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The present study was designed to determine the effects of exercise on bilateral transfer of function and 
kinematic parameters in short servicing badminton skill. This study is Quasi-experimental that involves 
an experimental design with pre- test and post- test in the experimental group. Participants are 8 
students (girl) age 18-24 years, right handed  volunteer university students with no previous experience 
in short servicing badminton skill that were selected with available sampling. Data on the subjects' 
performance of Fox and Scott, as well as angle, velocity and acceleration in three joints of the wrist, 
shoulder and elbow were recorded. The results showed that bilateral transfer in the function from 
dominant hand to non-dominant hand occurred but no significant transfer of kinematic parameters 

observed.The results confirm the theory of common cognitive elements in bilateral transfer that only 

cognitive parameter can be passed during bilateral transfer. 

Keywords: bilateral transfer, kinematic parameters, common cognitive elements, generalized motor program. 

 
INTRODUCTION 
Transfer of learning is one of the principles of 
rehabilitation and education, with the most usage 
in the world. This principle in the education 
system is the basis for the planning and 
development of education (Schmidt and Lee, 
2004). Some of the theorists think that cognition is 
basis for transfer. They suspect that what is 
transferred is important cognitive information 
which is related to achieve the goal of skill. In 
other words, this viewpoint believes that if a 
person mastered doing something with his right 
hand, when he wants to practice that with his left 
hand, he does not have to re-learn the cognitive 
elements (Magill, 2007).Other researchers 
presented a control description for bilateral 
transfer, which links the generalized motor 
program with transferring motor output 
characteristics throughout the nervous system. 
Representing the abstract memory of a set of 

movements which are common in some fixed 
features is called generalized motor program 
(GMP) (Schmidt, 1975). This theory states that 
when a motor program is gained and stamped in 
the human nervous system, it can be performed 
by different methods and with different parameter 
values and can be transferred to the next 
movements. In this regard, the basic structure of 
representation that is called generalized motor 
program remains unchanged (Turvey, 1977). 
Invariances related to the nature of movement are 
a set of elements which remain constant in motor 
program related to a class of movement. 
Nowadays, these constant invariances include 
movement relative timing, movement parts order, 
and the order of muscular contractions involved in 
the movement. Generalized motor program has 
invariances which the temporal and spatial scales 
are parts of them. Although the basic concept of 
generalized motor program are generally not 
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accepted (Kwon& et al, 2010) and essentially the 
dynamic systems theorists reject it, but the theory 
of generalized motor program has had a 
significant impact in the field of learning and motor 
control (Schmidt, 2003. Sherwood and Lee, 
2003).This theory provoked many researchers to 
study the transfer based on a motor program and 
find its fixed features and they concluded that the 
movements have space and time aspects in their 
nature central nervous system can be adapted by 
choosing the parameters to control the 
generalized motor program (Schmidt and Lee, 
1999). Selection of parameters generally includes 
time and energy, although it is possible that the 
kinematic joints status be unplanned in GMP. In a 
mirror writing research, Latash (1999) concluded 
that bilateral transfer confirmed the existence of a 
generalized motor program which has taken place 
using environment variables or task-specific motor 
learning (Latash, 1999).Using the pre-planned 
strategies, such as central planning of the 
projectile and the time scale supports the 
existence of generalized motor program theory in 
the simple study of two-dimensional tasks, 
including hand gestures. The similarity of the 
projectile trajectory and velocity curves has been 
shown in many studies which addressed the hand 
movements between two targets (Abend et al, 
1982. Soechting and Lacquaniti, 1981). However, 
the central control of these relatively simple tasks 
may not be applicable in complex three-
dimensional movements. In the three-dimensional 
studies of accessibility gestures, large movements 
of the body, the trajectory of a projectile, kinematic 
joints, and inter-joint coordination have not placed 
within the framework of GMP.This issue shows 
that central planning strategies may not exist for 
many complex movement patterns (Pozzo & et al, 
2002. Thomas et al, 2003). Bilateral transfer is 
another representative of the existence of 
generalized motor program for a specific task 
which shows the creation or the deterioration of 
learning and the implementation of unskilled 
member (Schmidt and Young, 1987). 
 Rosenbaum (2007) in a study 
investigated bilateral transfer in the task of writing 
with hand among the blind participants, where the 
participants did the task with their dominant and 
non-dominant hands and her mouth. The results 
showed a motor equilibrium, the similarity of the 
method used, and also the spatial-temporal 
pattern of task (Bruce, 1994. Rosenbaum& etal, 
2007).More evidence for bilateral transfer has 
been observed in the task of arm wrestling 
(Shapiro, 1977). Bilateral transfer has been 

recently observed in more complicated tasks, 
such as throwing. In a throwing task, individuals 
who had practiced the throwing task, when were 
compared to the control group, showed more 
proficiency in both immediate and delayed 
transfer tests (Schmidt and Lee, 1999). Schmidt 
and Lee suggest that the characteristic of muscles 
or joints that are used in the movement another is 
another parameter that can be determined using 
the motor program. Short serve in badminton is a 
complex task that requires a complex interaction 
of body and upper organs and is performed in 
varying degrees of skill levels. In a study, Hour et 
al. (2005) investigated the task of throwing up by 
dominant and non-dominant hands in the skilled 
and novice adults; the kinematic results didn't 
support the existence of a unit generalized motor 
program. Furthermore, the results showed a 
kinematic change of motion in the dominant or 
skilled arm when reducing the use of the central 
pattern. However, in the non-dominant or 
unskilled arm, joint patterns of some studied 
variables changed which is a citation for the 
central pattern (Hore et al, 2005). Now we can 
conclude that the relative timing of the joint 
position is a characteristic of the central pattern 
which interestingly has been seen in the 
aforementioned studies in throwing with dominant 
hand, and also in non-dominant hand throwing 
(Hore et al, 2005). Researchers believe that when 
learning the first throw, participants use a 
centralized pattern to control the kinematic joints. 
Then when that skill is created, the central pattern 
is represented by a complex motor pattern that 
uses optimal degrees of freedom to perform the 
movements (Jerry et al, 2011).Shapiro in 1977 
investigated the abstract nature of motor program 
in bilateral transfer of the organs performing the 
task of twisting the wrist; then after four days of 
training with the dominant organs, the participants 
performed the same task with non-dominant hand. 
Finally, it was observed that the spatial-temporal 
pattern of the movement of non-dominant organ 
was almost similar to the pattern of the organ they 
had practiced with. These findings suggest that a 
high positive transfer occurs between the two 
organs. This finding means that the generalized 
motor program for a performing organ can be 
used by another performing organ, so this belief is 
supported that the nature of learning as a function 
of practice is not particularly for an organ, but it is 
related to its abstract nature (Shapiro, 1977).The 
contradictory results about the existence of 
transfer agent of skill pattern or possible reasons 
for bilateral transfer forced the researchers to a 
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definitive answer about the existence of this 
agent, which is in addition to Invariances, can the 
kinematics patterns and indicators also be 
transferred or not? 
 The aim of this study was to investigate 
the kinematic indicators of joints of dominant and 
non-dominant hand during the implementation of 
short serve skill in badminton after a training 
period with dominant hand.It is possible that the 
common characteristics of performing serve with 
dominant and non-dominant hands show the 
presence of central representation, i.e. the main 
component of motor program, and also the 
Kinematic features of the short serve skill in 
badminton, such as speed and angle and velocity 
of the involved joints including the shoulder, elbow 
and wrist between dominant and non-dominant 
hand serves are common. This hypothesis was 
tested using the joint kinematics test during the 
dominant and non-dominant hand serves which 
were performed by the novice badminton players. 

 
MATERIALS AND METHODS 
This study was a semi-experimental research and 
included a pilot project with pre-test and post-test 
in an experimental group. Participants of the study 
were 8 female students aged 18- 24 in Ferdowsi 
University of Mashhad; they were right-handed 
and had no history of badminton sport and were 
selected by available sampling. For this purpose a 
questionnaire of individual information was used 
to select the eligible samples for the study. The 
Edinburgh Handedness Inventory was used to 
detect dominant hand.Selection criteria were 
physical health and lack of experience in the field 
of badminton. The task was short serve in 
badminton. None of the participants were aware 
of the purpose of the research. Yonexballs and 
rackets were used at all stages of the blows.Short 
serve procedure and the way of holding ball by 
hand and the place of legs was taught by a skilled 
coach. In one session of training, 20 short serves 
were performed to being familiar with doing shot 
serves. Then in order to eliminate the effects of a 
drop after warm-up, the subjects in the pre-test 
performed 3 serves as practice and then the y 
performed their 10 serves by their dominant 
hands. Motion Analyzer device recorded their 
performance. Next, the subjects practiced short 
serves in the form of 30 blocks of 10 trials 
conducted over six days. So that each day 5 
blocks of 10 trials with 2 minutes rest between 
each block were administered. At the beginning of 
each training block the participants were noted to 

try with their maximum precision and effort to pass 
the ball over the edge of the net and the rope with 
50.8 cm height over the net and fall in the Fox and 
Scott region of short serve; and to avoid the 
effects of observational learning, observing other 
subjects were barred. After the acquisition, the 
participants performed delayed retention and 
delayed tests. Each subject performed 5 efforts 
with her dominant hand as the retention test and 5 
efforts with her non-dominant hand as the transfer 
test. The data related to the subjects' performance 
on the Fox and Scott tests as well as data on the 
angle, speed and velocity in the three joints of 
wrist, shoulder and elbow were recorded. 
 After the implementation of the protocol 
and data collection, Kolmogorov- Smirnov test 
was used to assess the normality of the data. To 
analyze the data, descriptive and inferential 
statistical methods were used. Descriptive 
statistics were used to obtain the mean and 
standard deviation and t-test was conducted in the 
correlated group to compare kinematic data and 
joint angle transfer test and retention. All the 
statistical tests were performed at a significance 
level of α = 0.05. 
 
RESULTS  

In this section, the results of subjects' 
performance in the Fox and Scott tests are 
evaluated. The results of paired t-test on the right 
hand (pretest - retention) and left hand (pretest - 
transfer) are shown in Table 1. 
Table (1), The Results of Paired t-test for 
Comparing the Performance of Subjects in the 
Fox and Scott Tests 

 Different 
OF average 

df t p 

Pretest of right 
hand- Retention 

14/5 7 
-17/60 0/0001 

Pretest of left  
hand- Transfer 

12/87 7 
-15/43 0/0001 

 
The results of Table 1 show that there is a 
significant difference between the pretest and 
retention on the right hand (P=0.0001, df=7, 
t=−17.6). There is also a significant difference 
between the pretest and transfer on the left hand 
(P=0.0001, DF=7, t=−15.43). In the following, the 
kinematic changes are dealt with in the different 
periods of retention and transfer. Table 2 presents 
the results of t-test in pre-test and post-test 
groups on right hand regarding the components of 
angle, speed, and velocity in the joints of 
shoulder, elbow, and wrist. 
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Table2. The Paired t-test Results in the Components of Angle, Speed, and Velocity in the Joints of 

the Shoulder, Elbow, and Wrist in the Pre-test and Post-test Groups of Right Hand 

p df t SD Different oF average Pretest - Retention 

0/11 7 1/8 3/4 2/21 Angle of shoulder 
0/39 7 0/9 31/6 10/21 velocity of shoulder 
0/01 7 3/5 46/2 57/23 Acceleration of shoulder 
0/9 7 0/12 12/3 0/53 Angle of Elbow 
0/01 7 -3/5 13/7 -16/9 velocity of Elbow 
0/56 7 -0/6 9/2 -19/6 Acceleration of Elbow 
0/36 7 -0/95 4/4 -15/1 Angle of Wrist 
0/07 7 2/09 16/2 12/02 velocity of Wrist 
0/38 7 -0/9 9/7 -31/6 Acceleration of Wrist 

 

 
The results of Table 2 indicate that there is a 
significant difference between the velocity of 
shoulder in the pre-test and the right-hand 
retention (P=0.01, df=7, t=3.5), that is, the velocity 
of shoulder has decreased. Furthermore, there is 
a significant difference between the pre-test and 
retention of the right-hand in the component of the 

elbow's speed (P=0.01, df=7, t=16.9), in which the 
speed of elbow has increased. 
In addition, the results of paired t-test in the two 
groups are shown in Table 3 regarding the 
kinematic components of velocity, speed, and 
angle in the joints of the shoulder, elbow and wrist 
in the pre-test and left hand transfer. 

 
Table 3. The Paired t-test Results in the Components of Angle, Speed, and Velocity in the Joints of 

the Shoulder, Elbow and Wrist in the in the Pre-test and Post-test Groups and the Left-hand 
Transfer 

 

p df t SD Different of average Pretest - Transfer 

0/56 7 0/6 9/6 2/05 Angle of shoulder 
0/35 7 -0/99 27/8 -9/75 velocity of shoulder 
0/27 7 1/18 32/3 13/56 Acceleration of shoulder 
0/3 7 1/11 14/5 5/7 Angle of Elbow  
0/61 7 0/52 22/04 4/09 velocity of Elbow 
0/54 7 0/63 54/06 12/19 Acceleration of Elbow 
0/11 7 -1/8 5/8 -3/7 Angle of Wrist 
0/13 7 -1/67 13/2 -7/85 velocity of Wrist 
0/36 7 0/95 204/5 -69/38 Acceleration of Wrist 

 
The results of paired t-test in Table 3  show that there is no significant difference between the pre-test 
and transfer in none of the kinematic components of the left hand (P>0.05).
 
DISCUSSION 

The present study aimed to investigate the 
kinematic indicators of dominant and non-
dominant joints during the implementation of the 
skill of short serve in badminton after a training 
period with the dominant hand. For this purpose, 
this study was conducted to test whether the 
common features of implementing serve with the 
dominant and non-dominant hands show the 
central representation, the main component of the 
motor program, or not, as well as to investigate 
whether the kinematic characteristics of short 
serve skill in badminton such as the angle of 

shoulder, elbow, and wrist is common between 
the serve of dominant and non-dominant hands or 
not. 

The results of the present study indicated that 
practicing with the dominant hand cause the 
transfer of learning (performing a short serve in 
badminton) from the dominant hand (right) to the 
non-dominant one. The results also showed that 
there is the possibility of bilateral transfer of 
cognitive component of the skill from the dominant 
hand to non-dominant one, and even if the non-
dominant hand is not involved in the process of 
training and exercising, some level of skill can be 
gained by it. The obtained results showed that 
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there is the transfer of kinematic components in 
the joints of the shoulder, elbow, and wrist after 
the period of practice. 

Based on the results, a significant difference 
was reported between the pretest and retention of 
the right hand;a significant decrease in the 
velocity of the shoulder and a significant increase 
in the velocity of elbow led to the better 
performance of the subjects. Although a better 
performance was observed in the non-dominant 
hand during the transfer period, no significant 
difference was observed in any of the kinematic 
components in the transfer of learning from the 
dominant hand to the non-dominant one. In other 
words, practicing with the dominant hand led to 
the changes in the velocity of the shoulder and the 
speed of elbow, but no significant improvement 
was observed in its transfer to the non-dominant 
hand in all considered joints. This is probably 
related to the cognitive foundation of bilateral 
transfer. What is transferred in the bilateral 
transfer is the important cognitive information 
which is relevant to the target (Miguel, 2007). 

The results of the present study are consistent 
with the studies conducted by Hur et al. (2005) 
and Jerry et al. (2011) with respect to the absence 
of a generalized motor program for the two hands 
in the transfer of learning from the dominant hand 
to the non-dominant one. The results are also in 
line with the findings of the studies carried out by 
Kohl and Roenker (1980), Bagherzadeh et al. 
(2004), and Ghaderi et al. (2005) indicating that 
transfer of skill occurs from the dominant organ to 
the non-dominant one (Schmidt and Lee, 2004. 
Magil,2007). Based on the view of the common 
cognitive elements which deals with "what should 
we do?", if someone acquires skill at doing 
something with the right hand, there is no need to 
re-learn the cognitive elements when he/she 
wants to perform it with the left hand (Miguel, 
2010). This study also supports the cognitive-
motor view of the bilateral transfer which 
considers the role of cognitive components very 
important at the beginning of learning (Miguel, 
2004). On the other hand, the present study 
contradicts with the control view of the bilateral 
transfer.  
 
CONCLUSION 
Despite a significant improvement in the subjects' 
performance, the results indicated that none of the 
kinematics components related to the short serve 
in badminton (velocity, speed, and angle) have 
not transferred from the dominant hand to the 
non-dominant one; and as the generalized motor 

program acts with the allocation of time and space 
of movement as a control mechanism of the skill 
(Schmidt and Lee, 2011), this view was not 
approved in this study. The results also contradict 
with the findings of the studies conducted by 
Raibert (1977) and Hicks et al. (1983); this is may 
be due to the amount of practice with the 
dominant hand and/or that they have used the 
skills which have been practiced for many years.. 
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