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Abstract
A correct use of the visual behavior (VB), and its integration with motor function, represents the earliest mean used by infants to
explore and act on the social and non-social surrounding environment. The aim of this mini review is to present influential
evidence of abnormalities in the VB domain in ASD individuals and to discuss the implication of these findings for early
identification and intervention. We analyzed the possible anomalies in oculomotor abilities, visual attention, and visual-motor
integration, as parts of a wider visual behavior defect, that could affect children with autism spectrum disorders (ASD) since the
early stages of development.

Conclusion: According to the literature, difficulties in these three areas have been often reported in children with ASD, and the
visual-perception deficit could have cascading effects on learning processes and on social development. Despite this evidence of
atypical VB in ASD, their investigation is not yet included into diagnostic processes, and they are not yet considered a specific
treatment target.

What is Known:
•Atypical social use of visual behavior is one the first symptoms in children with autism spectrum disorders
•Individuals with autism spectrum disorders often show unusual visual exploration of the surrounding environment

What is New:
•It is possible to hypothesize that early visual behavior abnormalities may affect experiences that permit learning processes and social and

communicative development in infants
•An early assessment of visual behavior, as a core symptom of ASD, might improve the diagnostic processes and might help to developing more

individualized treatments.
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Abbreviations
ASD Autism spectrum disorders
ADOS-2 Autism Diagnostic Observation Schedule-2
BAP Broader autism phenotype
f-MRI Functional-magnetic resonance imaging
IJA Initiation of joint attention

RJA Response to joint attention
TD Typical development (adolescents or children)
VB Visual Behavior

Introduction

Autism spectrum disorder (ASD) is an early onset and
lifelong neurodevelopmental disorder characterized by
high symptom heterogeneity. Despite the term “spectrum”
suggests that the clinical features widely vary among in-
dividuals, the core symptoms of ASD affect the social
interaction and communication, with the presence of re-
stricted and repetitive patterns of sensory-motor behaviors
and interests [2]. Since there are no reliable biomarkers of
ASD, the diagnosis is based upon the observation of be-
havioral symptoms. Several standardized tools have been
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developed to help clinicians with the diagnostic process;
at the moment, the Autism Diagnostic Observation
Schedule-2 (ADOS-2, [28, 29]) is considered the gold
standard instrument for the diagnosis of ASD. The
ADOS-2 is a semi-structured observation that addresses
some target behaviors considered relevant for the clinical
diagnosis of ASD. The ADOS is divided into 5 modules,
according to the age and the language level of individuals
suspected to have ASD, and it can be used from the in-
fancy to the adulthood. While the diagnosis is currently
made between 3 and 4 years of age [4], the first behav-
ioral markers begin to emerge at the end of the first year
of life; these early behaviors include the reduced visual
attention to social stimuli, the atypical object use and ex-
ploration, the reduced use of gaze and other non-verbal
behaviors to communicate with a social partner, and the
difficulty in disengaging and shifting visual attention [25,
30].

Visual behavior (VB) impairments are considered crucial
in the wider domain of perceptual impairments that character-
ize the phenotype of ASD. The VB includes all the processes
underlying the ability to pay attention to external stimuli
through the gaze and to integrate visual information with mo-
tor function in order to act on the environment and adapt to it
[27].

From the first days of life, the VB represents the primary
means of perceiving and exploring the surrounding world and
giving it a meaning in order to guide the action. Early VB
impairments could disrupt the development of the ability to
learn from the environment and carry out the tasks of every-
day life; for this reason, they are supposed to be the first signs
of atypical neurodevelopment and their role in the onset of
ASD is currently debated [11, 22]. Nevertheless, there is still
little information about the links between a potential early VB
vulnerabil i ty and the subsequent onset of socio-
communicative difficulties and behavioral stereotypes.

Atypical eye contact is one of the most distinguishable
manifestation of a qualitative impairment in the social oriented
visual-perceptual domain in ASD, but its onset is clearly de-
tectable only after the first year of life [38]. The question on
the possible antecedents of the atypical eye contact within the
VB domain still remains open; during the early stages of life, it
can be assumed that, VB anomalies might include atypicalities
in those visual competences leading to the ability to attain the
gaze of another person. For this reason, in this brief review, we
consider difficulties in (i) oculomotor abilities, (ii) visual at-
tention, and (iii) visual-motor integration, as possible anteced-
ent of social symptoms in VB domain that could affect the
perception of social and non-social stimuli (see Table 1).

Discover the role of VB impairments in determine ASD
core symptoms should serve the purpose of implementing
procedures for early diagnosis and, possibly, of gaining new
useful insight to personalize interventions.

Oculomotor abilities in ASD

The oculomotor system is fundamental for development of the
voluntary behavior, and for this reason, its maturation is con-
sidered as paradigmatic of brain maturational processes.
Mainly, different types of eye movements allow different be-
havioral and cognitive processes. In particular, slow eye
movements supports voluntarily foveation of a stimulus that
is moving, while visually rapid movements require the simple,
reflexive foveation of a visual target, which allows basic as-
pects of attention and sensorimotor control [31]. The presence
of possible anomalies in eye-movements dynamics, since the
early period of infancy, can be suspected as a life-span factor
influencing visual-perceptual functions.

As regards rapid eye movements, saccades are defined by
their high velocity, precision, and accuracy; these characteris-
tics are necessary for optimal vision, because they position a
target of interest on the fovea for high definition vision [49].
During the learning from the environment, the frequency, the
amplitude, and the latency of saccadic movements may reflect
capacity to detect and assign appropriate saliency to stimuli.
For this reason, these parameters are important for many cog-
nitive processes, such as reading and visual search. In partic-
ular, saccades frequency, that is the number of saccades for
second, seems to reflect the capacity of visuospatial attention
and increases slightly with age [40], the amplitude regards the
size of the saccade and determines their accuracy, while the
latency refers to the reaction time to initiate an eye movement
and decreases exponentially from birth to approximately 14–
15 years of age when it stabilizes throughout adulthood [31].

Awide line of research has tried to identify whether anom-
alies in rapid eye movements were specific for ASD, or a more
general hallmark of a neurodevelopmental disorder; they an-
alyzed the regulation of saccadic movements and suggested
possible correlations with cerebral dysfunctions [17, 26, 33,
34]. One of the pioneer studies on saccadic abnormalities in
ASD was performed by Kemner and colleagues [26] by mea-
suring eye-movements frequency in response to three types of
stimuli, differentiated on the basis of their recurrence (fre-
quent, rare, and novel). The saccadic frequency in ASD chil-
dren seemed to be independent on stimulus type, in contrast
with both typical developing children and children with atten-
tion disorders and dyslexia. Furthermore, children with ASD
showed more saccadic eye movements in reaction to frequent
stimuli and between stimulus presentations, while typical chil-
dren showed more saccadic activity during the presentation of
novel stimuli. Given the role of the superior colliculus in the
generation of saccades, the authors suggested that could be a
basic dysfunction of this subcortical area [26]. The possible
consequence might be that ASD individuals fail to regulate
saccades frequency in order to learn from environment.

Saccadic movements testing were also considered by
Goldberg and colleagues [20] as a mean to highlight neural
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Table 1 Overview of recent influential studies on ASD visual behavior

Age (years) Method Main results

Oculomotor abilities

Kemner et al. [26] 10 Gaze recording during frequent and infrequent
visual stimuli.

Children with ASD showed more saccadic eye
movements in reaction to frequent stimuli and between
stimulus presentation, while typical children showed
more saccadic activity during the presentation of novel
stimuli

Goldberg et al. [20] 12–18 Eye movements recording on anti-saccade,
memory-guided saccade, predictive saccade
and gap/overlap tasks.

Children with ASD showed higher percentage of
directional errors on the anti-saccade task, higher per-
centage of response suppression errors on a
memory-guided saccade task and lower percentage of
predictive eye movements on a predictive saccade task.

Takarae et al. [53] 8–adults Pursuit eye movements recording during ramp
and oscillating target tasks.

Individuals with autism had normal pursuit latency, but
they had deficits in the initial open-loop stage of pursuit
only when targets moving in the right hemifield and a
bilateral poorer closed-loop pursuit gain.

Pensiero et al. [39] 5–12 Saccadic movements recording toward light
stimuli

Lack of saccadic movement alterations in children with
ASD but presence of tracts of saccadic initiation
failure, continuous changes in saccadic velocity
profiles, and instability of fixation.

Mosconi et al. [34] Adults Intrasaccadic target step paradigm to study
saccade adaptation.

Individuals with ASD adapted slower than healthy
controls and demonstrated more variability of their
saccade amplitudes across trials prior to, during and
after adaptation.

Wilkes et al. [57] 6–12 Eye-movements recording during saccade and
smooth pursuit tasks

Abnormal visual smooth pursuit on the vertical plane and
a greater latency for initiating saccades in the ASD
group

Visual attention

Van der Geest et al. [54] 10 Saccadic gap-overlap paradigm toward light
stimuli

Differences in ASD group about latencies between the
overlap condition and the gap condition

Chawarska et al. [9] 2 Visual attention toward eye movement and a
nonbiological movement

ASD children with autism had significantly shorter
saccadic reaction times to peripheral targets as
compared with controls only when presented an
eye-movement cue

Chawarska et al. [10] 2–4 Attentional bias associated with faces and
non-facial stimuli

Controls had more difficulties disengaging visual
attention from faces but not objects than children with
autism

McPartland et al. [32] 12–16 Visual attention toward passive viewing of
images of human faces, inverted human faces,
monkey faces, and geometric figures

Individuals with ASD obtained lower scores on measures
of face recognition but exhibited similar patterns of
visual attention. In individuals with ASD, face
recognition performance was associated with social
adaptive function.

Groen et al. [23] 1–5 + parents Visual scanning recorded during four simple
movies that did not feature people

Visual scanning differences between children with autism
and control children. Higher ADOS scores is related to
more abnormal watching behavior. Atypical visual
scanning also in the mothers.

Vivanti et al. [55] 3–5 Visual attention toward an agent’s face in order to
predict imminent action

Children with ASD failed to show changes in their
attention pattern in response to the agent’s
goal-directed gaze behavior.

Billeci et al. [6] 1.5–2.5 Visual patterns during joint attention task No difference between ASD and TD groups in
responding to joint attention task, but toddlers with
ASD in the initiating joint attention task, showed
different pattern of gaze transitions and fixations
compared to the controls

Murphy et al. [36] 8–13 Attentional bias to non-social visual salience
during f-MRI scan

ASD individuals showed atypical reactions to the salience
of non-social stimuli.
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basis of ASD. Different saccade tasks were administered to
high-functioning ASD adolescents and with typical develop-
ment (TD) adolescents to assess the contribution of different
cortical areas for the emergence of VB impairments.
Specifically, they recorded eye movements on anti-saccade,
memory-guided saccade, predictive saccade, and gap/
overlap tasks to define the accuracy differences in the two
groups. The anti-saccade task probes the ability to exert a
cognitive control of behavior by exerting voluntary response
inhibition because subjects must voluntarily inhibit a reflexive
eye movement toward a visual stimulus and instead make a
planned movement to its mirror location. The memory-guided
saccade task is a sensitive measure of developmental change
in spatial working memory, because a peripheral target is
briefly presented at an unpredictable location in the periphery
while the subject fixates a central target. Subjects must retain
fixation and simply remember the location of the probe, and
successively they make a voluntary saccade in the absence of
a visual stimulus to the remembered location. The predictive
saccade task allows understanding the functioning of frontal
and prefrontal systems, because the subjects are required to
look back and forth between two alternately illuminated lights
such that the eye arrives to the position of the light just as it
comes on (so the saccade must begin before the light appears).
Finally, gap/overlap task is also used to assess the contribution
of the parietal system in order to look indirectly at the ability to
disengage attention (fixation target extinguished before, si-
multaneously or after new peripheral target appeared) [20,
31].

In the anti-saccade task, Goldberg and colleagues [20]
found a higher percentage of directional errors in ASD ado-
lescents that looked toward stimuli instead of their mirror lo-
cation as expected by the task. Similarly, ASD adolescents
failed to inhibit immediate eye-responses in the memory-
guided saccade task in a significant higher number of trials.
Directional errors in the first task and inhibitory dysfunction in
the second task may be interpreted as a difficulty to suppress
unwanted eye-movements, depending on the neural circuits
called into action. Finally, in the predictive saccade task, au-
thors reported a greater percentage of predictive saccades for
the comparison group compared with the ASD group, sug-
gesting that ASD individuals could not consistently move
their eyes within the time window preceding an expected ap-
pearance of a stimulus. According to the authors, these kind of
diffused abnormalities in oculomotor functioning in patients
with ASD provide evidence of the involvement of a number of
brain regions, including dorsolateral prefrontal cortex, parietal
cortex, and basal ganglia.

While a relationship between atypical saccade dynamics
and altered strategies for the exploration of the surrounding
environment in ASD is sustained by several studies, it is not
completely clear which part of the saccadic sequence contrib-
ute to the defect in the visual exploration. Pensiero et al. [39]
recorded saccadic movements toward light stimuli presented
at 5 to 25 degree of amplitude in the visual field in a group of
children with ASD, compared with matched children with
typical development. This study, aiming to use eye-
movements recordings to assess the saccadic parameters as

Table 1 (continued)

Age (years) Method Main results

Visual-motor integration

Radonovich et al. [44] 3–15 Systematic assessment of postural and motor
control (magnitude of postural sway)

Both the overall intensity and frequency scores on the
repetitive behavior scale-revised measure were signif-
icant predictors of center of pressure sway area in ASD.

Miller et al. [33] 8–15 Dyspraxia and oculomotor tasks Significant differences between ASD and typically
developing children across a broad range of motor
tests, includingmeasures of simple motor skills, praxis,
saccadic eye movements, motor coordination and
visual–motor integration.

Sharer et al. [51] 10 Serial reaction time task to examine visuomotor
learning and f-MRI analysis

Differences in neural recruitment during visuomotor
learning, particularly within the initial stages of this
learning processing.

Sharer et al. [50] Adults Serial reaction time task to examine implicit
motor skills learning

ASD participants under-utilize visual input during motor
learning.

Purpura et al. [43] 5–13 Checklist on visuomotor abilities Deficits in several motor tasks, above all in a dynamic and
unpredictable environment. A greater intensity and
frequency of repetitive behaviors in children with
motor difficulties.

Nebel et al. [37] 8–12 Gesture examination and resting-state f-MRI
analysis

Relationship between the deficit in the ability to combine
gestures and the visual-motor connectivity
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the amplitude, the velocity, and the latency found no differ-
ence in ASD children compared with the control group
concerning to the considered parameters. Nevertheless, au-
thors reported frequent period of stillness in ASD children,
leading to saccadic initiation failure and to an increase of the
number of blinks before and during fast eye movements.
Authors, moreover, noted that these saccadic initiation failures
are very similar to those observed in the oculomotor apraxia,
and suggested that this atypia could be due to a functional
alteration of the brainstem reticular formation.

Beside the cerebral areas discussed above, the role of the
cerebellar networks in the programming and controlling the
precision of eye-movements has to be considered as well.

Starting from evidence of cerebellar vermis abnormalities
as results of several post-mortem and neuro-imaging studies,
Mosconi and colleagues [34] used a conventional saccade
adaptation test to assess the integrity of the cerebellar network
in individuals with ASD. Their main hypothesis was that a
slower rate of adaptation in ASD group compared with
healthy controls reflected a deficit in the cerebellar vermis.
The adaptation test used in this study required that individual
refine their movement trajectories over trials to minimize error
in the focus of gaze at the completion of saccades. In
performing this test, ASD individuals adapted at a slower rate
than healthy controls, but they do not show impairment in
average accuracy of saccades during baseline, suggesting that
cerebellar circuitry supporting online adjustment may be se-
lectively altered.

As well as the rapid eye-movements named saccades, also
the slow eye-movements involved in the visual pursuit have
been investigated in individuals with ASD.

In fact, the smooth pursuit system is very complex and
allows approximating the velocity of a moving target in order
to focus the visual image on the fovea. This system is imma-
ture at birth and significantly improves during the first year of
life [31]. Its integrity in autism was analyzed by Takarae et al.
[53], recording the performance of a large sample of high-
functioning individuals with ASD in three types of task.
Despite individuals with ASD had normal pursuit latency,
they showed a deficit in the initial open-loop stage of pursuit
only when targets were moving in the right hemifield and a
bilaterally poorer closed-loop pursuit gain. Moreover, pursuit
deficits correlated with poorer manual praxis in individuals
with ASD. According to these authors, a possible distributed
network dysmaturity would be a crucial characteristic of ASD,
and they suggest the presence of functional connectivity def-
icits in the sensorimotor domain and a developmental failure
in the sensorimotor systems.

Also, Wilkes and colleagues [57] examined oculomotor
behaviors in a group of high-functioning ASD and measured
the correlation between oculomotor abnormalities and ASD
symptoms. They highlighted abnormal visual smooth pursuit
on the vertical plane and a greater latency for initiating

saccades in the ASD group and found significant correlations
between oculomotor deficit and scores on gold-standard tests
for ASD.

Visual attention in ASD

The analysis of eye-movements can provide several informa-
tion about what element of the environment attract the visual
attention of an individual. The gaze orienting is driven by both
exogenous and endogenous properties: endogenous properties
relate to internal states, such as speed of processing, motiva-
tion toward the stimuli and vigilance, while the exogenous
properties refer to the salience and the physical characteristics
of a stimuli [46].

Several hypotheses have been proposed to explain the pos-
sible mechanisms underlying the difficulties in visual atten-
tion often reported in individuals with ASD since an early age.
Unfortunately, results do not always appear homogeneous,
and a clear picture of this topic still lacks.

VanDer Geest and collaborators [54] explored the ability to
(dis-)engage visual attention through a saccadic gap-overlap
paradigm in a group of high-functioning children with ASD.
The gap overlap paradigm has been frequently used to analyze
the disengagement of attention in individuals with ASD, be-
cause it provides two different measures: the gap phase (in
which the central fixation point disappears and the peripheral
one appears after a 200 ms of temporal gap) provides an indi-
cation of the oculomotor efficiency, and the overlap phase (in
which the central fixation point remains visible while the pe-
ripheral one appears) provides an additional indication of oc-
ulomotor efficiency and attentional orienting. In this study, the
mean latencies of saccadic eye movements made in the direc-
tion of the target were computed for the gap and the overlap
conditionseparately. The gap effect was defined as the differ-
ence in saccadic latencies between the overlap condition and
the gap condition. Van der Geest et al. [53] found a reduced
gap effect in the ASD group, meaning that they show smaller
difference in the saccadic reaction time between the two con-
ditions. Authors hypothesized that the smaller gap effect was
due to a weaker attentional engagement, rather than to a deficit
of the attentional disengagement as often reported in literature.

The hypothesis of a failure in the regulation of visual at-
tention, particularly in the fixation and shifting of eye move-
ments, was proposed also by Billeci and colleagues [6], who
implemented an eye-tracking paradigm to analyze both
responding and initiating joint attention in toddlers with
ASD. Joint attention represents the human ability to coordi-
nate the attention with a social partner, with the purpose of
sharing the interest about an object or an event; a joint atten-
tion act can be performed by following (“response to joint
attention (RJA)”) or directing (“initiation of joint attention
(IJA)”) the gaze of a social partner [35]. A joint attention
deficit is considered one of the earliest and core symptom of
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ASD and it often represents a specific target of the evidence-
based early treatments [21]. During their eye-tracking para-
digm of joint attention, Billeci et al. [6] described many dif-
ferences in visual patterns of toddlers with ASD compared
with typical developing toddlers. Surprisingly, no differences
were found in the responding to joint attention task: ASD
toddlers showed a number of gaze-shifting from face to the
target objects not significantly different from typical develop-
ing toddlers. On the other hand, in the initiating joint attention
task, toddlers with ASD showed different pattern of transition
and gaze-shifting compared with the controls. Specifically,
ASD group looked longer at face and had more gaze-
shifting from face to the target object, while the control tod-
dlers showed more fixations to the object and more gaze-
shifting from the object to face. Contrary to the study of Van
Der Geest and colleagues cited above, authors suggested that
these results could indicate an impairment in the global mon-
itoring of the scene due to difficulties in visual disengagement
rather that to difficulties in the gaze following process.

A diminished visual monitoring and visual responsivity to
social-cues signaling goal-directedness was the main result of
a study conducted by Vivanti et al. [55]. The authors used an
eye-tracking paradigm to investigate the ability of a group of
ASD children to direct their visual attention toward an agent’s
face in order to predict imminent action. The findings of this
study suggest that difficulties in social understanding and so-
cial learningmay be due, almost in part, to different patterns of
visual attention present in ASD individuals. This idea was also
investigated by Groen and colleagues [23] that tried to estab-
lish if very young children with ASD might have different
perceptual style during the visual scanning of the social envi-
ronment and whether atypical perceptual styles are present in
their parents as well. In this paper, the authors found that the
atypical perceptual style during visual exploration of movies
is not solely limited to the social domain in the groups of ASD
children and that higher ADOS scores (that means higher
symptom severity) relates to more abnormal watching behav-
ior. Furthermore, this atypical gaze pattern was present also in
the mothers, suggesting that the abnormal visual behavior is
crucial into the concept of perceptual broader autism pheno-
type (BAP). With the term BAP, we refer to a set of sub-
clinical ASD traits that are common in the families of individ-
uals with ASD [48]. These cognitive and personality charac-
teristics are similar to those of individuals with ASD but are
milder, even though these represent a risk factor for the devel-
opment of anxiety disorders, especially during the late toddler-
hood or the adolescence period [52].

Chawarska and colleagues [9] investigated the ability to
deploy attention based on the perception of eye movement
in 2-year-old children with ASD and their chronological
age-matched typically developing children. The study in-
volved two experiments with cues consisting of biological
and non-biological movements respectively. The authors

suggest that the difference between ASD and typical develop-
ing children is not absolute but cue specific. In fact, they found
that children with autism had significantly shorter saccadic
reaction times to peripheral targets as compared with controls
when presented an eye-movement cue and both groups had
similar and relatively short saccadic reaction times to periph-
eral targets when the cue consisted of non-biological
movement.

In a subsequent study, the same authors [10] extended the
results from the previous experiment finding that the cue fea-
tures affect the regulation of the attentional disengagement.
The toddlers with ASD show a faster disengagement from
faces, compared with typical developing and developmental
delayed toddlers. The same effect was not present in response
to non-facial stimuli. The authors suggest that, in childrenwith
ASD, the faces have a lower capacity to engage visual atten-
tion as pointed out by the shorter time required to disengage
attention to fixate on an appearing peripheral target. Hence,
ASD children show a reduced availability to conduct an in-
depth analysis of the characteristics of a novel face, contrary to
what happens in typical developing individuals.

Even if the relationship between attention disengagement
and depth of processing has not been directly studied in infan-
cy, a large amount of study reports abnormalities in the visual
processing in ASD, related to atypical cortical mechanisms. In
a recently published study, Murphy and colleagues [36] found
difference in the activation of brain regions in response to the
presentation of nonsocial stimuli. The result is coherent with
the hypothesis of atypical reactions to the salience of the stim-
uli, suggesting that this can be related to the hyper-sensitivity
to visual salience or to the preference for the sameness.
Notably, this study does not use social stimuli in order to
verify how the attention deficit is specific for this class of
stimuli. The findings indicate that atypical neural responses
to salient stimuli extend to information without social value.

To disentangle the issue of how visual attention disorder
reflects a deficit in basic cortical processes and howmuch they
are influenced by the characteristics of the stimuli is crucial,
following this line, McPartland and collaborators [32] exam-
ined the influence of the visual properties of static stimuli on a
screen, without competitors, on visual attention in adolescents
with ASD. The study displayed comparable patterns of visual
attention across stimulus categories. Both groups tended to
focus attention on the upper regions of the stimuli and paid
less attention to the lower regions, particularly for upright face
stimuli. Adolescents with ASD exhibited normative patterns
of visual attention to human faces despite face recognition
impairments and significant social deficits. Hence, the condi-
tion “without competitors”might facilitate ASD individuals in
properly orienting visual attention, but impaired performance
in other conditions might reflect difficulties in deploying at-
tention toward different simultaneous stimuli as, for example,
in the case of the scanning of the surrounding environment.
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Visual-motor integration in children with ASD

The VB is fundamental for the exploration of the surrounding
environment and for social learning. On the other hand, it
provides the perceptual basis for organizing movement in ac-
tions, hence for planning and for guiding the movement to-
ward a goal. According to this idea, action is a necessary part
itself of the perceptual process and appears crucial for the
human being’s adaptation [24]. Several authors described dif-
ferent degrees of impairment of the VB and motor functions
integration in individuals with ASD [14, 18, 33]. These find-
ings have been also reported in f-MRI studies, in which an
increased visual-motor temporal incongruity was found in
ASD children rather than in TD children [37]. Moreover,
Nebel and collaborators [37] reported a relationship between
the ability to combine gestures and visual-motor connectivity
in children with ASD.

This correlation may also represent a possible association
to motor learning data, since, in ASD population, motor coor-
dination disorders have been already observed during the ear-
ly infancy; infact, gross motor delay, fine motor dysfunctions,
postural control difficulties, imitation deficits, and praxis im-
pairments have been broad reported in scientific literature [5].

Miller and colleagues [33] explored specifically the pres-
ence of an ideational dyspraxia and its association with differ-
ent underlying motor functions, including oculomotor func-
tion and visual-motor integration. Ideational dyspraxia tasks
used in this study consist of a sequence of actions that subject
were required to perform in a prescribed order. Children with
poor motor timing performed worse on all praxis tasks and
had slower and less accurate eye movements while those with
regular timing performed as well as typical children on those
same tasks. They suggested that ideational dyspraxia in ASD
could involve cerebellar mechanisms of movement control,
given that the integration of these mechanisms with cortical
networks is involved in praxis.

Sharer and collaborators [51] assessed neural activity pat-
terns and sequence learning differences in a group of children
with ASD, during a serial reaction time task adapted for the
administration of a f-MRI paradigm. Authors reported signif-
icant differences in neural recruitment during visual-motor
learning task, particularly within the initial stages of the learn-
ing process.Mainly, children with ASD demonstrated reduced
activity, as compared with typical peers, in the superior tem-
poral sulcus and posterior cingulate cortex, regions known to
be important in visual-motor control and in the sequence
learning.

In the attempt to better understand how integration of visu-
al information affect learning of social actions, Sharer et al.
[50] used a modified serial reaction time task to explore the
use of visual information in promoting motor learning in a
group of adults with ASD. Participants were trained using
their dominant hand and tested using their untrained hand.

The results showed that ASD participants do not utilize
extrinsic-visual aspect from training to generalize the learned
sequence to the untrained hand, suggesting that ASD individ-
uals under-utilize visual input during motor learning.

Because of the importance of the VB in the motor learning,
visual-motor difficulties reported during infancy of ASD indi-
viduals might impact the overall adaptive postural-motor de-
velopment. As a matter of fact, a generalized motor control
difficulty in children with ASD (such as in manual dexterity,
in aiming and catching skills, and in balance abilities) mainly
in the dynamic and unpredictable environment, correlates with
a greater intensity and frequency of repetitive behaviors (par-
ticularly ritualistic behavior) (Giulia [43]). It is possible that,
as suggested by Radonovich and collaborators [44] a delayed
or abnormal postural control may, in turn, constrain the ability
of children of visual exploration of the surrounding
environments.

The dysfunction in the use of visual information for the
online control of the motion trajectory, and for the selection
of a motor program appropriate to plan an action or a sequence
of actions, seems to have its base on an increased “dorsal
stream vulnerability”, as focused by Braddick and Atkinson
[7]. The dorsal pathway plays an important role in feeding
specific visuomotor modules for the control of actions, and
in managing visual behavior through spatially directed atten-
tion in the environment. A dysfunction of the visual dorsal
stream is reported in various neurodevelopmental disorders,
including ASD [3, 7, 8].

Implication for early diagnosis
and intervention in ASD

This brief review aims to furnish insights about the question if
VB abnormalities may have a role in the onset of ASD and, if
yes, through which mechanism. Our hypothesis is that visual
behavior abnormalities may affect experiences that infants
carry on during the first steps of life by using visual modalities
of social world perception.

Taken together, these studies support the need for a deep
investigation on visual behaviors impairments, in order to fig-
ure out the debatable issue of the role played by the failure to
develop normal visual functions in the social impairments in
ASD. Even if these behaviors are not usually investigated,
because they are not considered core symptoms of ASD, they
potentially could have cascading effects on the overall devel-
opment and, for these reasons, could be considered as prodro-
mal signs of the disorder. For example, the presence of a
failure in the development of visual behaviors may affect in-
fant’s ability to correctly use the gaze in the exploration of
their environment and in the processing of the surrounding
social and non-social stimuli.
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In addition, several studies reported that perceptual and
motor impairments are evident before the onset of social im-
pairments [13, 16, 19, 42], suggesting an early disruption of
mechanisms devoted to organize and control movement for
social purpose. These findings might suggest that, for exam-
ple, the atypical eye contact could be the clearer and more
explicit symptom of a visual-perceptual impairment intrinsic
to the neurobiological disorder of ASD.

Several components of VB could be early detected by cli-
nicians. For example, eye-tracking methodology can be fur-
ther implemented to analyze disruptions in visual orienting
mechanisms that have been proved to be altered in very young
infants at risk who subsequently received a diagnosis of ASD:
in fact, Elison et al. [15] found that 7-month old who went on
to develop ASD, showed a delayed disengagement of visual
attention when viewing social and non-social stimuli during a
gap-overlap paradigm. The eye-tracking could be considered
a valid methodology to support clinical practice, especially
during the assessment of visual orienting mechanisms, and
might help to detect behaviors and subtle atypical signs that
are difficult to be detected otherwise, and allows a reliably
assessment in early infancy [1].

In addition, given that the VB is the first channel to com-
municate with others, the clinical evaluation of early visual
functions through appropriate, low-cost, and non-invasive
tools for infants and children is considered an important part
of the clinical practice in the follow-up of children at risk for
neurodevelopmental disorders. In fact for a few years, several
standardized protocols have been developed for use from cli-
nicians to assess oculomotor abilities, visual acuity and stere-
opsis, visual attention, and visual field in very young infants
[41, 45, 47].

Hence, the investigation of VB might be also consid-
ered a critical target in the early identification processes.
Their assessment is simple, not invasive, and based on
objective methodology. In fact, if an early deficit in the
domain of visual behavior will be further identified as a
prodromal sign of a neurodevelogerdpmental disorder,
this might also be considered for the development of tai-
lored treatments. To date, an early diagnosis, followed by
an early intensive treatment, is pivotal to improving the
outcomes of children diagnosed with ASD, especially
when the intervention is based on the developmental pro-
file of the child [12]. Even if the domain of visual behav-
iors is not considered yet in the context of early treatment
of ASD, some authors reported successful training pro-
grams based, for example, on the oculomotor deficit or
on the visual attentional control in infancy [56]. In con-
clusion, since the key-role of VB for navigating and for
orienting visual attention to spatial locations containing
pertinent information for adaption, a clear description of
this deficit in the context of an early diagnosis, could help
to identify clinical subgroups, in which visual perceptual

difficulties in children with ASD are present to a more or
a less extent [17, 57] and might improve the development
of more personalized treatments.
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