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Background: One of features of Visual preference in autism spectrum disorder (ASD) is that they tend
to social stimuli to nonsocial stimuli. Though it has been studied widely, until now the results are still not
consistent. One of the most important reasons may be that the stimuli of the past visual preference paradigm
have different movement patterns. Therefore, the present study aimed to improve the visual preference
paradigm to reduce the bias caused by different movement of stimuli and explore the features of visual
preference of ASD further.

Methods: Two hundred and seven children who met DSM-5 criteria for ASD and 125 typically
developmental (TD) children were enrolled. They were matched in age and gender. Visual preference was
measured by eye tracking technology. The subjects presented simultaneously with dynamic object images
(DOI) and dynamic social images (DSI) with the same type and same speed of repetitive movement. Social
interaction deficits of ASD were assessed by parents with Aberrant Behavior Checklist (ABC).

Results: Compared with TD children, the following findings were noted: (I) children with ASD paid
less attention to social stimuli and more attention to nonsocial stimuli (t=6.417, P<0.001). (IT) Increased
preference to DSI was positively correlated with age (R=0.23, P=0.001). (III) No association was noted
between visual preference and IQ in children with ASD (R=0.081, P=0.435). (IV) Reduced preference to DSI
was negatively correlated with the severity of social interaction impairment rated by parents with ABC in
children with ASD (R=0.237, P=0.010).

Conclusions: Children with ASD exhibited abnormal visual preference for social and nonsocial stimuli.
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Introduction

The core manifestation of autism spectrum disorder (ASD)
is social communication and interaction impairment (1), and
abnormal social attention is an important symptom of social
communication and interaction disorder in children with
ASD. Therefore, a focus on features of visual preference
for social and nonsocial stimuli in children with ASD can
help to understand the key symptom of social interaction
disorder. Meanwhile, the visual preference for social or
nonsocial stimuli may provide the possibility to screen ASD
with instrument measures.

The assessment of visual preference in ASD was mainly
based on behavioral indicators, such as questionnaires
or checklists including Communication and Symbolic
Behavior Scales Developmental Profile (CSBS-DP),
Modified Checklist for Autism Toddlers (M-CHAT),
Autism Behavior Checklist and Social Responsiveness
Scale (SRS) have been used widely across countries. These
questionnaires or checklists have been proved to possess
optimal or accepted reliability and validity and have played
an important role in the evaluation of visual features in
ASD. However, the results are influenced to a certain
extent by several factors including the observation time and
attention of the evaluator to children and the apprehension
to items of scales of evaluator (2). Therefore, the results
of scale assessment are relatively and inherently subjective
and occasionally they are unavoidably causing unreliable
screening results. In order to overcome various forms of
bias, it is of great significance to explore more objective and
simple methods that could result in measure of features of
visual preference in ASD more effectively.

Eye movement technology is a remote table-mounted
video-based eye-tracking system. It depends on the pupil/
corneal reflection and aims to estimate the point of gaze
and record gaze behavior. Researchers can obtain all aspects
of social attention indicators of ASD through eye tracking
technology. It is objective, quantifiable, non-invasive,
relatively inexpensive and easy to be implemented. It can
also be applied to individuals of any age from infancy to
adulthood or any functional level (3). The continuous
development of eye movement technology in recent decades
has enabled its wide use in the field of ASD research.

Currently, several studies have shown that the visual
fixation characteristics of individuals with ASD are
significantly different from those of normal developing
individuals following processing of social stimuli in fixation
time, fixation latency and fixation locus (4-6). For example,
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adolescents with ASD watching movies tend to spend
significantly less fixation time on the people than on the
background scene (7). Toddlers with ASD have a range of
social visual attention deficits including reduced attention
to others’ faces (5,8), eyes (4,9-11), head regions (12)
and biological motion (13), whereas their joint attention
is poor (14,15). Moreover, individuals with ASD display
more visual preference to non-social objects (4,16-18) than
typical developing individuals, notably for some specific
objects (e.g., trains, computers and geographic figures)
and for parts of objects and repetitive movement (e.g., the
rotating blades of a fan or the spinning of car wheels) (19,20).
Compared to other diagnostic groups, they also prefer
to attend to highly repetitive images, such as repeating
geometric shapes rather than social images (3,16,17). Pierce
et al. (17) examined simultaneously the eye gaze of subjects
on videos of children doing yoga and found that children
with ASD paid more attention to geometric pictures. Kou
et al. (21) presented geometric figures of repetitive motion
and videos of dancing children or adults to subjects at the
same time and found that children with ASD preferred to
look at geometric figures with repetitive motion compared
to typically developmental (TD) children rather than
looking at humans presented.

Although the eye movement technology has been used
to explore the features of social attention of individuals with
ASD and the detection of children with ASD, the majority
of eye movement studies suggest that individuals with ASD
have decreased visual attention to social stimuli compared
to that of TD individuals. However, the results of previous
studies are inconsistent. Sasson and Touchstone (18) used
stimuli including pictures of a face paired with an object
related or unrelated to restricted interests. A decreased
fixation time on the social face was found only when the
face was paired with objects related to restricted interest.
Fischer et al. (22) used a “gap-overgap” paradigm to test
social orientation by counting saccadic reaction time for
peripheral targets, either a social or a non-social image.
Both 9-year-old children with ASD and their controls
demonstrated shorter saccadic reaction time when the
peripheral target was a social image and no difference was
noted between the two groups.

The results of previous studies are not totally consistent
and certain differences are noted in the paradigm.
Although the studies of Pierce et a/. (17) and Kou ez al. (21)
had found that children with ASD preferred to look
at geometric figures compared to typically developing
children rather than looking at humans presented at the
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Table 1 Demographic and clinical characteristics for sample (mean + SD)

Gong et al. Features of visual preference in children with ASD

Characteristics ASD (n=207) TD (n=114) P value
Age 6.4+1.9 6.7+1.7 0.115
Gender (M/F) 178/29 96/18 0.666
SPM 114.4+23.4 (n=94) 120.3+18.8 (n=83) 0.0573

ABC total score 39.5+£29.0 (n=117)

Irritability 7.8+7.8
Social withdrawal 11.2+£9.0
Stereotyped behavior 3.6+4.1

Hyperactivity 14.1+£9.8
Inappropriate 2.8+2.6

ASD, autism spectrum disorder; TD, typically developmental; SPM Raven’s Standard Progressive Matrices; ABC, Aberrant Behavior

Checklist.

same time. It should be noted, however, certain limitations
of the paradigms were present. For example, nonsocial
stimuli exhibited two attributes as follows: repetitive
stereotyped movement and geometric figure, while social
stimuli exhibited another two attributes as follows: simple
random movement and social human. Therefore, it is
difficult to clarify the preference of children with ASD
to nonsocial stimuli caused by their special interest in
repetitive movement or their real preference to non-
living objects. In addition, based on previous evidence
and clinical experiences, it was also speculated that visual
preference for dynamic nonsocial stimuli would weaken as
age was increased. Furthermore, IQ correlated negatively
with the severity of ASD (23), suggesting a negative
correlation between percentage of fixation time to dynamic
object images (DOI) and 1Q. Therefore, age and function
including the IQ of subjects that may impact results should
also be taken into account.

Here, to address this issue, initially, we designed and
improved the paradigm on the basis of previous studies
(16-18) in order to further explore the characteristics of visual
preference in children with ASD. We present the following
article in accordance with the SREOBE reporting checklist
(available at https://dx.doi.org/10.21037/tp-21-294).

Methods
Participant

The present study enrolled children with ASD from a
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special education school and outpatient department of our
hospital and typically developing children from kindergarten,
primary school and community through advertising from
September 2018 to February 2020. All ASD children were
diagnosed by experienced child and adolescent psychiatrists.
The inclusion criteria for the ASD group were the following:
(I) meeting DSM-V criteria for ASD; (II) age range of 4—
12 years; (III) normal vision and hearing; (IV) cooperation
with eye tracking experiment. The exclusion criteria were the
following: (I) subjects with other important mental illnesses,
such as schizophrenia, mood disorder, anxiety disorders
and tic disorders; (II) subjects with physical disease, which
affected eye tracking test; (III) use of psychotropic drugs in
the past one month. The subjects in the TD group did not
exhibit mental diseases. The other inclusion and exclusion
criteria were the same as those with the ASD group.

The number of cases during the study period determine
the sample size. The case and control groups were matched
for age and sex. A total of 207 children with ASD (178 males,
M, =6.40 years, SD,,. =1.89 years) and 114 TD children
(96 males, M,,. =6.74 years, SD,,. =1.65 years) were
enrolled. Among all subjects, 185 children (94 ASD, 91 TD)
completed evaluation of intelligence. A total of 117 children
with ASD were assessed with Aberrant Behavior Checklist
(ABC) (Table 1).

This case-control study was conducted according to the
principles of the Declaration of Helsinki (as revised in 2013)
and was approved by the Ethical Committee of Peking
University 6th Hospital (NO.15010000001498283), and
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Figure 1 Sample images from the paired paradigm used in the
present study. A human paired with an object with the same type

and same speed of repetitive movement.

informed consent was taken from all the patients’ guardians.

Apparatus

A TobiiX3-120 eye tracker and a Tobii Studio software
were used to record subjects’ eye tracking in response to a
visual stimulus and the fixation time on it. The binocular
eye tracker with infrared light sources was integrated into
a 17-in-thin film transistor monitor (1,280x1,024 pixels).
Using corneal reflection techniques, the Tobii eye tracker
was set at 120 Hz and the X and Y coordinates of the
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subjects’ eye position were recorded. One additional small
camera was placed on the top of the eye tracking monitor to
obtain the video of subject’s behavior during the experiment.

Paradigm

We designed and improved the paradigm, a Dynamic Visual
Preference Task, in the present study. Common objects
were selected in daily life with repetitive movement, such as
a revolving chair, a rotating fan and a revolving neon light,
which were paired with a person with identical movement in
each trial. Children with ASD and TD peers were presented
with two types of stimuli on each side of a computer screen:
a nonsocial stimulus-a DOI and a social stimulus-a dynamic
social image (DSI). The DOI and DSI were adjusted in the
same way concomitantly. A total of six pairs of videos were
obtained and three pairs with social stimuli were noted on
the right, whereas three pairs with social stimuli appeared
on the left. Each pair of images was presented for seven sec
in a continuous and random sequence (Figure I).

Procedure

The subjects were seated at 50-80 cm in front of the eye
tracking monitor in a room devoid of strong sunlight or
light and were instructed to look at the computer screen
freely. To perform calibration prior to the appearance of
the stimuli of paradigm, the position of the subjects was
adjusted to keep their eye tracking on the track status
window. The subjects’ eyes were represented by two white
dots in the center of the window and the color indicator
bar on the right of the window was green or yellow.
Subsequently, a five-point correction was performed,
which was confirmed through a Tobii Studio’s automatic
verification program. Only when both eyes achieved
optimal mapping on five positions (smaller than 1 degree
of visual angle), the calibration was deemed successful. The
aforementioned process was finished and the subjects’ eye
tracking information was collected.

A total of 94 ASD and 83 TD children out of the entire
sample size performed the Raven’s Standard Progressive
Matrices (SPM) test to evaluate the intelligence. The ABC
questionnaire rated by parents was to assess the severity of
social interaction impairment of 117 children with ASD.

Data analysis

In the present study, the following data were selected as
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independent variables for statistical analysis: total fixation
duration, which included total fixation time on DOI and
DSI, total fixation time on DOI or DSI, percentage of
total fixation time on DOI or DSI in total fixation duration
(DOI% or DSI%), visit duration which was indicative of
average remaining time at each visit to DOI or DSI, visit
count which measured the number of visits to DOI or DSI.
There were 10 ASD and 2 TD without any eye movement
data. We used the method of deleting tuples to deal with
the missing data.

All variables accorded with normal distribution.
Independent-sample #-test was performed to compare the
independent variables between the ASD and TD group.
The correlation between DOI1% or DS1% and age, ABC
scores, 1Q of subjects was conducted by Pearson correlation
analysis. Because whether the subjects receive school
training may have an impact on visual preference, the
DOI% or DSI% of ASD and TD children were categorized
into preschool age (4—6 years) and school age (7-12 years)
groups, respectively. 2 (Age group) x2 (Group) ANOVA
analysis was performed to analyze the interaction between
age and groups.

All statistical analyses were performed by SPSS-24
(Chicago, IL, USA). Significant differences were considered
at P<0.05 (two-sided).

Results
Total fixation duration

The total fixation duration on DOIs and DSIs were
compared firstly between the ASD and TD groups. We
found that the total fixation duration on DOIs and DSIs of
the ASD group was obviously lower than that of the TD
group (t=-7.438, P<0.001) (Figure 2A). The total fixation
time on DSIs of the ASD group was significantly shorter
than that of the TD group (t=-8.907, P<0.001) (Figure 2B).
No significant difference was noted in the total fixation
time on DOIs between the two groups (t=-0.161, P=0.872)
(Figure 2C).

Percentage of total fixation time on DOIs and DSIs in
total fixation duration (DOI% and DSI%)

The ASD group indicated a significant reduction of DSI%
and an increase in the DOI% compared with the TD group
(t=£6.417, both P<0.001) (Figure 2D,E).

42.3% of the ASD subjects spent more than 50% of
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viewing time on DOI compared with only 8.7% of TD
subjects. Among the subjects with ASD who preferred DOI,
more than 25% spent more than 70% of their viewing time
on DOI, with several subjects exceeding 80% on DOL.

Visit duration and visit count

The visit duration on DOIs was longer in the ASD group
than that in the TD group (t=5.757, P<0.001) (Figure 2F).
No significant difference was noted in the visit duration
on DSIs between the two groups (t=-2.017, P=0.045)
(Figure 2@G). The ASD group was lower than that of the TD
group both on DOI (t=-4.201, P<0.001) and DSI (t=-5.544,
P<0.001) in the visit count (see Figure 2H,I).

Eye tracking characteristics and age

Association between DOI% or DSI% and age

Within the ASD group, DOI% correlated negatively
with age, whereas DSI% correlated positively with age
(R=+0.225, both P=0.001). No correlation was noted
between DOI% or DSI% and age in the TD group
(R=x0.06, P=0.528) (Figure 3).

Relationship between DOI% or DSI% and IQ

No difference was noted in the IQ between the two groups.
The ASD group exhibited a significantly increased DOI%
and a significantly decreased DSI% than those of the TD
group. No association was noted between DOI% or DSI%
and IQ in the ASD group (R=0.081, P=0.435).

Association between DOI% or DSI% and ASD
symptoms

The correlations of DOI% or DSI% with the scores of
ABCs were analyzed. Among the five subscales, DOI%
correlated positively with the score of social withdrawal/
stagnation subscale when age was controlled (r=0.227,
P=0.014). By contrast, DSI% was negatively associated with
the score of the same subscale (r=-0.227, P=0.014). No
correlations were found between DOI% or DSI% and the
scores of other subscales (7iable 2).

Discussion

Recently, an accumulated number of studies have
demonstrated a visual preference of children with ASD.
However, the results are not completely consistent. To
further explore the characteristics of visual preference
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Figure 2 The comparison of visual preference between ASD and TD children. (A) Total fixation time on DOIs and DSIs between the two
groups; (B) total fixation time on DSIs between the two groups; (C) total fixation time on DOIs between the two groups; (D) percentage of
fixation time on DOI between the two groups; (E) percentage of fixation time on DSI between the two groups; (F) visit duration on DSIs

between the two group; (G) visit duration on DOIs between the two group; (H) visit count on DOIs between the two group; (I) visit count
on DOIs between the two group. **P<0.001, **P<0.01, *P<0.05, DOI, dynamic object image; DSI, dynamic social image.
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of children with ASD, a visual preference paradigm was
designed based on previous studies. By controlling repetitive
movement of the two types of stimuli, the visual preference
of the children with ASD for social and nonsocial stimuli
could be accurately studied.

In the current study, 207 children with ASD and 125
TD children with an age range of 4-12 years were studied.
The results indicated that (I) the total fixation time of ASD
children on social and nonsocial stimuli was significantly
lower than that of the TD children; (II) the total fixation
time of the ASD group on DSI was significantly lower than
that of the TD group, while no significant difference was
noted between the two groups in the total fixation time on
DOI; (III) the children with ASD exhibited significantly
lower DSI% and higher DOI% compared to those noted in
the TD group; (IV) the ASD showed more mean duration
of each visit on the DOI and less mean duration of each
visit on the DSI compared to the TD; (V) the ASD group
exhibited much fewer visit counts than the TD group
regardless of whether DOI or DSI were assessed.

Due to the visual preference paradigm of the present
study, which controlled the confounding effect of repetitive
movement, the aforementioned results could reflect the
features of the visual preference of children with ASD in
a more efficient way. The results suggested that children
with ASD spent less total fixation time on the stimuli (DSI
+ DOI) than those of the TD group. Since no significant
difference was noted in the total fixation time of DOI
between the two groups and based on the fact that the ASD
group spent less fixation time on DSI than the TD group,
the decreased total fixation duration on stimuli (DST +
DOI) was mainly due to the significant reduction of fixation
time on DSI. In addition, the overall time spent on DSI
was significantly reduced and DSI% was significantly lower
than that of the TD group, which indicated that children
with ASD paid less attention to social stimuli than those
of the TD group. Although no significant differences were
noted in the absolute fixation time on nonsocial stimuli
between the two groups, the proportion of fixation time on
nonsocial stimuli in total fixation duration was apparently
increased compared with that of the TD group, indicating
that children with ASD paid more attention to nonsocial
stimuli than children with TD. These results are consistent
with those of previous studies, which also showed that
compared with TD children, children with ASD were
more inclined to look at non-living objects over humans
(16,21,24,25). In addition, the present study demonstrated
the average visit time on social stimuli and the number of
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visits was significantly reduced compared to the TD group.
Although the number of visits to nonsocial stimuli was
apparently decreased, the average visit time on nonsocial
stimuli was longer than that of the TD group. Since no
significant difference was noted in the total fixation time on
DOI between the two groups, the results further suggested
that the children with ASD exhibited reduced interests in
social stimuli and paid less attention to them, while they
had more interests in nonsocial stimuli and preferred to
watch them. Once the gaze of ASD children eyes shifted to
nonsocial stimuli, they remained longer on that state, which
was identified as “sticky attention”. This finding was in
line with the results of a previous study (26). It is not clear
why ASD children were less interested in social stimulation
and more interested in nonsocial stimulation. A possible
hypothesis could be based on social information being more
unpredictable for ASD compared with TD. The visual
preference to nonsocial objects may be a way to comfort
them from the unpredictable social world to a predictable
world. However, insufficient evidence is present to support
this hypothesis and further research is required to explore
the possible psychological and brain mechanism in the
future.

The present study further explored the association
between visual preference and clinical symptoms of ASD by
analyzing the correlation between DSI% or DOI% and the
scores of ABCs. The results indicated that in children with
ASD, DSI% correlated negatively with the score of social
withdrawal subscale of ABC, whereas DOI% exhibited a
significant positive correlation with the score of the same
subscale of ABC. These results suggested that the visual
preference of children with ASD was relevant to their
social deficits. The more attention they paid to nonsocial
stimuli and the less attention to social stimuli resulted
in more serious social interaction defects and vice versa.
These results were in accordance with previous studies
demonstrating that the social deficit of children with ASD
was significantly associated with their fixation time on social
information. The more severe the social impairment, the
less attention was paid to social information. In the current
study, no significant correlation was found between visual
preference and scores of other ABC subscales (irritation,
stereotyped behavior, hyperactivity, inappropriate language)
in children with ASD, which further suggested that the
fixation preference to social and nonsocial stimuli was
mainly associated with social interaction impairments
in children with ASD. However, it has been shown that
children with ASD prefer repetitive movement rather than
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random movement and that the preference to repetitive
movement correlates positively with the score of restricted
interests subscale of Repetitive Behavior Scale-Revised
(RBS-R) (27). The purpose and paradigm of that study were
different from that of the current study. In that study, the
visual preference of ASD children to repetitive or random
movement was explored by the paradigm of matching
repetitive and random motion to objects. Since ASD
children preferred repetitive movement, identical repetitive
movement was provided to both social and nonsocial stimuli
in the present study, so as to eliminate the confounding
effect of this parameter to our results and clarify the visual
preference of ASD children to social and nonsocial stimuli.

In the current study, a significant correlation was noted
in the ASD group between the parameters DOI% or DSI%
and age. As the age increased, the children with ASD
paid more attention to social stimuli and less attention to
nonsocial stimuli, which suggested that social defects of
children with ASD were improved as age was increased.
"This result is accordant with the results reported in previous
systematic reviews and meta-analyses, which indicated that
the scores of social interaction defects (such as eye contact,
joint attention, social overtures and others) in ADOS were
decreased as age increased in children with ASD (28). A
previous meta-analysis (29) further demonstrated that the
total score of ADOS was decreased in children receiving
specific intervention. Dawson et #/. found that cortical
activation in response to faces vs. objects was normalized
in children after the two year’s Early Start Denver Model
intervention (30). In the present study, all children with
ASD received education intervention and therefore their
social interaction behavior and preference to social stimuli
improved with the increase of age.

Unfortunately, contrary to this hypothesis, we did not
find a correlation between fixation preference to social
or nonsocial stimuli and IQ in children with ASD. The
reason for this may be related to the feature of SPM, which
measures 1Q only through distinguishing and reasoning
figures and cannot reflect the individual’s intelligence
comprehensively. So in future studies, other intelligence
tests (such as Wechsler Intelligence Scale) should be used,
which can evaluate intelligence comprehensively and further
explore the association between visual preference and IQ in
children with ASD.

In the present study, the visual preference paradigm
was improved to reduce the bias caused by different
movement of social and nonsocial stimuli and the samples
size was the largest reported so far compared with similar
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studies. However, the current study contains certain
limitations. For example, the diagnosis of ASD was carried
out by experienced child psychiatrists based on DSM-V
diagnostic criteria without Autism Diagnostic Interview
(ADI) or Autism Diagnostic Observation Schedule (ADOS)
assessment. The control group only included normal
developing children and subjects under 4 years old were not
included. Moreover, no follow-up was performed on the
subjects that participated in the study. Therefore, in future
studies, ADI or ADOS will be included in the process of
diagnosis of ASD and the study subjects will be expanded to
include children with other diagnostic criteria and subjects
under 4 years of age. The subjects should be followed up
regularly, so as to explore the visual preference feature in
children with ASD in more detail.

In conclusion, children with ASD preferred to look at
nonsocial stimuli rather than social stimuli. The preference
degree to social stimuli was negatively associated with the
severity of social interaction impairment of ASD and was
improved when the age of the ASD children was increased.
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