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Introduction

Interlimb transfer has long been identified inmotor learning, with the consensus that

the first research can be traced back to 1894 (Scripture et al., 1894). Effects of unilateral

practice transfer to the contralateral limb, resulting in skill improvement of the untrained

side (Green and Gabriel, 2018). Research evidence based on the neuroimaging technique

suggests that interlimb transfer is more than a phenomenon at the behavioral level.

In fact, it is associated with strengthened neural correlates within the motor network

(Dirren et al., 2021). A noticeable feature of interlimb transfer is the asymmetrical pattern

which indicates greater transfer in one direction than that in the other (Wang and

Sainburg, 2004, 2006). Asymmetry of interlimb transfer has been well-documented in a

number of motor learning research on manual performance (Sainburg and Wang, 2002;

Lavrysen et al., 2003; Teixeira and Caminha, 2003; Galea et al., 2007). The typical design

induces learning experience during the experiment by means of visuomotor rotations

(Wang and Sainburg, 2004, 2006). Participants initially performed an aiming task by

moving a cursor from a start point to a target over a tablet. The cursor displayed the

location of the finger directing the cursor. After practices under normal circumstances,

visual perturbations were assigned by 30◦ counterclockwise rotation. In the visuomotor

rotation experiment, motor learning represents conscious and progressive corrections

for perceived movement errors due to the distorted visual feedback (Taylor et al., 2014).

Theories on the asymmetrical interlimb transfer have been developing over the

past decades. The proficiency model is an early hypothesis to provide insights

into the asymmetrical transfer. Dominant hemisphere/hand is more proficient than

non-dominant hemisphere/hand in motor learning. Practice on the dominant side

results in more motor information available for transfer to the non-dominant side.

Therefore, the model suggests greater transfer to the non-dominant limb performance

following the dominant limb practice (Laszlo et al., 1970). On the other hand, the callosal

access model predicts an opposite transfer direction which favors the dominant limb

performance (Taylor and Heilman, 1980). According to this model, motor information

is stored in the dominant hemisphere, thus facilitating learning and performance of the

dominant limb due to the direct access to the stored information. While interpreting

the asymmetrical transfer to some extent, the two models still show major limitations
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as each model only covers one direction of interlimb transfer.

Based on critical analysis of the limitations, Parlow and

Kinsbourne (1989) proposed cross activation model with a

particular emphasis on bilateral adaptations. This model is

based on the observation that unilateral movement activates

both contralateral and ipsilateral motor cortices (Dai et al.,

2001; van Duinen et al., 2008). Unilateral training over time

leads to neural adaptations in both hemispheres, and the neural

adaptations in the untrained hemisphere enhance performance

of the untrained limb (Ruddy and Carson, 2013).

The limitations of previous models called for more inclusive

perspectives on the asymmetrical transfer in motor learning.

Sainburg and Wang (2002) provided evidence that transfer

direction was specific to task features. In the same arm reaching

task, opposite transfer directions were observed in different

kinematicmeasures. Greater contralateral transfer was identified

in the initial direction of right armmovements under the rotated

visual conditions. On the other hand, right arm training resulted

in greater improvement in the final position accuracy of left

arm movements. The findings suggest complex mechanisms

underlying interlimb transfer, leading to further investigations

on the functional specialization in left and right hemispheres.

Dynamic-dominance hypothesis assumes distinct neural

mechanisms for particular movement features (Bagesteiro and

Sainburg, 2002). While the dominant system is responsible for

the regulation of dynamic characteristics of movement (i.e.,

control of trajectories and force production), the non-dominant

system processes visual-spatial information of movement (i.e.,

control of final positions and targeted precision) (Sainburg,

2002; Stöckel and Weigelt, 2012). Hemispheric specialization

for different motor control mechanisms has been shown

to influence directions and magnitude of interlimb transfer

(Sainburg et al., 2016). With the increasing understandings of

hemispheric lateralization and interlimb transfer, the model

of specialized processing and transfer was proposed with an

essential hypothesis that practice involving the specialized

hemisphere-effector system induces a larger transfer of learning

than the non-specialized, less efficient hemisphere-effector

system (Stöckel et al., 2011). Recent research provided evidence

for the model of specialized processing and transfer. In

a grooved pegboard task, right-handed participants showed

greater transfer after right hand practice than that after left

hand practice whereas left-handed participants performed the

task with comparable magnitude of transfer after practice

on each hand (Wang et al., 2020). Handedness is reflective

of hemispheric asymmetry. The different transfer directions

between right- and left-handed individuals suggest the impact

of hemispheric asymmetry on interlimb transfer. Additionally,

hemispheric activations tend to become less asymmetrical in

response to increased task complexity. Asymmetrical transfer

has been reported in simple tasks during which hemispheric

activation is lateralized. On the other hand, complex tasks

stimulate bilateral activations, leading to symmetrical interlimb

transfer associated with the reduced hemispheric lateralization

(Wang et al., 2022). Therefore, the findings of handedness and

task complexity suggest that the model of specialized processing

and transfer can provide valid interpretations on asymmetry of

interlimb transfer during motor learning.

Motor learning research has been conducted to expand

understandings of the neural mechanisms. However, existing

research with the purpose of applying neuroscience knowledge

and principles to enhance motor learning is still limited. An

interesting speculation can be reached about the feasibility to

enhance teaching and learning in physical education (PE) by

taking advantage of the asymmetrical phenomenon in interlimb

transfer. So far, interlimb transfer has been mainly investigated

by simple motor actions such as finger tapping and pegboard

tasks. It is reasonable to examine whether the asymmetrical

pattern observed in the laboratory settings can be extended

to the practical conditions in PE classes. The current study

proposed the opinion that asymmetry of interlimb transfer

may contribute to pedagogical innovations in PE by facilitating

the process of teaching and learning sport skills. PE class is

the primary affordance for students to learn a novel sport

skill (Stöckel et al., 2011). Research on asymmetrical interlimb

transfer implies practical value in developing effective teaching

strategies to enhance sport skill acquisition.

Pedagogical innovations in PE

Asymmetry of interlimb transfer is indicative of hemispheric

functioning. Neuroimaging evidence has shown adaptations

in neural circuits associated with improved performance of

the untrained limb after unilateral training (Oosawa et al.,

2019). Childhood and adolescence are critical periods during

which the nervous system is highly plastic (Shaw et al., 2006;

Ismail et al., 2017). PE class design in consideration of neural

functioning may enhance sport skill acquisition. In recent

years, neuroscience is characterized by prominent progress in

improving the teaching and learning process for many subjects

(Baena-Extremera et al., 2021). Research on asymmetrical

interlimb transfer may provide a promising approach to

integrate neuroscience into class design and organization,

leading to pedagogical innovations in the field of PE.

Class design based on asymmetrical
interlimb transfer

While improved performance of the trained limb indicates

the principle of specificity, it is also necessary to notice the

transfer effects which enhance performance of the untrained

limb. Because interlimb transfer is asymmetrical in direction

and magnitude, PE teachers and practitioners should consider

practicing the side that results in larger transfer effects. For
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a specific sport skill, if the right limb practice benefits both

right and left limb performance whereas the left limb practice

only produces positive effect on the left limb performance, a

reasonable selection is to practice the skill with emphasis on

the right side. Haaland and Hoff (2003) designed a soccer

training program in which the experimental group performed

skill practice by non-dominant (left) foot and the control group

practiced with no particular demand on which side to use.

The experimental group enhanced both left and right foot

performance, whereas the control group only improved right

foot performance. Between-group comparisons indicated that

practice on the non-dominant foot resulted in superior left

foot performance and comparable right foot performance to

the control group. The findings warrant implementing non-

dominant foot practice in acquisition of basic soccer skills.

Whether dominant or non-dominant limb practice

produces greater transfer depends on the inherent motor

components of the task (Sainburg and Wang, 2002). For the

skills involving the visual-spatial information which specializes

in the right hemisphere/left limb, particular emphasis on the

left limb should be given during the practice. Additionally,

dynamic characteristics of movement are processed in the left

hemisphere/right limb system. Greater transfer effects can be

achieved by the right limb practice on the skills involving the

regulation of movement dynamics.

Evidence in accordance with the hypothesis was provided

in a study which examined two types of throwing skills with

particular demands on accuracy and force production (Stöckel

and Weigelt, 2012). The training program lasted 8 weeks during

which participants began the training with one hand in the first

4 weeks and then switched to the other hand practice in the last 4

weeks. In the task with an emphasis on throwing accuracy, initial

practice on the non-dominant hand enhanced performance of

both hands to a greater extent than the opposite order. In

contrast, participants with initial practice on the dominant arm

showed larger beneficial transfer than their counterparts with

initial practice on the non-dominant arm when performing the

throwing task with an emphasis on maximum force.

The throwing tasks with a particular demand on accuracy

involves visual-spatial processing (e.g., trajectory control) in

the right hemisphere/left limb system. Practice on the left

hand is in line with the specialized hemisphere-effector system,

thus resulting in greater transfer effects. Same rules can be

applied to the task with a demand on throwing force. The

left hemisphere/right hand system specializes in regulation of

movement dynamics such as force production (Serrien et al.,

2006). Practice on the dominant hand establishes a better

representation of the specialized left hemisphere/right hand

system in motor skill acquisition, leading to larger transfer from

the right hand practice to the left hand performance.

Additional evidence was provided by 6-week fencing

training sessions which were developed in accordance with

the hemispheric lateralization hypothesis (Witkowski et al.,

2018, 2020). The ratio of non-dominant (left) side to dominant

(right) side practice was 3:1, as each drill repeated three times

on the left limb associated with one practice on the right

limb. The control group, on the other hand, implemented

practice only with the dominant side. Although fencing

is a unilateral sport, bilateral practice resulted in greater

improvement in hitting accuracy of the dominant hand than

that after unilateral practice. Because the right hemisphere/left

limb system specializes in spatial characteristics of movement,

training with an emphasis on the left side enhances the specific

neural network, producing transfer effects to the dominant hand

performance. Therefore, evidence from the existing research

implies promising applications of asymmetrical transfer to PE.

Class design in accordance with asymmetry of interlimb transfer

would promote time efficiency of teaching and learning.

Framework for future endeavors

Despite the promising applications of interlimb transfer,

direct evidence with respect to pedagogical practice is still

limited, which warrants future research on the relevant topic.

A four-phase framework to guide subsequent research work is

provided in this section.

Successful application of asymmetrical interlimb transfer

to PE underlies the link between the trained limb and the

specialized hemisphere-effector system in skill learning. The

initial phase should classify individual sport skills (e.g., passing

and dribbling) into corresponding hemisphere-effector systems.

The fundamental work is to identify the skills which are

dominantly processed by the right hemisphere/left limb system

and those mainly processed by the left hemisphere/right limb

system. The second phase involves conducting experimental

studies to testify efficacy of the existing models in predicting

and explaining the effects of applying asymmetrical transfer

to sport skill acquisition. Marinsek (2016) provided a valid

study design to examine lateral asymmetry in dribbling skill

practice. Participants were randomly allocated to dominant

limb practice group, non-dominant limb practice group,

or bilateral practice group. Outcomes in relation to each

teaching strategy were examined by within- and between-

group comparisons. The third phase, after the study design

and implementation, aims to interpret the results by available

theoretical models. The findings may be inconsistent with

the hypothesis that practice on the specialized hemisphere-

effector system induces a better transfer of learning across

limbs. Indeed, inconsistent findings have been reported by

the existing literature. For the dribbling practice in soccer,

some studies identified better learning outcomes associated

with non-dominant limb practice (Haaland and Hoff, 2003;

Teixeira et al., 2003), while evidence also indicated favorable

transfer effects after dominant limb practice (Marinsek, 2016).

The magnitude and direction of transfer may be influenced by
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various factors such as age of participants (Marinsek, 2016) and

types of sport skills (Stöckel and Weigelt, 2012). It is possible

that the existing models may be inadequate to interpret all

research findings, thus leading to the fourth phase of refining

the models if necessary. With the cumulative understandings

of the mechanisms underlying interlimb transfer in sport skill

acquisition, principles of neuroscience and motor control can

be better applied to enhance teaching and learning effects in

PE classes.

Conclusion

The current study highlighted asymmetry of interlimb

transfer as a potential contribution to pedagogical innovations

in the field of PE. Asymmetrical transfer is considered

a reflection of functional lateralization in left and right

hemispheres. Taking advantage of this interlimb phenomenon

may enhance time efficiency of teaching and learning a

novel sport skill. The basic rule to guide teaching practice

can be summarized in the statement that practice involving

the specialized hemisphere-effector system induces greater

transfer effects, thus facilitating acquisition of sport skills.

The empirical evidence implies high practical value for

PE class design and implementation, which warrants

future research work on the relevant topic. Accordingly,

a four-phase framework was proposed to guide following

research and pedagogical practice. The current study calls

for more attention to the innovative teaching strategy which

indicates a promising combination between neuroscience

and PE.
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