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 Background: Considering the role of bilateral transfer in the learning of motor skills, 
especially at the time of injury, attention to the factors that will enhance bilateral transfer, 
is important.  
Introduction: The purpose of this study was to investigate the effect of feedback on bilateral 
transfer of force control task.  
Method: Thirty-six students were randomly assigned to three groups; feedback on 
successful trials, feedback on unsuccessful trials and self-control feedback groups. The 
feedback on successful trials group received KR for the two most effective trials in each 
block, the feedback on unsuccessful trials group, received KR for the two least effective 
trials in each block. And, self-control feedback group was provided with feedback 
whenever they requested only two trials. One day after the acquisition phase, participants 
performed a bilateral transfer test with another hand.  
Results: The results showed that all groups had significant progress, but there was no 
difference between groups in the acquisition phase (P≥0.05). The results of bilateral 
transfer showed that the group that received feedback on successful trials had the best 
performance (P=0.02) and There was no significant difference between the self-control 
feedback group and the feedback on unsuccessful trials group (P≥0.05).  
Conclusion: As feedback on successful trials is motivational and leads to increased self-
efficiency and higher activation of certain areas in the brain, it is likely that the resulting 
motivation positively influenced axonal guidance and led to the accelerated transfer of the 
cognitive and motor components via Corpus Callosum and, in this way, improved learning 
in the untrained hand . 

Introduction 

Information exchange between the two 

hemispheres of the brain is done through the pons 

and the corpus callosum (Magill & Anderson, 

2007; Gadagnoli & Kohl, 2001). The corpus 

callosum, as the largest neural pathway, connects 

the two hemispheres of the brain and provides the 

context for the transfer of cognitive and motor 

components of the task by connecting identical 

regions of the two hemispheres (Bund, 2007; 

Magill and Anderson, 2007). Doing exercise with 

the symmetrical organ of the body not only results 

in greater success in the field of sports but also 

provides the opportunity to transfer some of the 

gains obtained as a result of the training of a 

healthy organ with an injured one at the time of 

injury. Ultimately, it reduces the athlete's 

performance (Hosseini et al. 2014).  

In terms of the amount of transfer between two 

organs, Weeks (2003) and Morton et al. (2001) 
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reported the same transfer between two hands; 

whereas Kumar and Mandal (2005) and Stöckel et 

al. (2007) showed that the transfer is asymmetric 

and more information is transferred from the non-

superior hand to the superior one. Similarly, the 

results of Stöckel et al. (2011) study on 11- to 14-

year-old individuals' acquisition of two throwing 

skills, one of them needed precision and the other 

required throwing power, showed that those tasks 

requiring high spatial precision are learned better 

after initial training with the non-superior organ. 

Naguchi et al. (2009) results on pursuit-rotor task 

and Stöckel and Weigelt's (2012) results on the task 

of throwing with the maximum amount of power 

also indicated asymmetric transfer; however, 

transfer from the superior hand to the non-superior 

one, had more information in comparison with 

transfer from the non-superior hand to the superior 

one.  As can be seen, most researches in this field 

have focused on examining the transition from non-

superior hand to the superior one, and vice versa, 

as some studies emphasize symmetric transfer and 

others emphasize asymmetric one. The reason for 

these inconsistencies seems to be differences in the 

characteristics of the tasks and their requirements 

(requiring accuracy, speed, or power). Since the 

results of research in this area indicate the impact 

of the two-way transfer on improving motor 

learning (Liu and Wrisberg, 2005), consideration 

of factors that can increase the rate of two-way 

transfer without considering symmetric or 

asymmetric transfer is an issue which has received 

less attention but is of crucial importance. 

Force control, or in other words, precision in 

power generation, are essential components of 

many motor skills (volleyball service, basketball 

free throw, dart throwing, billiards, tennis kicks, 

etc.) that require learning. One of the factors 

affecting motor learning is the augmented feedback 

provided at the end of the implementation (Schmidt 

& Lee 2005), the content of this feedback can have 

a motivational or informational role (Ahmadi et al., 

2011; Badami et al., 2011) and cause the increase 

of learning in some ways (Salmoni et al., 1984; 

Schmidt, 1991). Similarly, research-based on 

positive psychology suggests that feedback on 

successful efforts (using the motivational role of 

feedback) to activate specific areas of the brain 

affects the learning of effective motor skills. 

(Nieuwenhuis et al., 2005). Chiviacowsky & Wulf 

(2007), Zeidabadi et al. (2010) Badami et al. (2011) 

and Ahmadi et al. (2011) also found that providing 

feedback on successful efforts motivates one to 

increase motor skills learning. However, the 

hypothesis of Leitron and Roscoe (1980) states that 

when learning a skill, especially at the beginning of 

learning, the focus on what is being done correctly 

is not sufficient and the experiences one obtains 

from error correction is of particular importance. 

Thus feedback on unsuccessful attempts (using the 

informational role of feedback) to create error 

correction experience is also effective on 

implementation progress (Quoted in Magill & 

Anderson, 2007). The results of research by 

Gadagnoli & Kohl (2001) and Barney & Lee 

(2007) showed that feedback on unsuccessful 
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attempts leads to error analysis by the subject and 

ultimately increases motor skills learning.  

Another type of feedback that deepens the 

processing of information increases the force of 

error estimation creates autonomy in the 

individual, meets the needs of the subject and 

provides the basis for improved performance and 

motor learning by reducing frequency is self-

controlled feedback (Chiviacowsky et al. 2005). 

Since feedback is given to the subject in this 

method at the request of him/her, self-controlled 

feedback can also have a motivational or 

informational role or the motivational and 

informational effects of feedback simultaneously 

(Zeidabadi et al. 2010). In this regard, Wulf's 

(2007) results in the bean bag throw task in children 

and Bund's (2007) results in the non-superior hand 

tennis ball throw task indicated better performance 

of the feedback self-controlled group. 

However, a review of conducted researches on 

feedback shows that virtually none of the research 

in this area addresses the effect of feedback type on 

the amount of two-way transfer that contributes to 

accelerating the learning process, especially in 

conditions of superior organ injury. The use of this 

strategy seems to be neglected for several reasons, 

including lack of knowledge of trainers, limitation 

of training time and lack of research in this area. 

Therefore, the present study seeks to answer the 

question: Which of the control tester feedbacks 

(feedback on successful and unsuccessful attempts) 

and self-control increase the information transfer 

process between the two hemispheres and lead to 

more bilateral transfer in the task of force control?  

Method 

Research Method  

Subjects: The research method was quasi-

experimental. The statistical sample of this study 

consisted of 36 eligible male subjects (non-athlete, 

right-handed and having no history of injury in 

both hands) with the age range of 23-25 years. 

Subjects were divided into three groups of 12 

members: feedback on successful attempts, 

feedback on unsuccessful attempts, and self-

control feedback. 

Data Gathering Tool: Electric dynamometer 

(ED-100N YAGAMI) with a reliability of 0.82 

which was used to evaluate the accuracy of force 

generation. 

Implementation Method: At first, subjects 

were randomly divided into three groups according 

to the maximum force produced by their non-

superior hand (left hand). After becoming familiar 

with a dynamometer, a pretest was performed to 

determine the absolute error (accuracy in control) 

between the groups at the beginning of the study to 

ensure that the groups were identical. During the 

acquisition phase, each group practiced 15 kg of 

force production with their non-superior hand in 12 

batches of six attempts. It is noteworthy that 

subjects were not able to see the dynamometer not 

only during the acquisition phase but also 

throughout the whole process of research. In each 

trial batch, only two of the six trials received 

feedback (KR) -feedback frequency 33%. After 3 

trials, members of the feedback on successful trials 

group received feedback on the trial which had the 

nearest value to 15 kg (good trial), members of the 
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feedback on unsuccessful trials group received 

feedback on the trial which had the farthest value 

from 15 kg (weak trial); subjects of the self-

controlled feedback gad the option to request two 

feedbacks at their own choice. 24 hours after the 

acquisition phase, the two-way transfer test using 

the superior hand (right hand) was performed. 

Then, the transition phase with producing 20 kg of 

force was performed in s-member batches and 

without feedback. 

 

Statistical tests: 

To calculate the mean and standard deviation of 

the descriptive statistics and to ensure the normal 

distribution of the scores, the Kolmogorov-

Smirnov test was used. To analyze the data during 

the acquisition phase, inter-intragroup analysis of 

variance -3 (group) × 12 (block) -with repeated 

measures in the last factor was used.   One way 

ANOVA and Tukey post hoc tests were used to 

analyze the data in a two-way analysis of variance 

(P≥0.05). Data were analyzed using SPSS 23 

software.  

 

Results 

Descriptive characteristics such as age and 

maximum strength of the subjects are presented 

separately, in terms of research groups, in Table 1. 

It is noteworthy that in the feedback on the 

unsuccessful group, we faced a decrease in subjects 

because one of the subjects did not participate in 

the posttest.  

 
Table 1. Mean and standard deviation of age and maximum strength of subjects. 

Groups Number of Subjects Age Hand Power 
Feedback on Successful Trials 12 24.91±1.08 39.25±4.26 

Feedback on Unsuccessful Trials 11 24.90±1.22 40.18±5.96 
Self-controlled 12 24.00±1.04 40.33±5.06 

 

The results of one-way ANOVA showed that 

there was no significant difference between the age 

and strength of the subjects in three groups 

(P≥0.05). The results of the Kolmogorov-Smirnov 

test and Levin test showed that the distribution of 

data was normal at all stages of the test and the 

homogeneity of variances was also preconditioned 

(P≥0.05). The results of one-way analysis of 

variance in the pre-test also showed that there was 

no statistically significant difference between the 

study groups in the error rate in force control. 

The results of intra- and inter-group effects of 

repeated measures analysis of variance in the 

acquisition phase are reported in Table 2. Because 

of the results of Mitchell's test and the non-

confirmation of the default sphericity (P 050.05), 

the Greenhouse-Geisser statistic was used. 

 

Figure 1. Mean absolute error of experimental groups in 
the acquisition, transfer, and two-way transfer stages. 
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Table 2. Results of the intra-group effects of variance analysis with repeated measures in the acquisition phase. 
Statistical indicators 
Source of Changes 

Squares Sum Freedom Level Squares Mean F Value P-Value Effect Size 

Training Blocks 7468.81 5.08 1469.41 28.66 0.001* 0.47 
Block*Group 

Interaction 
249.33 10.16 24.52 0.47 0.90 0.02 

Group (Feedback) 234.41 2 117.20 2.14 0.13 0.11 
 

Results of analysis of variance with repeated 

measurements at the acquisition phase (Table 2) 

show that the effect of training blocks is significant 

(P≤ 0.001), but feedback effect, the interaction 

effect of training blocks and feedback at acquisition 

phase were not significant (P≥ 0.05). This means 

that although the groups have made significant 

progress in the acquisition of force control, this 

improvement occurred equally in all three groups 

and there was no significant difference between the 

groups in the acquisition of force control tasks.

 
Table 3. Results of one-way analysis of variance in two-way tests and two-way transfer. 

Statistical indicators 
Source of Changes 

Squares Sum Freedom level Squares Mean F Value P-Value Effect Size 

Inter-group 142.50 2 71.25 10.11 0.001* 0.38 
Intra-group 90.67 2 45.33 4.25 0.02* 0.21 

Error 225.53 32 7.04 - - - 

The results of one-way analysis of variance in two-

way transfer and transfer tests (Table 3) show that 

there is a statistically significant difference in both 

of two-way transfer test (P - 0.02) and transfer test 

(P - 0.001) between research groups Feedback on 

Successful Trials, Feedback on Unsuccessful Trials 

and Self-controlled feedback). The results of the 

Tukey post hoc test showed that both groups of 

feedback on successful trials and self-controlled 

feedback have the same performance and were 

much better than the feedback on unsuccessful 

trials group (P≤ 0.002). 

 The results of the Tukey post hoc test in a two-way 

transfer test also showed that there was a 

significant difference only between the feedback 

group on the successful trial and the feedback 

group on the unsuccessful one (P -0.01); no 

significant difference between other groups was 

observed (P≥ 0.05).

 
Discussion and Conclusion 

The purpose of the present study was to 

investigate the impact of feedback on successful 

and unsuccessful attempts and self-control 

feedback on the two-way transfer of task control 

tasks. In other words, the present study sought to 

answer this question: Which of these three types of 

feedback can create more two-way transfer? The 

findings of the present study showed that all three 

groups had significant improvement in the learning 

of force control during the acquisition phase. Also, 

progress in all three groups was almost the same 

and there was no significant difference between 

groups. No significant difference between the 

groups during the acquisition phase seems to 

depend on the directional and temporal effects of 
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feedback, as the directional effect of feedback is so 

strong that different feedback modes cannot 

demonstrate their superiority over each other 

during the acquisition phase. However, after a rest 

period and the elimination of temporary effects, the 

differences between groups will be better 

understood (Wulf, 2007). Therefore, the findings 

of the present study are in line with many of the 

researches conducted in this area, including the 

results of Chiviacowsky and Wulf (2002, 2005 and 

2007), Zeidabadi et al. (2010) and Fazeli Shoar et 

al. (2016). Wolf et al. (2005) also stated that there 

is no significant difference between the effects of 

self-controlled feedback and feedback with 

external control during the acquisition phase. 

Friedrich and Mandel (1997) stated that, from a 

cognitive perspective, self-control means more 

pressure on the learner because the sense of 

responsibility of the subject becomes greater in this 

way.  Also, the learner in this feedback must control 

multiple decisions and degrees of freedom, which 

increases cognitive pressures and divides one's 

attention capacity between learning and self-

control processes. Therefore, these contrasting 

effects of cognitive and motivational processes 

during the acquisition phase on the self-controlled 

learner, leading to a similar performance to the 

control group. The comparison of the groups in the 

transfer test also showed that the two groups of 

feedback on successful attempts and self-

controlled feedback were significantly better in 

force control than the feedback group on 

unsuccessful attempts. It should be noted that the 

purpose of performing the pre-test of the two-way 

transfer test, in addition to comparing the groups 

was to ensure that learning was performed in the 

non-superior hand. This finding is consistent with 

the results of Chiviacowsky and Wolf (2002, 

2007), Chiviacowsky et al. (2009), Zeidabadi et al. 

(2010), Badami et al. (2011), and Ahmadi et al. 

(2011) who depicted that giving feedback after 

successful trials, in comparison with giving 

feedback after unsuccessful trials, causes better 

learning. Ilies & Judge (2005) also stated that Alice 

and Jage (2005) stated that subjects who receive 

positive feedback choose higher-level goals in 

comparison with the negative feedback, which 

enhances their learning and improves their motor 

performance. Feedback seems to play a role in 

successful efforts and improves the performance of 

the group by encouraging the learner to repeat the 

correct move (Chiviacowsky & Wulf, 2007). On 

the other hand, the findings of the present study are 

inconsistent with the results of some studies that 

have shown that providing feedback after the poor 

trial is more effective for learning (Wright et al., 

1997; Barney et al., 2007). The results of the 

present study are also inconsistent with the 

guidance hypothesis that states that feedback is 

important when there is an error in execution. The 

guidance hypothesis focuses explicitly on the 

information characteristics of feedback and 

underestimates the motivational effects of 

feedback, while motivational factors may be 

responsible for the superiority of feedback after 

successful attempts over ones after unsuccessful 

attempts. Since repeating a successful pattern of 

movement is probably easier than correcting the 
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pattern of error that was attempted in the previous 

trial, subjects appear to prefer feedback after 

successful attempts. (Chiviacowsky et al., 2009; 

Chiviacowsky & Wulf, 2007).  

On the other hand, research results show that 

self-control subjects are more likely to seek 

feedback after their good efforts (Chiviacowsky & 

Wolf, 2002). Therefore, self-control feedback 

facilitates learning for several reasons, including 

motivational factors, enhancing learner confidence 

and confidence in the ability to perform the task, 

actively engaging in the learning process, 

deepening information processing, and discovering 

motor strategies (Chiviacowsky & Wolfe, 2002; 

And Wolf, 2005), as the combination of these 

factors has made this group superior to the 

feedback group in unsuccessful attempts.  

Also, the results of the two-way transfer test 

showed that the mean error of all three groups in 

force control by the right hand (untrained) was 

significantly lower than the pre-test, which 

indicates a two-way transfer from the non-superior 

hand to the superior one. The hand is superior. 

Therefore, the results of the present study are in 

line with those of Kumar and Mandal (2005) and 

Liu and Wriesberg (2005), Haaland & Hoff (2003) 

and Stöckel and Weigelt (2012). The results of 

intergroup comparisons in the two-way transfer test 

to determine the role of three types of feedback (on 

successful attempts, on unsuccessful attempts and 

self-controlled feedback) in facilitating the two-

way transfer process showed that a statistically 

significant difference exists only between two 

groups of feedback on successful attempts and 

feedback on unsuccessful attempts and the 

superiority belongs to the group of feedback on 

successful attempts. These findings indicate that 

feedback on successful efforts leads to better 

learning, which is in line with the results of the 

studies of Chiviacowsky and Wulf (2007), Badami 

et al. (2011, Ahmadi et al. (2011), Komeili et al. 

(2011) and Zeidabadi et al. (2010); this type of 

feedback also facilitates better two-way transfer. In 

the context of two-way transfer, cognitive 

explanation relies on the theory of elements such as 

Thorndike's assertion that what is transmitted is 

important cognitive information that is relevant to 

how it is done. The control explanation, referring 

to the intrinsic and extrinsic aspects of generalized 

motor program theory, and the fact that alteration 

in the muscles involved (as physical aspects) does 

not necessarily lead to altered motor program, 

suggests that the learned motor program causes 

movement by muscles which have not been 

involved in skill implementation. Hicks et al. 

(1983) also stated that at least some of the two-way 

transfer is accomplished by the transfer of the 

kinematic components of the task between the two 

hemispheres (cited by Magill and Anderson, 2007). 

Based on the findings of the present study, it 

appears that feedback on successful efforts is likely 

to make the group of feedback on successful efforts 

have a better performance with their untrained hand 

than another group; especially the group of 

feedback on unsuccessful trials; this work is done 

through facilitating the transfer of cognitive 

components of "what to do", helping to create a 

more efficient movement program, and creating 
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conditions for more motor component transfer 

through the corpus callosum between the two. 

Nieuwenhuis et al. (2005) stated that providing 

feedback to successful efforts increases motor 

skills learning by activating specific areas of the 

brain and engaging the subject more actively. 

Providing feedback after successful efforts, by 

demonstrating that the move is correct and 

encouraging repetition of the correct move, not 

only reduces unexpected changes and adjusts the 

pace of the movement (Chiviacowsky & Wolf, 

2007); but also increases the motivation of the 

subjects to select higher-level goals (Ilies & Judge, 

2005). Therefore, it seems that a combination of 

these factors leads to more successful motivational 

learning and a two-way transfer in the feedback on 

the successful trial group. In addition to the above-

mentioned points and given that feedback on 

successful trials is motivating (Chiviacowsky et al., 

2009), this motivation seems to have contributed to 

axonal guidance and has accelerated the transfer of 

cognitive and motor components through the 

corpus callosum and improved the performance of 

movement in the opposite hand. Based on the 

findings of the present study, it is suggested to 

educators and occupational therapists to improve 

the process of two-way transfer and individual 

learning by using feedback during successful 

training, especially when the athlete or patient is 

injured. 
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