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Abstract

The aim of this study was to investigate the effects of coordinative ability training combined
with basic tennis training on attention, vertical jump, agility and reaction time of tennis players.
A total of 24 tennis players (10 girls-14 boys; aged, 11+£0.89 sport age, 2.25+0.85 height,
156.084+7.06 cm and weight 42.92+6.15 kg.) voluntarily participated in the study. The tennis
players were divided into two groups as experimental and control groups by random sampling
method. The experimental group participated in coordinative ability training with basic tennis
training for 12 weeks, while the control group only participated in basic tennis training. As a
result, a statistically significant difference was found in the vertical jump, agility and attention
values of the experimental group, while no significant difference was found in reaction time
(p>0.05). As a result, it can be said that coordinative ability training has an effect on jumping,
agility and attention.

Keywords: Tennis, motoric parameters, coordinative ability training

1. Introduction

Tennis is a performance sport that involves aerobic and anaerobic loads together and also
requires a good level of factors such as reaction, strength, speed, endurance, attention, agility,
balance, flexibility and coordination (Bashir et al., 2019; Fernandez et al., 2013). In addition,
instant thinking and decision-making, attention and agility parameters should be at the highest
level (Cagin&Cetin, 2022). The athlete, who will respond to the tennis ball coming in a very
short time, should collect his/her instant attention and decide where to throw the ball within
this time (Salonikidis & Zafeiridis, 2008). It is extremely important for the tennis player to have
the highest level of attention and agility in order to make effective and targeted strokes.
Especially during the competition, the athlete must select, perceive, decide, prepare, and then
execute the correct movement within a minimum time frame from among all the stimuli
(Kovacs, 2009). Reaction time, first-step quickness, lateral (side steps), and forward speed over
short distances are crucial parameters for tennis performance (Miranda et al., 2020). The ability
of a tennis player to quickly react is crucial to successfully answer the incoming balls from a
serve or a passing shot (Parsons & Jones, 1998). Due to the nature of the game, tennis allows
players to quickly transition to different positions one after the other at unexpected times with
instantaneous zone and position changes. The success of a tennis player can be related to the
success of the athlete when he/she sees which direction the tennis ball, which gains momentum
during the transition, is heading to that area quickly. Considering that a tennis player needs to
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perform the movement in a fraction of a second, the importance of agility, attention and reaction
emerges (Veale et al., 2010; Sheppard & Young, 2006; Unierzyski, 2002; Salonikidis &
Zafeiridis, 2008).

When the studies on coordinative ability exercises are examined, both the effect on motoric
parameters and the effect on cognitive performance are noteworthy. For example, several
studies, which focused on the association between physical exercise and cognitive function
during adolescence, have documented a positive relationship between physical fitness and
academic achievement (Shephard et al., 1994; Shephard, 1997; Donnelly & Lambourne, 2011).
In another study, it was reported that coordinative ability exercises applied with a standard
physical education program had an effect on motoric parameters and cognition. It is also stated
that these trainings affect the speed and accuracy of attention tasks. Besides, it is emphasized
that complex motor tasks are effective in terms of faster decision making, concentration and
making the most appropriate move (Planinsec, 2002). It is undoubtedly very important to know
the relevant stimuli and to be able to respond to these stimuli in a timely manner. Therefore,
the reaction time of the athlete whose reaction time improves will also increase the ability to
accelerate, stop and change direction, and agility performance will improve (Verstegen &
Marcello, 2001). Athletes who exhibit a high level of agility will often have qualities such as
visual processing, attention, rhythm and dynamic balance (Ellis et al., 2000). In tennis, athletes
with high agility parameters are considered to have an advantage over the opponent (Fisch,
2000). In their study on tennis players, Salonikidis and Zafeiridis reported that the reaction
training program applied outside of tennis training had a positive effect on reaction time by
decreasing it and that this change was seen both in the training model in which only tennis drills
were used and in the combined training model (Salonikidis & Zafeiridis, 2008). Particularly in
tennis, reaction time, first step quickness, speed over short distances, rapid change of direction
and lateral movement are important determinants of performance. In fact, tennis players spend
48% of their time moving laterally. Therefore, it has been emphasized that linear and lateral
reaction exercises practiced 2-3 times a week for 15-20 minutes are effective on the player's
reaction and agility (Parsons & Jones, 1998). It is stated that a tennis player's lack of quick
reaction, movement or agility should be seriously considered in training programs and
corrected if possible (Roetert & Ellenbecker, 2007). It is thought that the implementation of
programs that include coordinative ability with training or exercise in adolescents may affect
attention, reaction and consequently agility parameters. There are studies that coordinative
ability training applied in addition to basic training provides advantages in terms of both
development and performance, especially during adolescence (Donnelly et al., 1998, Zach &
Shalom, 2016. Alesi et al., 2016). Given all these factors, it is considered that coordinative
ability training together with basic tennis training can be effective especially in terms of the
performance of tennis players at the lower level.

2. Method
2.1. Subjects

The study was conducted on 24 tennis players (10 girls-14 boys) aged 11+0.89 sport age,
2.25+0.85 years, height, 156.08+7.06 cm and weight, 42.92+6.15 kg. The tennis players were
divided into two groups as experimental and control groups by random sampling method.
Participants were informed about the nature of the study and were also informed that
participation was voluntary and that they could withdraw at any time. Participants were
included in the study if they had been licensed for at least 1 year, trained regularly 3 days a
week, and had not had any sports injury in the last 6 months.
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Table 1. Characteristics of Subjects

n Min. Max. X S
Body Height (cm) 24 146 172 156,08 7,06
Body Weight (kg) 24 34 53 42,92 6,15
Age (Year) 24 10 12 11,00 0,89
Sport Age (Year) 24 1 4 2,25 0,85

2.2. Study Design

The study was conducted in accordance with the Declaration of Helsinki and approved by
the Ethics Committee of the Gazi University (Code:17/08). Participants were divided into two
groups as experimental (n=12) and control group (n=12). For 12 weeks, the control group only
practiced tennis training three days a week, while the experimental group practiced 20 minutes
of coordinative ability training (Latino et al., 2021) along with tennis training. The subjects
underwent height/body weight measurement, attention, reaction, vertical jump and agility tests
as pre and post-test. The basic tennis training program and coordinative ability training program
to be applied in the study were prepared together with the national team coach. Basic tennis
training program (technical, tactical, athletic performance studies (8-10 min warm-up, 50-55
min main part and 8-10 min cool down) hand ball work, throwing ball with racket, coach volley
study, rally and game studies were performed.

Table 2. Basic Tennis Training Programme

Day Warm-up Exercises Main Section Cooling-down Exercises
(Technical-Tactical Training)
Hand Ball Feeding (FH-BH) Target
. Exercises
\E/;\;alromrlm &Z_rf:ci):er; Racket Ball Feeding (FH-BH-Volley-
P Dunk) Target Ball Throwing Practice
Ball Carrving Game Technical-Tactical Targeted Practice
ying with Coach Volede Player 8-10 min Cool down
- 3 laps around the - . . S
. 2 Player Practice for Technical- exercises practiced in the
court jog run . .
Monday - Foot exercises Tactical Purpose in Rally court
Wednesday . Score Play Service-Return targeted
- Foot exercises . .
Saturday design - Mild tempo cool-down

between Double-Single
line

- Stair exercises

- Slalom

- Hop Jumping

- Static and Dynamic
Stretching Exercises

(Athletic Performance Exercises)
Rhythm and Coordination Exercises
Jumping Exercises

Attention and Concentration
Agility Drills

Speed Drills

Endurance Exercises

Strength training

Linear and lateral exercises

Jog Jog
- Static and Dynamic
Stretching exercises
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Table 3. Coordinative Ability Training Programme

Week Day Warm-up Main Section Cooling-down
Exercises Exercises
- Touching body parts with audible
stimuli (3x3)
- Audible stimulus lying lying forward
and backward and touching 3 different
colored balls on the floor (3x3)
-Quickly stepping on the court lines when
your name is called (Baseline-Service-
Singles-Doubles etc.)
-Waiting at the baseline line with the
ready command and sprinting 5-10 meters
Monday (3x2)
1-4. Wednesda - Waiting in front of the net and touching
Week Saturda Y 8-10 min On- the different colored areas on the net with
Y ot warmup  the whistle (3x2)
exercises - While standing face down on the floor in
the streamline position, they were asked to
Ball Carrying get up quickly on command and do a 10m
Game SF\’/URI.I(SQ). ting in the st I it 8-10 min Cool
- 3 laps around 'Eh 1€ wal :(n%ltn ne streamline posi |odn, down exercises
the court jog run 3e)£ \Were asked to Jump up on command. practiced in the
- Foot exercises (3x2) . court
- Foot exercises - Racket sr_latchlng game. (3x2)
between Double- ~ _?_Ir;':\lom_ cwcugs tchi . - Mild tempo cool-
single line - Throwing and catching exercises down jogging
- Staircase - Throwing the tennis ball on the ground -DStatlc_angt chi
e’;elrcl'ses and right-left and double hand holding ynamic stretching
] Hg OEEm in exercises (3x15) Exercises
St ? (5) g - Paired Tennis ball throwing and desired
-D atic an hand holding exercises (3x15)
Styntar;:_lc - Standing with back turned and holding
£ retching the ball thrown from above with different
XETCISES commands (3x15)
Monda - Player stands with hands behind his back
5-8. Wedne)s/da and holds the ball with the desired hand
Week Y (3x10)
Saturday

- The player throws a ball to the wall with
the right or left hand and catches it with
the desired hand. (3x10)

- Ball throwing and catching exercises
with eyes closed (3x10)

- Practice touching colored tennis balls
(3x10)

- Dexterity circuits

- Jumps and direction changes exercises
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Warm-up Main Section Cooling-down

Week Day Exercises Exercises

- Reaction ball throwing and holding
exercises (3x10)
- Throwing and catching a reaction ball
with eyes closed (3x10)
- Throwing and catching with back turned
Monday (3x10)
9-12. Wednesday - Forehand-backhand hand lift reaction
Week Saturday with racket (3x10)
- Forehand-backhand ball throwing
reaction practice with backhanded racket
(3x10)
- Jump rope exercises
- Hand-eye coordination and foot-eye
coordination activities

2.3. Vertical Jump Test

The jump heights of tennis players were evaluated with Microgate Optojump® (Microgate,
Bolzano, Italy). Athletes were dynamically warmed up for 10 min before the vertical jump
performance. The tests were performed twice and the jump heights of the athletes' better tests
were recorded. The active jump test, which tests the explosive strength of the leg muscles as
well as the elastic strength that affects the explosive strength in jumping, was performed with
hands free, knees in full extension and in an upright position by rapidly collapsing from the
knees and jumping vertically.

2.4. Reaction Test

Visual reaction times of tennis players were measured with Microgate Optojump®
(Microgate, Bolzano, Italy). The subject made a double foot jump at the times determined by
the 3 repetitive color change stimulus from the computer and the best reaction time was
recorded (Tsolakis et al., 2018).

2.5. Agility t-test

Agility t-test area was used with a scale of 10 meters by 10 meters. Participants ran forward
or moved when the “go” order as quickly as possible to the central cone. Then, they ran sideway
5 m to the right cone and ran sideway 10 m away to the far-left cone to the left and ran sideway
back to the middle on the right cone. The individual either ran or moved backward as soon as
possible to reach the finish line. The researcher began the stopwatch (Casio HS-3V-1R) and
stopped when the participant crossed the finishing line plane. The time to complete each test is
measured in seconds.

2.6. Stroop Attention Test Administration Instruction and Scoring

The Stroop test is a type of neuro-psychological test that assesses the function of the
prefrontal region of the brain, which is responsible for cognitive activities (Stroop, 1935). If
the color used in the spelling of the word is not compatible with the color in which the word is
shown, the time to express the color will be much longer than in the normal situation. This is
considered to be due to the Stroop interference effect. Validity and reliability information about
the test was conducted by Tiibitak (Kili¢ et al., 2002).
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The Stroop Test consists of five parts. The five parts and related cards are as follows;

Card 1: Reading the color names printed in black color

e Card 2: Reading the color names printed in color

e Card 3: Saying the colors of the shapes

e Card 4: Saying the colors of words printed in color but without color names

e Card 5: Saying the colors of words printed in color

Before the Stroop Test was administered, the participants were given comprehensive
information about the Stroop Test. The task of the participants in each section was clearly
explained. The stopwatch was started with the "Start" command given to the participants. The
stopwatch was stopped when the participant completed the last item. In the application
consisting of 5 sections, this process was repeated for each section. The times obtained by the
participants in each section were noted in the section in the recording form. A slash (/) was
drawn over the relevant letter in the recording form for the erroneous responses shown by the
participants. When the participants corrected their errors spontaneously, the relevant items were
enclosed in a circle (O). After the completion of the Stroop attention test, the number of errors
and error corrections for each section were determined and recorded in the relevant section. In
the scoring of the Stroop Test TBAG Form, the time from the "Start” command to the
reading/saying of the last item of that section, the number of errors and the number of corrected
errors were evaluated separately for each section. For each section, the minimum time to
complete the reading/saying process, the error score of "0" and the number of corrections of
"0" determine the maximum score that can be obtained from the Stroop Test. The total duration
of the Stroop Test is 10 minutes (Bozkurt, 2013).

First card Second card and Fifth card
Blue | Yellow Red Green Blue | Yellow Green
Green | Blue | Yellow | Red Blue  Yellow | Red
Green Red Blue | Yellow Green Red Y ellow
Red Green | Yellow | Blue Red Y ellow Blue
Y ellow Red Green Blue Y ellow Red Green
Red Blue | Yellow | Green Blue Yellow | Green
Third card Forthy card
0 0 0 much weak medium
0 0 0 much weak  whereas
0 0 0 medium whereas weak
0 0 O whereas weak much
0 0 0 weak  whereas | medium
0 0 0 much weak  medium

Figure 1: Stroop Cards
Figure 1
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2.7. Data Analysis

Statistical analysis of the collected data was performed using IBM SPSS Statistics 26
package program. The pre-test and post-test data obtained as a result of the measurements were
compared by applying the Paired Sample t-test.

3. Results
Results of the study are presented in the tabulated form as follows:

Table 4. Comparison of Vertical Jump, Agility, Reaction Time and Attention Performances
of Tennis Player

Intergroup
Study Group Control Group Comparison
t p t p
Test Pretest Post Test In- In- Pretest Post Test In- In- t p
Group  Group Group  Group
Vertical
Jump 28,08+5,45 28,17+5,88 -0,13 0,90 23,33+5,35 23,58+4,27 -0,31 0,76 219 0,04
(kg.m/sn)

Agility (sn) 18,84+2,00 17,88+1,85 5,22 0,00 20,51£2,20 20,35+2,13 0,45 0,66 -3,03 0,01
Reaction
Time 348,31+£30,07 338,32+25,78 1,11 0,29  346,96+72,96 356,29+76,96  -1,24 0,24 -0,77 0,45
(m/sn)
Chapter 1
Completion 8,86+1,81 8,08+1,43 3,01 0,01 9,42+1,12 9,22+0,87 1,09 0,30 -2,36 0,03
time (sn)
Chapter 2
Completion 9,29+1,88 8,81+1,96 3,16 0,01 10,52+2,37 10,52+1,99 1,51 0,16 -2,12 0,05
time (sn)
Chapter 3
Completion 11,88+3,41 10,57+2,98 5,32 0,00 12,7242,02 12,40+2,15 1,28 0,23 -1,72 0,10
time (sn)
Chapter 4
Completion 20,31+5,41 17,05+4,62 5,69 0,00 24,38+6,28 23,55+5,31 1,53 0,16 -3,20 0,00
time (sn)
Chapter 5
Completion  25,35+7,40 21,36+4,77 3,79 0,00 29,50+5,82 28,14+5,34 2,35 0,04 -3,28 0,00
time (sn)

4. Discussion and Conclusions

The most striking result of this study was the statistically significant changes in the agility,
attention and vertical jump performances. In the study, a significant difference was found in
vertical jump, agility and attention values (p>0.05). No significant difference was found in
reaction time measurements.

Attention is one of the most important parameters for tennis sport and it is stated that the
level of attention can directly affect the game. In a study examining the effect of 8-week tennis
training on attention level in children aged 10-12 years; they concluded that tennis training
positively affected attention level (Piskin & Alpay, 2019). In another study conducted on tennis
players, the effect of coordinative ability training on agility and attention was investigated and
it was reported that it had a positive effect on attention (Gokbel et al., 2022). It was found that
karate training combined with regular physical activity affected the cognitive functions and
attention performance of the subjects (Dwojaczny et al., 2021). It is stated that with new and
different exercises, different parts of the brain work and therefore new neuronal connections
are formed in the brain. As the number of these connections increases, the brain's utilization
capacity increases at the same rate (Duda, 2015), thus positively affecting cognitive abilities
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such as attention and memory (Johann, et al., 2016). It is emphasized that performing different
exercises is effective especially in the adolescent period, which is important for growth and
development (Xiaoyang & Haitao 2013, Wensheng & Te, 2014). When the studies on tennis
players are examined, it is seen that agility, reaction time and attention come to the forefront in
studies in which motor skills are evaluated. Improved agility performance provides the
opportunity to change direction more effectively and quickly, which is important for tennis
(Sannicandro et al., 2014). In tennis, especially during the competition, the athlete must select,
perceive, decide, prepare, and then apply the correct motoric movement in a minimum time
frame among all the stimuli that are necessary and important. In the game of tennis, short-term
sudden movements, jumps and changes in direction affect performance positively (Eriksrud et
al. 2018). In a study investigating the effect of coordinative ability skill training on agility and
attention in tennis learning, it was concluded that it had a positive effect on agility (Gokbel et
al., 2022). In this study, it is stated that coordinative ability training is effective on
multidimensional thinking and therefore fast decision making. It can be said that tennis players
who are at a certain skill level with basic tennis training can reach a better performance level
with such training.

It has been reported that leg strength, shoulder strength and jumping performance support
serving speed in tennis (Hayes et al., 2018). Jumping performance is an important feature to
gain an advantage in tennis competitions or to make effective service shots. In this context, it
can be said that coordinative ability exercises applied together with basic tennis training affect
jump performance. In a study in which the effects of 3 different training programs on speed,
reaction time, tennis specific movements and lower extremity power were evaluated on
recreational tennis players, significant differences were found in reaction, agility and jump
parameters (Salonikidis & Zafeiridis., 2008). In addition to the basic training programs applied,
it is mentioned that specific exercises are effective on the jump parameter.

Reaction time is of great importance in tennis. A tennis player needs to perform a quick
movement in less than a second (Unierzyski, 2002). Therefore, it was concluded that the
inclusion of reaction-improving drills in tennis training and the fact that there was no difference
when it was considered that a reaction was shown to every stroke made was due to the inclusion
of reaction studies in tennis training. It may be recommended to include more specific drills in
the training program for reaction development.

Based on the assumption that different sport activities require different mental skills,
coaches should not only focus on the development of motoric parameters, but also ensure the
development of cognitive abilities (Alesi et al,. 2016). Motor coordination is the harmonious
functioning of body components involving synchrony of gross and fine motor control and
motor planning, a multifaceted process with multiple degrees of freedom, in which parts of the
same movement are successfully combined to perform a motor scheme (Alesi et al,. 2015). In
a tennis match, a tennis player has to keep track of his/her opponent and the incoming ball. At
the same time, he/she has to decide what to do against these elements and make the most
appropriate move.

In conclusion, when the relevant literature is examined, the number of publications on
coordinative ability training applied together with a training program is quite low. Considering
that performance is affected by many parameters, it is recommended that such training should
be applied by coaches. It is thought that coordinative ability training applied in addition to basic
training provides advantages in terms of both development and performance, especially in
adolescence
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