
deficient and constrained in asymmetric movements, 
indicating the high tendency of the CNS toward pro-
ducing symmetric or similar movements (Swinnen, 
2002; Swinnen, Dounskaia, & Duysens, 2002). This 
shows that bimanual skills have a different method of 
control from that of unimanual movements, especially 
when each part of the body simultaneously makes a 
different movement temporally and spatially (Vanghe-
luwe, Suy, Wenderoth, & Swinnen, 2006).

Regarding how bimanual movements are controlled 
by the CNS, there have been various theories in whose 
interpretation of these movements there are critical 
contradictions and differences. The intense tendency 
of the two hands toward producing similar movements 
in terms of time and space features in bimanual move-
ments results in the theory that there is a single motor 
program for both hands (Schmidt & Lee, 1999). 

Generalized Motor Program (GMP) theory 
assumes that the motor representation is independent 

Introduction 

Some of the daily motor skills involve precise timing 
for using both hands. Most of these skills such as open-
ing a bottle, typing, or playing the guitar involve using 
the two hands differently. A good majority of stud-
ies have revealed that doing two different tasks with 
the two hands, when each hand performs a different 
action  simultaneously, incurs bilateral interference 
even when each hand can perform separately without 
difficulty (Klapp, Nelson, & Jagacinski, 1998; Kurtz & 
Lee, 2003). These observations make it clear that the 
central nervous system (CNS) can control symmetric 
bimanual movements without any problem while it is 
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of the effector, implying that a motor skill whose motor 
program has been acquired can be performed by differ-
ent parts of the body (Marteniuk & MacKenzie, 1980). 
It also expresses that even when each hand is perform-
ing a different action simultaneously, just one motor 
program controls the movement, although the specific 
parameters of each part of the body have been defined 
independently. 

The other useful theory about coordination is that it 
is created in multiple levels, from perceptual-cognitive 
(higher levels) to nervous-muscular (lower levels); that 
is coordination is achieved in bimanual activities hier-
archically and in fact it consists of a perceptual-cogni-
tive level, a nervous-muscular level and effector-specific 
level (Swinnen & Carson, 2002; Swinnen, Jardian, 
Meulenbroek, Dounskaia, & Hofkens-Van Den Brandt, 
1997). Coordination is the result of the interaction 
between several parts of CNS including the perceptual-
cognitive level, nervous-muscular level and effector-spe-
cific level (Schmidt & Lee, 1999). Dynamic systems 
approach delineates both the behavior and the brain 
basic performance in a similar framework (Bangert, 
Reuter-Lorenz, Walsh, Schachter, & Seidler, 2010).

The effector-independent motor program in biman-
ual coordination movements proposed in GMP theory 
is the issue occasionally challenged by other theoretical 
models. The approach, empirically evaluating the inde-
pendence of effector from motor memory and other 
theoretical models of bimanual coordination, studies 
transfer in which a new motor skill is performed by an 
effector system trained before and subsequently a simi-
lar task is performed by another effector system which 
has not been trained yet. Positive inter-limb transfer 
refers to the issue that prior experience of performing 
a skill by an effector system, positively affects its per-
forming by a new effector system. Therefore, it refers to 
the independence of effector from motor memory. On 
the contrary, negative transfer denotes that performing 
a similar skill by another effector system interferes with 
its prior experience, thus, on no account can indepen-
dence of the effector be affirmed (Vangheluwe et al., 
2006). Regarding neurology, some researchers (Walsh, 
Small, Chen, & Solodkin, 2008; Wu, Wang, Hallett, Li, 
& Chan, 2010) have stated that the dominant cerebral 
hemisphere is responsible for activating and leading 
bimanual movement.

The researches on unimanual transfer show a posi-
tive transfer from one limb to another, while the find-
ings regarding the bimanual movements have revealed 
contradictory results. Zanone and Kelso (1992, 1997) 
proved that a bimanual movement involving the fingers’ 
opening and closing is transferred to its symmetric 
pair. Zanone and Kelso (1997) also showed a positive 
transfer from arms to legs and vice versa. This positive 

transfer results in the intrinsic independence of effector 
system from memory representation in bimanual tasks. 
These results support the generalized motor program 
theory. Nevertheless, Vangheluwe et al. (2006) intro-
duced hard evidence concerning the negative transfer 
from prior learning of bimanual coordination task to 
asymmetric coupling condition. Employing a pattern 
in which the left hand swirled two times faster than the 
right hand, Vangheluwe et al. (2006) also investigated 
transfer to its converse pattern that is, this time, the 
right hand swirled two times faster than the left hand. 
The results revealed a negative transfer. This transfer 
led to reconsideration of motor representation con-
firming the concept of effector-independence. In addi-
tion, Sisti et al. (2011) mentioned that with an increase 
the relative angular velocity between the two hands, the 
bimanual action deteriorated. This indicates the speed 
differences in the movement of the two hands is an 
influential factor in bimanual coordination. Doustan, 
Boveiri, Zilaei, and Seifourian (2012) clarified that 
in asymmetric bimanual tasks, when only the spatial 
direction of hands is different, a positive transfer to 
its converse pattern occurs. This is in contradiction 
to the results achieved by Vangheluwe et al. (2006). 
Their findings support the generalized motor program 
theory and the hypothesis of effector-independent 
motor program. However, contrary to cross-talk theory 
for bimanual coordination, these contradictory results 
imply that possibly, inter-hemisphere transfer depends 
on the specific features of bimanual task.

It can be inferred from different researches that 
effector-independent motor memory in bimanual coor-
dination movements depend on the difference in the 
specific features of the movements of the two hands, 
which should be taken into consideration. It appears 
that the difference in hand movements speed and 
some spatial features are considered to be the features 
over which the dominance is difficult or presumably 
are not effector-independent. Whereas, if hands move-
ments are the same in terms of temporal aspects and 
movement pattern and their difference is just in the 
direction of the movements, there will be a positive 
transfer and therefore, the motor program can be 
effector-independent. Considering the sparse research 
conducted on this issue, a greater need is felt for more 
studies in order to determine effector-independent 
motor features as well as effector-dependent features 
in bimanual coordination movements. Through con-
ducting some researches in this field the ambiguities of 
bimanual coordination theories can be decreased and 
also criticized because some of them are in contradic-
tion to each other. More studies on this issue, as long 
as there is a motor program for asymmetric bimanual 
movement, may be helpful in recognition of intrinsic 
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symmetrical and asymmetrical bimanual drawing” 
developed using MATLAB program (R2017b, Math-
Works, Inc., Natick, MA, USA) and a metronome. The 
software had been designed in a way that the deviation 
from the pattern was calculated based on the number of 
lines deviating from specified pattern and the percent-
age of correct implementation of pattern was computed 
in digits. In three groups, the percentage of motion 
error was obtained by the software using the output 
pixels of the correct motion pattern. The total error of 
each test was calculated from the mean motion error of 
both hands.

In all three experiments, the participants first 
received an acquisition and a transfer pretest (con-
verse patterns between the two hands). The exercise 
pattern was similar to the Acquisition test, so more dif-
ficult tasks were performed with a dominant hand and 
the simple task with a non-dominant hand: in the first 
group, load is on the right hand; in the second group, 
the velocity of the right hand was twice higher than on 
the left; in the third group, the range of motion of right 
hand was twice larger than of the left (see Figures 1 
and 2). Transfer tests were converse patterns between 
the two hands. Acquisition and transfer tests were 
done before and after the exercise days. The exercises 
were performed in ten blocks of five trials in each day 
for four consecutive days. Each trial similar to the test 
could be performed at 60 beats in 30 seconds. The 
metronome was set on a beat in 500 milliseconds, and 
the participant performed a circular bimanual draw-
ing based on this rhythm. Posttests were conducted in 
a similar way to the pretests. The retention test was 
conducted 48 hours after the fourth-day practice. The 
tests were carried out in simultaneous bimanual move-
ment both as practiced pattern (acquisition) and sub-
stitution of patterns between the two hands (transfer). 
Each of the posttests was compared to the its same 
pretest. In the transfer test, if the performance of the 
posttest has progressed compared to the pretest, it 
means a positive transfer and if it has dropped, which 
means a negative transition. 

aspects and generalized motor program parameters 
of bimanual movement. The present study intends to 
both investigate the transfer to its converse pattern and 
distinguish the effector-independent motor features by 
making various changes in motor patterns of the two 
hands (change in temporal pattern, range of motion, 
and load).

Methods

Participants
Study protocol was approved by the Institutional Ethics 
Committee. Study participants were selected from the 
male physical education students (30 students) of Sha-
hid Chamran University of Ahvaz, Iran (age 21.5 ± 1.3 
years), who were all right handed, right-eyed and 
with normal visual acuity (using Snellen Test). They 
completed a consent form before participating in the 
research. The personal information including gender, 
age, and handedness was collected from the question-
naire. Eye laterality was assessed by Hole-in-the card 
test. To examine the subjects’ right-handedness, the 
Edinburgh handedness inventory made by Oldfield 
(1971) was used. 

Procedure
The subjects were randomly divided into three groups 
(three groups of 10) each of which was to take a dif-
ferent test. Before taking the pretest, all the subjects 
were acquainted, by the examiner, with the test items 
as well as with how to draw the patterns and how to 
be coordinated with the sound of a metronome. The 
measurement tools in the present study included ques-
tionnaires to identify the personal characteristics, chro-
nometer to determine the exact time of taking the test, 
two Genius G-note 7100 light pens (KYE International 
Corporation, Chino, CA, USA) equipped with a touch 
screen with a resolution of 2000 lpi connected to two 
laptops through USB ports, digitizing custom-made 
software called “Bimanual coordination apparatus for 

First group Second group Third group

Figure 1. Pictures illustrating how to perform the exercises in three experimental groups.
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In the first group, we examined the bimanual task 
which in the effect of load on the two hands was differ-
ent: the first program had been designed in such a way 
that the subjects of this group were supposed to draw a 
circle in a simultaneous bimanual task while they were 
wearing a pair of loose gloves on their fingers. How-
ever, there were pellets in total weight of 2 kilograms 
in one of the gloves (right-hand glove) which increased 
the effect of load compared to the other hand. Accord-
ing to Kennerley, Diedrichsen, Hazeltine, Semjen, and 
Ivry (2002) that said the easiest situation to bimanual 
circle drawing is the right hand draw clockwise and 
the left hand counterclockwise, in all groups, the right 
hand drew circles clockwise and left hand drew coun-
terclockwise. The task of drawing circle was different 
from the other groups’ tasks; that is in other groups the 
movements were performed in a horizontal direction, 
while in this group the movements were performed in 
a vertical direction parallel to the body (frontal). The 
change was implemented to assess the effect of load on 
the movements. Simultaneously with every beat of met-
ronome, the circles were drawn. In the pretest, simul-
taneously with every beat of metronome, both hands, 
with and without pellets, drew circles concurrently this 
task was repeated 60 times during 30 seconds. 

In the second group, velocity pattern difference 
between the two hands: in the second experiment the 

subjects’ hands drew circle in a simultaneous bimanual 
task, however, they were asked to draw the circles with 
one hand moving twice as fast as the other with every 
beat of the metronome one hand (right hand) drew two 
clockwise circles and the other hand (left hand) drew 
just one counterclockwise circle. During the tests, with 
every beat of the metronome, the faster hand drew two 
circles and the slower drew one circle so that this task 
could be performed 30 times consecutively (the faster 
hand drew 60 circles over 30 seconds and the slower 
one rendered 30 circles). 

In the third group, the difference in the difference 
in range of motion of the hands: the third program was 
designed in a way that the subjects drew circles with 
both hands in a simultaneous bimanual task. However, 
the diameter of one of the circles by one hand was to be 
twice larger as the other. That is with every beat of the 
metronome, one of the hands drew a large circle while 
the other drew a smaller one, concurrently with every 
beat this task was performed 60 times in 30 seconds.

Data processing
The data were analyzed using IBM SPSS Statistics (Ver-
sion 20.0; IBM, Armonk, NY, USA). Analysis of vari-
ance for repeated measures, where dependent variable 
was “percentage changes of correct bimanual coordina-
tion movement” and independent variables were time 

Figure 2. Pictures from implementation of bimanual movement patterns in 
three groups.
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(pretest, day1, day2, day3, day4, posttest) and group. 
The effect size was evaluated by the eta squared. LSD 
follow-up test was also employed. The significance level 
was considered .05 for all the tests.

Results

Acquisition tests
In within group effects test with repeated measures for 
asymmetric bimanual movement in three experimental 
groups the factor of time was significant in acquisition 
tests (F = 36.55, p < .001, η2 = .575); that is the exer-
cises have enhanced the bimanual tasks Considering 
the mean percentage of correct movement, the results 
indicated that in all three groups, the trend of changes 
has inclined toward the enhancement of bimanual move-
ments. The follow-up test revealed that there is a signifi-
cant relation between the pretest phase and posttest and 
retention test phases in all three groups (respectively for 
posttest and retention test, in the first group p = .003, 
p = .011, in the second group p = .001 and p = .001, 
in the third group p = .003 and p = .005). Neverthe-
less, neither a significant effect on the group (F = 1.38, 
p = .270, η2 = .092) nor any interaction between the 
experimental group and test number (F = 1.00, p = .437, 
η2 = .575) was observed. This means there has not been 
any significant difference in the improvements resulted 
from exercises between the groups.

Transfer tests
For asymmetric bimanual movements in transfer tests 
(when the movement of both hands are exchanged 
corresponding to the exercise situations), within 
group effects using repeated measures in three experi-
mental groups in transfer tests, the factor of time 
was significant (F = 5.29, p < .001, η2 = .164); that 

is the practices have improved bimanual movements 
in transfer tests in general. Furthermore, significant 
effect on the group (F = 8.17, p = .002, η2 = .377) 
and factor*group (F = 2.12, p = .046, η2 = .136) was 
observed. Which indicates that in transfer tests, there 
has been a significant difference between the groups 
in terms of the changes resulted from exercise. The 
results of intragroup variance analysis with repeated 
measures while drawing bimanual movements in the 
acquisition and transfer phases for separate practice 
groups has been shown in Table 1. The results showed 
that in the first group (the group in which the effect 
of load on the movement of the two hands was differ-
ent) there was a significant difference between the tests 
(F = 19.28, p < .001, η2 = .682). Considering the mean 
percentage of correct movement, the results indicated 
that the trend of changes in transfer tests has inclined 
toward the enhancement of bimanual movements. The 
follow-up tests in this group revealed that there is a sig-
nificant difference between pretest phase and posttest 
and retention phases in the transfer test (respectively 
p < .001, p < .001). Mean percentage of correct move-
ment increased from 44% to 60% in the posttest phase 
and 58% in the retention phase (the trend of changes in 
these tests can be seen in Figure 3). The changes in the 
transfer test in this group are relatively similar to those 
in the main practiced task (acquisition tests). Neverthe-
less, in the second group (the group performing asym-
metric bimanual movement to examine the speed of 
both hands) the results were different and there was no 
difference in the tests (F = 0.945, p = .432, η2 = .095). 
Therefore, transfer tests do not imply the enhancement 
of bimanual movement in its converse pattern. The 
follow-up tests also revealed that there is no signifi-
cant difference between pretest phase and posttest and 
retention phases in transfer test (respectively p = .056 
and p = .133) although mean percentage of correct 

Table 1	  
The results of intragroup variance analysis with repeated measures (factor 
time) while drawing with bimanual movements in acquisition and transfer 
phases for separate practice groups

F p η2

Acquisition

First group 8.92 < .001 .498

Second group 11.31 < .001 .558

Third group 18.97 < .001 .678

Transfer

First group 19.28 < .001 .682

Second group 0.945 .432 .095

Third group 4.91 .005 .353
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movement increased from 34% to 42% in posttest and 
to 42% in retention test (the trend of changes in these 
tests can be seen in Figure 4). In the third group (the 
group performing asymmetric bimanual movement to 
examine the range of motion of both hands) there was 
a considerable difference compared to other groups in 
transfer test. Mean percentage of correct movement 
increased from 41% to 66% in posttest phase and 64% in 
the retention phase in as much as there was a significant 
difference between the tests when drawing the asym-
metric bimanual task in this group in transfer phase 
immediately after the exercises and transfer in reten-
tion phase (F = 4.91, p = .005, η2 = .353). Considering 

the mean percentage of correct movement, the results 
indicated that the changes in transfer tests have brought 
about decline in bimanual movements and have led to 
the failure of performance. Although the follow-up tests 
showed, that despite the decline in performance, the dif-
ference between the pretest phase and posttest phase is 
not statistically significant, this difference is significant 
between the pretest phase and retention phase in trans-
fer test (p = .047, p = .180 respectively) it indicates a 
negative transfer. The mean percentage of correct move-
ment decreased from 53% to 51% in posttest phase and 
50% in retention phase in the transfer test (the trend of 
changes in these tests can be seen in Figure 5).

Figure 3. Percentage changes of correct bimanual coordination movement in 
acquisition and transfer tests in the first group.

Figure 4. Percentage changes of correct bimanual coordination movement in ac-
quisition and transfer tests in the second group.



121Evaluation of learning of asymmetrical bimanual tasks

Discussion

The results of the study showed that there was no 
significant difference among the three groups in the 
acquisition tests, so those that had trained all learned 
bimanual movement well. But in the transfer tests, a 
remarkable difference was observed among the groups 
that our interpretations of the bimanual movement 
were affected. 

The findings of the first group showed that in 
the exercise in which the effect of load on the move-
ment of the two hands is different, transfer of asym-
metric bimanual movement to the exchanged position 
between the two hands is positive. Increasing the load 
increases the effect of gravity on the hand. The results 
of Bringoux, Blouin, Coyle, Ruget, and Mouchnino 
(2012) showed that loading on the hand and changing 
the gravity effect on the hands motor command and 
thus the motor performance. They stated that loading 
on the hand, changing firing muscle spindles during 
active contraction and sense of movement, results in 
significant changes in movement accuracy. The force 
of gravity has a significant effect on spatial orientation, 
proprioception, exchange, and initiation or stop of our 
movements. The CNS can encounter gravity in one of 
the two levels of programming or performance (Papax-
anthis, Pozzo, & McIntyre, 1998). Papaxanthis et al. 
(1998) state that in programming level, gravity is not 
considered to be only a simple force to be overcome 
rather it is an influential factor which could be used for 
performing the movements. On the performance level, 
the CNS copes with gravity impetus along with motion 
and based on the data resulted from proprioception. 
Considering gravity as a disruptive mechanical agent 

impedes assessment of gravity impetus before the 
action and consequently considerably affects the accu-
racy of the movement (Papaxanthis et al., 1998).

 Although, mechanically, gravity-related constraints 
can affect the movements of the hands (Nishikawa, 
Murray, & Flanders 1999; Soechting & Flanders, 
1998) and some have suggested that the force of gravity 
may contribute to the development of motor program 
(Papaxanthis, Pozzo, & McIntyre 2005; Papaxanthis, 
Pozzo, & Schieppati 2003), considering that in the 
present study, transfer to the exchange of movements 
between the two hands is positive, it appears that over-
coming the force of gravity (in the present research the 
weights attached to the hands) in bimanual coordina-
tion, is controlled at the performance level and lower 
levels of the nervous system and overcoming these 
constraints in bimanual coordination does not need 
changing the motor program formed before and prob-
ably, this feature is controlled by the mechanism of the 
muscular spindle and in the reflexive level, does not 
engender much interference between the two hands. 
Thus, it is not considered to be one of the main fea-
tures of the bimanual motor program. So, like move-
ment direction it can be easily transferred to bimanual 
movement in converse situations (exchanged between 
the two hands). The results of the research in the first 
group support the studies which have been conducted 
by Zanone and Kelso (1992, 1997). Their research 
showed that previously existing bimanual coordination 
tendencies were exploited during learning in order to 
match visual requirements. These findings and the 
concepts presented provide a framework for under-
standing how learning occurs in the context of previous 

Figure 5. Percentage changes of correct bimanual coordination movement in 
acquisition and transfer tests in the third group.
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experience. The results of the study in the second and 
third group in which the movement difference of the 
two hands in terms of speed and range of motion were 
examined, revealed different findings compared to 
the first two groups inasmuch as in the second group 
no transfer to converse pattern occurred and in the 
third group the results were even more noticeable and 
transfer to the exchange of patterns between the hands 
was negative. The results of the transfer of asymmet-
ric bimanual movement in these two groups markedly 
reinforces the research which has been conducted by 
Vangheluwe et al. (2006) and Sisti et al. (2011). These 
results indicate considerably important points which 
can challenge any of the theories proposed on biman-
ual coordination. Vangheluwe et al. (2006) reported 
that in bimanual finger tapping with a 2:1 ratio, trans-
fer to converse pattern is negative. Sisti et al. (2011) 
concluded in his research that isofrequency bimanual 
patterns (1:1) were performed more successfully than 
multifrequency patterns (1:3, 1:2 and 2:3). They also 
stated that the transfer of this multi-frequency move-
ment to the inverse pattern is difficult.

According to hierarchical control theory, the main 
properties or intrinsic aspects of bimanual coordina-
tion motor program (if there is any for bimanual move-
ments) are controlled at a high level of the nervous 
system control hierarchy and variable aspects related 
to the conditions of environment and task are con-
trolled in low levels of hierarchy (Danion & Latash, 
2011; Diedrichsen, Shadmehr, & Ivry, 2010). It turns 
out that movement direction of the two hands (stud-
ied in previous researches) in addition to the effect of 
load on bimanual coordination are among the task-
related properties and are the parameters controlled 
in low levels and can be exchanged easily between the 
two hands. The results of Muehlbauer, Panzer, and 
Shea (2007) indicated that participants were able to 
effectively compensate for decreased and increased 
load with virtually no changes in performance char-
acteristics (displacement, velocity, acceleration, and 
pattern of durations) while electromyographic signals 
demonstrated that smaller (reduced load) or larger 
forces (increased load) were spontaneously generated 
to compensate for the change in load. Dimitriou and 
Buckingham (2018) found that in bimanual task no 
changes in holding force as a direct consequence of the 
other hand’s actions. Their results also suggest that fin-
gertip forces are largely independent between hands in 
a bimanual lifting context but are sensitive to different 
task demands.

While the properties such as size and temporal 
difference of the movements of two hands during 
asymmetric bimanual movements are considered to be 
intrinsic properties (or invariable aspects) of bimanual 

movements, and are controlled at a high level of the 
central nervous system. Therefore, depending on the 
hierarchical level at which, the difference in the two 
hands is controlled, it appears that transfer of asym-
metric bimanual movement to exchanged pattern 
between the two hands can be positive or negative. 
Considering the results of the third group that con-
firmed negative transfer and even the results of the 
second group which did not end in positive transfer, 
discussion on generalized motor program theory can 
cover remarkable angles and introduce new subjects in 
bimanual movements. According to GMP, asymmetric 
bimanual coordination movements should be regarded 
from a different angle coupling between two hands 
should be considered as a primary motor program 
which has itself invariable aspects and in lower levels 
some parameters are added to that (Ivry, Diedrichsen, 
Spencer, Hazeltine, & Semjen, 2004). Considering the 
results, some of these parameters could be brought up 
in the present research.

Neurologically, in bimanual movements, a good 
majority of the research has referred to the outstand-
ing role of motor cortex of the dominant hemisphere 
(Cardoso de Oliveira, 2002; Nozaki & Scott, 2009) and 
specifically motor cortex in the dominant hemisphere 
(Makia, Wonge, Sugiuraa, Ozakic, & Sadatoa, 2008). 
Nevertheless, in all cortex areas, the role of supplemen-
tary motor area in bimanual coordination especially in 
asymmetric bimanual movements has been emphasized 
(Goerres, Samuel, Jenkins, & Brooks, 1998; Toyokura, 
Muro, Komiya, & Obara, 1999). Implementing asym-
metric bimanual motor patterns involves a high level of 
calculation in nervous system and includes parietal cor-
tex (Wenderoth, Debaere, Sunaert, van Hecke, & Swin-
nen, 2004) and probably the more difficult the biman-
ual task is, a more computational attempt is needed. 
Meister, Foltys, Gallea, and Hallet (2010) showed that 
the control process of bimanual movements in which 
the two hands are temporally and spatially asymmetric 
(amplitude of the movement), engage higher level areas 
of dorsolateral prefrontal cortex and anterior cingulate 
cortex. They maintain that activation of these areas is 
probably related to the movement performance pattern 
and difficulty of the task (Meister et al., 2010). Similarly, 
Wenderoth, Debaere, Sunaert, and Swinnen (2005) 
showed that the interaction between parietal-premotor 
network and the dorsolateral prefrontal cortex to over-
come the spatial interaction in bimanual movements 
(asymmetry in the amplitude of movement of the two 
hands) is essential. Rueda-Delgado et al. (2014) hold 
that in first phases of bimanual coordination, greater 
areas of brain are stimulated, whereas in the final phases 
after sufficient practice, spatial pattern of nervous activ-
ity can decrease due to neuron reorganization. 
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Conclusion

In total, it can be concluded that difficulty levels or 
difference of various levels of cerebral control in these 
two bimanual tasks (difference in speed and amplitude 
of movement of the two hands) compared to the first 
task (difference in the effect of load on the two hands) 
is bigger, which can reinforce the conclusion that asym-
metry in temporal pattern and amplitude of movement 
of the two hands is the integral part of bimanual motor 
program (presumably it can be regarded as an intrinsic 
property of bimanual motor program) which cannot be 
transferred to the exchanged pattern between the two 
hands.

The results showed that in asymmetric bimanual 
tasks, the transfer to the inverse pattern can be positive 
or negative. So that some of the movement properties 
are transferable and not some others. On the whole, 
depending on which hierarchical level of bimanual 
motor program control includes difference in asymmet-
ric pattern of the two hands among its control charac-
teristics, it may or may not be transferred to its converse 
pattern. Therefore, the theory of the independence of 
effector from bimanual coordination motor program 
needs revision. Additionally, the results of the present 
research might persuade us that bimanual coordination 
motor program like other uni-limb motor programs can 
hold intrinsic features and parameters which change 
according to the task features and environment.
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