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Abstract
Background: Feedback can improve task learning in children with developmental coordination disorder (DCD). However, the frequency 
and type of feedback may play different role in learning and needs to more investigations.
Objectives: The aim of this study was to evaluate the acquisition and retention of new feedback skills in children with DCD under different 
frequency of self-control and control examiner feedback.
Materials and Methods: In this quasi-experimental study with pretest-posttest design, participants based on their retention were divided 
into four feedback groups: self-controlled feedback groups with frequencies of 50% and75%, experimenter controls with frequencies of 50% 
and 75%. The study sample consisted of 24 boys with DCD aged between 9 to 11 years old in Ahvaz City, Iran. Then subjects practiced 30 
throwing (6 blocks of 5 attempts) in eighth session. Acquisition test immediately after the last training session, and then the retention test 
were taken. Data were analyzed using the paired t-test, ANOVA and Tukey tests.
Results: The results showed no significant difference between groups in the acquisition phase (P > 0.05). However,in the retention session, 
group of self-control showed better performance than the control tester group (P < 0.05).
Conclusions: Based on the current findings, self-control feedback with high frequency leads to more learning in DCD children. The results 
of this study can be used in rehabilitation programs to improve performance and learning in children with DCD.
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1. Background
Some children with mobility problems have some char-

acteristics including delayed motor development, bal-
ance disorder, cognitive disorder, physical inexperience, 
poor motor coordination, and some have mild neuro-
logical impairment (1). Developmental coordination dis-
order (DCD) is the second most common disorders that is 
prevalent among school age children and reported to be 
6% (2). This disorder involves impairments in gross motor 
skills, fine and gross motor coordination. According to 
DSM-IV-TR, motor coordination disorder is a significant 
impairment in coordination that affects achievement of 
specific daily activities such as clothing, brushing, and 
participation in sports activities and games. The disorder 
is not caused by a medical disorder, or a developmental 
delay is incompatible with normal growth. The main fea-
tures of DCD defined as low performance and poor coor-
dination than the expected person’s age and intelligence 
in daily activities (3).

Theories of motor control and motor learning, suggest 
Basal Ganglia, cerebellum and frontal lobe are involve-
ment in DCD (4). Many children with disabilities and 

poor mot or coordination are referred to occupational 
therapists that some of these children are known as DCD. 
It is estimated that 2% - 15% of children are diagnosed with 
the disorder (5), DCD prevalence rates in age 7 is around 
5% - 6% (6), and according to reports, sons are likely diag-
nosed with this disorder 3 to 7 times more than girls (7).

Despite these features, a number of studies on motor 
learning progress of these children with developmental 
delays have been conducted by a number of researchers 
and showed promising results caused by a feedback fac-
tor. For example, Rice and Hernandez (8) in a research on 
children with developmental delays found that feedback 
improve these children’s motor and learning skills and 
have a significant impact. Similarly, Wiliston et al. (9) also 
showed that the feedback information is a key factor in 
their learning progress. The importance of feedback for 
learning and performance is evident across all theoreti-
cal approaches such as Grounded - goal theory (10), con-
trol theory (11) and social cognitive theory (12). Feedback 
shows that how much effort is required to achieve spe-
cific goals for the task; therefore, they learned effective 
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strategies for those tasks, the level of effort that effec-
tively is required and revise their strategies and efforts to 
improve the performance (11, 13).

Despite these theoretical advantages of feedback, previ-
ous experimental studies have shown that feedback can 
have both positive and negative effects on learning and 
motor performance (14). Positive effects are associated 
with augmented feedback (KR) which used by athletes 
as a reference for error correction and improved subse-
quent performance (15). In contrast, the negative effects 
occur when excessive feedback is presented and caused 
dependency for people (16). The way of providing feed-
back is subject to the researchers in acquisition and learn-
ing of motor skills. According to a source of presentation, 
we can divide it into the teacher orientation (frequency 
and time of feedbacks is determined by the instructor) 
and subject orientation (frequency and time of receiving 
the feedbacks determined by the subject).

Documentary evidence indicates that the feedback with 
self-control methods or subject orientation improved 
learning of motor skills due to the effects of motivation, 
deeper processing of relevant information on the perfor-
mance (17-19). Also, recent researches by Chiviacowsky et 
al. (17, 20, 21), in self-controlled feedback express more 
attention in this method than other methods. Wulf and 
Toole (19) suggested that self- controlled feedback meth-
od will encourage participants to explore more options. 
Limited research has been done for self-controlled feed-
back in special children. For example studies of Hemay-
attalab et al. (22) in children with cerebral palsy showed 
that self-controlled group compared with examiner con-
trol group had better performance and the advantage of 
self-controlled was evident.

2. Objectives
Given that the low number of self-controlled feedback 

researches for abnormal persons and also the immense 
importance of this type of feedback and contradictory 
in results, the aim of this research was to determine that 
witch feedback method can be prioritized over the oth-
er methods (either test control or self-control), that has 
higher impact on education.

3. Materials and Methods

3.1. Participants
Participants were 24 individuals with DCD diagnosed 

with high functioning DCD (IQ: 50 - 70). The participants 
were selected from mental retarded children schools in 
Ahvaz City. Each child had to meet the criteria of DCD 
diagnosis on both DSM-IV (6) (Association and DSM-IV, 
2000) and using basic motor ability tests, Coolidge per-
sonality and neuropsychological inventory and Riven 
intelligence test (23) (Lord, Rutter, and Le Couteur, 1994, 
Coolidge, 2002) which was examined by a child psychia-

trist or psychologist. The age range of the individuals was 
9 - 11 years. They were randomly selected from a group of 
individuals who were right-handed (because, be right 
handed is as important factor in throwing skills) and 
had no disabilities in the performing hand and also had 
no gross visual deficits and were all novices in the skill 
(throwing darts). All participants gave informed consent 
and their legal guardians also gave informed consent. 
The protocol was approved by the review board of Sha-
hid Chamran university prior to participant recruitment, 
and all participants’ parent provided written informed 
consent before participation in experimental proce-
dures. The study was also approved by the ethics commit-
tee of Shahid Chamran university of Ahvaz.

3.2. Apparatus and Task
Subject’s task was throwing over the shoulders with 

tennis balls and steer the ball toward the goal. The target 
was a circle with a radius of 10 cm that was located within 
3 meters of the participants. Ten concentric circles with 
radii of 10, 20, 30… and 100 were drawn around the ob-
ject Figure 1. These circles were used for measuring the ac-
curacy. Participants performed the throwing task by the 
non-dominant hand over the shoulder with closed eyes. 
Scoring is 100 points for circle of 10 cm radius and respec-
tively 90, 80, 70… 10 for circle of 100 cm radius, and if the 
ball hits out of outer circle, subjects get score of 0.Target 
area is divided into four quadrants, thereby it makes pos-
sible for giving the KR associated with each group based 
on the throwing angle and distance from the center of 
the goal. The four quadrants represent long, short, left 
or straightforward throwing, also to determine the accu-
racy of throwing we used the words “near” and “far”, so 
that “near” means the circle of radius 10 to 50 cm and the 
“far” mean the circle of 60 to 90 cm radius. For example, 
if the ball hit the circle in left and 80 points, thus giving 
feedback will be “left-far”; If the ball hit the circle of 10 cm 
radius, subjects will be informed that the throwing has 
done quite well (22).
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Figure 1. The Task of Study
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3.3. Procedure
In this quasi-experimental study with pretest-posttest 

design, participants based on their retention were al-
located into four experimental groups: self-controlled 
feedback with 50% abundance, self-controlled with 75% 
abundance, experimenter control feedback with abun-
dance of 50%, and experimenter control feedback with 
abundance of 75%. The study population consisted of 
boys with DCD in Ahvaz city in 2013 that 24 subjects have 
been selected through objective and available method 
and then randomly divided into 4 groups of 6 in each. All 
selection and sampling processes have been performed 
by a clinical psychologist and an educator of children 
with disorder.

3.4. Methods of Research Implementation
Subjects practiced and then performed the task with 

their none-dominant hand. Distance between subjects 
and the center of the circle were 3 meters. One session 
was dedicated to train throwing skills over the shoul-
der. In this session, participants learned how to perform 
the task. After the skill has been displayed, subjects per-
formed two blocks of five attempts at pretest and scores 
were recorded as pretest points. After the pretest, 
subjects were randomly assigned to four groups: self-
controlled feedback with 50% of abundance, self-con-
trolled with abundance of 75%, experimenter control 
feedback with 50% abundance and the experimenter 
control with abundance of 75%.Then subjects practiced 
30 throwing (6 blocks of 5 attempts) in eight sessions. 
Acquisition test and the retention test were performed 
immediately after the last training session. It should be 
noted that the acquisition and retention of feedback 
were removed.

3.5. Statistical Analysis
To analyze the obtained data, descriptive and inferen-

tial statistics were used. In the descriptive statistics mean 
and standard deviation of the groups in the pretest, test, 
acquisition and retention were calculated. Also, in the 
inferential statistics, paired t-test, and one-way ANOVA 
(analysis of variance) for acquisition and retention test 
and Tukey were used to determine differences between 
groups.

4. Results
 Table 1 shows the descriptive results of the subjects in 

pretest, acquisition and retention. As the table results 
show, the group of self-controlled with abundant of 75% 
had better performance than the other groups in the 
retention phase. There was no significant difference be-
tween the groups in the acquisition phase.

It is noteworthy that subjects with higher scores indi-
cating better performance. As Table 2 shows a training 
session with self-controlled feedback and frequency 

of 50% and 75% and also examiner controlled feedback 
with frequency of 50% and 75% have a significant effect 
on acquisition of over the shoulder throwing skill (ex-
aminer feedback group with frequency of 50%, T = -12.17 
and P = 0.002, self-controlled feedback group with 
frequency of 50%, T = -20.57 and P = 0.001, examiner 
feedback group with frequency of 75%, T = -16.31 and P = 
0.001, self-controlled feedback group with frequency of 
75%, T = -21.91 and P = 000.0). Also, according to the aver-
age obtained in Table 1, the effect of training sessions 
with all four types of feedback on skill acquisition was 
the same and all groups showed equal improvement, 
and there was no difference between them in this step. 
As the results in Table 2 shows, the training session with 
self-controlled feedback and prevalence of 50% and 75% 
and also experimenter feedback control with a fre-
quency of 50% and 75% have significant effects on reten-
tion of over the shoulder throwing skills (the examiner 
feedback group with frequency of 50%, T = -7.48 and P = 
0.001, self-controlled feedback group with frequency of 
50%, T = -16.56 and P = 0.001, examiner feedback group 
with frequency of 75%, T = -10.88 and P = 0.000, self-con-
trolled feedback group with frequency of 75%, T = -20.08 
and P = 0.000.

Also, according to the mean obtained in Table 1, a train-
ing session with both types of self-controlled feedback 
(50% and 75%) on retention of throwing skills was more ef-
ficient than experimenter feedback control. At this point 
the self-controlled group showed better performance

Table 1. Descriptive Results of the Tests

Groups/Stages Number Valuesa

Examiner-controlled 50%

Pretest 6 36.83 ± 2.43

Acquisition 6 60.50 ± 3.08

Retention 6 47.67 ± 1.86

Self-control 50%

Pretest 6 39 ± 2.36

Acquisition 6 61.17 ± 1.60

Retention 6 55.00 ± 1.89

Examiner -controlled 75%

Pretest 6 39.17 ± 3.06

Acquisition 6 62.50 ± 2.34

Retention 6 57.17 ± 1.94

Self-control 75%

Pretest 6 36.17 ± 3.18

Acquisition 6 64.83 ± 2.56

Retention 6 69.67 ± 3.01

aData are presented as mean ± SD.
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than the experimenter feedback control group. Also, ac-
cording to the average obtained in Table 1, the effects of 
training with self-controlled feedback and frequencies of 
75% was much higher than the other three types in the re-
tention phase, and more self-controlled feedback equals 
better learning for participants. As the results in Table 
3 shows, there was no significant difference between 
groups in acquisition test (F =3.63, P = 0.030). However, 
there was asignificant difference between the groups in 
retention test (F = 100.91, P = 0.000) that this advantage is 
with the experimenter and self-controlled feedback con-
trol with higher frequencies (75%). To illustrate the status 
between groups, Tukey test was used. The results showed 
that there was no significant difference between groups 
in the acquisition phase. In retention, no significant dif-
ference was observed between self-controlled with 75% 

and self-controlled with 50% groups (P = 0.001), self-con-
trolled of 75% and the experimenter control of 50% (P = 
0.001), and self-controlled of 75% and experimenter con-
trol of 75% (P = 0.001). However, the mean of experiment-
er control group with 75% was higher. There was no sta-
tistically significant difference between self-controlled 
with 50% and experimenter control of 75% (P = 0.358).
The result of statistical tables showed that self-controlled 
group with 75% frequency was more efficient and has 
more advantages for learning throwing skills in children 
with DCD. The results of the current study showed that a 
higher frequency of self-controlled in feedback (75%) has 
the advantage of better learning motor skills.

To better illustrate the groups at pretest, training ses-
sions, acquisition and retention, diagram below is pre-
sented in Figure 2.

Table 2. Paired T-Test Results in the Acquisition and Retention

Group Tests Valuesa T Df Sig

Pretest-Acquisition

Examiner-controlled 50% Pretest –Acquisition -23.67 ± 4.76 -12.17 5 .002

Self-controlled 50% Pretest –Acquisition -22.17 ± 2.63 -20.57 5 .001

Examiner-controlled 75% Pretest –Acquisition -23.33 ± 3.50 -16.31 5 .001

Self-controlled 75% Pretest –Acquisition -28.67 ± 3.20 -21.91 5 .000

Pretest-Retention

Examiner-controlled 50% Pretest – Retention -10.83 ± 3.54 -7.48 5 .001

Self-controlled 50% Pretest – Retention -16.00 ± 2.36 -16.56 5 .001

Examiner-controlled 75% Pretest – Retention -18.00 ± 4.05 -10.88 5 .000

Self-controlled 75% Pretest – Retention -33.50 ± 4.08 -20.08 5 .000

aData are presented as mean ± SD.

Table 3. ANOVA Results for Acquisition and Retention

Source SS df SM F P Value

Acquisition

Between group 65.83 3 21.94 3.63 .10

Within group 120.66 20 6.03 NA NA

Total 186.50 23 NA NA NA

Retention

Between group 1506.12 3 502.04 100.91 .000

Within group 99.50 20 4.97 NA NA

Total 1605.62 23 NA NA NA

Abbreviations: df, Degree of Freedom; NA, not available; SM, Sum of Means; SS, Sum of Squares.
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Figure 2. Results of Groups in the Pretest, Acquisition and Retention 
Phases

5. Discussion
There is no doubt that feedback concept plays an impor-

tant role in the acquisition and learning motor skills (24). 
However, most of investigations have been for normal 
people. Thus, it is important that we make people under-
stand that diverse populations in similar ways respond 
to feedback. Several of these studies help us in under-
standing of how abnormal people respond to feedback 
like normal people. The results of the present study will 
confirm the extend theory of their effect, especially the ef-
fect of self-controlled and examiner feedback frequency 
on learning and restraint.

The aim of this study was to compare the effects of fre-
quencies in self-controlled and examiner feedback con-
trol on acquisition and retention of skills in children 
with DCD. Results of statistical analysis showed that all 
four training conditions on the learning of children with 
DCD in the test had a significant impact on acquisition 
and retention. As the results show a higher frequency of 
feedback (self-controlled (75%) and experimenter control 
75%) effectiveness in children is higher.There are many 
reasons: First, learning requires the development of 
mechanisms to detect and correct errors automatically 
that in fact make learners force to compare internal feed-
back with external information.

Thus, a kind of meaning has given to internal feedback 
in which will be interpreted in the future. Since children 
have relatively limited experience it is expected that the 
regulatory facilitate with process through relatively fre-
quent feedback that in this case it’s regardless of whether 
or not the request is submitted. Secondly, children are 
different from adults in terms of information processing 
(25, 26). Developmental changes in memory (store and 
organize information) and the ability to use strategies 
(manipulating information in short-term memory) that 
increases from three years to adulthood has an effect on 
the processing speed. Thus, along with aging, the same 
information can be processed in less time and allows us-
ing data effectively. Limits of information processing in 
children can have an effect on motor learning process 
and particularly the use of feedback information.

Using KR to achieve better performance is improved 
with increasing age (19, 27). For example, Barclay and 

Newell (28) used self-regulation intervals after providing 
feedback and found that 10 - 11 year old children do not ef-
fectively use these intervals, and spend more time for KR 
processing. Thus, exposing to more KR (higher frequen-
cy) can improve information processing and resolves this 
restriction and leads to more effective learning compar-
ing to lower KR frequency (27). Finally, there is evidence 
indicating that in learning hard tasks, learners benefit 
much more from frequent feedback than reduced feed-
back (29). Thus, it appears that the negative effects asso-
ciated with frequent feedback will reduce. Similarly, it 
is true to be saying that the tasks that are easy for young 
adults will be fairly difficult for inexperienced children. 
Also, you may consider the task in the present study as a 
difficult task for children with DCD that suffer from limi-
tations in the balance compared to normal children.

Studies of the effect of self-controlled on a task or learn-
ing motor skills prove positive impact of self-controlled 
on learning. In most of these studies, the self-controlled 
group has been compared with non self-controlled. For 
example, Janelle et al. (18) were the first in the self-con-
trolled feedback research, Wulf and Toole (19) and Wulf 
et al. (29) by using a skiing simulator, Chiviacowsky 
and Wulf (17) by using scheduling task with particular 
sequence, and Wulf et al. (30) in learning jump shot in 
basketball were used for comparison (31-34). Also, the 
advantages of self-controlled feedback support by He-
mayattalab et al. (22) research were compared to the 
experimenter feedback control. Also, comparison of the 
two groups (self-controlled and experimenter control) in 
the acquisition phase showed that there was no signifi-
cant difference between groups and both groups have 
significant progress in this step. The results is consistent 
with Janelle et al. (18, 35), Chiviacowsky et al. (20, 21, 36), 
Wulf et al. (30), Chiviacowsky and Wulf (17) in absolute 
timing (30, 37, 38), and with Chiviacowsky and Wulf (21) 
is relatively inconsistent in scheduling. Another did not 
find study that reached opposite result; therefore, series 
of studies show that there is no significant difference 
between self-controlled and experimenter feedback. The 
reason for this can be interpreted and explained that they 
analyzed self-controlled feedback in both cognitive and 
motivational phenomenon and stated that it is possible 
that these processes (cognitive and motivational) play 
role in superiority of self-controlled in learning process. 
To explain the effects of self- controlled feedback it seems 
that there is an inverse relationship between cognitive 
and motivational processes.

During training and skill acquisition, self-control sub-
jects have more motivation. They are free for choosing 
target, more sense of independence and self-efficacy and 
for these reasons have a higher intrinsic motivation and 
the effort to learn. However, from the cognitive view, self-
controlled means more pressure on subject. They have to 
make decisions based on knowledge of the task and their 
ability about learning and determine that how much 
feedback should be chosen? When and how to receive 
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feedback? Thus, the opposite effects of cognitive and mo-
tivational processes in the acquisition on self-controlled 
subjects cause the same result of subjects controlled 
by experimenter group. However, comparing the two 
groups in the retention phase that both groups are in the 
same conditions (with no feedback) showed that self-con-
trolled group is no more under cognitive pressure and 
can show the positive effects of self-control. Therefore, 
feedback in self-controlled can result in better perfor-
mance at this step. The results of this study are consistent 
with the results of the most recent research in the field 
of motor learning effectiveness (19-21, 29, 30). Since the 
results of self-controlled and the experimenter control 
group in the acquisition phase is the same in this study, 
it seems that other factors may also be responsible for ef-
ficacy of self-controlled compared to the experimenter 
control in the retention test. Wulf and Toole (19) state that 
self-controlled feedback encouraged participants to seek 
new different motor strategies, however, for learners that 
feedback is controlled from the outside (i.e. in this study 
the time of the experimenter control group feedback was 
uncontrolled) these conditions is not set.

Another possibility is that self-controlled exercise is 
more appropriate for students with special needs that 
these people can ask feedback when they are hesitant 
about its implementation, for example, subjects in the 
present study after felt that their performance is not 
good or because of poor implementation or to ensure 
that they properly done or not can demand feedback. On 
the other hand, subjects of self-controlled feedback can 
receive feedback when they really need it; so, feedback 
can be more useful for them. Subjects under self-control 
conditions are appeared to have different information 
processes compared to those in the experimenter con-
trol group. Thus, benefits are generally not visible in the 
acquisition phase of testing and it is more found in reten-
tion phase that feedback is not providing (31).

In conclusion, children with DCD have poor motor 
coordination and performance in sports activities and 
the children’s gross motor skills are weak. The results 
of the present study showed that children with DCD 
have the ability to learn motor skills. The ability can be 
approached and improved by practicing motor skills us-
ing an eight-session intervention of feedback. The results 
of this study showed that the benefits of self-controlled 
feedback, especially with a frequency greater than 75% are 
more than experimenter-controlled feedback. Therefore, 
it is recommended to coach and train teachers to use the 
exercise with self-controlled feedback and high-frequen-
cy. The results can be used in rehabilitation clinics and 
medical centers to help these children to improve their 
learning skills.
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