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Abstract: Regular participation in physical activities, such as sports games and
exercises that engage both extremities, plays a key role in the development of
children bilateral transfer. Through such activities, children acquire the ability to
transfer skills and movements learned by using both extremities, which can be vital
for their motor coordination and performance in various activities. The goal of this
systematic review was to determine, based on the previous researches, the effects of
games and other types of physical activities on bilateral transfer in motor
development of children. Research data were collected by taking inclusion and
exclusion criteria into account on PubMed, Web of Science and Google Scholar. As a
result of the evaluation carried out within these criteria, twenty (N = 20) original
scientific studies were included in this research. The main findings of the research
indicate that bilateral transfer programs, which include elementary games or
programmed practice sessions, as well as programmed soccer exercises, have a
positive effect on the bilateral transfer of children aged 3-12 years. These findings
are in accordance with the results of the previous researches, done with adults,
which were also analyzed, and suggest that short-term or long-term side-to-side
transfer can be achieved in a wide range of age groups.
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INTRODUCTION

The issue of motor development in preschool children is the topic often
discussed, due to extremely low levels of physical activity that our society faces,
which could soon turn into an epidemic. Movement is an important factor in healthy
growth and development of the body (Graham, 1992), while games and physical
activity allow preschool children to develop motor skills that will serve as a basis for
future learning and development of complex motor skills (Shenouda et al., 2011). In
the first six years of their lives, children explore their bodies and their surroundings
through movements and activities. Previous research has confirmed that low
physical activity results in reduced motor skills in children (Malina et al., 2004),
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while higher levels of physical activity lead not only to improved physical fitness, but
also to the improvement of intellectual abilities and emotional state (Malina et al,,
2004), which is extremely important for the overall development of the child.
Lateralization refers to one hemisphere tending to be more responsible for a
particular function. The emergence of this concept dates back to the 1860s, when
conducted researches proved asymmetric brain functions. In the related literature,
the number of studies on lateralization of the lower extremities is significantly less
extensive than those about lateralization of the upper extremities (Erdil et al., 2016).
Regarding this, a research on the impact of different bilateral exercises can
contribute to a better understanding of the children’s overall motor development.
The ability of a person to learn or perform a particular skill with one limb, that
has already been learned with the opposite limb, is generally called bilateral
transfer (BT) (Ammons, 1958). Children show more or less expressed motor
laterality, which is reflected in the preferred (dominant) part of the body (Bozkurt et
al, 2020). Although the acquisition of motor skills is mostly performed with the
dominant side of the body, situational action with both dominant and non-dominant
side of the body is vital for many sports games (Bozkurt et al., 2020). The ability to
learn a particular skill more easily with one arm or leg after the skill has been
learned with the opposite arm or leg, is associated with what is called BT (Magill,
1993), as mentioned earlier. This is the most reasonable way to accelerate the
process of individual success in learning. The fact that initial practice of a motor task
with one side of the body leads to subsequent performance of the other, has been
shown in many studies investigating upper and lower limb movements (Teixeira et
al,, 2003) However, only a few studies have investigated bilateral practice of sports
skills related to lower limbs, nor they included experienced athletes, especially in
team sports, and the few studies that were found indicate inconsistent results. Most
studies investigate non-athlete populations (Byrd et al., 2000; Liu & Wrisberg, 2005;
Akbari et al, 2009; Bellows et al., 2013; Erdil et al, 2016; Rajovic et al., 2016;
Magaldn et al,, 2020; Hussain et al., 2022; Ljubici¢ et al., 2022; Chen et al,, 2023). In
this regard, although these studies do not investigate bilateral transfer in children
who are already involved in sports, they can provide a picture of BT in children if
they want to get involved in sports later, which can facilitate the process of learning
certain technical elements. The mentioned studies (Byrd et al, 2000; Liu &
Wrisberg, 2005; Akbari et al, 2009; Bellows et al., 2013; Rajovi¢ et al, 2016;
Magalldn et al., 2016; Bozkurt et al., 2020; Hussain et al., 2022; Chen et al,, 2023;)
showed that bilateral transfer programs, which encourage the use of dominant and
non-dominant sides, have a positive effect on the bilateral transfer of children aged
3-12 years. Despite the obvious importance of bilateral transfer for the performance
of some types of sports skills, researchers in sports science have so far have only
sporadically investigated bilateral transfer. Studies investigating bilateral transfer of
motor skills have generally involved a predetermined, fixed learning criterion for all
subjects (Hicks et al., 1983). Most of these researches have used perceptual-motor
tasks, such as mirror tasks and rotational tracking (Grignon, 1985). That is why this
work has the advantage of systematizing the literature that investigates the effects of
games and other types of physical activities on bilateral transfer in children's
development. Therefore, the goal of this work was to determine, based on previous
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researches, the effects of games and other types of physical activities on bilateral
transfer in children's motor development.

METHODS

This research was designed by using a technique of systematic literature
review. Research data were collected considering the inclusion and exclusion
criteria of the research which was published as a result of a search conducted using
the keywords such as: bilateral transfer, development, motor skKills, children, both in
Serbian and English. The search was performed on the Web of Science, Google
Scholar, PubMed, WoS, Scopus and MedLine databases in an electronic environment
between April 4th and May 10th 2024, in accordance with the guidelines of
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
(Moher et al.,, 2009) (Figure 1).

Inclusion criteria:

* The sample of examinees should consist of children;

» Research must apply a program of physical exercise or elementary games;

¢ Tests that evaluate bilateral transfer in children must be shown in research;

* Research should be published as an article in English or Serbian in the period
between years 2011 and 2024;

* The research should be published as an original article entirely in English or
Serbian.

Exclusion criteria:

» Sample of older adolescents or adults;

* The research does not include any form of physical activity/movement;
¢ The research does not include tests for bilateral transfer;

¢ It’s published before year 2011;

» Articles where only abstracts or systematic reviews are available are not
included in the research.
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Chart 1. Selection proces (Origin: Prisma 2020 flow diagram for new systematic
review!)

Works found in databases:
PubMed (N=172), Google

224 articles removed before
screening:

Scholar (N=105) Web of Smenc_:e > Duplicate articles: 114
(N=45), Scopus (N=31), MedLine )
(N=49) Other reasons: 110

!

Articles screened : 178 —>

|

Aticles requested for review: 94

i

Articles assessed for eligibility: 63

Articles excluded because of
being review study: 84

Second language: 2
Unavailability of tests for BT: 29

v

The sample does not include
children: 43

Studies included in review: 20

! http://prisma-statement.org/prismastatement/flowdiagram.aspx?AspxAutoDetectCookieSupport=1
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RESULTS

This part presents the results of previous research on the given topic.
Researches are analyzed in detail and presented as follows: first author of the study
and the year of publication; sample, ie. basic parameters of respondents
participating in the research; experimental program (duration of the program and
exercises that were applied during it); the results that the researchers reached

during the research.

Table 1. Results

Author/Year Sample Experimental program Research results
N= 52 6 weeks, 12 sessions of 45 min
Stockel et al 17 F_35 M (exercises of technical elements  EG had improvements in BT, where
(2011) ) EG=26 CG=26 performed with the non- they showed similar times to
11__ 12 ea_rs dominant hand) perform the test (task) with the
y dominant and non-dominant hand
N=64 40 sessions of performing the All EGs had better BT in terms of
Senff et al EG1—16_EG2-16 exercise with the dominant and reduction in time required to
(2011) ’ EG3_—16 KG—_16 non-dominant hand (exercises of perform the task with the non-
1 1__ 12 ea;s switching objects - sliding task) dominant hand, whatever order of
y practice was used
. 4 weeks, . The results indicate that BT is
. N=16 2 times a week for 45 minutes . L
Stockel et al. 12 vears (precision exercises performed better if the same exercise is
(2012) Y pre . p performed with the dominant and
EG=16 with the dominant and non- ;
. non-dominant hand
dominant hand)
18 we'eks, 4 tlmgs N vyeek, 15-20 The intervention led to significant
N=201 min, 72 sessions in total. . . . :
Bellows et al. L : . . changes in BT in children in EG (p=
(2013) 3-5 years Running, jumping, manipulative 001) and was a strong predictor of
EG=103 CG=98 tasks, stabilization exercises, ball EP
. good motor development
exercises
o N= 45 6 months, 2 times a week Children from .EG had better BT,
Rajovic et al. (p=.004), while there were no
4-6 years (Elementary games that were ; .
(2016) EG= 23 CG= 22 applied in kindergarten) differences in other MS on IT and
- - PP & FT (CG regular PA)
There were no  significant
N= 80 8 weeks. Elements in football differences in IT and FT among
Erdil et al. 11_15 ears (dribbling, juggling, passing, subjects. The authors hypothesize
(2016) EG—ySO shooting, shooting over thelive ~ that previous participation in
N wall) foodball training led to a good
development of BT
N=90 20 sessions of motor
Magallén et al. 6-1 2_ ears coordination tasks (10 with the = There were significant differences
(2016) EG= 45}&(;_ 45 dominant 10 with the non- on the BT test in EG, indicating that

dominant hand)

bilateral exercises have a positive
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Stanley et al.
(2016)

Land
etal. (2016)

Bellows et al.
(2017)

Bonney et al.
(2017)

Buchele et al.

(2018)

Wang et al.
(2020)

Bozkurt et al.

(2020)

Chen et al.
(2021)

N=62
3-5 years
EG=32CG=32

N=45
14-15 years
EG=45

N=51
3-5 years
EG=26 CG=25

N=111
6-10 years
EG=56 CG=55

N=116
10-11 years
EG1=31EG2=29
KG=56

N= 268
3-6 years
EG=134 CG= 134

N=24
9-10 years
EG=12CG=12

N=695
9-10 years
EG= 347 CG= 348

N=314
9-10 years

6 weeks, 2 sets of 20 min per
week in kindergartens
Jump exercises (6 types of
jumps)

60 sessions with dominant and
non-dominant hand (6 rounds of
10 repetitions with 3s pauses
between repetitions). Taping
exercises with dominant and
non-dominant hand.

25 sessions of motor
coordination exercises, running,
strength exercises, balance.
Object control

5 weeks, 2 sets of 20 min per
week.
Slalom exercises, jumps, balance,
running with a change of
direction

EG1 - 4 weeks, 5 times a week for
6 minutes (coordination
exercises of the upper and lower
limbs)

Elementary games with a ball
(various sports games with the
aim of developing motor skills.
EP - 4 weeks, 2 sets of 30 min.

16 weeks. Elements in football
(dribbling, juggling, passing,
shooting)

16 weeks, 2 times a week for 40
minutes (coordination exercises
from football and basketball)

8 weeks, 32 sessions of 40
minutes each (exercises

acute effect on coordination (p=
.01)

Children from the experimental
group had significant BT after 6
weeks of practicing jump exercises

The  findings  suggest that
visualization training may benefit
BT primarily in the initial stages of
learning, while prolonged training
through physical practice leads to a
greater impact on the same.

After 25 sessions there were
significant differences in the tested
BT variables (balance,
coordination) in EG (p=.05)

After 5 weeks, children from EG
had a significant improvement in
BT compared to children from CG

(p=0.05).

Children from EG1 had better BT in
terms of coordination, reaction
speed, compared to children from
EG2 and KG who did not receive
additional treatment

There were significant differences
on FT in children from EG to BT
(coordination, dexterity)

BT in children from EG was
significantly higher compared to
children from CG, which is very
useful in football (especially with
the mentioned technical elements)

Better BT in children from EG,
better cognitive results as well as
cardiorespiratory fitness

Better BT with EG, which reflected
in better results on coordination
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Chen et al.
(2021)

EG=156 CG=158

involving lateral movement)

3 EG (ball - overhead throw,

and technique tests

Group EG3 showed the best results

Hussain et al 71\; 12a3rs underhand throw, catching and on FT of BT, which indicates that
(2022) ) EG1= 26}],5G2— 26 overhead or underhand throw). the frequency of exercise in the
EG3_— 26 CG—_25 All participants were involved (4 development period is an
B B x 20 = 80 per session). EG1: 10; important factor for improving BT
EG2 - 15; EG3- 20 sessions
Children who were in EG had
2 hours per week, 12 weeks bette:r re.sults on BT (bilateral
S N=74 . 1 coordination) tests (p=.05). The
Ljubicic et al. (one-legged jumps, side jumps, R
7-12 years : authors indicate that the
(2022) hurdles, platform jumps, mat o R
EG=37 CG= 37 jumps, high jump, long jump..) application of these exercises is
jumps, fiigh Jump, fong jump... essential for symmetrical
neuromuscular benefits in children
They followed the association Chlld.ren who par.t1c1patefi more
N=174 often in games (with or without a
Chen et al. between the use of ball games .
3-6 years . . . ball) had a higher degree of BT
(2023) and bilateral transfer in Chinese .
EG=174 . . compared to children who were
children over a 6-month period ) .
not involved in games (p=.05).
N=56 12 weeks, 3 times a week for 35
Shi et al. 5. 6_ ears min (elementary games and A 12-week program improved the
(2024) EG—28yCG—28 exercises based on specific BT of EG children

football exercises)

Legend: N - number of respondents; EG — experimental group; CG - control group; IT - initial
testing; FT - final testing; BT - bilateral transfer; EP - experimental program; MS - motor skills,
PA - physical activity, EG - elementary games.

Looking at the reviewed and analyzed reseach in Table 1, it can be concluded
that the number of respondents did not vary greatly from study to study. The
smallest number of 24 respondents was in the study by Stockel et al. (2012), while
the largest number of respondents was in the study by Chen et al. (2021), 695
respondents. When we look at the age characteristics of the respondents, i.e. their
age, it can be seen that the analyzed studies included respondents of different ages,
in the range of 3-15 years. The youngest sample was present in the work of Bellows
etal. (2013), only 3 years old, while an age group of 12 years old was observed in the
studies of Erdil et al.,, 2016; Magall6n et al., 2016; Ljubicic et al,, 2022. The oldest
samples were in the study of Land et al., 2016. with subjects aged up to 15 years. In
four studies, the subjects comprised only the experimental group (EG)(Stockel et. al.,
2012; Erdil et al,, 2016; Land et. al. 2016; Chen et al., 2023;), while the study by
Hussain et al. (2022) had 3 EG and one control group (CG). The remaining 15 studies
divided the respondents into EG and CG (Stockel et al. 2011; Senff et al. 2011;
Bellows et al,, 2013; Stanley et al., 2016; Rajovic et al., 2016; Magallon et al,, 2016,
Bellows et al.,, 2017; Bonney et al,, 2017; Buchele et al., 2018; Bozkurt et. al. 2020;
Wang et al., 2020; Chen et al. 2021; Chen et al., 2021; Ljubicic et al., 2022; Shi et al,,
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2024). Therefore, based on the research objective, a total of 20 original scientific
studies on the given topic were collected and analyzed. Based on the results shown
in the table (Table 1), it can be seen that bilateral transfer programs, which include
elementary games or exercises that encourage the use of the dominant and non-
dominant side, have a positive effect on the bilateral transfer of children aged 3-15
years.

DISCUSSION

The aim of this study was to review the literature that investigates bilateral
transfer in the development of children's motor skills using games and other types of
physical activities. Based on that, 20 original scientific studies closely related to the
given topic were found and analyzed in detail. The main findings of this study
suggest that bilateral transfer programs, which include elementary games or
exercises that encourage the use of the dominant and non-dominant side, positively
influence the bilateral transfer of children aged 3-15 years. The "recording” of
current BT is consistent with the results of previous studies with adults (Chavez &
Coker, 2000) and suggests that short-term limb-to-limb transfer can be achieved
across a wide range of age groups.

Regular participation in physical activities, such as sports games and exercises
that engage both limbs, plays a key role in the development of bilateral transfer in
children. Through such activities, children acquire the ability to transfer skills and
movements. learned with one limb, to the other one, which can be vital for their
motor coordination and performance in various activities (Kohl & Roenker, 1980;
Rouissi et al, 2016; Chen et. al,, 2021). In this regard, all the works shown in the
table (Table 1.) investigate the bilateral transfer itself in the development of
children's motor skills due to the application of physical activities, physical exercise
programs or children's games in order to improve motor skills in children aged 3-12
years. Stanley et al. (2016) implemented a 6-week program of jumping exercises in
kindergartens and found that EG had significant BT after 6 weeks. Bonney et al.
(2017) found that after 5 weeks of practicing slope, jumps, balance exercises and
running with a change of direction and azimuth, children aged 6-10 years improved
their BT. Bonney et al. (2017) found that after 5 weeks of practicing slope, jumps,
balance exercises and running with a change of direction and azimuth, children aged
6-10 years improved their BT. Bellows et al. (2017) found that after 25 sessions of
combined exercises (motor coordination, strength, balance, running and controlling
objects) children had significant BT. Ljubicic et al. (2022) on a sample aged 7-12
years, applying a twelve-week program that includes: one-legged jumps, side jumps,
hurdles, platform jumps, mat jumps, high jump and long jump, found that bilateral
coordination improved. On the other hand, Magallon et al. (2016) applied 20
sessions of motor coordination tasks at the same age and found the same as Ljubicic
etal. (2022). Hussain et al. (2022) applied: overhead throwing, underhand throwing,
catching and overhead or underhand throwing in 3 EG and found that BT was
significant, independent of the number of sessions in the range of 10-20 sessions,
indicating an acute effect of these exercises on BT.

Stockel et al. (2011) found that a 6-week program of practicing technical
elements with the non-dominant hand can improve BT where EG subjects showed
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similar times for performing the test (task) with the dominant and non-dominant
hand, which was also observed in the study by Senff et al. (2011) after 40 sessions of
performing activities with the dominant and non-dominant hand, with the difference
that in this study only one task was present, object shifting. Also, Stockel et al.
(2012) showed that a 4-week program of precision exercises performed with the
dominant and non-dominant hand resulted in better BT. Land et al. (2016) with 60
sessions of dominant and non-dominant hand (6 rounds of 10 repetitions with 3s
pause between repetitions) of tapping exercises proved that this type of training
contributed to the improvement of BT. Buchele et al. (2018) showed by applying a 4-
week training with 5 trainings per week for 6 minutes each (coordination exercises
of the upper and lower limbs) that children from EG had better BT in terms of
coordination and reaction speed. Also, Chen et al. (2021) applied 16 weeks of
training 2 times a week for 40 minutes of coordination exercises in football and
basketball and showed improvements in BT in children from EG, and also better
cognitive results as well as cardiorespiratory fitness. Also, Shi et al. (2024), with the
help of a 12-week program of elementary games based on football exercises with 3
training sessions per week for 35 minutes, managed to improve the BT of children
aged 5-6 years.

Regular participation in elementary games, such as running, jumping, ball
games, and other activities that require the engagement of both limbs, plays an
important role in the development of bilateral transfer in children (Wang et al,
2020). Through these games, children acquire the ability to transfer skills and
movements learned on one limb to the other one, which contributes to the
development of motor coordination and dexterity. Therefore, supporting children's
participation in elementary games is crucial for their overall development of motor
skills (Tousi et al, 2012). Several studies have analyzed the effects of elementary
games on BT (Rajovic et al., 2016; Wang et al., 2020) on a sample of children aged 4-
6 years. Bellows et al. (2013) applied, on a young sample of 3-5 years, a program of
18 weeks, 4 times a week, for 15-20 min (running, jumping, manipulative tasks,
stabilization exercises, exercises with a ball), which led to a significant BT in of
children from EG, Wang et al. (2020) showed that elementary ball games
significantly affect BT in these children.

Football, Basketball and other sports

Participation in soccer programs can significantly contribute to the
development of bilateral transfer in children, since this sport requires the use of
both legs in different situations during the game. By practicing basic football skills
such as dribbling, passing and shooting, children can improve coordination and
dexterity on both sides of their body (Witkowski et al., 2011). Several studies in this
review analyzed the effects of football programs on BT in children aged 9-12 years
(Erdil et al., 2016; Bozkurt et al., 2020). Bozkurt et al. (2020) essentially found that a
16-week football program (dribbling, dribbling, passing, shooting) led to significant
BT in children aged 9-10 years. On the other hand, Erdil et al. (2016) determined, on
a sample aged 11-12 years, that an eight-week football program with similar
elements led to an improvement in BT, which means that the results of studies done
on this specific topic are in agreement, as is the case with the adolescent population
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(Witkowski et al.,, 2011). Finally, Chen et al. (2023) monitored the association
between the use of ball games and bilateral transfer in Chinese children over a 6-
month period and found that children who participated in the games more often
(with or without a ball) had a higher degree of BT. This research has several
shortcomings that are worth mentioning. First, there are few studies examining
bilateral transfer using different programs, to our knowledge. Second, the
inhomogeneity of the used programs did not allow us to perform a meta-analysis
and determine program-specific effects.

CONCLUSION

The aim of this research was to review the relevant literature that deals with
the research of bilateral transfer in the development of children's motor skills
through the application of games and other physical activities. Based on the
literature review, 20 original scientific studies closely related to this particular area
of research were analyzed. The main conclusions of this research indicate that
bilateral transfer programs, which include basic games or exercises that encourage
the use of both sides of the body, have a positive effect on bilateral transfer in
children aged 3 to 15 years. These findings are in accordance with the results of
earlier studies with adults, and suggest that short-term limb-to-limb transfer can be
achieved in different age groups.
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