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Abstract OBJECTIVE: The objective of our study was to compare the distribution of attention on two 
categories of stimuli: 1) social stimuli and 2) objects or geometric shapes, in individuals 
with autism spectrum disorders (ASD) and a control group. Moreover, we examined the 
relationship between the parameters of saccadic eye movements and the severity of ASD. 
Furthermore, we were interested in whether the metrics derived from saccadic eye move-
ments could serve as useful biomarkers for autism spectrum disorder.
DESIGN: There were 79 participants in the research sample, 34 in the ASD group and 45 in 
the control group. We used two categories of photos: a) social stimuli, which consisted 
of either facial or full-body photographs; b) objects and geometric shapes, which included 
photographs of natural still-lifes with a distinctive geometric element, photographs 
of trains, cars and planes. Stimuli were presented in pairs, one photo on the left half of the 
screen and the other on the right half of the screen. A total of 10 pairs of images were 
displayed for a duration of 10 seconds each. Eye movements were recorded during presen-
tation of the stimuli. To assess the severity of ASD, the Autism spectrum quotient (AQ) 
was used. 
RESULTS: Visual saccades were significantly longer in the ASD group than in the control 
group. There was no difference between the groups in the average saccade velocity or in the 
fixation duration mean. The ASD group had significantly fewer fixations on social stimuli 
and significantly shorter total fixation time on social stimuli than the control group. The 
AQ was positively correlated to the average saccade length and negatively to the total fixa-
tion time on social stimuli and the number of fixations on social stimuli. When the average 
saccade length was used as a criterion, we were able to differentiate ASD with a sensitivity 
of 0.85 and a specificity of 0.60.
CONCLUSION: We attempted to develop an oculomotor registration method for ASD iden-
tification. The average saccade length and the total fixation time on social stimuli were the 
most appropriate biomarkers for identifying individuals with ASD. 
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Introduction
There are several objective diagnostic tools available 
for the psychodiagnostics of autism spectrum disorder 
(ASD), which identify ASD and the degree of its severity 
in a specific individual. These tools are primarily based 
on "behavioral diagnostics", which carries the risk 
of  subjective distortion of the results by the diagnos-
tician. One of the research priorities is therefore the 
finding of biomarkers that would make the diagnostics 
of ASD more accurate, and that could be used from an 
early age with a high degree of objectivity. 

Current research shows that the analysis of eye 
movements during the presentation of various stimuli 
and the subsequent evaluation of the parameters 
of  visual saccades and fixations could be potentially 
useful biomarkers of ASD. Individuals with ASD show 
atypical eye movement trajectories, especially during 
viewing scenes with social interaction, when viewing 
faces, and also when viewing various (also non-social) 
stimuli (Schmitt et al. 2014). Chawarska, Macari and 
Shic (2013) demonstrated that differences between the 
autistic and healthy population in visual fixations and 
saccades can be noted already at the age of 6 months, 
which corresponds to the age when the first biomarkers 
at the level of brain activity also appear (Wolff et al. 
2012; Elsabbagh et al. 2012), and these differences 
persist into adulthood. 

Saccades of individuals with ASD have less accu-
racy, less maximum eye movement velocity, and 
longer duration (Schmitt et al. 2014). Their saccadic 
eye movements take a longer time to reach maximum 
speed, however, people with ASD do not differ from the 
control group in the slowing down of eye movements 
at the end of the saccade. These differences were present 
in individuals with ASD aged 6-44 years (Schmitt et al. 
2014). A different result was obtained by Kovarski et al. 
(2019), who found that in children with ASD (2.6-11 
years) saccades were faster but less accurate than in the 
control group. 

Many studies have shown that individuals with ASD 
do not allocate as much attention to social informa-
tion (they spend less time viewing people and faces in 
static pictures of social interactions, cartoon images or 
movies, and clips of naturalistic social scenes) as typi-
cally developing individuals (e.g. Riby, Hancock, 2008, 
2009; Kirchner et al. 2011; Klin et al. 2002). Individuals 
with ASD are looking less at the eye region of the face 
(Pelphrey et al. 2002; Dalton et al. 2005; Klin et al. 
2002). They do not find eye contact unpleasant, but it 
is not interesting for them (Asberg et al. 2014). While 
watching a film, children with ASD did not differ from 
controls in time spent looking at the eyes, but they 
spent less time looking at the mouth, and they spent 
more time looking at parts of the face other than the 
eyes and mouth (Asberg et al. 2014). Contrary, some 
studies have found increased fixation on the mouth 
region (Klin et al. 2002; Spezio et al. 2007), others have 

found no clear difference (Pelphrey, et al. 2002; Dalton 
et al. 2005). However, these studies compare looking-
time to social and non-social information within 
a single coherent scene. Therefore, participants in these 
studies are not required to choose between looking 
at social information or non-social information as these 
are both contained within the same stimulus. When 
a direct comparison of preference for looking at social 
versus non-social scenes is used, the findings reveal that 
individuals with ASD do not allocate as much attention 
to social stimuli as control subjects (Pierce et al. 2011).

Sasson et al. (2008) analyzed the visual exploration 
of 12 static images on a computer screen, consisting 
of social images and objects. They found that people 
with ASD looked at fewer images overall, while having 
a longer average fixation time per image and a higher 
number of fixations per image, indicating a focus on 
detail, but only on the images they found most inter-
esting. Among different categories of objects, people 
with ASD have been shown to allocate their visual 
attention to categories such as trains, cars, airplanes, 
electronics, computers, and traffic signs (South, et al. 
2005; Sasson, Touchstone, 2014). 

Research on eye movements is focused primarily on 
finding differences between groups. Only few studies 
were focused on diagnostic possibilities at the individual 
level. Pierce et al. (2016) created a diagnostic method 
using eye tracking, which consisted of presenting short 
videos containing social stimuli in the upper part of the 
screen, while short videos with changing geometric 
shapes were presented in the lower part of the screen. 
It was demonstrated that this method can differentiate 
ASD with a sensitivity of 0.21 and a specificity of 0.86 
in children aged 1-4 years, but it didn't work well for 
children older than 4 years old.

Based on previous knowledge, we attempted 
to  develop a method for ASD identification by the 
means of registration of eye movements. Our approach 
differs from that of Pierce et al. (2016) in two funda-
mental ways: 1) static images were used as stimulus 
material (which will allow us to conduct more precise 
analyses of eye movements); 2) the stimuli were placed 
in a horizontal direction and their position (left or 
right half of the screen) was balanced for each category 
of stimuli. In addition to social stimuli and geometric 
shapes, we also used other types of stimuli that have 
been demonstrated by research to be visually appealing 
for individuals with ASD (e.g. Sasson and Touchstone, 
2014; South et al. 2005) – for instance, images of trains, 
cars, and planes. The objective of our study was 1) 
to compare the distribution of attention on two catego-
ries of stimuli (social stimuli vs. objects and geometric 
shapes) in individuals with ASD and a control group; 
2) to examine the relationship between the parameters 
of  eye movements and the severity of ASD. Further-
more, we were interested in whether the metrics derived 
from saccadic eye movements could serve as useful 
biomarkers for autism spectrum disorder.
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Methods 
Participants
The research sample consisted of 79 participants (34 in 
the ASD group, 45 in the control group). The ASD 
group consisted of adolescents and adults with ASD: 
a diagnosis of Asperger's syndrome or high-functioning 
autism according to MKCH-10 (WHO, 2008) aged 
17–35 years (mean age 22.4; SD = 4.53). Participants 
in the ASD group were already diagnosed and had 
no comorbid diagnoses. The control group consisted 
of adults aged 18–29 years (average age 21.5; SD = 2.72). 
All participants or their legal representatives signed the 
informed consent. 

Visual stimuli 
We used two categories of stimuli: a) social stimuli, 
which consisted of either facial or full-body photo-
graphs; b) objects and geometric shapes, which 
included photographs of natural still-lifes with 
a distinctive geometric element (e.g. a spiral staircase), 
photographs of trains, cars and planes. These stim-
ulus categories have been shown to be most visually 
interesting to  individuals with ASD in several oculo-
motor studies (Sasson and Touchstone, 2014; South 
et al. 2005). Ten photos were used from each category 
(photographs were either from internet photobanks 
or taken by the author of the study). Stimuli were 
presented in pairs (one photo on the left half of the 
screen, and the other on the right half of the screen 
– see Fig. 1), while each photo was from a different 
category. A total of 10 pairs of stimuli were presented; 
each photo appeared only once in the presentation. 
The right/left position of the photos was balanced for 
each stimulus category. Pairs of photos were presented 
on an 18" computer monitor in random order. The 
presentation time for one pair was 10 seconds. Before 
each pair of photos, a fixation point was displayed in 
the center of the screen for 1  second. Probands were 
asked to examine freely the given pair of photographs. 

During the presentation, the proband's eye movements 
were recorded. 

Eye movements recording
Eye movements were recorded using a Gazepoint GP3 
eye tracker with a recording frequency of 60 Hz, with 
an accuracy of 0.5 degrees. At the beginning of  the 
measurement, the device was calibrated for each 
proband using 12 calibration points on the computer 
screen. Individual fixation points (Fig. 1) and other 
parameters of eye movements were subsequently 
calculated from the recording of eye movements - the 
threshold value of the fixation length was set to 80 ms 
and the variance to 50 px (e.g. Irvin, 1992; Manor and 
Gordon, 2003; Holmqvist, 2011).

The autism spectrum quotient
The autism spectrum quotient (AQ) is a standard tool 
for determining the severity of ASD in adults without 
mental retardation (Baron-Cohen et al. 2001). It 
contains 50 items divided into five subscales that assess 
relevant cognitive and behavioral qualities associated 
with ASD. In a large-scale meta-analysis including 
6900 people, Ruzich et al. (2015) found the mean raw 
score for the non-clinical population to be 16.94 (95% 
CI 11.6-20.0) and for those with ASD to be 35.19 (95% 
CI 27.6-41.1 ).

Results
We found that visual saccades were significantly longer 
in the ASD group than in the control group. There 
was no difference between the groups in the average 
saccade velocity or in the fixation duration mean 
(Table 1).

Furthermore, we found that the ASD group had 
significantly fewer fixations on social stimuli and 
significantly shorter total fixation time on social 
stimuli than the control group (Table 1). For stimuli 

Fig. 1. Example of the visual stimuli arrangement. The trajectory of saccades and visual fixations of a participant with ASD is plotted as an 
example (numbers indicate the order of fixations, and the size of the circle expresses the duration of fixation at a given location)
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containing objects and geometric shapes, there was no 
difference between the groups in either the number 
of visual fixations or the total fixation time. 

Moreover, correlation analysis revealed that the 
AQ (mean raw score) was positively correlated to the 
average saccade length and negatively correlated to the 
total fixation time on social stimuli and the number 
of fixations on social stimuli (Table 2).

The analysis of the ROC curves revealed that the 
average saccade duration was the most appropriate 
diagnostic criterion for identifying ASD. The sensi-
tivity was 0.85 and the specificity was 0.60 if the average 
saccade length ≥265 pixels was set as a diagnostic crite-
rion. The second most appropriate diagnostic criteria 
was the total fixation time on social stimuli. If a value 
≤32.5 seconds was set as a cut-off, a test sensitivity 
of 0.68 and a test specificity of 0.71 were achieved.

Discussion
Our research revealed an interesting finding, which 
indicated that saccadic eye movements in subjects with 
ASD had longer trajectories than subjects from control 
group. The length of the saccade correlated with the 
severity of ASD - the more severe the ASD, the longer 
the visual saccades were. This result applied to social 
stimuli as well as objects and geometric patterns, so we 
can assume that it could be a universal biomarker for 

autism spectrum disorder. However, further research 
will be needed to confirm this. 

Individuals with ASD had fewer fixations on social 
stimuli, and the total viewing time for social stimuli 
was shorter. The severity of ASD has been shown to be 
negatively correlated with the number of fixations on 
social stimuli, and the total viewing time for social 
stimuli - the more severe the degree of ASD, the less 
fixation on social stimuli, and the shorter the total time 
spent watching social stimuli. 

For stimuli containing objects or geometric shapes, 
there was no difference between the groups in either the 
number of visual fixations or the total fixation time. It is 
important to note that some studies of individuals with 
ASD showed different results, such as no difference in 
gaze patterns (van der Geest et al. 2002a,b) or abnormal 
scaning of geometric objects (Pierce et al. 2016). The 
importance of the testing paradigm should be high-
lighted – such as single-scene or multiple-stimuli 
viewing at the same time. The arrangement of stimuli 
on the computer screen is also important factor (e.g. 
up/down, left/right; in several studies, the position 
of social/nonsocial stimuli was not randomized). More-
over, it must be distinguished between a free-scanning 
or a task-directed condition. The specific instructions 
given to a participant in various studies could modify 
spontaneous behavior (e.g. individuals with ASD might 
look at the face in a normal way when required to do 

Tab. 1. Eye movements analysis: differences between the ASD and the control group

ASD Control t-test

M SD M SD t df p

Average saccade length [px] 314.40 67.39 268.27 48.24 -3.54 77  .001

Average saccade velocity [px/s] 4.61 1.76 4.86 1.33 .71 77 .478

Fixation duration mean [ms] 299.04 66.67 296.63 59.80 -.17 77 .867

Total fixation time on social stimuli [s] 28.87 13.42 37.55 12.46 2.97 77 .004

Total fixation time on objects/shapes [s] 29.66 11.85 31.66 10.30 .78 77 .440

Number of fixations on social stimuli 99.38 40.11 129.29 39.60 3.31 77 .001

Number of fixations on objects/shapes 105.82 45.62 110.56 30.96 .55 77 .585

Tab. 2. Relationship between the autism spectrum quotient AQ (mean raw score) and various parameters of saccadic eye movements

AQ 

Pearson r p

Average saccade length [px] .317 .006

Average saccade velocity [px/s] -.047 .686

Fixation duration mean [ms] .035 .763

Total fixation time on social stimuli [s] -.257 .026

Total fixation time on objects/shapes [s] .016 .893

Number of fixations on social stimuli -.295 .010

Number of fixations on objects/shapes .012 .919
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so by a task, yet fail to explore a face visually without 
a specific reason to do so).

Generally, it has been shown that eye tracking tech-
nology can be used to differentiate between people with 
and without ASD, using measures of social attention. In 
our research, the average saccade length and the total 
fixation time on social stimuli were the most appropriate 
biomarkers for identifying individuals with ASD. When 
the average saccade length was used as a criterion, we 
were able to differentiate ASD with a sensitivity of 0.85 
and a specificity of 0.60. The specificity value for the 
total fixation time on social stimuli was slightly higher 
(0.71), but at the expense of a decrease in the sensi-
tivity value (0.68). Following the trend observed in the 
study by Pierce et al. (2016), our method should yield 
even greater precision in identifying ASD in younger 
individuals - therefore, our subsequent research aims 
to examine the psychometric properties of our method 
in younger individuals with ASD.

REFERENCES

1  Asberg Johnels J, Gillberg C, Falck-Ytter T, Miniscalco C (2014). 
Face-viewing patterns in young children with autism spectrum 
disorders: speaking up for the role of language comprehension. 
J Speech Lang Hear Res. 57(6): 2246–52.

2  Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley 
E (2001). The autism-spectrum quotient (AQ): evidence from 
Asperger syndrome/high-functioning autism, males and females, 
scientists and mathematicians. J Autism Dev Disord. 31(1): 5–17.

3  Chawarska K, Macari S, Shic F (2013). Decreased spontaneous 
attention to social scenes in 6-month-old infants later diagnosed 
with autism spectrum disorders. Biol Psychiatry. 74: 195–203.

4  Dalton KM, Nacewicz BM, Johnstone T, Schaefer HS, Gernsbacher 
MA, Goldsmith HH, Alexander AL & Davidson RJ (2005). Gaze fixa-
tion and the neural circuitry of face processing in autism. Nature 
Neurosci. 8: 519–526.

5  Elsabbagh M, Mercure E, Hudry K, Chandler S, Pasco G, Charman T, 
et al. (2012). Infant neural sensitivity to dynamic eye gaze is associ-
ated with later emerging autism. Curr Biol. 22: 338–342.

6  Holmqvist K, Nyström M, Andersson R, Dewhurst R, Jarodzka H, 
van de Weijer J (2011). Eye Tracking: A Comprehensive Guide 
to  Methods and Measures. Oxford, UK: Oxford University Press, 
ISBN: 9781979484893.

7  Irwin DE (1992). Visual memory within and across fixations 
Eye movements and visual cognition. In: Rayner K, editor. Eye 
Movements and Visual Cognition. New York: Springer, ISBN: 
9781461276968, p. 146–165.

8  Kirchner JC, Hatri A, Heekeren HR, Dziobeck I. (2011). Autistic 
symptomatology, face processing abilities, and eye fixation pat-
terns. J Autism Dev Disord. 41(2): 158–67.

9  Klin A, Jones W, Schultz R, Volkmar F & Cohen D (2002). Visual 
fixation patterns during viewing of naturalistic social situations as 
predictors of social competence in individuals with autism. Arch 
Gen Psychiatry. 59: 809–816.

10  Kovarski K, Siwiaszczyk M, Malvy J, Batty M, Latinus M (2019). 
Faster eye movements in children with autism spectrum disorder. 
Autism Res. 12(2): 212–224.

11  Manor BR, Gordon E (2003). Defining the temporal threshold for 
ocular fixation in free-viewing visuocognitive tasks. J Neurosci 
Methods. 128(1): 85–93.

12  Pelphrey KA, Sasson NJ, Reznick JS, Paul G, Goldman BD & Piven 
J (2002). Visual scanning of faces in autism. J Autism Dev Disord. 
32: 249–261.

13  Pierce K, Conant D, Hazin R, Stoner R, Desmond J. (2011). Prefer-
ence for geometric patterns early in life as a risk factor for autism. 
Arch Gen Psychiatry. 68(1): 101–9.

14  Pierce K, Marinero S, Hazin R, McKenna B, Barnes CC, Malige A 
(2016). Eye Tracking Reveals Abnormal Visual Preference for Geo-
metric Images as an Early Biomarker of an Autism Spectrum Dis-
order Subtype Associated With Increased Symptom Severity. Biol 
Psychiatry. 79(8): 657–66.

15  Riby DM, Hancock PJB. (2008). Viewing it differently: social scene 
perception in Williams syndrome and autism. Neuropsychologia. 
46(11): 2855–60.

16  Riby DM, Hancock PJB. (2009). Do faces capture the attention 
of  individuals with Williams syndrome or autism? Evidence from 
tracking eye movements. J Autism Dev Disord. 39(3): 421–31.

17  Sasson NJ, Touchstone EW (2014). Visual attention to competing 
social and object images by preschool children with autism spec-
trum disorder. J Autism Dev Disord. 44(3): 584–92. 

18  Sasson NJ, Turner-Brown LM, Holtzclaw TN, Lam KS, Bodfish JW 
(2008). Children with autism demonstrate circumscribed attention 
during passive viewing of complex social and nonsocial picture 
arrays. Autism Res. 1(1): 31–42.

19  Schmitt LM, Cook, EH, Sweeney JA, Mosconi MW (2014). Saccadic 
eye movement abnormalities in autism spectrum disorder indicate 
dysfunctions in cerebellum and brainstem. Mol Autism. 5(1): 1–13.

20  South M, Ozonoff S, McMahon W (2005). Repetitive behavior pro-
files in Asperger Syndrome and high-functioning autism. J Autism 
Dev Disord. 35: 145–158.

21  Spezio ML, Adolphs R, Hurley RS & Piven J (2007). Abnormal use 
of  facial information in high-functioning autism. J Autism Dev 
Disord. 37(5): 929–39.

22  van der Geest JN, Kemner C, Camfferman G, Verbaten MN & van 
Engeland H (2002a). Looking at images with human figures: com-
parison between autistic and normal children. J Autism Dev Disord. 
32: 69–75.

23  van der Geest JN, Kemner C, Verbaten MN & van Engeland H 
(2002b). Gaze behavior of children with pervasive developmental 
disorder toward human faces: a fixation time study. J Child Psychol 
Psychiatry. 43: 669–678.

24  Wolff JJ, Gu H, Gerig G, Elison JT, Styner M, Gouttard S (2012). Dif-
ferences in white matter fiber tract development present from 6 
to 24 months in infants with autism. Am J Psychiatry. 169: 589–600.

25  World Health Organization (2008). The ICD-10 classification 
of mental and behavioural disorders. Geneva: World Health Orga-
nization, ISBN: 9786610115587.


