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ABSTRACT 

Since autism spectrum disorder (ASD) is a neurological and developmental disorder 
that is considered a major emerging public health issue, this study investigated the 
effect of observational practice on visual search behaviour, quiet eye and motor 
performance in overarm throwing skills in children with and without ASD. Children 
aged 7-10 years with and without ASD were matched for gender and randomly 
assigned into an experimental group (EG) with children with ASD (n=10; 8 boys 
and 2 girls), control group (CG) with children with ASD (n=10; 7 boys and 3 girls); 
EG with children without ASD (n=10; 7 boys and 3 girls) or CG with children 
without ASD (n=10; 7 boys and 3 girls). While all groups were homogenous at pre-
test, results indicated that both EGs that performed visual exercises were found to 
have significant (p<0.05) improvements in throwing accuracy, visual search 
behaviour and duration of quiet eye. No such improvements were found in both CGs 
at the conclusion of the study. Visual exercises could be a useful tool to improve 
motor learning in children with ASD in school- and physical therapy settings, and 
may be used to improve speech/language skills, and social communication skills in 
children with ASD. 
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INTRODUCTION 

Movement disability and motor learning are considered as the most important problems in 
children with different types of disorders and diseases, such as cerebral palsy and autism, which 
are emerging public health issues (Smits-Engelsman et al., 2003; Shariat et al., 2014). Recently, 
there is increasing attentiveness about autism spectrum disorders globally, despite ever-
increasing burden on public health. Autism spectrum disorder affects not only the child him or 
herself but also places a considerable financial and emotional burden on the caregivers and 
healthcare infrastructure of the country.  
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Autism spectrum disorder is defined by three problems, including a qualitative defect in 
socialisation, a defect in communication and language, repetitive and stereotyped movements, 
but their symptoms are not necessarily limited to the above (Fuentes et al., 2014; Cooper, 
2020). Many studies have tried to suggest the best way to reduce the symptoms of this disorder, 
most of which are usually evaluated by methods, such as behavioural therapy, cognitive-
behavioural therapies and stimulant drugs (Shariat et al., 2015; Lacivita et al., 2017; Scattone 
et al., 2018; Blank, 2019; Zhou et al., 2019). Other treatments, such as play therapy, relaxation 
training and non-stimulant medications, have also been considered (Barajas et al., 2017; 
Overley et al., 2018). However, due to the increased awareness of the side effects of drugs and 
medical interventions, greater emphasis is being placed on cognitive-behavioural therapies 
(Wood et al., 2020).  

It is unequivocal that motor retardation negatively affects communication, language, 
cognitive development, perception, balance, appearance, social interaction and motivation to 
participate in social activities in children with autism spectrum disorder (Gregor et al., 2018). 
Further, disabled and impaired movements may interfere with opportunities for positive 
experience and social learning, and as a result, reduced opportunities for social interaction may 
lead to poor understanding in practice (Shaw & Shaw, 2014; Gregor et al., 2018;). Through 
intervention, improved motor approaches and motor function may be used to improve 
speech/language skills and social communication skills in children with autism spectrum 
disorder (Adams et al., 2004). 

Many visual scenes contain more information than individuals can fully process all at once 
(Tsotsos, 1990). In these cases, visual attention is used to control the selection of the subset of 
the scene. Specifically, visual search is the mental and physical process of visual probing that 
allows the eye to have an opportunity to put an anomaly of interest into the active field of view. 
Interestingly, it appears that individuals with autism spectrum disorder display superior 
performance on tasks that produce difficult, apparently serial search, but not those that produce 
efficiently parallel search behaviour (O'Riordan et al., 2001). As such, it may prove an 
imperative to enhance visual search in individuals with autism spectrum disorder in an attempt 
to improve attentional control. 

Research in motor behaviour has emphasised that there is a relationship between glare 
behaviour and motor performance, especially in skills such as aiming that require refinement 
of visual-motor coordination (Vickers, 2016). As such, quiet eye is a strong feature of 
perceptual proficiency. Quiet eye represents a specific glare behaviour prior to the onset of 
movement or motor response (Vickers, 2016) and represents a critical period of cognitive 
processing during which the components of the next response, such as force, direction, and 
velocity, are precisely programmed and adjusted (Ulrich et al., 1998). In various sporting tasks, 
longer durations of quiet eye have been observed in skilled performers when compared to 
beginners and unsuccessful performers (Vickers, 2016). Thankfully, recent advances in the 
production of vision tracking equipment have led to an increase in studies of how visual 
attention affects the performance of targeting tasks (Millard et al., 2020).  

In terms of motor performance, novel skills may be learned from the outcomes of their own 
internally generated actions (experiential learning) or from the observation of the consequences 
of externally generated actions (observational learning) (Foti et al., 2019; Millard et al., 2020). 
Specifically, numerous studies have shown that visual learning can be a beneficial way to train 
motor skills in individuals without autism spectrum disorder (Jiang & Zhao, 2017; Hayes et al., 
2018;). Also, research has pointed out that children with autism spectrum disorder can also 
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learn new skills through visual learning, as a cognitive-behavioural learning process, through 
the development of their visual learning treasury (Scarpa et al., 2017; Wood et al., 2020).  

In this regard, most traditional teaching methods used in autistic children rely mainly on 
auditory instruction (Tissot & Evans, 2003). However, autism is a spectrum disorder, and not 
all children with autism spectrum disorder benefit from copious oral instruction during 
traditional classroom teaching approaches (spoken teacher instruction directing child activity) 
(Tissot & Evans, 2003). Although a child may have difficulty associating meaning with verbal 
instructions. In addition, this is not necessarily true of instructions that take a more visual form 
(Tissot & Evans, 2003). This lack of benefit from oral instruction is also linked to the lack of 
ability to derive meaning from spoken words, leading to severely limited, or even no, spoken 
language. On the other hand, research has indicated that children with autism spectrum disorder 
may have a special advantage with regard to visual abilities (Dimolareva & Dunn, 2020).  

This may make observational learning, as a cognitive-behavioural method, critical in 
improving visual search behaviour, quiet eye and motor performance in children with autism 
spectrum disorder. While such interventions have been undertaken with much success in 
children without autism spectrum disorder (Hebert, 2018), little or no research exists for the 
efficacy of such interventions in children with autism spectrum disorder. This is problematic 
in that improved motor approaches and motor function may be used to improve 
speech/language skills, social communication skills, language, cognitive development, 
perception, balance, appearance, social interaction and /or motivation in children with autism 
spectrum disorder. Such motor approaches may also provide an additional opportunity for 
qualified physical educators and human movement science specialists to complement existing 
proven management strategies, either in a school, home or clinician-based setting. 

PURPOSE OF STUDY  

The present study aimed to investigate the effect of observational practice on visual search 
behaviour, quiet eye and motor performance in overarm throwing skills in children with and 
without autism spectrum disorder. The primary outcome of this study was motor performance 
of children that was determined by throwing accuracy. Visual search behaviour and duration 
of quiet eye were the secondary outcomes of this study. 

METHODOLOGY  

Research design  
This study is a longitudinal pretest-posttest study with four gender-matched and randomised 
groups. This was a single blind study, as only the assessor was blind to the participants.  

Participants 
The permuted block randomisation method was used to randomly assign the participants into 
an experimental group (EG) for children with autism spectrum disorder (n=10; 8 boys and 2 
girls), control group for children with autism spectrum disorder (n=10; 7 boys and 3 girls), 
experimental group for children without autism spectrum disorder (n=10; 7 boys and 3 girls) 
or a control group for children without autism spectrum disorder (n=10; 7 boys and 3 girls).The 
sample size was defined using the G*Power 3.1 the current power of 0.80, α=0.05. Twenty 
children without autism and 20 with autism spectrum disorder aged 7 to 10 years from primary 
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schools and autism rehabilitation centres were randomly identified for participation in this 
study (Figure 1).  

Prior to participation in the study, all participants had to meet the following inclusion 
criteria: diagnosed with level 1 autism spectrum disorder, right-handed, have no mobility, 
vision or hearing problems, understand and be able to follow the instructions provided by the 
researcher and have sufficient motivation and enthusiasm to perform skills and interventions.  

Interventions 
At the start of the experimental procedure, each participant was instructed on how to perform 
correctly an overarm throw by a skilled demonstrator. To ensure they learned the basic pattern 
of movement, each participant performed the desired throwing skill, using a standard tennis 
ball, five times without scoring points. The Spectacle Tracker Glasses (model ORB523, Orbit, 
China) were then placed on each participants’ eyes, and the device was calibrated and the angle, 
and shooting speed adjusted accordingly. All participants then performed an overarm throw 10 
times, with a break of one minute between each attempt. Each score was recorded, as well as 
the staring (quiet eye or last stabilisation before bending the elbow). This was followed by the 
participants watching a video (https://kiddo.edu.au/skills/overarm-throw) using a 61-inch rear 
projection television (JVC HD61FN97, Kanagawa-ku, Yokohama, Japan) with internet 
connectivity demonstrating an overarm throw 10 times. Visual search behaviour was recorded 
while watching the video. 
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The EG participants (with autism spectrum disorder and without) watched visual exercises 
performed by a skilled demonstrator for three consecutive days and performed three sets of 10 
repetitions of overarm throwing, using a standard tennis ball. Similar to the pre-test, the 
information related to the result of movement and stare (quiet eye and visual search behaviour) 
was recorded using the Spectacle Tracker Glasses (model ORB523, Orbit, China). The CG 
participants (with autism spectrum disorder and without) did not receive any such training and 
continued their usual activities for the duration of experimental period. 

Ethical considerations 
Written approval was obtained from the primary schools and autism rehabilitation centres. In 
addition, written informed consent was obtained from the parents and/or legal guardians, while 
assent was obtained from the participants themselves. This study was approved by the relevant 
institutional ethics review board at the University of Tehran, Iran (IR.SSRC.REC.1398.016) 
and was conducted in accordance with the principles of the Declaration of Helsinki. All the 
procedures were conducted under supervision of the same physician and a psychologist.  

Data analysis 
Statistical analyses were performed using the Statistics Package for Social Sciences (SPSS v16; 
SPSS Inc., Chicago, Illinois, USA). All data are presented as mean±standard deviation (SD). 
Normality was checked for each variable using the Shapiro-Wilk test. T-tests were utilised to 
establish if any differences existed in the measured variables in the various groups from pre- 
to post-test. Cohen´s d was used to determinate the effect size (the value of 0.1 for small effect, 
0.3 for medium effect, and 0.5 for large effect). P-values equal to and less than 0.05 were 
considered as significantly different. 

RESULTS 

At pre-test, no significant (p<0.05) differences were found between the experimental and 
control groups and these groups can be considered homogenous.  

The results of the paired t-test demonstrated that in the experimental group with children 
with and without autism, visual exercises led to a significant increase in the accuracy of 
overarm throwing skills (from 56.00±1.53 to 67.80±8.49 throws; p=0.020 and from 67.10±1.38 
to 75.50±1.13 throws; p=0.001, respectively), duration of records (from 15329.10±1296.97 to 
17750.70±1310.01m.sec-1; p=0.001 and from 14544.10±881.93 to 20545.70±862.29m.sec-1; 
p=0.001, respectively), number of records (from 24.60±2.79 to 26.40±1.95; p=0.001 and 
29.80±2.97 to 31.30±2.83, p=0.012, respectively) and duration of quiet eye (from 
238.14±104.18 to 366.52±121.91 m.sec-1; p=0.010 and 460.03±181.52 to 
1043.42±756.14m.sec-1; p=0.001, respectively) (Table 1).  

However, no significant (p>0.05) change was found in the CGs with children with and 
without autism in the accuracy of overarm throwing skills (from 53.10±1.02 to 55.00±1.40  
throws; p=0.091 and from 78.30±1.23 to 79.10±1.18 throws; p=0.072, respectively), duration 
of records (from 17446.40±1339.61 to 17619.50±1493.77 m.sec-1; p=0.115 and from 
15071.30±1163.69 to 15492.80±1175.34 m.sec-1; p=0.731, respectively), number of records 
(from 26.00±2.82 to 26.70±3.19; p=0.130 and from 30.20±3.25 to 30.30±5.47; p=0.310, 
respectively), and duration of quiet eye (from 249.80±88.77 to 251.37±71.37m.sec-1; p=0.143 
and from 604.72±180.67 to 609.27±548.27m.sec-1; p=0.82 respectively) (Table 1). 
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Table 1. OBSERVATIONAL PRACTICE INTERVENTION AND VISUAL SEARCH 
BEHAVIOUR, QUIET EYE AND MOTOR PERFORMANCE  

Effect 
size 

between 
groups 

Between-group 
comparison 

Within-group 
comparison 

   

Without autism 
(n=20) 

With autism 
(n=20) 

Without autism 
(n=20) 

With autism 
(n=20) 

 
Time 

 
Group 

 
Variable 

0.50 0.001* 0.001* 0.001* 0.020* Pre-test Experimental 
(n=10) 

Overarm 
throwing 
skills 

Post-test 

0.072 0.091 
Pre-test Control  

(n=10) Post-test 

0.60 0.012* 0.002* 0.001* 0.010* 
Pre-test Experimental 

(n=10) 
Duration 
of quiet 
eye 

Post-test 

0.820 0.143 
Pre-test Control  

(n=10) Post-test 

0.58 0.001* 0.001* 0.002 0.001* 
Pre-test Experimental 

(n=10) 
Duration 
of 
records  

Post-test 

0.630 0.160 
Pre-test Control  

(n=10) Post-test 

0.63 0.001* 0.001* 0.012* 0.001* 
Pre-test Experimental  

(n=10) 
Number 
of 
records  

Post-test 

0.310 0.130 
Pre-test Control  

(n=10) Post-test 
* Significantly (p≤0.05) different 

DISCUSSION 

The present study aimed to investigate the effect of observational practice on visual search 
behaviour, quiet eye and motor performance in overarm throwing skills in children with autism 
spectrum disorder. Moreover, this study aimed to compare these effects in children without 
autism spectrum disorder. In this regard, the findings of this study demonstrate that visual 
exercises were found to have a positive effect on the accuracy of overarm throwing of children 
with and without autism. These findings are also supported by previous studies that investigated 
the effects of various methods of visual learning on children's motor skills with normal and 
impaired development, most of which have shown positive effects on visual learning (Breslin, 
2009; Clare et al., 2018).  

Social learning theorists emphasise that learning is beneficial and effective through 
observing a pattern and causes representation of the task (Wang et al., 2017; Duvall, 2020). 
Hypothetical mechanisms acquired through observation are no different from those developed 
during physical exercise involved in learning (Bandura, 1986). Therefore, it has been suggested 
that visual learning and physical learning may be acquired through similar cognitive processes 
(Adams, 1971). 

The results of this study with regard to visual search behaviour demonstrated that visual 
exercises increase the duration of visual stabilisation and, more importantly, identify more 
effectively appropriate areas for visual learning. In this regard, the visual exercises increased 
the number and duration of visual stabilisation in the main areas (ball and ball throwing path) 
when compared to the less important areas (body) in the experimental groups with children 
with autism and without autism. According to the direct perception theory, individuals directly 
perceive the external environment by stimulating the retina (Cook et al., 2012; Palmer et al., 
2015) and improves learning when considering the external signs of the observational model. 
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As such, Al-Abood et al. (2002) observed that the group performing basketball free throwing 
focused on external signs (the path of throwing the ball to the ring) compared to the group 
whose dynamic skills (motion shape) looked at the observation model and had superior motor 
performance and visual search (Al-Abood et al., 2002).  

It is argued that directing visual attention to the effects of the movement of the displayed 
model would enhance the achievement of the goal, freeing the degrees of freedom for self-
organisation. In addition, it has been shown that the processes of perception and action are 
functionally related to each other, so that perception guides the environment of action, and on 
the other hand, action is a means of gathering information for perception. As such, perception 
and action seem to occur simultaneously (Kugler & Turvey, 2015). Thus, the improvement in 
visual search behaviour following the prescribed visual exercises in this study, promotes the 
achievement of the goal, releasing the degrees of freedom for self-organisation which may, in 
turn, guide the visual attention of the displayed model movements (Bernstein, 1966). 

This study also found an improvement in quiet eye following visual training. These results 
suggest that three sessions of visual exercises increases the time of the quiet eye of children 
with and without autism during overarm throwing. Research has indicated that longer quiet eye 
duration develops vital planning throughout the parameter movement of direction and force. 
Therefore, the longer duration of this component provides the motor control system with 
information about the target position and makes the kinematic pattern and muscle activity 
pattern effective for successful skill execution (Vickers, 2016). Although the present study is 
the first to examine the effects of visual exercises on stare control. Visual exercises, such as 
visual-motor exercises, appear to facilitate parameterisation or motor control (Horn & 
Williams, 2004) and ultimately improve performance by increasing eye rest time in individuals 
with low stamina levels, such as children with autism spectrum disorders.  

Since the findings of this study demonstrate that visual exercise results in improvements in 
throwing accuracy, visual search behaviour and duration of quiet eye in children with autism 
spectrum disorder. This practice may prove to be a tangible public health strategy to improve 
motor learning, movement and/or motor control in children with autism spectrum disorder. In 
addition, this strategy may prove a cost-effective and time-efficient method when compared to 
traditional oral instruction approaches.  

However, it must be cautioned that previous studies have demonstrated that children with 
autism spectrum disorder reproduce incorrect movements of a demonstrator or actor due to 
their marked tendencies to hyper-imitate (Foti et al., 2014). This necessitates that health 
professionals make use of skilled demonstrators or visual aids that demonstrate only correct 
actions or tasks (Millard et al., 2020). Furthermore, it may prove invaluable, especially in 
school-settings, to make use of a sport, which is already applicable in that school. It is for these 
reasons that qualified physical educators and human movement science specialists be trained 
as coach learners with autism spectrum disorder.  

CONCLUSION  

The findings of this study demonstrate that visual exercise results in improvements in throwing 
accuracy, visual search behaviour and duration of quiet eye in children with autism spectrum 
disorder. Furthermore, according to the present study's findings, it appears children with autism 
spectrum disorder are as efficient as typically developing children in learning by observation. 
Thus, observational practice may prove to be a tangible public health strategy to improve motor 
learning, which in turn, may lower the public health burden by facilitating improvements in 
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motor control and concomitant improvements in speech/language skills, social communication 
skills, language, cognitive development, perception, balance, appearance, social interaction, 
and /or motivation in children with autism spectrum disorder. 
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