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Abstract—Visual preferences, which can be assessed using eye
tracking technologies, are considered one of the defining hallmarks of
autism spectrum disorder (ASD). Specifically, children with ASD
show a decreased preference for social images rather than geometric
images compared to typically developed (TD) children. Such
differences are already prevalent at a very early age and indicate the
severity of the disorder: toddlers with ASD who preferred geometric
images when confronted with social and geometric images showed
higher ASD symptom severity than toddlers with ASD who showed
higher social attention. Furthermore, the complexity of social images
(one child playing vs. two children playing together) as well as the
mode of stimulus presentation (video or image), are not decisive for
the marker. The average age of diagnosis for ASD in Germany is 6.5
years, and visual preference data on this age group are missing. In the
present study, we therefore investigated whether visual preferences
persist into school age. We examined the visual preferences of 16 boys
aged 6 to 11 years with ASD and unimpaired cognition as well as TD
children (1:1 matching based on children's age and the parent's level of
education) within an experimental setting. Different stimulus
presentation formats (images vs. videos) and different levels of
stimulus complexity were included. Children with and without ASD
received pairs of social and non-social images and video stimuli on a
screen while eye movements (i.e., eye position and gaze direction)
were recorded. For this specific use case, KIZMO GmbH developed a
customized, native i0S app (KIZMO Face-Analyzer) for use on iPads.
Neither the format of stimulus presentation nor the complexity of the
social images had a significant effect on the visual preference of
children with and without ASD in this study. Despite the tendency for
a difference between the groups for the video stimuli, there were no
significant differences. Overall, no statistical differences in visual
preference occurred between boys with and without ASD, suggesting
that gaze preference in these groups is similar at elementary school
age. One limitation is that the children with ASD were already
receiving ASD-specific intervention. The potential of a visual
preference task as an indicator of ASD can be emphasized. The article
discusses the clinical relevance of this marker in elementary school
children.

Keywords—Autism spectrum disorder, eye tracking, hallmark,
visual preference.

1. INTRODUCTION

AUTISM spectrum disorder (ASD) is a neurological
condition that affects the development of children. Key
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characteristics of ASD are deficits in social interaction and
communication [1]. A key symptom in children with ASD is
the so-called abnormal social attention [2], [3], that is defined
as a visual preference for non-social stimuli compared to social
stimuli [3]. Examining the characteristics of visual preference
for social and non-social stimuli in children with ASD may
therefore foster the understanding of deficits in social
interaction [3]. Visual preferences can be measured using eye-
tracking technology [4]. As a methodical example, [5] has
developed an eye-tracking algorithm that calculates the child's
gaze preference for social and abstract scenes. The study shows
that the algorithm correctly discriminates left/right side of the
screen preference (social/abstract scenes) and identifies
distractions [5].

Findings by [6] suggest that when images of faces are
presented together with images of an object related to their
circumscribed interests, children with ASD show significantly
less preference for the faces. Thus, the social attention of
preschool children with ASD appears to be modulated by the
attractiveness of competing non-social stimuli [6]. In contrast,
a study by [7] suggests that atypical social attention is present
in young children with ASD regardless of the competing non-
social object. Their observation is supported by [8], who
examined the influence of competing objects on visual
preferences for eyes in children with and without ASD. All
named studies are consistent in reporting that the ASD group
had a significantly lower preference for faces or eyes than a
typically developing (TD) control group [7], [8]. Reduced
preference for dynamic object images negatively correlated
with severity of social interaction impairment and was
positively associated with age; nevertheless, 1Q was not
decisive for preferences [3]. However, a study by [9] shows that
limited attention to a social scene (e.g., an actress with various
activities) is not associated with an increase in attention to
objects [9]. This finding is also supported by [10], in which
children with ASD performed significantly worse on a test of
face processing skills, but did not show differences in attention
to faces compared to objects.

An important issue concerning analysis of visual preferences
is the task used in experimental studies to measure this
phenomenon. Reference [11] examined three different
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paradigms in terms of visual preference in children with ASD:
(1) dancing people vs. dynamic geometric images, (2)
biological motion of points of light vs. non-biological motion
of points of light, and (3) a child playing with a toy vs. a child
alone. Although all three paradigms discriminated between
children with ASD and TD children, the first paradigm (dancing
people vs. dynamic geometric images) was the most effective,
as children with ASD showed a significantly higher preference
for geometric patterns and had therefore the highest
discrimination accuracy [11]. Similarly, the results of [12]
support a preference of children with ASD for repetitive
moving shapes compared to dancing children (social stimuli).
However, when the social stimulus is minimized by a cartoon
task that shows social and non-social cartoon stimuli with
similar encounters, this visual preference cannot be
demonstrated anymore [12]. A study by [13] also indicates a
visual preference for non-social videos in children with ASD
compared to TD children, even when the human faces were
replaced with dog faces. In fact, preferring the non-social
stimuli cannot solely be attributed to the avoidance of social
stimuli [13].

Previous studies report a reduced preference in children with
ASD for social images over geometric images compared to TD
children [14]-[16], [11], [4]. As a key work in this field, [14]
developed the GeoPref test to examine visual preference for
social vs. non-social geometric videos. The social videos
consist of children moving in dramatic manner and the
geometric videos consist of animated, moving geometric
shapes. In this task, a social video is presented simultaneously
on one side of the screen and a non-social, geometric video on
the other side of the screen. Results from [14] using the GeoPref
test display significantly more time fixations on dynamic
geometric images in toddlers with ASD (n = 27) at 14 months
compared to TD (n=51) and developmentally delayed toddlers
(n=22). The positive predictive value for accurately classifying
atoddler as having ASD was 100% when the toddler spent more
than 69% of their time fixating on geometric patterns [14].
Consequently, [15] argues that toddlers (10—49 months) with a
greater preference for the geometric videos may be a marker for
an ASD subtype with more severe symptoms (GeoPref effect).
The children also showed reduced saccades (jerky backward
eye movements after fixation) while watching geometric videos
compared to TD children and other clinical groups [15]. The
authors were able to show that the children with ASD who
fixated on the geometric videos had significantly poorer
cognitive, language, and social skills than the children with
ASD who strongly preferred social videos [15]. Reference [16]
used an adaptation of the GeoPref test to examine whether the
GeoPref effect occurs in different levels of complexity of the
social stimuli (higher complexity in the adaptation of the
GeoPref test). The study reported that — regardless of the
complexity of the social videos — prolonged fixations on
geometric videos were associated with significantly higher
severity of ASD symptoms in toddlers (12-48 months) [16].
Although, the GeoPref test was designed for infants under four
years [14]-[16], a study by [4] showed that the children who
fixated on the geometric images at that early age [15] also
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showed greater severity of ASD symptoms and reduced gaze
shifts during the joint attention task at school age. Additionally,
the study by [17] found a visual preference for repetitive
movements over random movements in children with ASD, but
not in controls. This preference for repetitive movements was
related to the severity of repetitive behaviors in children with
ASD [17].

On the one hand, an early indication of severe ASD
symptoms can be found by comparing moving people with
moving geometric shapes when children spend a longer period
of time looking at the geometric shapes [15], [16], [4]. On the
other hand, it may also be an early indicator of the severity of
repetitive behavior [17]. The association of atypical visual
preference with the severity of ASD symptoms and with
repetitive behaviors leads to possible implications for
diagnostic purposes. Additionally, a difference in fixation
duration may be an additional indication of the presence of
ASD, as described for adults without ASD who look more at
social stimuli and for adults with ASD who show no difference
in fixation between social and non-social stimuli [18].

In summary, the results of visual preference studies are not
entirely consistent which may be explained by certain
differences in the applied methodological paradigm. Key
factors of methodical interest might be (1) contrast of social and
non-social images, (2) complexity of the social images (one
child playing vs. two children playing together; effects
described by [16], contradictory results by [11] and [19]), (3)
video stimuli (e.g., [11], [12], [20]) vs. image stimuli (e.g., [20],
[6]). Unfortunately, an influence of the stimulus type (video vs.
image) was not yet contrasted within one study. As a final
aspect, (4) repetitive movements vs. random movements might
be decisive for visual preferences giving the importance of
repetitive movements for ASD-diagnosis. Previous studies
have not differed systematically between these types of stimuli.

Regarding previously included age groups, visual preference
has been studied primarily in infants, toddlers, preschoolers,
and adults although visual preference may also be relevant
criteria in the diagnosis of ASD (e.g., [4], [16], [15]). Since the
age of diagnosis is often as late as elementary school age —
especially in children with ASD and age-appropriate cognition
— it is important to examine whether visual preferences are still
apparent at school age. The average age of diagnosis for ASD
in Germany is 6.5 years [21] and long waiting periods for
diagnostic appointments occur. To ease this situation of
families and professionals, the ongoing research project IDEAS
(funding code: 13GWO0584D) aims to develop a tablet-based,
digital screening for ASD-associated behavior in school-aged
children with age-appropriate cognitive abilities. The presented
data collections and research questions are part of this greater
research interest, aiming to identify specific tasks decisive for
ASD-associated behavior when presented automatically on a
tablet.

The current investigation aims to fill a research gap
concerning visual preferences in children with ASD. This is
done with a focus on school aged children for whom data are
completely missing so far. The stimuli are specifically
controlled for complexity and contrast between (static) images

227 1SN1:0000000091950263



Open Science Index, Medical and Health Sciences Vol:18, No:10, 2024 publications.waset.org/10013870.pdf

World Academy of Science, Engineering and Technology
International Journal of Medical and Health Sciences
Vol:18, No:10, 2024

and videos to contribute to methodical questions concerning
task characteristics. The aim of our investigation is to identify
visual preferences in children with ASD that might differentiate
them from TD children. Furthermore, characteristics of stimuli
that are necessary to use this type of task in clinical screening
contexts, shall be identified.

II. METHOD

A. Participants

We examined the visual preferences of 32 boys aged 6 to 11
years — 16 boys with ASD and without cognitive impairment
and 16 boys with overall typical development (1:1 matching) —
within an experimental setting. Matching criteria were the
children's age and the parent's level of education. The average
age of boys with ASD was 9.5 years (M =9.06, SD = 1.81) and
of TD boys 9.0 years (M = 8.75, SD = 1.65). On average, the
highest level of education attained by the parents of both
children with ASD and TD children was a high school diploma.
Attention-deficit (hyperactivity) disorder (AD(H)D) is often
comorbid with ASD [22]. We found that three children with
ASD in our sample were also diagnosed with AD(H)D, one
with impulse control and reactive attachment disorder. A total
of three children with ASD also were diagnosed with impulse
control disorder but no AD(H)D. One child with ASD was
diagnosed with additional verbal developmental dyspraxia
respectively with a sleep and perceptual disorder, whereas two
children had comorbid tics. All children with ASD had already
received ASD specific therapy, on average for 15.7 months (SD
= 8.2; Range = 6-32 months). Although all children in the ASD
group were formerly diagnosed with ASD, not all children met
the screening threshold for suspected diagnosis of ASD on the
German version of the Social Communication Questionnaire
(FSK) [23] at the time of study participation. However, there is
a significant negative correlation between the duration of ASD
intervention and the score on the screening instrument (r
=-0.68, p=.011;[24]).

B. Measures

The investigation was part of the IDEAS (Identification of
Autism Spectrum Disorder using speech and facial expression
recognition) research project (funding code: 13GW0584D).
This project aimed to develop an automated digital screening
for ASD. All participants passed a visual preference task in two
different conditions, either as a human test administrator or a
pre-recorded avatar as test administrator (details in [25]). Prior
to the visual preference task, a calibration to relate eye
movements with gaze direction in screen coordinates was
performed. A social preference task included different stimulus
presentation formats (images vs. videos) and different levels of
stimulus complexity (one child vs. two children). Children with
ASD and TD children saw pairs of social vs. non-social images
— and video stimuli respectively — on a screen. For images, the
social stimuli display one or more children playing whereas the
non-social stimuli show images of the universe. For videos, the
social stimuli present a man or a woman making dynamic
grimaces, and the non-social stimuli consist of dynamic
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geometric shapes. This video material was initially applied by
[26]. For each stimulus pair, the position of the social
image/video on screen was altered systematically. During
stimulus presentation of approximately 10 s duration per image
and of approximately 18 s per video, eye movements (i.e., eye
position and gaze direction) were captured and recorded with
up to six frames per second. This approach was supported
through a customized, native i0S app (KIZMO Face-Analyzer),
developed by KIZMO GmbH for use on iPads. The iPad was
located behind the screen during the task and a camera was
placed directly to the left of the screen. The children were seated
approximately 60 cm from the screen.

C.Data Analysis

Data from each recording were stored as numerical values for
later MATLAB analysis [27]. For each image/video pair, the
number of frames recorded in the left image/video (social or
non-social) and the number of frames recorded in the right
image/video (social or non-social) were analyzed using
MATLAB (example in Fig. 1). For the purpose of this paper,
frames were accumulated when stimulus pairs were the same
for each group, and the mean was used for different counts of
stimulus pairs. In addition to eye tracking, the children were
asked to select their favorite image from six images (three
social, three non-social) presented together on screen. The
analyses do not account for the different conditions (human test
administrator vs. pre-recorded avatar) used to collect the data,
as the task is self-paced after a short introduction ("Now I'll
show you images/videos. Look"). Descriptive and statistical
analyses were performed using R (version 4.3.1) [28]. Due to
the small sample size, Fisher's exact test was computed for
statistical analysis of the data [29].

III. RESULTS

The descriptive analyses of image selection (social vs. non-
social) for the 16 children with ASD show that out of 32
possible image comparisons, the non-social image was selected
20 times, the social image was selected six times, and six
choices were missing or could not be correctly assigned (e.g., a
child named both a social and non-social image as their
favorite). For the 16 TD children, the children selected the non-
social image 26 times, the social image five times, and one
choice could not be correctly assigned.

When comparing the total fixation time on social vs. non-
social stimuli (images and videos) between children with ASD
and TD children, no significant differences were found (odds
ratio=1.09, p=.303; TD: social = 667.25, non-social = 449.06;
ASD: social = 647.81, non-social = 477.31). Similarly, no
significant differences were found between children with ASD
and TD children in fixation duration of social vs. non-social
images (odds ratio = 0.98, p = .86; TD: social = 336.06, non-
social = 231.44; ASD: social = 384.63, non-social = 257.75)
and social vs. non-social videos (odds ratio = 1.27, p = .059;
TD: social = 331.19, non-social = 217.63; ASD: social =
263.19, non-social = 219.56). Furthermore, when looking at the
frequency of preference for a non-social stimulus, no significant
difference in stimulus presentation (images vs. videos) can be
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demonstrated between children with ASD and TD children
(odds ratio =2.9, p =.35; TD: non-social image = 4, non-social
video = 3; ASD: non-social images = 3, non-social videos = 7).
Similarly, there was no significant difference in children with
ASD and TD children in the selection task in children's gaze
fixation times on social vs. non-social images (odds ratio =
0.78, p = .197; TD: social = 115.06, non-social = 138, ASD:
social = 113.75, non-social = 105.81). When analyzing visual
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preferences for the left vs. right screen side, regardless of
whether they display social or non-social content, a significant
difference appears (odds ratio = 1.31, p = .023). The average
fixation time on the left images is 343.19 (SD = 132.17) for the
TD children and 346.63 (SD = 95.33) for the children with
ASD. The mean fixation time on the right images is 224.31 (SD
=102.21) for the TD children and 295.75 (SD = 139.55) for the
children with ASD.

Visual preference: Raw Viewpoints

e '

0.1 -

02 -

viewpoint y (uncalibrated)

-0.25

01 [ 01 0.2 0.3 0.4 0.5 0.6 o7 o8

viewpoint x (uncalibrated)

Visual preference: Calibrated Viewpoints

500

05

normalized viewpoint y (calibrated)

-1 -05 [ 05 1 15 2

normalized viewpoint x (calibrated)

Fig. 1 Data analysis of visual preference based on the calibration with MATLAB (Screenshot from MATLAB R 2021b [27])

The social images were sorted in two groups for complexity
(one child vs. two children displayed), resulting in no statistical
difference in complexity between children with ASD and TD
children (odds ratio = 0.74, p = .354; TD: complexity 1 =49.61,
complexity 2 = 34.41; ASD: complexity 1 = 64.34,
complexity 2 = 31.81). There was a statistical difference in
visual preference for the social images depending on whether
they depicted a boy or a girl between children with ASD and
TD children (odds ratio = 0.68, p = .011). On average, the
fixation time for images of boys is 143.31 (SD = 47.98) for TD
children and 200.44 (SD = 114.43) for children with ASD. For
images of girls, the fixation time is 192.75 (SD = 69.59) for TD
children and 184.19 (SD = 55.8) for children with ASD.
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IV. DISCUSSION

A.Visual Preference of Children with ASD

While other studies have shown a lower preference for social
stimuli compared to non-social stimuli in infants and toddlers
with ASD compared to those without ASD [4], [11], [14]-[16],
this study suggests that there are no differences in visual
preferences between boys with and without ASD at elementary
school age. Although a simple inspection of the data might
suggest a tendency that boys with ASD fixated the geometric
videos more often than the non-social images compared to TD
boys, no group differences can be demonstrated. Overall, the
type of stimulus presentation did not result in any statistical
effect on visual preferences.

Similarly, no statistical difference was evident when
analyzing the complexity of the social stimuli (one person vs.
two people). Thus, this study is in line with the findings of [16],
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who were also unable to show an effect of the complexity of the
social images on visual preference, and thus also contradicts
earlier findings such as those of [11] or [19]. A possible reason
for the lack of effect could be that the number of images is too
small to compare the complexity (four images with one person
and two images with two people). However, this study
demonstrates significant differences in preferences depending
on the sex of the children depicted in the social images. It shows
that TD boys have a higher fixation time on the social images
depicting girls instead of those depicting boys. For boys with
ASD, it is the other way around. Boys with ASD have a higher
fixation time on the social images depicting boys instead of
those depicting girls. The visual preference of boys with ASD
is also consistent with the literature showing that people are
attracted to media characters of the same sex, with this
preference being more pronounced in men than in women [30].
Thus, this study demonstrates a significant difference between
children with ASD and TD children in the fixation time on
social images depicting boys or gitls.

In the task in which the boys were asked to actively choose
their favorite image from six images (three social, three non-
social), no statistical difference appears in the choice of
participants with ASD compared to TD participants. Both
groups spent about the same amount of time looking at the
social and non-social images. Thus, these results also did not
confirm the findings of various studies that children with ASD
focus more on non-social stimuli than TD children [4], [11],
[14]-[16]. Here, both groups most often selected a non-social
image, although group differences were not apparent in the
fixation time. One possible reason for the attractiveness of the
social images also in ASD children could have been a higher
perceived complexity of the social images compared to the non-
social depicting the universe as the former include more
variation in detail. This explanation would be consistent with
the other findings demonstrating that children with ASD often
have weak central coherence and therefore strongly focus on
details [31]. Another possible reason for missing group
differences might have been the split screen paradigm. In both
groups, fixation time on the right side was shorter than on the
left side, regardless of whether it was a social or non-social
image (stimuli fully counterbalanced for presentation side).
This finding might be explained by the reading direction from
left to right, so that the left image was proceed first and with
more time. Thus, if the left image presents social content with
more detail, it could have taken longer to look at it, hereby
confounding screen side with content. Finally, the fact that the
iPad's camera is located on the left side of the screen may also
explain why fixation times were longer for the stimuli presented
on the left. Eye tracking works slightly better when you are
looking close to the iPad's camera than when you are looking at
the other side of the screen, which is facing away from the
camera.

B. Limitations and Future Research Considerations

The main limitation of this study lies in the technicality for
detecting gaze. Calibration prior to the visual preference task
worked differently for each child, so there was some variance
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in gaze direction, and it was not always possible to determine
exactly where the children were looking. Moreover, it was
extremely challenging to reduce the children's stronger body
and head movements for eye tracking, which are associated
with ASD or ADHD. Here, age might have played a disturbing
role. Another limitation is the size of the sample. Only 16
children with ASD and 16 TD children participated in this
study. As the descriptive analysis of fixation scores indicates
expected group differences, statistical power might have been
too small.

One limitation of the visual preference task with images is
the different complexity of the social and non-social images, as
the social images show a higher number of presented details.
Although the children should only look at the images, some of
them started describing them. Since there were more details in
the social images to describe, longer fixation time was needed.

In addition to the different complexity of the social and non-
social images, coloring also differs between those stimuli.
Social images have rather warm and bright colors (yellow,
green, white), whereas the non-social images have dark and
rather cold colors (dark blue, black). Given that ASD is
associated with sensory atypicalities [32], sensory input might
have been rather incomparable. The same limitation applies to
the videos, as the background of the social videos is white and
the background of the non-social videos is black. For example,
[18] adjusted the backgrounds of the videos and conducted the
study with adults with and without ASD. They found
differences in visual preference for social and geometric motion
even in adulthood [18]. However, the occurring difference is no
longer that people with ASD look more at the non-social videos,
as is the case in infancy [3], [11], [13], [15], [16]. Instead, the
difference in adults is that adults without ASD show a strong
preference for the social motion, whereas adults with ASD
show no clear preference for social or non-social stimuli [18].
For this reason, perhaps the question we should be asking is not
whether children with ASD look at the non-social images more
than TD children, but rather whether there is a difference in
preference for TD children and no difference for children with
ASD. Looking at the two groups individually, we see a
significantly greater difference in fixation times for TD boys
than for those with ASD in this study. Boys fixate longer on the
social video. In addition, this study focused almost exclusively
on total fixation times. Further analyses should examine the
extent to which the frequency of gaze shifts from social to non-
social may be a marker of ASD. In addition, many studies show
that longer fixations in young children with ASD are associated
with greater symptom severity [4], [15], [16]. However, the
boys in this study are already receiving ASD-specific therapy,
the duration of which is negatively associated with ASD
screening scores, and therefore some children no longer show
severe symptoms. This could be a reason why the analyses for
higher gaze preference for non-social stimuli in children with
ASD compared to TD children did not reach significance.
Therefore, it makes sense to conduct this study with children
with ASD who do not receive ASD-specific services.

With these experiences it becomes clear that pretesting
stimuli for complexity or novelty is of utmost importance.
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Although it is almost impossible to render totally comparable
stimuli (social vs. non-social) with regard to other information
qualities, we strongly recommend considering similar sensory
input (coloring), similar amount of detail, fully counterbalanced
stimulus presentation and similar characteristics where only the
social input varies (e.g., a person and repetitive stereotypical
movements, and geometric figures and repetitive stereotypical
movements).

Concerning the clinical aim of the overarching IDEAS
project to develop a tablet-based screening for ASD in school
children, this study demonstrates that a visual preference task
using an iPad with depth sensing can easily be implemented,
requires little time and effort and therefore can be feasible for
instance in medical practices for a first indication of ASD
symptoms. Nevertheless, additional research is needed to allow
for clinically relevant differentiations between children with
and without ASD.
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