixation was found (binomial
test, P=0.052).

Canine faces

The results of the one-way ANOVA showed no sig-
nificant difference between the ASD and the TD group
of children for canine faces [F(1,39)=2.79, P=0.103].

"The one-sample #test showed no gaze bias to the left visual
hemifield for the ASD group [meansgp=0.12, SD=0.57;
#(18)=0.93, P=0.363]. For the TD group, a gaze bias to the
left visual hemifield was found [meantp=0.38, SD=0.41;
#{21)=4.34; P<0.001; /=0.93] (Fig. 2).

For the ASD group, the proportion of children who
showed a left visual hemifield gaze bias (58%) was not
different from that of a binomial probability distribution
of 0.5 (binomial test, P=0.648). However, in the TD
group, a significant proportion of children (82%) had a
bias for left lateralized first fixation (binomial test,
P=0.004, g=0.32).

Discussion

We confirmed our hypothesis of a lack of bias for the
direction of the first fixation toward the left visual
hemifield in children for ASD during the perception of
human and canine faces, as well as a presence of this left
bias for both face species in TD children.

These results in TD children are consistent with pre-
vious reports in young children [3,7,20]. They confirm
that this bias appears early in development and that it is
not specific to human faces. No effect of emotional

valence was observed for the human face, replicating
earlier results from Racca ¢z a/. [7]. However, for canine
faces, an effect of valence was observed between nega-
tive and neutral faces. This is because of the fact that for
canine faces with negative valence, more fixations were
directed toward the mouth (i.e. not so lateralized)
because it likely appears more prominent (teeth, tongue),
which has the effect of reducing the laterality index in
this study. This interpretation is consistent with the
direction of the difference as the laterality index for faces
with negative valence is lower than that of neutral faces (a
gaze bias for the left visual hemifield is still observed
irrespective of emotional valence).

A lack of bias for the left visual hemifield for the direction
of the first fixation to human faces was observed in the
group of children with ASD, which extends findings from
Dundas ez a/. [14], who reported a lack of this bias for the
total fixation time. These results suggest that unlike in
TD children, the left visual hemifield that projects
directly to the right hemisphere is not more favored than
the right visual hemifield in response to faces presented
centrally in children with ASD. A lack of bias toward the
left visual hemifield for the direction of the first fixation
was also observed for canine faces in children with ASD.
"This suggests that the absence of the bias is not specific
to human faces, but applies to all faces with the first-order
configuration, and suggests an anomaly at an early stage
of visual analysis of faces. The overall results of the study
reinforce the hypothesis of an alteration of the right
hemispheric dominance and generally atypical hemi-
spheric lateralization for face processing in individuals
with ASD [11,12].

The lack of right hemispheric dominance for face pro-
cessing may reflect a more general disorder of cerebral
specialization of social functions in ASD. Anomalies are
indeed observed in other areas in individuals with ASD,
including difficulties in the areas of language, emotional
perception, and motor lateralization. Interestingly, nor-
mal hemispheric lateralization in response to letters,
a non-social domain, has been observed in ASD [12].

"This study has a few limitations. First, because of their
young age, the manual and ocular dominances of children
were not evaluated, although several studies have noted
some differences between children with ASD and typical
children [21,22]. However, neither hand nor eye dom-
inances seem to affect the left visual hemifield bias [5].
Further studies are nevertheless warranted, both in
typical development and in ASD, to completely rule out
any confounding effects of these factors. Second, because
of their small number of trials, symmetrical objects could
not be analyzed separately in this study. This could be
the subject of future studies as it has been shown that the
bias for the left visual hemifield for the direction of the
first fixation can also be observed with stimuli other than
faces [23] (but see Leonards and Scott-Samuel [5]).



Future studies will be required to test whether the lack
of this bias for face processing is specific to ASD or
whether it is also present in other neurodevelopmental
disorders. In addition, we believe that it would be
worthwhile to test for the left visual hemifield gaze bias
in first-degree relatives to further investigate whether a
failure of normal right hemispheric dominance could
reflect an endophenotypic marker of atypical face pro-
cessing [20,24].

Conclusion

"T'his study shows that young children with ASD failed to
show a left visual hemifield bias for the direction of the
first fixation for human and canine faces, likely reflecting
a failure of normal right hemispheric dominance for face
processing.
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