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Abstract

Context: Several previous studies have already used eye-tracking technology
to demonstrate the particularities of visual scanning in ASD individuals. In this
study, in order to compare two situations, a group of Asperger’s individuals and
a control group were subject to experimental conditions: a static and a dynamic
situation. The goal was to first compare the visual scanning between the two
groups and then to compare the visual scanning of the Asperger’s group within
each condition. We hypothesized that the visual scanning of the Asperger’s
group would be different in the dynamic situation, compared to the norm.

Results: We found a significant difference in visual scanning between the
Asperger’s group and the control group in both experimental conditions. These
results demonstrate the particularities of visual scanning in individuals with
Asperger’s syndrome.

Conclusion: According to our results, individuals diagnosed with an
ASD have difficulties when confronted with dynamic stimuli. We were able to
demonstrate that Asperger’s individuals use their peripheral vision regardless
the kind of stimuli. We were also able to conclude that eye-tracking is an

effective aid in screening for ASDs.

Keywords: Asperger’'s Syndrome; Eye-tracking; Static stimuli vs dynamic
stimuli; Screening; Quantitative data vs qualitative data

Introduction

Asperger’s Syndrome is, according to the current DSM-V
(2013) [1], a neuro-developmental disorder classed among the
larger denomination of Autism Spectrum Disorders (ASD). ASDs
are disorders affecting approximately 1% of the population [2] and
affect boys four times more than girls [2,3]. ASDs are characterized
by diverse and varied symptoms with respect to communication,
behavior, and relationship-based difficulties [4].

In the DSM-IV (2000) [5], Asperger’s Syndrome is its own
diagnostic category, and does not include mental impairment. For
a more detailed and socio-demographic profile of individuals living
with Asperger’s Syndrome, see Giuliani and El Korh (2016) [3].
Note that in this study we reference Asperger’s Syndrome because
the participants all received their diagnosis according to the criteria
of the DSM-1V, in which Asperger’s is a separate diagnostic and is
not included within other autism spectrum disorders. However, the
characteristics of Asperger’s syndrome are those of ASD.

Visual exploration is directed at salient elements in the
environment [6]. Salience is determined by notice ability (i.e., any
form of sensory intensity, e.g. size, brightness, suddenness or an
unpredictable movement) or novelty (spatial reorganization of
familiar elements) [7].

Visual exploration helps to acquire and process information
concerning the environment, particularly spatial information, during
a spontaneous learning process [8]. Familiarity develops through a
dynamic process, i.e., the lowering of response to a stimulus when

repeatedly subjected to it. Habit has traditionally been considered as
the most simple and most primitive form of learning [9].

Concerning the duration of fixation, Saint-Aubin, Tremblay and
Jalbert (2007) [10] provide evidence that the length of time that the
gaze falls on an object in a static image is linked to the probability that
the participant remembers the object. This is why it is important to
study where the participants fix their gaze, and to consider the time
spent on the fixation point. The information thus coded is spatial and
temporal.

The duration of fixation varies in function of the situation. As
Hooge, Vlaskamp and Over (2007) [11] have shown, if the duration
of fixation is too short, the image on the retina will be swept away by
the following image, even before the information has been analyzed
by the visual system.

Studies which use eye-tracking in order to analyze visual scanning
show that there are differences between the general population and
those diagnosed with an ASD [12-14]. Eye-tracking is able to measure
several parameters including the number and duration of fixation
points as well as pupil diameter [15, 16]. Furthermore, it has proven
to be a helpful tool for cognitive behavioral therapies when treating
these disorders [15-17].

Based on the many studies using eye-tracking and the replication
of results from studies conducted with this tool, we can envision
the use of oculometry as an effective screening method for ASDs.
Essentially, studies show an important contribution of eye-tracking
during the processing of stimuli, making it possible to detect disorders
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Figure 1: Static situation: comparison of fixation point averages between the
Asperger’s group and the control group as a function of sex. With a scale
going from 0.3 to 0.8 for the averages, the latter are calculated in seconds.
The x-axis indicates the group and the legend the sex.

[12], as well as an early screening which facilitates the undertaking of
rapid treatment [18], and identifying children who are at-risk [19].

From an early age, babies are more attracted by dynamic stimuli
than static ones [20], and have a preference for biological or human
movements [21,22]. Tardif and Gepner (2009) [20] report that autistic
children show differences at the dynamic level, and that the vision of
movement proves to be lacking, while their vision of static stimuli is
normal compared to children with normal development [19]. Deficits
in dynamic vision explain in part the differences of individuals living
with an autism spectrum disorder or Asperger’s, like communication
and social interactions [23] as well as motor skills [24].

To understand these particularities in individuals with an ASD,
the use of eye-tracking is an effective method to understand the visual
scanning of static and dynamic stimuli [12]. This is the method that
will be used in this study.

Materials and Methods

Sample

A total of 58 adults participated in the study, 24 with an Asperger’s
diagnosis (41.37%) and 34 control subjects (58.62%). The sample
was comprised of 27 women (46.55%) and 31 men (53.45%). The
subjects of the experimental group received a diagnosis according
to the criteria of the DSM-IV: (1) a qualitative impairment in social
interactions, (2) restricted repetitive and stereotyped patterns of
behavior, interests and activities (3) impairment leads to a marked
clinically-significant impairment in social, professional and other
areas, (4) still at the clinical level, no significant delay in cognitive
development during childhood or development, and (5) the disorder
cannot fulfill the diagnostic criteria for schizophrenia or another
developmental disorder.

Participants with an Asperger’s diagnosis were treated in a
department of Psychiatry of Mental Development (SPDM), belonging
to the Vaud University Hospital (CHUV). The “control” group was
recruited through advertising among the staff of the department,
all of which had obtained a secondary level of education. Everyone
signed a consent form concerning the use of their clinical data for
research purposes. All data was confidential and made anonymous.

Walk comparison between the two groups
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Figure 2: Dynamic situation: comparison of fixation point averages between
the Asperger’s group and the control group as a function of sex. With a scale
going from 0.15 to 0.65 for the averages, the latter are calculated in seconds.
The x-axis indicates the group and the legend the sex.

Experimental protocol and stimuli

Based on the empirical data views introduction, we came up with
a hypothesis that visual scanning of Asperger’s individuals must be
different compared to the norm in a dynamic situation. To confirm
or refute our hypothesis, we used two types of stimuli: a static one and
a dynamic one.

The static stimulus consisted of putting the person in front of a
simple matching task on a computer. On the left side of the computer
screen was the image to be matched, and on the right side there were
four suggestions; the person had to find the matching image from
among the four propositions. This task was developed and published
by Hadjikhani, Joseph, Snyder, and Tager-Flusberg (2007) [25]. In
this “static” situation, we measured the fixation points, their length as
well as how the movement of visual scanning was organized.

For the dynamic stimulus, the individuals were asked to take
a walk through our facility, following the same path and without
receiving any particular instruction. Similar to the static situation,
we also measured the fixation points, their length as well as how the
movement of visual scanning was organized.

To evaluate the two types of stimuli, eye-tracking (ASL, for more
information on the tool, see Giuliani and El Korh (2015) [15] and
Giuliani, Favrod, Bonsack, & Schenk (2009) [17]) was used to record
the visual scanning of the participants.

Data analysis

Data analysis was done using the Statview 5.0 software. Repeated
measures ANOVA were conducted to test the differences between
the two groups, between the sexes and the interaction between each
group and each sex. Unpaired T-tests made it possible for us to see
if there were any differences between the sexes between the types of
stimuli and within each group. Also, graphs were created to visualize
the fixation point averages as a function of group and sex.

Results

Static situation - Simple matching on a computer

The results of the repeated measures ANOVA on the average of
the fixation points made in the simple matching situation indicate a
significant different between the groups. On average, the Asperger’s
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group made significantly more fixation points (p=.606+.086)
compared to the control group (u=.421+.092 ), with ANOVA F
(1,22)=34.266, p<.0001. There was no sex effect (F (1,22)=3.449,
p=.0767) nor any interaction effect between the group and sex (F
(1,22)=0.264, p=.6124). This significant difference shows that the
Asperger’s group has a significant slowing of visual scanning.

The unpaired T-tests on the average duration of the fixation
points gave us non significant results, implying that there was no
difference between sex and this was for neither the Asperger’s group
(t (22)=2.006, p=.0586) nor the control group (t (22)=-.693, p=.4957).
This indicates that the average duration of the fixation points, within
each group, is fairly the same between men and women. For a more
detailed view of these results, see Figure 1.

Dynamic situation - Walk through our facilities

The duration of the fixation points was significantly higher for
the Asperger’s group (p=.345% .099) than for the control group
(u=.264+.049). Indeed, we found a group effect (F(1,17)=9.616,
p=.0065), but no interaction effect of the group or of sex (F
(1,17)=1.460, p=.2435).

The unpaired T-tests showed that there was no difference between
the sexes, in neither the Asperger’s group (t (17)=-1.192, p=.2495)
nor the control group (t (17)=-1.185, p=.2.522), indicating that there
were no differences between men and women in terms of average
fixation points. To see these results, see Figure 2.

Quantitative data

Comparison of the two situations (static vs dynamic): We found
that the average of the fixation points was larger for both groups in
the static situation (simple matching on a computer) than it was in
the dynamic situation (the walk). Based on our knowledge [26], we
hypothesize that, effectively, in the matching situation the person
must process more information in order to carry out the task, which
translates to longer fixation points. This is most likely a quantitative
difference, meaning a simple difference in the quantity of information
to be processed. According to our hypothesis, it is normal that the
length of the fixation points in the dynamic situation would be lower,
because from a quantitative perspective, there is less information to
process.

Asperger’s vs Control comparison: We found a significant
difference between the two groups in the dynamic situation. Our
results thus confirm the tendency of Asperger’s individuals to make
longer fixation points, which is shown by a higher average of those
points.

Although the Asperger’s group was capable of matching the static
images, there did appear a quantitative difference in the processing
of visual information between the two groups, no matter the types
of stimuli. Indeed, in this situation, the duration of the fixation
points for the Asperger’s individuals was much higher compared to
the control group. We based on the work of Hooge et al. (2007) [11]
and Land (2009) [27], we hypothesize that Asperger’s individuals use
their peripheral vision to process static information, which results in
longer fixation points, which is not the case in the control group. On
this point, several previous studies for example, Tardif and Gepner
(2009) [20] have shown that individuals with Asperger’s Syndrome
have a preference for their peripheral vision over their central vision.

In other words, the difference of the averages between the groups is
not a consequence of the performance of each group, but caused by
the way in which surrounding information is processed.

Qualitative data

Our experimental protocol made it possible for us to demonstrate
the strategies employed in visual scanning as a function of the task
required of an Asperger’s individual. Referring to the work mentioned
in the introduction [7-9, 27, 28], we report that the strategies used in
the control group differed depending on the task. The strategy used
in the static situation was different to the one used in the dynamic
situation, as was shown by the difference in the fixation points
average. The control group alternated between central vision and
peripheral vision depending on the task to be accomplished.

Opposite to this, we report that the Asperger’s group used a single
strategy in both conditions. The duration of the fixation points did
not differ between the two situations (static and dynamic). In essence,
there was no significant difference between the two situations in the
Asperger’s group.

Discussion

Looking again at the hypothesis and the results

Again, we postulated that the visual scanning of the Asperger’s
group would be different compared to the control group in the
dynamic situation. Surprisingly, more information than this was
discovered. Essentially, our results indicate a significant difference
between the Asperger’s group and the control group in the static
situation—the Asperger’s group had much longer fixation points
compared to the control group.

We also found this significant difference between the two groups
in the dynamic situation, thus confirming our initial hypothesis. This
last point demonstrated that the duration of the fixation points was
higher in the Asperger’s individuals.

Our results also indicated that the average of the groups between
the two types of situations was different. Indeed, the averages were
higher in the static situation compared to the dynamic situation,
which can be explained by the fact that the quantity of information
to be processed was not the same between the static situation and the
dynamic situation.

Nevertheless, we found no difference between the men and the
women within each group for both situations.

The results of this study highlight a question concerning the
single strategy of Asperger’s individuals, which is in line with a
reduction in mental flexibility and parallel processing. Very briefly,
parallel processing is necessary for optimal executive functioning
so that sensory data can be processed effectively. And, according to
[15, 29, 30], parallel processing in Asperger’s individuals is impaired,
translating into a dominance by one of the brain’s hemispheres,
which then explains this lack of sensory data integration. This is also
linked to the reduced mental flexibility in Asperger’s individuals,
a reduction which leads to an impairment in the integration and
management of multiple information [28].

Interpretation of results

According to our results, Asperger’s individuals have significantly
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longer fixation points, and this is regardless the type of stimuli, what
makes us think that individuals with Asperger’s use their peripheral
vision to process static and dynamic informations. In comparison,
the control group demonstrated a net differentiation between the
static situation and the dynamic situation. More precisely, it is true
that there were differences between the two situations for the control
subjects, but the difference in averages between the static situation and
the dynamic situation was not as high as the difference between the
two situations for the Asperger’s subjects. Essentially, for the control
subjects the simple matching task is a cognitive task in which central
vision is favored in order to process the information, while the walk
is a procedure and therefore an automatism [30]. For the Asperger’s
individuals, a hypothesis is given concerning the fact that peripheral
vision is employed for the static stimuli [29,31]. The strategy of using
peripheral vision for this type of task is essentially to be expected
when the goal is to reduce the flow of information being processed
in real time [20,30] and in parallel. This is a method of adapting to
their particularities. While the dynamic situation, the walk, is not an
automatic procedure like it was for the control subjects. It is difficult
to process several elements at one time [32], which is why Asperger’s
subjects do not explore a surrounding environment in detail. They
are focused on the “fact of walking” and not on the visual area, they
do not engage in parallel processing of incoming information. In
other terms, walking is processed in a sequential manner in these
individuals [30] and not in an overall way.

In terms of the results on the differences between the sexes,
there were no significant differences. This lack of agreement may be
explained by the small number of subjects in this study.

In conclusion this information suggests eye-tracking can be used
for diagnostic procedures for adult.

Limitations and contributions of this study

Our study has three main limitations. First, a larger sample size
would enable us to further confirm our data. We had 58 individuals
who participated. Also, the situations themselves, which were new
experiences for the participants, could lead to some stress. Indeed,
several elements may have generated stress, such as the technique,
the location and the simple fact of conducting a task with a computer.
Nevertheless, both groups were subject to these new experiences.
The last limitation is the use of adults. Most diagnoses for ASD
and Asperger’s occur when the individuals are children. As such,
it is unclear that these data from adults are relevant to diagnostic
procedures with children.

This study brings several contributions. First of all, we did not
require “performances”, meaning that we did not evaluate the scores.
This decreased pressure for the participants because they were not
asked to respond correctly to a task. There was no right or wrong in
the instructions, only to complete each task as naturally as possible.
Finally, we saw that eye-tracking facilitated certain advances in the
understanding of these disorders as well as in the manner these
individuals process information. To conclude, we can see that eye-
tracking can help diagnose autism spectrum disorders in terms of
understanding the way in which these individuals extract information
from social and other situations [19].

Conclusion

Further studies should be conducted with the same experimental

protocol but with a larger study sample in order to verify our results.
Also to see if there are differences between men and women in
control groups in terms of information processing between static and
dynamic situations, and to see if these differences might also be found
in the Asperger’s population.

But more than anything, to continue to use these experimental
protocols using static and dynamic stimuli in order to validate this
method for screening for autism spectrum disorders.
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