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Abstract

Cognitive remediation therapy interventions could improve cognitive function-

ing in subjects with autism. To investigate the benefit of a short cognitive

training rehabilitation in children with autism spectrum disorder (ASD) on

pursuit and fixation performances. We recruited two groups (G1 and G2) of

30 children with ASD, sex-, IQ- and age-matched (mean 11.6 ± 0.5 years), and

pursuit and fixation eye movements were recorded twice at T1 and T2.

Between T1 and T2, a 10-min cognitive training was performed by the G1

group only, whereas the G2 group had a 10-min of rest. For all children with

ASD enrolled in the study, there was a positive correlation between restricted

and repetitive behaviour scores of both Autism Diagnostic Interview-Revised

(ADI-R) and the Autism Diagnostic Observation Schedule (ADOS) and the

number of saccades recorded during the fixation task at T1. At T1, oculomotor

performances were similar for both groups of ASD children (G1 and G2). At

T2, we observed a significant reduction in the number of saccades made dur-

ing both pursuit and fixation tasks. Our findings underlined the importance to

promote cognitive training rehabilitation for children with ASD, leading to a

better performance in inhibitory and attention functioning responsible for pur-

suit and fixation eye movement’s performance.
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1 | INTRODUCTION

Autism spectrum disorders (ASDs) correspond to neuro-
developmental disorders characterized by social com-
munication and social interaction deficits, associated
with the presence of restricted, repetitive and stereo-
typed behaviours (DSM-5, American Psychiatric

Association APA, 2013). Numerous neuroimaging stud-
ies in ASD reported atypical brain functioning, for
instance, lower levels of synchronization between the
inhibition network (anterior cingulate gyrus, middle
cingulate gyrus and insula) and the right middle and
inferior frontal and right inferior parietal regions
(Pereira et al., 2018), or lower levels of functional con-
nectivity and less network integration between frontal,
parietal and occipital regions (Ha et al., 2015). NoteAbbreviation: ANOVA, Analysis of variance.

Received: 28 November 2022 Revised: 17 March 2023 Accepted: 3 May 2023

DOI: 10.1002/jdn.10276

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2023 The Authors. International Journal of Developmental Neuroscience published by John Wiley & Sons Ltd on behalf of International Society for Developmental

Neuroscience.

Int J Dev Neurosci. 2023;1–11. wileyonlinelibrary.com/journal/jdn 1

https://orcid.org/0000-0001-6673-2026
mailto:mariapia.bucci@gmail.com
https://doi.org/10.1002/jdn.10276
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/jdn


that, all these brain regions are responsible for cognitive
activities, particularly executive functions including
attention, processing information or inhibitory control
(Fiske & Holmboe, 2019).

Inhibitory control is considered a key executive con-
trol process that helps govern complex cognition and in
turn complex adaptive behaviour; moreover, it involves
preparing for responding, monitoring performance and
detecting errors (Tiego et al., 2018).

In literature, several studies reported reduced beha-
vioural inhibition and low resistance to distractors in
subjects with ASD (see Geurts et al., 2014, for meta-
analysis). Indeed, these authors in a large number of
studies reported a medium effect size for behavioural
inhibition and a small effect for low resistance to distrac-
tors, with age moderating the effect of behavioural inhibi-
tion and intelligence quotient (IQ) moderating low
resistance to distractors. They suggested that subjects
with ASD are characterized by inhibition impairment;
particularly, they showed important difficulties to inhibit
prepotent behavioural responses, whereas their ability to
inhibit attention towards distractors is less affected.
Moreover, Geurts and collaborators underlined the
multi-faceted nature of inhibition showing its relation-
ship with factors such as age and IQ.

However, in the literature, discrepant findings on this
issue have been reported. Van den Bergh et al. (2014), for
example, tested in 102 school-aged children with ASD
the relationship between inhibitory control system and
the intensity of autistic symptoms (such as restricted,
repetitive and stereotyped behaviours, interests and sen-
sorimotor behaviours), and they suggested that inhibition
processes were related only to higher intensity of these
symptoms. Schmitt et al. (2018) reported in a large sam-
ple of subjects with ASD from 5 to 28 years old that the
presence of inhibitory control deficits was linked more to
a reduced ability to delay the onset of the responses
rather than to stop inappropriate responses.

Over the past decades, eye movements have increas-
ingly been applied as an experimental tool to gain objec-
tive insight into cognitive deficits given that studying eye
movement control allows to understand how the brain is
working. Indeed numerous ingenious paradigms have
been developed to describe their underlying neurological
and cognitive substrates for better comprehension of neu-
rodevelopmental disorders (Rommelse et al., 2008).

Indeed, eye movement’s recordings have been fre-
quently used to explore brain activities in subjects with
ASD and could represent objective and quantitative bio-
markers of cortical network dysfunctions in these
patients. In laboratory, different types of paradigms can
be used to test attention and inhibitory capabilities, for
instance, pursuit’s eye movements and fixations. In fact,

pursuits allow the eyes to track a moving object keeping
it close to the fovea, and fixation is needed to maintain
the image of interest on the fovea. Both tasks involve
attention and inhibitory control mechanisms, which are
controlled by frontal eye field activity (Izawa &
Suzuki, 2014).

In the literature, deficits in pursuit and fixation perfor-
mances have been documented in subjects with autism.
For instance, Takarae et al. (2004) reported in a large
group of subjects with autism (from 8 to 53 years old) poor
gain when pursuits were elicited with constant velocity as
well as oscillating target most likely because of sensorimo-
tor deficiencies and deficits in generating predictive
responses. Interestingly, this deficit was more important
after mid-adolescence, suggesting a delayed maturation of
cortical structures triggering pursuit’s eye movements in
subjects with autism. Later on, the same group of
researchers (Takarae et al., 2007) suggested that subjects
with ASD could have lower levels of activity in cortical
areas, such as frontal eye fields, parietal cortex and dorso-
lateral prefrontal cortex, which have been responsible for
cognitive capabilities as anticipation, inhibition and atten-
tion related to eye movement performance.

Several studies tested eventual benefit of cognitive
and/or attentional training types in subjects with ASD.
For instance, Chukoskie et al. (2018) tested a new training
tool in order to improve attention capabilities in children
with ASD, and they showed that after video-game exer-
cises (30 min, five times per week for 8 weeks), children
with ASD improved significantly attention capabilities
and gaze that are skills used in social communication and
in other cognitive functions. In line with this thinking,
Pastor-Cerezuela et al. (2020) reported that in children
with ASD, sensory and cognitive dysfunctions are in rela-
tionship with executive deficits and inhibitory control.

Dandil et al. (2020) made a review on how cognitive
remediation therapy interventions can improve cognitive
functioning in subjects with autism. These types of train-
ing were usually done for a long period; for instance,
Eack et al. (2018) reported that an 18-month neurocogni-
tive and social–cognitive remediation in adult subjects
with ASD significantly improved mental activities and
attention capabilities. Recently, Hajri et al. (2022) in a
perspective paper type highlighted the importance of
developing cognitive re-education in subjects with ASD
in order to improve several daily life activities related to
executives functions such as inhibition, working memory
and attention; most importantly, they suggested that such
re-education needs to be done as early as possible in
these kinds of subjects. In line with this thinking,
Miranda et al. (2017) explored the relationship between
executive functions and social cognition in subjects with
ASD, and they showed a strong association between
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social cognition and cognitive abilities such as initiation
and planning. Vogan et al. (2018) examining executive
functions in children with ASD reported that executive
functions are predictive of later social, emotional and
behavioural problems in children with ASD. These
authors suggested that executive functions could be con-
sidered as a potential target of intervention for preventing
and reducing psychopathology and promoting social
competence in children with ASD.

To our knowledge, few studies explored how different
executive function interventions could improve flexibility
and inhibitory capabilities in subjects with ASD. For
instance, Stichter and colleagues (2010) examined the
effectiveness of a social competence intervention on
27 students with ASD aged from 11 to 14 years old. They
used the Social Competence Intervention (SCI) program
that is focused on training social communication skills
including turn-taking, recognizing feelings and facial
expressions in others and problem solving. This program
consists of five units (each composed of 4- to 1-h lessons)
over 2 weeks. These authors reported improvements in
the theory of mind that corresponds to the capacity to
understand other people by ascribing mental states of
them, as well as problem-solving abilities. Interestingly,
they reported also improvements concerning executive
functions (assessed only subjectively) following parent
reports. Note that the presence of deficits in executive
functioning could have an impact on the everyday social
functioning (Fiefer & Rattan, 2007) and it would seem
that explaining the reasoning underlying social compe-
tences can improve not only these latter capabilities but
also global executive functioning (Ozonoff et al., 1991).
Kenworthy et al. (2014) tested in a large number of chil-
dren with ASD the effect of executive functions interven-
tion, named Unstuck and On Target, for training
flexibility, goal-setting and planning abilities. This train-
ing type was based on cognitive–behavioural programs.
This training consists of 28 lessons lasting 30–40 min
each. These authors reported that following this interven-
tion, children with ASD showed a global cognitive
improvement in problem solving, flexibility and plan-
ning/organizing. They suggested the importance to
implement executive functions intervention in educa-
tional settings. Morgan et al. (2018) also in order to study
the effect of a teacher-implemented, classroom-based
Social, Communication, Emotional Regulation, and
Transactional Support (SCERTS) intervention on the
executive functions and social outcomes recruited
118 children with ASD (mean age = 6.82 years) for 25 h
per week and tested the effects of this training. These
authors found that SCERTS intervention permits to
improve not only social skills but also executive functions
in children with ASD and suggested the importance to

implement this kind of intervention in the school
environment.

In a more recent study, Bremer et al. (2020) reported
that physical exercise improved cerebral oxygenation and
inhibitory control in a small group of children with ASD,
supporting the ‘pre-activation’ theory (suggested by
Budde et al., 2008, and Schmidt et al., 2016), according to
which the cognitive engagement of the physical activity
actives the same cognitive processes needed for cognitive
tasks, like inhibitory control, flexibility, planning or
attention.

Based on all this knowledge, we wonder to investigate
the benefit of a short rehabilitation cognitive training in
children with ASD on oculomotor tasks (pursuits and fix-
ation eye movements). Recall that these types of eye
movements need cognitive abilities and they are poorly
performed in subjects with ASD (Rommelse et al., 2008).

Our driven hypothesis is that these types of eye move-
ments need to employ executive functions, particularly
attention and inhibitory skills that are altered in children
with ASD; consequently, these children could benefit
from such training. Importantly, we have to point out
that, in contrast to other studies in which the improve-
ments have been only subjectively evaluated (by using

TABL E 1 Clinical characteristics of the two groups (G1 and

G2) of children with autism spectrum disorder (ASD) enrolled in

the study.

G1
N = 30

G2
N = 30

Age (years), mean (SD) 11.6 (2.8) 11.5 (2.9)

Diagnosis of ASD

Autism Diagnostic Interview-Revised scores

Social reciprocal interaction,
mean (SD)

14.8 (6.1) 14.9 (4.9)

Communication, mean (SD) 10.1 (4.2) 10.0 (5.2)

Stereotyped patterns of
behaviours, mean (SD)

5.6 (2.3) 5.7 (2.4)

Autism Diagnostic Observation Schedule scores

Social reciprocal interaction,
mean (SD)

10.2 (3.8) 10.5 (2.8)

Communication, mean (SD) 2.9 (1.4) 2.7 (1.5)

Cognitive assessment

WISC-IV sub-test scores

Verbal comprehension, mean
(SD)

95.9 (25.8) 96.5 (23.2)

Perceptual reasoning, mean
(SD)

94.2 (24.1) 92.2 (21.0)

Working memory, mean (SD) 92.5 (20.1) 90.1 (23.1)

Processing speed, mean (SD) 91.2 (18.9) 90.3 (19.0)

CALDANI ET AL. 3

 1873474x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jdn.10276 by U

niversité Paris-N
anterre, W

iley O
nline L

ibrary on [30/05/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



neuropsychological tests or parent’s interviews), oculo-
motor recordings can objectively assess eventual changes
in cognitive abilities. The second objective of this study
was to explore whether clinical symptoms in ASD, for
instance, the presence of restrictive and repetitive behav-
iours (RRBs), would be related to the performance of pur-
suit and fixation eye movements. Given that RRBs
interfere with the individual’s ability to engage in other
activities (e.g., academics or leisure) with a negative
impact on social relationships and cognitive abilities, we
hypothesized that RRBs could be related to oculomotor
performance. Indeed, the connection dysfunction of the
cerebellum could be at the origin of both sensorimotor
processing and motor control and also RRBs (Tian
et al., 2022).

2 | MATERIALS AND METHODS

2.1 | Subjects

Two groups (G1 and G2) of 30 children with ASD, age-,
sex- and IQ-matched were included in the study (see
Table 1). Children were included at the paediatric univer-
sity hospital and underwent a neurological exam. None
of them reported any personal history of sensory deficit
(in any of the five senses), and they were naïve to any
psychotropic drugs. The best-estimated diagnosis of ASD
was based on DSM-5 criteria requiring to gather clinical
information from the Autism Diagnostic Observation
Schedule (ADOS) and the Autism Diagnostic Interview-
Revised (ADI-R) associated with the clinical expertise.
Their cognitive abilities were also assessed using the
Wechsler Intelligence Scale for Children (WISC-IV). The
allocation of a child to a specific group (G1 or G2) was
generated in an unpredictable random sequence, and the
sequence was implemented in a way that concealed the
treatments (rest vs. rehabilitation) until children have
been formally assigned to one of the two groups.

The investigation followed the principles of the Decla-
ration of Helsinki and was approved by our Institutional
Human Experimentation Committee (Comité de Protec-
tion des Personnes CPP). Written consents were obtained
from the children’s parents after the experimental proce-
dure was explained to them.

2.2 | Oculomotor paradigms

Stimulus was presented on a 2200 PC screen with a resolu-
tion of 1920 � 1080 and with a refresh rate of 60 Hz. Pur-
suits and fixations (simple and with distractors) were
presented randomly to each child.

2.2.1 | Pursuit

A red circular target (0.5� of visual angle) was moving at
a velocity of 15�/s on the PC’s screen. The target was ini-
tially placed in the central position and then moved hori-
zontally to one side until it reached the ±20� location,
where it reversed abruptly and moved to the opposite
side. A total of nine trials were run and included in the
analysis. A child was instructed to keep his eyes on the
target, wherever it moved. After a short break, the child
had to perform the same test again (Lions et al., 2013).

In the simple fixation, the child was invited to fixate
on the target appearing in the centre (filled white circle
subtending a visual angle of 0.5�) of the black screen for
30 s. In the second one, named fixation with distractors,
the child had to maintain fixation on the central target
and to inhibit saccades towards the distractors. The dis-
tractor was a white smile target (of 0.5�) appearing for a
random duration from 500 to 2000 ms and calling for
horizontal saccade amplitudes from 5� to 20� (see
Caldani et al., 2019). The distractor was presented during
the fixation with distractor trial (30 s); in total, eight dis-
tractors were presented during each fixation with distrac-
tor trial. Instructions were given to the child to try to
fixate on the central target as better as possible (in the
simple fixation task) and to try to fixate on the central tar-
get as better as possible without looking at the distractors
(in the fixation with distractor task).

2.3 | Eye movement recordings

Eye movements were recorded using an eye tracker
(Mobile EBT®, SuriCog), a CE-marked medical eye-
tracking device. The Mobile EBT® benefited from cam-
eras that can capture the movements of each eye inde-
pendently. Recording frequency was set up to 300 Hz.
The precision of this system was typically 0.25� (see
www.suricog.com, for more details). There was no
obstruction of the visual field with this recording system.

2.4 | Procedure

Each child was seated in a chair in a dark room, their
head stabilized by a headrest supporting both the fore-
head and the chin. Viewing was binocular; the viewing
distance was 60 cm. Calibration was done at the begin-
ning of each task. During the calibration procedure, chil-
dren fixated a grid of 13 points (diameter 0.5 deg)
mapping the screen. Each calibration point required a fix-
ation of 250 ms to be validated. A polynomial function
with five parameters was used to fit the calibration data

4 CALDANI ET AL.
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and to determine the visual angles. After the calibration
procedure, an oculomotor task was presented to the
child. The type of task (pursuit, fixation simple or with
distractor) was randomly assigned. Each task was kept
short (lasting a couple of minutes) to avoid a shift of the
helmet and/or head movements of the child, but allowing
for an accurate evaluation of eye movement recordings.
These measures were done two times, T1 and T2, respec-
tively before and after 10 min of rehabilitation cognitive
training for the subjects allocated to group G1, and before
and after 10 min of rest (i.e., without any training) for
group G2.

2.5 | Rehabilitation cognitive training
protocol

After the first oculomotor recording (T1), children with
ASD from G1 were trained for cognitive rehabilitation
(Figure 1). This training consists of an oculomotor task
(memory-guided saccades) for 2 min and a revised Stroop
test (several exercises lasting 8 min). Concerning
memory-guided tasks, children had to fixate on the cen-
tral fixation target in the middle of the PC’s screen (see
Caldani et al., 2022). After the fixation period, a stimulus
appeared for 300 ms on the right or the left side of the

screen at 20 degrees of eccentricity. The central fixation
target extinction occurred 1000 ms after peripheral stimu-
lus presentation. Children were instructed to look at the
central fixation target while a peripheral stimulus was
switched on, and they had to remember the location of
this peripheral stimulus, wait for the extinction of the
central fixation target and, only after the fixation target
was switched off, make a saccade directed towards the
remembered stimulus location. Eye movements were
recorded but not analysed.

The revised Stroop test was performed orally requir-
ing naming of items printed on an A4-size paper. It con-
sists of several subtests; the first one, named congruent
test, consists of black words ‘grand’ and ‘petit’, organized
in four columns on six lines on a white paper. The words
were in uppercase or lowercase letters printed, sometimes
in bold (see example in Figure 2). The child was asked to
read the words as they were written from left to right side
from the top to the bottom of the paper, independently to
their format (bold, uppercase or lowercase). Then, several
incongruent subtests were proposed to the child. For
example, the child was invited to read the word ‘petit’
when the word ‘grand’ was written or to read the word
‘grand’ when the word was written in uppercase only or
when the word was written in lowercase only. The

F I GURE 1 Description of trial design.

F I GURE 2 Example of the revised Stroop test used for the

training.
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number of words written on the A4-size paper was then
increased following the child’s capability.

Firstly, experimenter did some trials with the child in
order to be sure that he well understood the test (both
congruent and incongruent trials). Then, the training
started, lasting for 8 min for the children of G1. After
that, another oculomotor recording was performed to
estimate the main oculomotor parameters for pursuits
and fixation tasks (T2). Children of G2 were not trained,
and the second oculomotor measure (T2) was done after
a 10-min rest.

2.6 | Data analysis

Calibration factors for each eye were determined by using
the eye positions during the calibration procedure (for
more details, see Bucci et al., 2012). Eye movement ana-
lyses were performed using the MeyeAnalysis software,
which automatically determined the onset and the end of
each saccade by using a built-in saccade detection algo-
rithm and visually inspected and verified by the investi-
gator. Detection of saccades during pursuit was based on
criteria of minimum amplitude (2�) and velocity (30�/s).
Catch-up saccades were defined as saccades in the target
direction that served to reduce position error and to bring
the eye closer to the target. The number of catch-up sac-
cades was counted for each trial. Pursuit gain corre-
sponds to the relationship between the speed of the eye
and the speed of the target, and it was obtained by divid-
ing eye velocity by target velocity for each trial. If its
value is around 1, it means that the correspondence
between the target and the eye is perfect. Scores were
then averaged across trials for each test. For both fixation
conditions (simple fixation and fixation with distractor),
we counted the number of saccades done during the par-
adigm. All saccades ≥2� were counted given that it is well
known that micro-saccades are normally of smaller
amplitude (for more details, see Tiadi et al., 2016).

2.7 | Statistical analysis

Oculomotor parameters and the score of the ADOS and
ADI-R evaluations were examined in all participants with
Pearson correlation coefficients (significant p-value below
0.05). ANOVA was run between the two groups (G1 and
G2) of children with ASD on oculomotor parameters
(gain and number of catch-up saccades during pursuits
and number of saccades during fixations) recorded two
times (T1 and T2). Post hoc comparisons were made with
Bonferroni’s method. Significance was considered when
the p-value was below 0.05. All statistical analyses were

processed using JASP software (a free and open-source
program for statistical analysis supported by the Univer-
sity of Amsterdam).

3 | RESULTS

In order to explore further the relationship between the
clinical characteristic of children with ASD and oculomo-
tor performance, we evaluated the correlation between
the scores from the ADOS and ADI-R evaluations and
oculomotor performances in pursuits and fixations. We
observed a positive correlation only between restricted
and repetitive behaviour (RRB) scores of both ADOS and
ADI-R and the number of saccades during the fixation
task. As shown in Figure 3, both correlations were signifi-
cant (R2 = 0.23, p < 0.001 and R2 = 0.08, p < 0.04,
respectively for the RRB score of the ADOS and ADI-R).

Figure 4 shows the mean number of catch-up sac-
cades recorded during pursuit eye movements for both
groups of children examined (G1 and G2) at T1 and T2.

F I GURE 3 Person correlation between the restricted and

repetitive behaviour score from the Diagnostic Observation

Schedule (ADOS) (a) and the Autism Diagnostic Interview-Revised

(ADI-R) (b) and the number of saccades during the fixation task

made by all children with autism spectrum disorder (ASD) who

participated in the study.
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ANOVA reported a significant interaction G � T
(F[1,56] = 24.91, p < 0.01, η = 0.06). Bonferroni post hoc
test showed that the number of catch-up saccades
decreased significantly (p < 0.001) in T2 for the group of
children that underwent cognitive training (G1). The gain
of pursuits failed to show any significant difference
between the two groups of children at T1 (mean 0.89
± 0.02 and 0.93 ± 0.04 for G1 and G2 respectively) or T2
(mean 0.95 ± 0.03 and 0.91 ± 0.04 for G1 and G2
respectively).

The number of saccades made during fixation task
(simple and with distractor) is shown in Figure 5.
ANOVA reported a significant interaction G � T
(F[1,56] = 37.36, p < 0.001, η = 0.03). Bonferroni post hoc
test showed that the number of saccades in T2 for the
group of children who underwent cognitive training was
significantly lower with respect to the number of sac-
cades observed in T1 respectively in the fixation task
(p < 0.01) and in the fixation with distractors task

(p < 0.001). There was also a significant task effect
(F[1,56] = 324.56, p < 0.001, η = 0.03); indeed, saccades
occurred more frequently in the fixation with distractor
condition than in the simple fixation task.

4 | DISCUSSION

The first new finding of the present study is that the clini-
cal characteristic of children with ASD, particularly their
RRBs measured by ADOS as well as ADI-R evaluations,
was positively correlated with the number of saccades
during the fixation task. In other words, the more these
children have RRB characteristics, the more they show
inhibition and attentional deficits. Several studies
advanced the hypothesis of a relationship between ele-
vated RRB levels and executive function impairments in
children with ASD (Lopez et al., 2005), inhibitory control
(Mosconi et al., 2009), cognitive flexibility and working

F I GURE 4 Mean and standard deviations

of the number of catch-up saccades during

pursuit movements for the two groups of

children (G1 and G2) at T1 and T2.

F I GURE 5 Mean and standard

deviations of the number of saccades

during the fixation task (simple and with

distractor) made by the two groups of

children (G1 and G2) at T1 and T2.
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memory (Van Eylen et al., 2015). In other words, the
behavioural inflexibility or cognitive deficiencies could be
tested by the RRBs as suggested by Mosconi et al. (2009).

A recent review from Tian et al. (2022) described neu-
roimaging studies showing some abnormalities of the
cortico-striatal-thalamo-cortical circuit in relationship
with severity of RRBs; consequently, the correlation we
observed with poor fixation capabilities could be due to
such cortical network that is well known also involved in
oculomotor performances (Jarvstad & Gilchrist, 2019).
Lidstone et al. (2021) showed aberrant connectivity
between the cerebellum and cerebral cortex in 105 chil-
dren with ASD and found that elevated RRBs were asso-
ciated with low right posterior cerebellum-left inferior
parietal lobule connectivity and high right posterior
cerebellar-right connectivity. A recent study of McKinney
et al. (2022) reported a relationship between the clinical
score of RRB and the white matter volume of the right
cerebellar consistent with the well-known role of the cer-
ebellum in the modulation of cognitive and social func-
tions; interestingly, such areas control also eye fixation
and pursuit movements (Shemesh & Zee, 2019).

Based on this knowledge, we could advance the
hypothesis that oculomotor performances, objectively
recorded, together with the classical clinical subjective
tests would be used for a better diagnostic of children
with neurodevelopmental disorders. In other words, both
tools could be used as biomarkers for ASD even if further
studies on a larger number of subjects will be necessary.
Clinicians could take advance to have different tools
available for an easier and better screening of subjects
with ASD.

Secondly, the goal of the present study was to evalu-
ate the impact of a short cognitive training rehabilitation
on oculomotor performance in children with ASD. After
this training type, we reported an improvement in pur-
suit and fixation capabilities for these children; particu-
larly, children decreased significantly the number of
saccades made during both pursuit and fixation tasks.

Our findings are in line with studies cited in Section 1,
showing that cognitive training rehabilitation is able to
improve inhibitory and attentional functions objectively
recorded by a better performance in pursuit and fixation
tasks. Indeed, as reported by Kim et al. (2018), cognitive
functions involve several domains such as attention,
executive function, learning and memory, language,
perceptual-motor and social cognition. The present study
explored oculomotor functions that are related to some of
these capabilities and reported enhancement of some
types of eye movements that are related to specific corti-
cal areas. Indeed, it is well known that unwanted sac-
cades in pursuit and fixation tasks could be due to a
deficit in prefrontal and fronto-striatal circuits (Leigh &

Zee, 2015). In the meta-analysis of Johnson et al. (2016),
it has been reported that subjects with ASD showed
altered eye movement’s behaviour, particularly difficulty
in inhibiting saccades during fixations and pursuits, sug-
gesting the presence in subjects with ASD of impairment
in the prefrontal cortex and in the anterior cingulate cor-
tex activity. Moreover, Voorhies et al. (2018) in a resting
state functional magnetic resonance imaging (MRI) study
compared the inhibitory control networks in children
with ASD and in typically developing children. These
authors found an aberrant functional connectivity
between inferior frontal junction and key regions sup-
portive of inhibitory control, like middle frontal gyrus,
superior parietal lobule and caudate in children with
ASD, supporting the hypothesis of a delayed maturation
inhibitory control networks in these kinds of patients.

In line with all these findings, we could suggest that
cognitive training rehabilitation, albeit brief, could mod-
ify brain structures leading to a better inhibitory control
and attentional engagement in children with ASD.

5 | CONCLUSION

The present study is the first one to test the benefit of a
short cognitive training rehabilitation on oculomotor per-
formances in children with ASD. Children with ASD are
in fact able to improve their oculomotor performances
after a short cognitive training rehabilitation. However
neuroimaging studies are necessary to explore deeply the
relationship between oculomotor performances, execu-
tive functions, autism and brain network. Moreover in
order to state our conclusions, it is necessary to carry out
longitudinal studies with the aim of observing whether
these improvements are maintained over time. Finally,
the presence of a positive correlation between RRBs and
the number of saccades during the fixation task suggested
the interest in combining clinical assessment and eye
movement’s studies in order to improve the diagnostic
and the eventual re-education of children with neurode-
velopmental disorders.
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