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Abstract

Background To date, no longitudinal studies of quarterly changes have been conducted on the differences in the
development of motor coordination between boys and girls in relation to changes in their tennis skills level. Therefore,
the aim of the study was to assess the development of motor coordination of 10-12-year-old tennis players over the
course of 1 year, in the light of changes in tennis skills preparation.

Methods One-hundred eighty male and female tennis players aged 10, 11, or 12 years old participated in the study.
Each age group comprised 30 boys and 30 girls. To investigate their motor coordination development, a battery of
general tests (simple reaction, complex reaction, Spalding test, spider test, hexagon jumping, Starosta’s test, hand—
eye test, balance, plate tapping, jump rope) and specific tennis skills tests (wall game and 100-tennis ball tests) were
performed 4 times quarterly over 1 year. Differences between sexes and the time points were assessed. The rate of
development evaluation was based on beta coefficient of linear regression.

Results Boys generally performed better in tennis skills tests than girls. The boys performed better also in one motor
coordination test (Spalding test) among 10-year-olds, in two additional tests (spider and plate tapping tests) among
11-year-olds, and another three more tests (simple reaction, complex reaction and Starosta’s tests) among 12-year-
olds. Jump rope test among 10-year-olds and hexagon jump test among 12-year-olds were the only tests where girls
performed better than boys. On the other hand, girls showed higher rate of development in balance and complex
reaction tests than boys.

Conclusions We conclude that motor coordination and tennis skills development over 1 year is age-, sex-, and
task-dependent, with the 10-12-year-old male tennis players performing better in tennis skills and overall motor
coordination than females.
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Background

Tennis is a combination of mainly open complex motor
tasks, appealing to physical fitness, motor coordination,
tactical skills, concentration, mental toughness, self-regu-
lation, and social skills [1]. According to the International
Tennis Federation, the most important factors shaping
the sports championship of tennis players are reaction
time, speed, and motor coordination [2]. Motor coordi-
nation describes the ability to adapt movement patterns
and adjust the forces to complete a movement task suc-
cessfully [3, 4], and are considered essential from the
perspective of their impact on the game of tennis [5-10].
Tennis coaches suggest that kinaesthetic differentiation
and reaction ability are the two most important motor
coordination abilities of tennis players [11]. Achieving
high performance in tennis requires all-rounder rep-
ertoire of moves, and the ability to quickly and flexibly
adapt to the ever-changing playing conditions [12-15].
Specific to tennis is the large variation of rotation and the
accompanying flight that can be applied to the ball during
a rally. This might imply better than motor coordination
in the fine ball-handling skills. In addition, players should
develop outstanding technical skills; fast switching capa-
bility to adjust stroke technique; variable, flexible, and
fast footwork; excellent ability to react and anticipate;
proper positioning; and balance control [16, 17].

Tennis training is a complex process, spread over time
and divided into stages (sets) depending on the age of the
tennis player [18]. Typically, children start tennis train-
ing at the age of 5-6, and their tennis skills develop along
with basic movement skills and physical development
(Stage I). One of the crucial time periods in tennis player
development is the age of 9—12 (Stage II). It encompasses
the optimal time window for motor skill development
and thus, it is a critical time for developing fundamen-
tal athlete skills and tennis movements [18]. According to
experts [19], motor coordination preparation should con-
stitute approximately 30% and 20% of the overall train-
ing time in 8-10-year-old and 11-12-year-old athletes,
respectively. Having said that, while the basic motor
coordination of children at that age is well developed,
the specific demands of tennis necessitate further motor
coordination development and mastering of the tennis
skills. Indeed, 5 weeks of additional motor coordination
training were shown to enhance the service technique
in 9-13-year-old tennis players [11]. Further stages (III,
IV), overlap each other and focus on the competing and
winning of adolescent and young adult tennis players. In
these stages, motor coordination is being further devel-
oped and mastered in conditions of tennis competition.

Previous studies involving cadet and junior tennis
players revealed that 80% of all errors during the game
are caused by the loss of balance during the stroke [20,
21]. Balance at an appropriately high level contributes
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to accurate and precise performance of specific move-
ment activities in tennis [17, 22]. In addition to static
balance, dynamic balance and the related proprioceptive
sensation seem to be extremely important in tennis [23].
Because on the tennis court, in addition to linear sprints,
the player performs many movements involving eye-
hand coordination, quick manoeuvres and movements
related to body pivot, balance seems to be one of the cru-
cial motor skills ensuring outstanding results in competi-
tions [24, 25].

Research has shown that women have better body bal-
ance than men. Among others, since the position of the
body mass centre of women is relatively lower than that
of men [26, 27], women and also girls exhibit a better
static body balance than men and boys [28, 29]. However,
from the broader perspective of differences in motor
coordination between boys and girls, the boys’ hand—
eye coordination is better than that of girls as early as at
8 years of age, and persists until mid-adolescence [30].
Such differences could influence the process of develop-
ment of motor coordination and technical skills neces-
sary to achieve mastery in tennis among boys and girls.

Scientific researchers and sports practitioners all indi-
cate the need to monitor the level and dynamics of motor
coordination development. Since in many tennis clubs,
training at the initial stage is co-educational, insight into
these mechanisms would allow coaches to prioritize cer-
tain performance characteristics in training exercises,
keeping in mind the potential differences between boys
and girls, and different age categories. In this manner,
training could be tailored to individual needs and, as
such, might be more effective with regard to performance
improvement. To date, no longitudinal studies have been
conducted on the differences in the development of
motor coordination between boys and girls in relation
to changes in their tennis skills level. Therefore, the aim
of the current study was to assess 1-year development of
motor coordination skills among 10-12-year-old male
and female tennis players, in the light of changes in ten-
nis-specific preparation. Based on previous studies, we
hypothesized that rate of 1-year development of motor
coordination skills will be higher in younger groups while
rate of tennis skill development will be higher in older
athletes. Moreover, we hypothesized that female tennis
players will exhibit different rate of development than
males when it concerns balance related skills.

Methods

Participants

One-hundred eighty young tennis players from clubs
of the Podlaskie Voivodeship (Poland) took part in the
study. Groups of 10-, 11-, and 12-year-old boys and girls
were included in the study. The participants were divided
into six groups based on sex and age, with 30 individuals
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per group. Their basic anthropometric characteristics g 2
were determined twice: at the beginning of the study and 3 a
9 months later, on the day of the last motor coordination g °
assessment (Table 1). =¥ 2
The participants have been practicing tennis since they =) .-
were 6 years old, and those in particular groups were at 'Vgl %3 g
a similar level of sports advancement. The tennis players gl » Q@
enrolled for the study were at a high sport level deter- 23 2
mined on high ranking position on the classification lists o 2
of the Polish Tennis Association (at least in the top 70 in 5 i
his age category). The participants systematically took C@ %
part in tennis tournaments at the national level. Training =3 2
classes were held based on the age category. In the study, 33 L, =
10-year-old girls and boys participated in three tennis g u E o
training sessions (1.5-hour each) per week, while 11- and IS E
12-year-old girls and boys participated in four sessions sl ¥ °
(1.5-hour each) per week with the exception of April and ~ =
October, in which, due to the detraining period, the num- ¢ 5
ber of tennis training sessions was reduced in each group. \E g
The participants underwent training according to their -9 £
annual framework training plan (Table 2). s _ g
The study was conducted in accordance with the Dec- ! ¢ Jl=
laration of Helsinki and approved by the Bioethics Com- 'y g g %
mittee at Gdansk (KB-25/20). Legal guardians of all sl 8- & I|2
participants provided informed written consent to par- X o @2
ticipate in the study prior to the study. 2 E o g
5 o S| s
Design and procedures § = § (0 §
Motor coordination abilities and tennis skills were SIS = £
assessed four times, quarterly (March, June, September, i W 7 3
December), for each participant. The selected time points 2 02 i § o = 2
reflect players’ performance during the first preparatory Fo|E_gn ¥ %
period, the competition period, the second preparatory T%I " S g
period, and the second competition period in the tourna- £ S S
ment calendar planned by the Polish Tennis Association. o &' Qg
The assessments took place on Saturdays (motor coor- § _9 I =
dination tests) and Sundays (tennis skills test). All tests S s — 5
were carried out at the same time and in the same sports g% § E £
hall, on artificial surface (Gerflor TARAFLEX type, Lyon, 3 AR 4 2
France), after a 10-minute warm-up. 2 § _ % < g
. |8
Motor coordination tests ko) 53 % 2—,
Each participant performed ten motor coordination E 4 3 g
tests. The selected tests reflect the specificity of the game = _g T3
of tennis. After familiarization with the procedure, each g 3l | E
test was repeated twice and the better result was included g S § % é
in analysis. Based on previous research [31, 32] the ICC 2 8 =R
values for all tests fall within the range of 0.85-0.99; g °l5 SO ®
therefore, all tests were considered reliable. The tests e e
were carried out in the following order: simple reaction £ Y g s
test, complex reaction test, Spalding test, ball-collecting § g < = é
‘spider test, hexagon jumping test, Starosta’s test, hand— - 5 é § é
eye test, balance test, plate tapping test, and jumping % g > 3 g
rope test. [ =2 &I°
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Simple reaction test

The rate of psychomotor reaction to simple light stim-
uli emitted at the imposed pace was examined using
Piérkowski’s apparatus (Alfa-Electronics, Ustrzyki Dolne,
Poland). The task consisted of pushing, as quickly as pos-
sible, the button below the corresponding light that ran-
domly appeared on the screen of the apparatus [33]. In
the study, the light appeared at the rate of 60 times per
min. The test result was the number of correct in-time
pushed buttons, expressed as the percentage of the maxi-
mum possible score (60/60).

Complex reaction test

The rate of the complex reaction, which depends on
spatial orientation, psychomotor speed, eye—hand coor-
dination, ability to focus, the speed and accuracy of per-
ception, and the speed of decision making, was examined
with the use of cruciform apparatus (Alfa-Electronics,
Ustrzyki Dolne, Poland), a complex visual-motor test-
ing device. The device consists of a quadratic 7x7 grid of
buttons with a row of 7 lights above the grid and a col-
umn of 7 lights on each side of the grid, corresponding
to the buttons [33]. Individual light points (one in each
row and column) randomly lit up during the test at an
imposed pace of 50 times per min. To complete the test,
the subject had to press the correct button located at the
intersection of rows and columns and indicated by two
separate lights coming on (one along the top and one
along the side). The test result was the number of correct
in-time pushed buttons, expressed as the percentage of
the maximum possible score (50/50).

Spalding Test

The task was to complete the circumference of one half
of the singles court around markers placed at the inter-
section of the service line and court sidelines, and in the
centre of the service line, a racket’s length from the net
(three mini-loops around the markers) in the shortest
possible time. The test started at the court baseline next
to the centre marker. The subject began in the starting
forward lunge position and started on the command of
‘get ready, get set, go. The measurement was recorded by
a stopwatch with an accuracy of 0.1 s.

Spider test

The test involved collecting five tennis balls on the strings
of the racket head, in a given sequence, in the shortest
possible time [9]. The five tennis balls were previously
arranged, as follows: at the intersections of the baseline
and service line with the singles sidelines, and at the
intersection of the service line and the centre line divid-
ing the service diamonds. The racket was positioned with
its head tangential to the baseline in the centre and with
its long axis perpendicular to the baseline. The subject
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was allowed to carry only one ball at a time; thus, the
whole circuit consisted of 10 sections with a total length
of approximately 55.5 m. The subject began in the for-
ward lunge starting position and started on the com-
mand of ‘get ready, get set, go.

Hexagon jumping test

The subject stood in the centre of a hexagon (side length
of 60 cm) marked on the court, facing the net, and per-
formed jumps with both feet over each side of the hexa-
gon, one by one, returning to the centre after each jump.
The attempt began after the command ‘get ready, get set,
go’ and ended after three series of jumps around all sides
of the hexagon, after touching the starting point. The
measurement was recorded with an accuracy of 0.1 s.
Half a second was added for each touch of the line and 1 s
was added when changing the order of hops [34].

Starosta’s test

In the test, Starosta’s coordination measurement equip-
ment [35] was used, namely, a wooden platform with a
surface area of 1 m? with an inscribed circle with a diam-
eter of 0.80 m, on which a scale from 0 to 360 degrees was
depicted. The subject stood in the centre of the circle,
with the 0 degrees mark between both feet, and jumped
up with a maximum rotation to the right and landing on
both feet. The obtained result was calculated in degrees,
assuming the starting position of 0 degrees mark between
both feet. Next, the subject jumped up, with a maximum
rotation to the left. The two obtained results were added,
and the final result was recorded with an accuracy of 10
degrees.

Hand-eye test

The test was introduced by Faber et al. [15] and is a part
of the KTK3+ (Korperkoordinationstest fiir Kinder) test
[36]. The subject stood at a distance of 2 m from the
wall, holding a tennis ball in their right hand. Upon the
instructor’s command ‘get ready, get set, go, the subject
threw the tennis ball against the wall with the right hand
and then proceeded to catch it with the left hand, and
then threw the tennis ball with the left hand, and caught
it with the right hand (one cycle). The subject performed
as many cycles of throwing the ball against the wall and
catching it as possible within 30 s.

Balance Test

The subject stood with one leg (the preferred leg) on a
beam (50 cm long, 4 cm high, and 3 cm wide), along its
longitudinal axis, grasping the opposite knee-flexed leg
by the foot, while the other hand rested on the person
conducting the test (the trainer). The test began (stop-
watch timer ON) when the subject let go of the trainer,
and continued until they lost their balance, e.g. releasing
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5 S the foot or touching the floor with a part of the body
q.>’~% 9 (stopwatch timer OFF). The participants attempted to
I BN hold the position for up to 1 min. The test result was the
§ = duration of continuously held balance, with a maximum
>V score of 60 s.
I RSN =
é s Plate tapping test
28 T - The test was performed accordingly to the Eurofit testing
ZFeEm - - o-« battery [37]. The stand for the test comprised a table and
§ s plates placed on the table: one rectangular plate centrally
8 5 located between two discus-shaped plates, 60 cm apart.
meSve o - - oo Each subject, standing astride in front of the table as the
é 5 starting position, placed the non-dominant hand on the
>3 i " rectangular plate, while the dominant hand was placed
m8Sw - - ©°-wv on the opposite plate. Then, that dominant hand touched
§ s each plate as quickly as possible, repeatedly touching
|28 \i " them one by one. The subject performed 50 movements
=|-°=y - - °-° in total, i.e. each plate was being touched 25 times. The
é s test result was the exact amount of time needed to touch
é‘ % Lo o each plate 25 times, measured with an accuracy of 0.1 s.
é g Jump Rope Test
oy % I The subject was in the starting straddle position, with
T oo T ey legs spread out, holding the jump rope by the handles.
g 3 The test lasted 30 s and consisted of jumping over the
_ by % Lo o S rope with both feet, while rotating the rope forward. The
R o - test result was the number of jumps in the given period
“i .2 of time.
. Tennis skills tests
{,z .3 The two tennis skills tests began with the wall game test,
=2l followed by the 100-ball test. The former simulated the
. conditions during ball exchange during a tennis game,
{,1 .2 including mobility on the court, while the latter evaluated
_1e2d 7 S the precision of fundamental tennis strokes.
qil % é Wall Game Test
é g § The test examines the degree of mastery of forehand and
g 2 2 . backhand strokes in terms of the technique (rhythm) of
2 g 2 £ ‘qu the strokes after the ball bounces once onto the court in
Tcl T ; P § a game against a wall. The subject stood behind the con-
\%: é = é 3 % =4 trol line (6 m from the wall) with the ball in one hand
= £ = £ ng g < and launched it into the game with a forehand stroke. As
2 S é I ; s soon as the ball touched the wall, the investigator started
= g g L 38 g the stopwatch and started to count the number of wall
g 2 ¢ £ é % £ bounces. The duration of the test was 2 min. If the player
g g g % = = crossed the control line (before or during the stroke) or
< £ g 2 = hit the ball below the marked net, the stroke was not
El s £ & & EgL£=5 counted. In the event of an unsuccessful stroke, the sub-
’é" :’>; é § ig ; % § ject launched another ball into the game. The test result
S|E E £ Ez é EE was the number of correctly bounced balls off the wall.
~3 0 fed Sioic
Q2 & X 8 RfLE8&F
335 2 o-952¢2¢%
Ol < <z oz <k
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100-tennis ball test

This test assesses the ability to control the ball through
basic strokes (deep-court forehand and backhand, fore-
hand volley, backhand half-court, and service). It consists
of 100 strokes in 12 series, of which 80 strokes (deep-
court forehand and backhand, forehand volley) are per-
formed by a pass from the coach, and the remaining 20
are self-services performed with attention to the accuracy
of each stroke. The subject stood behind the court base-
line, in the middle, between the sidelines, waiting to hit a
forehand. The coach was on the other side of the court,
approximately 3—4 m from the net. A designated inves-
tigator, assessing the stroke accuracy and impact, was
located behind the baseline on the coach’s side. The coach
started playing the balls with the racket in the order of
attempts described below, starting with the forehand:
Series I, ten diagonal strokes from the forehand; Series II,
ten forehand strokes along the line; Series III, ten back-
hand strokes diagonally; Series IV, ten backhand strokes
along the line; Series V, ten backhand volley strokes
diagonally; Series VI, ten forehand volley strokes along
the line; Series VII, ten backhand volley strokes diago-
nally; Series VIII, ten backhand volley strokes along the
line; Series IX, five services in the inner zone of the right
service penalty; Series X, five services in the outer zone
of the right service penalty; Series XI, five services in the
internal service penalty zone; Series XII, five services in
the outer zone of the left service penalty. After complet-
ing the first series of 10 balls, without taking a break, the
coach informed the subject about the change of the head-
impact zone. After two series, a short break was used to
collect the balls. After the first four series have been com-
pleted, the subject, located in the deep-court, stood in
the centre of the court behind the service line and started
the first series of volley strokes. After completing four
series of volley, the subject moved to the main line of the
court to perform four series of five serves.

Each stroke was assessed twice, once for accuracy (2
points for the primary control field, 1 point for the ball
in the supplementary control field, 0 points for the ball
out or in the net) and then for impact strength (2 points
for the ball with a second hit outside of the line located
33 ¢cm and 38 cm from the baseline, 1 point for no bounce
on the surface between that line and the court line, and
0 points if the ball bounced before the court baseline).
The sum of the points for accuracy and impact strength
of 100 strokes gave the final test result of the entire test,
with a maximum of 400 points.

Measures

Statistical analysis

Descriptive statistics, including mean and standard devi-
ation (SD), were calculated for all measured variables.
To assess the differences between measures at different
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time points (RM, repeated measure: Q1, Q2, Q3, Q4)
and between sexes (GR: male, female), two-way ANOVA
(4x2) with repeated measures was performed for specific
age groups. To assess and compare the rate of develop-
ment of motor coordination skills and tennis skills over
1 year (measured quarterly) between sexes (GR: male,
female) and between age groups (age: 10, 11, 12 years),
regression beta coefficient for each participant was calcu-
lated and then two-way ANOVA (2x3) was performed.
For each ANOVA, the effect size was calculated by eta-
squared statistics (n?). Values equal to or greater than
0.01, 0.06, and 0.14 indicated a small, moderate, and large
effect, respectively. Finally, Pearson correlation coeffi-
cient was calculated for particular motor coordination
and tennis skills tests. All calculations were performed
using Statistica 13 software (StatSoft, Tulsa, OK, USA).
Differences were considered statistically significant when
»<0.05.

Results

The test results of 10-year-old children are shown in
Fig. 1. ANOVA with repeated measures of motor coor-
dination and tennis skills of 10-year-old male and female
tennis players revealed a significant effect of the RM fac-
tor on all the tested indicators. A significant effect of the
GR factor was noted, with boys performing better than
girls in the Spalding test (5.37%, n*=0.38, p<0.01), 100-
ball test (9.29%, n*>=0.18, p<0.01), and wall game test
(64.75%, n*=0.83, p<0.01). Further, the results of Spald-
ing test (n=0.07, p<0.01), Starosta’s test (n®=0.05,
p=0.04), jump rope test (n>=0.05, p=0.02), and wall
game test (12=0.05, p=0.03) indicated a significant inter-
action of the GR x RM factors (Fig. 1C, E, J, K).

The test results of 11-year-old children are shown in
Fig. 2. ANOVA revealed a significant effect of the RM
factor on all the studied indicators, regardless of sex.
A significant effect of the GR factor was noted, with
boys performing better than girls in the plate tapping
test (3.78%, 1n°=0.07, p=0.04), Spalding test (8.79%,
n*=0.40, p<0.01), Spider test (3.75%, n*=0.13, p<0.01),
100-ball test (10.66%, n*=0.07, p<0.01), and wall game
test (44.08%, n>=0.74, p<0.01). A significant interac-
tion of the GR x RM factors was evident in the complex
reaction test (Fig. 2B, n?=0.08, p<0.01), Starosta’s test
(Fig. 2F, n*=0.08, p<0.01), 100-ball test (Fig. 2K, n?=0.05,
p=0.04), and wall game test (Fig. 2L, n?=0.05, p=0.03).

The test results of 12-year-old children are shown in
Fig. 3. As for the 10- and 11-year-olds, ANOVA revealed
a significant effect of the RM factor in all performance
tests. A significant effect of the GR factor was noted in
the simple reaction test (0.92%, n>=0.07 p=0.04), com-
plex reaction test (5.88%, n>=0.07, p=0.03), Spalding test
(5.52%, n°=0.21, p<0.01), Spider test (2.28%, n>=0.06
p<0.05), Starosta’s test (3.55%, n°=0.07, p=0.04), plate
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Fig. 1 Quarterly changes in performance of motor coordination tests and tennis skills tests in 10-year-old tennis players. Legends: (A, simple reaction; B,
complex reaction; C, Spalding test; D, spider test; E, hexagon jumping; F, Starosta’s test; G, hand-eye test; H, balance; I, plate tapping; J, jump rope), (K,
wall game test; L, 100-tennis ball test), Note: Q1, Q2, Q3, and Q4 are quarters of the year, corresponding to measurements in March, June, September, and
December, respectively. Different letters indicate significant differences. Pink, girls; Green, boys

tapping test (6.66%, n?=0.08, p=0.03), 100-ball test
(7.32%, n*=0.07, p=0.04), and wall game test (28.44%,
n*=0.63, p<0.01), where boys performed significantly
better than girls. However, in the hexagon jump test
(5.40%, n*=0.08, p=0.03), boys performed worse than
girls. A significant interaction of the GR x RM fac-
tors was evident in the 100-ball test (Fig. 3K, n*>=0.06,
p<0.01) and wall game test (Fig. 3L, >=0.07, p<0.01).
To evaluate the rate of 1-year development in the
investigated age groups, differences in beta coefficients

of linear regression were assessed (Table 3). A signifi-
cant effect of the age factor was noted in the simple and
complex reaction tests, spider test and the hand—eye and
jump rope tests. The beta coefficient for the simple reac-
tion test of 12-year-olds was 2.57- and 1.66-times higher
than that of 10- and 11-year-olds, respectively. Similarly,
for the complex reaction and hand-eye tests, the coef-
ficient for 12-year-olds was 2.03- and 1.42-times higher
than that for the youngest group, accordingly. In addi-
tion, in the former test, the beta coefficient for girls was



Waldzinski et al. BMC Sports Science, Medicine and Rehabilitation (2024) 16:190 Page 8 of 14
A B (
88+ 1004 139
a
b =
864 804 be T ud 124
= - —4 < 3 ’ ¥ 0
8 g ! — - z o
v ) % Y 60 - v ¢ 14
& 821 T & ab ab = " *
40 104 ¥
80 c cd
" 20 r T . . ) T v r .
78 T T T T 5
Ql Q@ Q3 Q4 Q1 Q2 Q Q4 ) Q2 )3 4
D E F
234 174 7501 a a
16
T bec
221 e _ 7004 e !l
= = *. & d v
- - 2 »
£ 211 : £ 149 ; 2 650 s
= T ) R £, . i & 2
[ 2 4 3 =34 ab
204 . A 6004 b ab
12 a
cd
19 T T T T 11 T T T T 350 i i : .
Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4 Ql ) @ Q4
G H I
16+ 60+ 244
£ 144 5 22 ®
@ i 504
2
Y 124 4 = P Z 904 Oy,
ka I < 40 5% [
o 104 £ = ¥ E -
) - = 184 ¥
g 30 15 -
£ 8 .
> 16 Y
< g 20
T T T T T T T T 14 T T T T
Q1 Q Q3 Q4 Ql Q2 Q3 Q4 Ql Q Q3 Q4
J K I
807 250+ a 150
= be 2
= 701 . b ]
2 | d
= 200 cdf ¥ - = T & R
5 604 ) Y df “ = 1004 v %
= ¥- £ 3 = .
© ¥ i £
5 50 g 3 % S
- = 150 , s ~
E 404 abc f e
z 1 de 504 h g
. . df
30 T T l.' T 100 T T T T T ¥ T T
Ql Q Q3 ot Ql Q Q3 Q4 Q1 Q Q@ Q4

Fig. 2 Quarterly changes in performance of motor coordination tests and tennis skills tests in 11-year-old tennis players. Legends: (A, simple reaction; B,
complex reaction; C, Spalding test; D, spider test; E, hexagon jumping; F, Starosta’s test; G, hand-eye test; H, balance; I, plate tapping; J, jump rope), (K,
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45.65% higher than that for boys, regardless of the age
group. For the plate tapping test, the beta coefficient for
10-year-olds was 11% higher than that for 12-year-olds,
and negative in both groups. For the Spalding test, the
beta coefficient for boys was 21% higher and negative,
regardless of age. For the balance test, the beta coeffi-
cient for boys was 28.57% lower than that for girls. For
the jump rope test, the beta coefficient for 10-year-olds
was 17% higher than that for 12-year-olds, and that for
boys was overall 13% higher than that for girls. However,

as was shown by the interaction of GR X RM factors, the
differences were mainly driven by the beta coefficient
for 12-year-old girls being the lowest among the com-
pared groups (Table 3). As a result of the interaction of
both effects, the beta coefficient for the 100-ball test of
12-year-old girls was 17% higher than that of their male
peers.
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Discussion

The aim of the current study was to assess 1-year devel-
opment of motor coordination skills among 10-12-year-
old male and female tennis players, in the light of changes
in tennis-specific preparation. In the current study, for
the first time, an attempt was made to answer the ques-
tion of how motor coordination change in 10-, 11-, and
12-year-old girls and boys at quarterly intervals in the
annual training cycle and whether there are significant

sex-related differences. Significant quarterly changes in
all motor coordination tests of all tennis players were
noted, regardless of sex. Data analyses revealed the larg-
est annual change (42.2%, p<0.01) among 10-year-old
tennis players in the balance test performance. In turn,
among 11- and 12-year-olds, the largest annual change in
performance was observed in the 100-ball test and wall
game test equal to 27.89% (p<0.01) and 21.50% (p<0.01),
respectively. This shows that along with gaining tennis
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Table 3 Two-way ANOVA (sex x age) of beta coefficients for linear regression analysis of quarterly changes in performance of motor

coordination tests by 10-12-year-olds

Variable Sex  10-year-olds 11-year-olds 12-year-olds Effect p-value  Effect Post-hoc outcome
(Mean*SD) (Mean*SD) (Mean*SD) size (n?)
Simple reaction test B 0.19£046 0.29+£049 0.55+0.19 Age <0.01**  0.10 A12>A10, A1
G 0.25+0.50 0.38+041 0.56+0.28 GR 045 <001
AgexGR 092 <001
Complex reaction test B 0.28+£0.39 0.39£0.69 0.51+067 Age 0.01* 0.05 A12>A10
G 0.35+0.50 061+0.60 0.77+0.27 GR 0.03* 0.02 G>B
AgexGR 062 001
Spalding test B -0.91+0.08 -0.84+0.28 -0.68+0.52 Age 0.06 0.03 B<G
-0.75+0.04 -0.63+0.54 -0.61+948 GR 0.02* 0.03
AgexGR 058 0.01
Spider test B -0.46+0.69 -0.74+042 -0.69+0.48 Age 0.03* 0.04 A10>A11
-0.54+0.60 -0.77+031 -0.61+066 GR 0.65 <001
AgexGR 027 001
Hexagon jump test B -0.64+0.51 -0.66+047 -049+0.55 Age 0.20 0.01
G -0.71+0.40 —-0.65+048 -0.56+0.62 GR 0.60 <001
AgexGR 088 <001
Starosta'’s test B 0.80£0.31 0.84+0.20 0.58+0.50 Age 0.1 0.02
G 0.79+0.17 0.70+0.36 0.51+0.56 GR 017 0.01
AgexGR  0.12 002
Hand-eye test B 045+0.58 0.79+0.28 0774035 Age <001** 006 A12>A10
G 0.65+0.51 0.68+042 081+024 GR 047 <001
AgexGR 015 0.02
Balance test B 0.60+0.55 0.50+0.52 0.29+0.59 Age 0.11 0.02 G>B
G 0.67+0.50 0.70+0.44 0.64+047 GR 0.03* 0.03
AgexGR 056 <001
Plate tapping test B -0.97+0.02 -0.96+0.03 -0.86+0.33 Age 001* 0.04 AT1<A12
G -0.98+0.03 -093+0.14 -0.86+0.32 GR 0.95 <001
AgexGR 071 <001
Jump rope test B 0.82+0.10 0.88+0.14 0.81+0.22 Age 0.02* 0.04 AT0>A12
G 090+0.22 0.74+0.36 0.59+0.52 GR 0.03* 0.02 B>G
AgexGR  002* 0.04 G12<B12,G10,B10,B11
Wall game test B 0.87+0.11 0.90+0.69 0.90+0.09 Age 037 0.01
G 0.88+0.07 0.89+0.60 0.88+0.08 GR 0.65 <001
AgexGR 038 0.01
100-ball test B 0.87+0.10 0.85+0.32 0.75+0.21 Age 027 001 G12>B12
G 0.86+0.08 0.75+0.39 0.88+0.10 GR 0381 <001
AgexGR 004 0.04

Abbreviations: B, boys; G, girls; GR, sex; A10, 10 years old; A11, 11 years old; A12, 12 years old; G(10-12), girls of the specified age; B(10-12), boys of the specified age.

Significant effect at *p<0.05, **p<0.01

expertise, the rate of tennis skill development is becom-
ing more pronounced against the background of general
motor coordination development. This is in line with
periodization periods in young tennis players, where spe-
cific preparatory phase of training plays an increasingly
important role starting from the age of 11 [18]. The main
reasons for the improvement of motor coordination of
the examined groups of girls and boys were a substan-
tial amount of training dedicated to developing motor
coordination during each training session on the court,
and also changes resulting from biological development.
It was previously shown that 11-14-year-old elite tennis
players had better motor coordination than club-level
tennis players [38], mostly as a result of a higher training
volume.

The rate of 1-year developmental changes in simple
and complex reaction times, hand—eye and plate tap-
ping tests, measured by the beta coefficient, was high-
est in 12-year-old players. This indicates that fast-paced
manual tasks are most susceptible to training later in
the tennis training process. This could be explained by
the maturation of the nervous system, wherein both, the
myelination process and increasing axon diameter [39,
40] provide faster neuromuscular communication [41].

In a previous study, Kramer et al. [9] investigated
3-year changes in, among others, agility using the spi-
der test, among 14—16-year-old tennis players. Overall,
the 14—16-year-olds performed better than our partici-
pants who were younger (10—12 years old). However, the
performance improvement over 1 years was more rapid
in 10-12-year-olds than that in 14—16-year-olds, both
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boys (10% vs. 5.3%) and girls (7% vs. 2.5%). This indicates
that the importance of development of unspecific agil-
ity performance declines or reaches an optimal level at
14-16-year-olds. This was supported by our observations
with 10-year-old tennis players who showed the most
rapid 1-year development of this skill, based on the beta
coefficient of linear regression of quarterly changes. It
should be pointed out that in the current study, measure-
ments over 1 years consecutive years were derived from
different participants, while in Kramer et al. [9], the lon-
gitudinal study was conducted in the same group.

We hypothesized that rate of 1-year development
of motor coordination skills will be higher in younger
groups. As it was observed, the rate of development was
associated more with particular tests rather than age.
Moreover, while the tennis skills development was the
highest in 12-year-olds, there were no significant differ-
ence with younger groups. Thus hypothesis of increasing
rate of 1-year tennis skills development with age could
not be confirmed as well.

In the overall European population, except for the bal-
ance, plate tapping, and sit-and-reach tests, the physical
fitness of 10—12-year-old boys measured by the Eurofit
test is better than that of peers [42]. In the current study,
regardless of the repeated quarterly measurement, the
Spalding, 100-ball, and wall game test results of 10-, 11-,
and 12-year-old boys were significantly better than those
of girls. In addition, 11 and 12-year-old male tennis play-
ers performed significantly better in the Spider test and
plate tapping test than female tennis players. Considering
the plate tapping test, it was shown that in the European
population, until the age of 12, girls perform better than
boys but the advantage of boys then increases, year upon
year. In relation to that, the current study suggests that
tennis training probably accelerates the typical devel-
opment of this motor coordination skill among boys by
approximately 1 year. This is in accordance with another
study, which reported a better plate taping performance
of 10-12 years male tennis players [43]. Of note, among
12-13-year-olds, tennis players as well as untrained
peers, the tapping test performance decreased over the
time period of 1992-2008; however, it is difficult to com-
pare that to the outcomes of the current study, as we used
the Eurofit test instead of counting the number of taps in
20 s [44]. The populational sex difference was also appar-
ent with respect to the balance skills, with the girls per-
forming slightly better across 10—12-year-olds and even
older adolescents [42]. The same was observed here and
was comparable to the finding of another study [43],
yet the difference between boys and girls did not reach
statistical significance. Finally, girls exhibited faster rate
of 1-year development than boys, regardless of the age
group, which confirms our second hypothesis that female
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tennis players will exhibit different rate of development
than males when it concerns balance related skills.

The Spalding and spider tests are used for agility evalu-
ation, wherein the former incorporates a short (8—10 m)
sprinting section and is similar to the Eurofit’s 10x5 m
shuttle run. Overall, the reported agility test performance
of 10—12-year-old boys is better than that of girls [42].
The same outcome was observed in the current study;
however, in the spider test, only 11- and 12-year-old boys
performed better than girls. Better agility test perfor-
mance among young male tennis players has also been
reported in other studies [9, 45-48]. This observation
could be explained by the nature of the spider test which,
in comparison to other agility tests, also incorporates in
the assessment the dexterity aspect of grabbing and plac-
ing the tennis ball on the designated spot (tennis racket):
as mentioned above, 10-year-old female tennis players
perform fast-paced dexterity tasks (plate taping test) bet-
ter than 10-year-old male tennis players. Further, the rate
of 1-year developmental changes in the Spalding test per-
formance of male tennis players was higher than that of
girls, regardless of the age group.

In the current study, 12-year-old female tennis play-
ers performed better than boys of the same age in only
one motor coordination test, i.e. the hexagon jump test.
This was similar to the findings of Roetert et al. [45], and
was also reported for 14-year-old tennis players [47]. By
contrast, Myburgh et al. [49] reported no sex-associated
differences among 10-12-year-old elite tennis players
performing the hexagon jump test. It appears that the
performance of repeated jumping tasks by young female
tennis players was slightly better because of better jump-
ing precision, as they scored less errors during the hexa-
gon jump test than boys. This was also apparent in the
jump rope test, wherein 10-year-old female tennis players
performed better than boys. Similar was observed among
the 12-year-olds, but the difference with boys did not
reach statistical significance. Analysis of the beta coef-
ficients of 1-year quarterly changes in the performance
of jump rope test revealed that the rate of development
was the lowest among 12-year-old female tennis players,
probably because they have achieved an optimal poten-
tial earlier than other groups.

In the current study, the 12-year-old male tennis play-
ers also performed better than girls in the simple and
complex reaction tests, and in the Starosta’s test. It was
previously shown that the simple reaction time of boys is
better than that of girls, with the major improvement in
this skill between the ages of 9 and 11 [50, 51]. However,
Lynn and Ja-Song [52] pointed out that that is true only
in terms of the movement speed not the decision time.
For the Starosta’s test, data on children and adolescents
are lacking; however, young untrained male adults also
perform better than females [53]. Interestingly, while
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12-year-old female tennis players performed relatively
worse in the complex reaction test, they showed higher
1-year rate of development of complex reaction perfor-
mance, regardless of the age group. This suggests that
girls were catching up with the development level of
this particular motor coordination skill that boys have
achieved earlier.

Furthermore, the 10-12-year-old male tennis play-
ers performed better in many of the investigated motor
coordination tests (e.g. 6/10 tests in the case of 12-year-
old boys), and were also more skilled in terms of tennis
skills tests: the 100-ball and wall game tests. These find-
ings are in opposition to those of Theodoros et al. [54],
who reported no difference between male and female
tennis players in terms of the accuracy of backhand, fore-
hand, and service strokes. This could be explained by the
notion that the 100-ball test equally evaluates the accu-
racy and impact strength, and male tennis players exhibit
higher muscle strength and, as a result, higher accelera-
tion of the tennis ball, than female tennis players [42, 55,
56]. The quarterly change analysis revealed that among
12-year-olds, girls exhibited a higher rate of technical
skill development in the 100-ball test than boys. To an
extent, this could be explained by some maturation pro-
cesses that take place earlier in girls than in boys. None-
theless, their performance was much worse than that of
12-year-old male tennis players. It should be also noted
that the observed sex-associated differences in the devel-
opmental changes in the motor coordination and tennis
skills of tennis players occurred while boys and girls were
following the same sports training program in tennis and
physical education. Presented outcome shows clearly,
that over subsequent years in 10-12-year-old male tennis
players the advantage in motor coordination and tennis
skills performance over female tennis players increases.
This confirms the regulations of the International Ten-
nis Federation along with Polish Tennis Association, that
does not allow competition between 11-years-old and
older girls and boys on tennis court.

One of the limitations of the current study is that we
did not control for the children’s maturity status and,
hence, some of the outcome could be influenced by
puberty, especially among girls. However, based on the
analysis of physical characteristics of the investigated
age groups, no differences in stature or body mass were
apparent between boys and girls in any particular age
group. Therefore, their puberty status was similar and
the impact of physical development should have been
comparable in both sexes. Another limitation is related
to study design. The current study investigated 1-year
changes in three age groups instead of 3-year longitudi-
nal study. While this approach hinders and limits infer-
ence as a whole 3-year period [57], it allows to maintain
similar conditions for each of age group during 1-year
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period as they were investigated at the same time. Thus,
current method suits more the study’s aim. Nevertheless,
more longitudinal studies are needed, that will investi-
gate the long-term developmental changes in young ten-
nis players and confront the outcome of the presented
study. This will allow to understand more the differences
in motor coordination development, especially if it would
be in association with tennis competitive performance.

Conclusions

The current study revealed that 1-year development of
motor coordination and tennis skill is age-, sex-, and task-
dependent. In terms of tennis skills, the performance of
10-12-year-old male tennis players was better than that
of females. Overall, 10-12-year-old male tennis players
in each subsequent age category showed to have better
motor coordination than girls. The presented findings
give insight into the motor coordination development of
10-12-year-old tennis players, which may be useful for
coaches and instructors in adjusting training programs
according to age and sex of young tennis players.
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