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 Abstract 

The present study was designed to examine the effects of two kind 

of feedback presentation, namely KR and KP, on movement 

pattern and accuracy of a Badminton serve in children with 

autism. We used a causal-comparative method in the current 

study. Sixty children with autism with an age range of 7 to 12 

years from special schools were selected based on a convenience 

sampling method and were randomly and equally assigned into 

four groups including KR, KP, KR+KP, and control groups. The 

motor task in the present study included the badminton serve, in 

which the movement patter and accuracy were measured as the 

dependent variable. The children participated in the pretest 

including 10 services, acquisition phase (5 training blocks, each 

of which included 10 services), and the retention test with 10 

services. Respective feedback was provided before each practice 

block. We used ANOVA to analyze data. The results showed that 

both KR and KP feedback improve both the pattern and the 

accuracy of movement better than the condition without 

feedback. In addition, KP had better effects on the movement 

pattern and KR had better effects on the movement accuracy. 

Finally, children who were in the combination group performed 

better than all the groups in both execution of the movement 

pattern and service accuracy. Children with autism benefit from 

feedback to learn novel motor skills, indicating that they may 

have the necessary mechanisms to learn new skills through 

feedback. 
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1. Introduction 

Learning is the ability to skillfully execute a 

movement that evolves during practice, such 

that improved ability leads to improved 

performance. Therefore, performance 

improvement is not learning in itself, but 

rather a sign of learning. Motor learning is a 

set of processes with practice and experience 

that lead to relatively stable changes in 

skillful performance. In other words, motor 

learning is a set of internal processes that are 

associated with practice and experience and 

lead to relatively constant changes in the 

ability or performing skillful behaviors 

(Schmidt & Lee, 2011; Saeedpour-Parizi et 

al. 2020, 2021). Increasing the level of 

performance in various sports activities has 

been the focus of many researchers. On the 

other hand, in order to increase performance 

and learn skills, there are various techniques 

and strategies before training. Some of these 

techniques and strategies are included 

observing a model (Mohammadi et al. 2022; 

Hazrati et al. 2022; Hashemi Motlagh et al. 

2022; Ghorbani & Bund, 2014, 2016; 

Ghorbani, Ghanati, Dana, & Salehian, 2020; 

Mokhtari, Shojaei, & Dana, 2007), enhanced 

expectancies (Ghorbani, & Bund, 2020), and 

adopting an external focus of attention 

(Ghorbani, Dana, & Christodoulides, 2020; 

Ghorbani, Dana, & Fallah, 2019).  

In addition, an important factor that is 

often used by sport coaches to teach sports 

skills to novices is to provide the leaners with 

feedback. Feedback is the information that is 

generally provided to the learner after each 

attempt or group of attempts according to the 

movement pattern, movement outcome, or 

according to the environment and is 

considered as one of the most important 

factors affecting the learning of motor skills 

(Baniasadi, Ranjbari, Khajehaflaton, Neshati 

& Dana, 2022; Chaharbaghi et al. 2022; 

Guadagnoli & Kohl, 2001; Williams & 

Jasiewicz, 2001). In fact, feedback is any 

sensory information about movement, not 

just error, which can be provided through a 

person’s internal systems or from an external 

source such as film, teacher, and audience. 

Shea and Wulf (2005) stated that, in addition 

to the guidance hypothesis in understanding 

the effects of feedback on the performance 

and learning of motor skills, it is important to 

examine how feedback interacts with other 

factors, such as the complexity of the task, the 

skill level, the focus of attention, and the 

characteristics of the subjects.  

Feedback can be divided into two broad 

categories, intrinsic (internal) and augmented 

(external) feedback. Usually, people receive 

information about different aspects of 

movement through their different senses. 

This type of information, which is available 

to the performer during or after the execution 

of the movement, is intrinsic feedback. 

Unlike intrinsic feedback, augmented 

feedback is information related to movement 

that is complementary or additional to 

intrinsic feedback (Butki & Hoffman, 2003; 

Baniasadi, Ranjbari, Khajeaflaton Mofrad & 

Dana, 2022; Chaharbaghi, Baniasadi & 

Ghorbani, 2022). The different dimensions of 

augmented feedback include knowledge or 

results (KR) and knowledge of performance 

(KP). KR has many applications and it seems 

necessary in learning and implementation to 

a large extent (Rice & Hernandez, 2006). 

This type of feedback has a guiding effect on 

the individual and makes him aware of what 

corrections to make in his next performance, 

although it may also create dependence. To 

help the patient learn a skill, therapists first 
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give him feedback related to the result, but 

ultimately, the goal is to develop the patient’s 

internal feedback. KP depends on the type of 

movement execution, and although this 

information may be available internally, the 

augmented feedback helps people to reach 

the goal more quickly and easily and to 

compare their performance with the desired 

goal (Baniasadi, Ranjbari, Abedini, Dana & 

Ghorbani, 2022; Guadagnoli et al. 2002; 

Gillespie, 2003; Seyedi Asl et al. 2016; 

Taghva et al. 2020). It should be mentioned 

that this type of additional information in the 

form of KP can help the processes that 

involve the coordination of perception. 

Although many studies have been done on 

feedback and its effect on motor learning, the 

focus of these studies has been on healthy 

people. In order to be able to prescribe an 

effective method for different people, it is 

necessary to know how the motor learning 

hypothesis works in special people such as 

children with developmental delay, DCD, 

and cerebral palsy 

(Eskandarnejad, Mobayen, & Dana, 2015; 

Khosravi et al. 2023; Seyedi Asl et al. 2021). 

As well, one of the disabilities that has rarely 

been studied in the field of mental practice 

and motor imagery is Autism. Autism 

Spectrum Disorder is a group of 

developmental disorders of the nervous 

system, whose main manifestations include 

defects in social interactions, 

communication, as well as repetitive 

behaviors and limited interests (Aqdassi et al. 

2021). In addition to deficits in social skills 

and stereotyped and repetitive behaviors, 

autistic children have delays in motor skills. 

Delays in motor abilities in autistic children 

are diverse and include delays in sitting, 

crawling, walking, as well as abnormal 

stepping, poor postural control, and inability 

to plan movements (Aqdassi et al. 2021; 

Gkotzia et al. 2017; Ketcheson et al. 2018). 

The main manifestation of social deficits in 

autism includes poor eye contact, lack of 

emotions or social confrontation, defects in 

using non-verbal behaviors and lack of age-

appropriate communication (Lourenco et al. 

2020; Mohd Nordin et al. 2021). 

As mentioned earlier, the effects of 

feedback on learning new motor skills in 

children with autism have been rarely 

investigated. Due to the positive effects of 

feedback on motor learning as well as poor 

motor skill performance in children with 

autism, it seems necessary to find factors 

what facilitate motor performance and 

leaning in children with autism. Hence, the 

present study was designed to examine the 

effects of two kind of feedback presentation, 

namely KR and KP, on movement pattern 

and accuracy of a Badminton serve in 

children with autism. It was hypothesized 

that both KR and KP would lead to better 

movement pattern and accuracy than no-

feedback control condition. In addition, a 

combination of KR and KP would lead to 

movement pattern and accuracy than each 

one alone in children with autism.  

 

2. Method 

We used a causal-comparative method in the 

current study. Sixty children with autism with 

an age range of 7 to 12 years from special 

schools were selected based on a 

convenience sampling method and were 

randomly and equally assigned into four 

groups including KR, KP, KR+KP, and 

control groups. 
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2.1. Motor task 

The motor task in the present study included 

the badminton serve. For this purpose, Scott 

and Fox badminton long service test, which 

is a standard test, was used. The validity of 

this test is about 0.84 and its reliability is 

reported as 0.90. To perform this test, first, 

we divided the right and end corner of the 

badminton court into five half circles from 

the top. The distance between each half circle 

was five centimeters. Each circle from above 

has 1, 2, 3, 4, 5 points respectively. When the 

shuttle is placed in each of the circles, the 

score of the same circle is recorded for the 

subject. Due to the fact that there is a standard 

for the height of the service, a rope with a 

height of 240 cm is installed at a distance of 

420 cm from the net. To evaluate the 

movement pattern, all serves of each 

participant were recorded by a digital camera, 

and then a coach with ten years of coaching 

experience in badminton was asked to give a 

score between 1 and 5 to the pattern executed 

by the participant. Score 1 means poor 

movement pattern and score 5 means 

excellent movement pattern.   

2.2. Procedure 

The demographic information of the children 

was obtained from their school records. Each 

participant was tested individually in the 

school gym. Before implementing the 

research protocol, children’s height and 

weight were measured using standard tools. 

Then, the purpose of the study and how to 

implement it were explained to each 

participant. Then, the participants performed 

three services to familiarize themselves with 

the environmental conditions. Then the 

participants participated in the pre-test 

included 10 services. At this stage, they did 

not receive any feedback. In the acquisition 

phase, the participants participated in 5 

training blocks, each of which included 10 

services. Feedback was provided before each 

practice block. The way of providing 

feedback was that the participants of the KR 

group were given the points obtained from 

the service performance. The participants of 

the KP group were given feedback by a 

badminton coach about how they performed 

the movement and how to improve it. 

Participants in the combined group were 

given both KR and KP feedback. Participants 

in the control group did not receive any 

feedback during training, but participated in 

all training blocks. One day later, the 

retention test was performed with 10 services 

and no feedback was provided to any of the 

participants.  

2.3.  Data analysis 

Mean and standard deviation were used to 

describe the research variables. One-way 

analysis of variance (ANOVA) was used to 

analyze the movement pattern and accuracy 

in the pre-test and the retention test. Repeated 

measures ANOVA was used to measure the 

progression of the participants as well as 

group differences during the acquisition 

phase. HSD post hoc test was used as a post 

hoc test. The level of statistical significance 

was set at P < 0.05. 

 

3. Results 

First of all, the results showed that mean age 

of the children was 9.84±1.47 years old. 

Height and weight of the children were 

139.17±10.17 cm and 32.97±5.07 kg, 

respectively. Finally, BMI of the children 

was 18.91±1.64. Table 1 and Figure 1 show 

the mean and standard deviation of 
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movement pattern scores across the tests and 

groups.

Table 1 

Movement pattern scores across tests and groups 

 KR KP KR+KP Control 

Pretest 0.39±0.85 0.31±0.57 0.28±0.39 0.35±0.48 

Acquisition phase 0.69±1.07 1.55±1.84 2.28±1.58 0.63±0.80 

Retention test 0.89±1.14 1.60±1.40 1.90±1.93 0.30±0.55 

 

 

Figure 1. Movement pattern scores across tests and groups 

Regarding movement pattern scores, 

results showed no significant differences 

between groups in the pretest, F = 0.27, p = 

0.932. During the acquisition phase, main 

effects for group, F = 12.94, p = 0.000, and 

bock, F = 7.09, p = 0.000, were significant. 

However, no significant interaction between 

group and block was observed, F = 0.54, p = 

0.481. Here, the results of HSD test showed 

that KR+KP group had significantly better 

movement pattern scores than all other 

groups (all P=0.000). Also, KP group had 

significantly better movement pattern scores 

than KR and control groups (both P=0.000). 

However, KR group was not significantly 

different from the control group (P=0.409). 

In the retention test, the results showed 

significant differences between groups, F = 

9.22, p = 0.000. Here, the results of HSD test 

showed that KR+KP group had significantly 

better movement pattern scores than all other 

groups (all P=0.000). Also, KP group had 

significantly better movement pattern scores 

than KR and control groups (both P=0.000). 
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Finally, KR group had significantly better 

movement pattern scores than the control 

group (P=0.000). 

In addition, Table 2 and Figure 2 show the 

mean and standard deviation of movement 

accuracy scores across the tests and groups. 

 

Table 2 

Movement accuracy scores across tests and groups 

 KR KP KR+KP Control 

Pretest 0.22±0.38 0.19±0.40 0.30±0.10 0.17±0.27 

Acquisition phase 1.39 ±1.22 1.02±1.13 2.01±1.54 0.25±0.40 

Retention test 1.49±1.63 1.12±1.52 1.98±1.70 0.36±0.36 

 

 

Figure 1. Movement accuracy scores across tests and groups 

Regarding movement accuracy scores, 

results showed no significant differences 

between groups in the pretest, F = 0.39, p = 

0.827. During the acquisition phase, main 

effects for group, F = 18.67, p = 0.000, and 

bock, F = 8.69, p = 0.000, were significant. 

However, no significant interaction between 

group and block was observed, F = 0.17, p = 

0.938. Here, the results of HSD test showed 

that KR+KP group had significantly better 

movement accuracy scores than all other 

groups (all P=0.000). Also, KR group had 

significantly better movement accuracy 

scores than KP and control groups (both 

P=0.000). Moreover, KP group had 

significantly better movement accuracy 

scores than the control group (P=0.000). In 

the retention test, the results showed 

significant differences between groups, F = 

12.08, p = 0.000. Here, the results of HSD test 
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showed that KR+KP group had significantly 

better movement accuracy scores than all 

other groups (all P=0.000). Also, KR group 

had significantly better movement accuracy 

scores than KP and control groups (both 

P=0.000). Finally, KP group had 

significantly better movement accuracy 

scores than the control group (P=0.000). 

 

4. Discussion 

The effects of feedback on learning new 

motor skills in children with autism have 

been rarely investigated. Hence, the present 

study was designed to examine the effects of 

two kind of feedback presentation, namely 

KR and KP, on movement pattern and 

accuracy of a Badminton serve in children 

with autism. It was hypothesized that both 

KR and KP would lead to better movement 

pattern and accuracy than no-feedback 

control condition. In addition, a combination 

of KR and KP would lead to movement 

pattern and accuracy than each one alone in 

children with autism.  

The results of the present study showed 

that both KR and KP feedback improve both 

the pattern and the accuracy of movement in 

children with autism compared to the 

condition without feedback. This result is 

significant in itself because it indicates that 

children with autism can use feedback to 

improve their motor performance and 

learning, indicating that they have feedback 

analysis mechanisms that include error 

detection and feedback analysis for 

correcting the improving the pattern and 

accuracy of the motor skill they have already 

executed (Aqdassi et al. 2021; Gkotzia et al. 

2017; Ketcheson et al. 2018). Therefore, 

sports coaches and teachers can use feedback 

to improve the performance and learning of 

motor skills in children with autism. These 

results are also consistent with the results of 

previous studies on typically developing 

children that showed that feedback plays an 

important role in motor learning process 

(Guadagnoli & Kohl, 2001; Williams & 

Jasiewicz, 2001).  

In addition, the results of this study 

showed that KP had better effects on the 

movement pattern and KR had better effects 

on the movement accuracy. These findings 

seem logical because the children who 

received KP were able to detect their 

movement error and because there was 

constant feedback from the instructor after 

each movement, they were constantly 

correcting the movement pattern, and 

therefore, it can be expected that their 

movement pattern was better compared to the 

KR feedback condition. On the other hand, 

the children who received the KR feedback 

always tried to get better scores in performing 

the badminton serve, and after receiving the 

KR feedback, they tried to adjust and modify 

their next performance to get a better score 

than the previous performance. This makes 

the children perform better in the movement 

accuracy than the KP feedback group (Butki 

& Hoffman, 2003; Rice & Hernandez, 2006; 

Guadagnoli et al. 2002; Gillespie, 2003).  

Finally, the results of the present study 

interestingly showed that the children who 

were in the combination group (KR+KP 

feedback) performed better than all the 

groups in both execution of the movement 

pattern and service accuracy. This result, 

which is considered one of the most 

important results of the current study, shows 

that the combination of KR and KP feedback 

can play a very important role in the process 
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of performance and learning new motor skills 

in children with autism. When children 

received both instructor feedback regarding 

their movement pattern errors and were 

informed of the movement outcome, they 

were able to establish a convergence between 

the movement pattern and the movement 

outcome, which subsequently led them to 

both correct the movement pattern and 

getting a better movement result (Lourenco et 

al. 2020; Mohd Nordin et al. 2021; Rice & 

Hernandez, 2006; Gillespie, 2003). 

Therefore, it can be suggested that sports 

coaches and teachers use the combination of 

KR and KP feedback to teach new motor 

skills to children with autism.  

 

5. Conclusion 

In summary, the results of this study reveal 

that children with autism benefit from 

feedback to learn novel motor skills, 

indicating that they may have the necessary 

mechanisms to learn new skills through 

feedback. In addition, a combination of KR 

and KP would be better strategy for learning 

new motor skills. Therefore, it is suggested 

that sports coaches and teachers use the 

combination of KR and KP feedback to teach 

new motor skills to children with autism. 
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