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Abstract

	 Background & Study Aim: 	 Reaction time is the time elapsed from the stimulus (nerve impulse) to the initiation of movement. This ability 
involves performing a deliberate motor action in the shortest possible time, utilizing the entire body or a spe-
cific part of it. Excellent speed and short reaction time are among the most essential elements of modern ten-
nis. A lightning-fast start towards the ball, quick decision-making during returns or volleys (especially in dou-
bles matches) can contribute to high performance in tennis. Recent match analyses of the world’s top tennis 
players have shown that speed is the motor skill that distinguishes the exceptional among the best players. 
The aim of the study was to knowledge of the relationship between reaction time and special fitness of ten-
nis players aged 10-12 years old.

	 Material & Methods: 	 The study involved 45 tennis players training in clubs in the Podlaskie Voivodeship, Poland. The participants 
were divided into age categories, and the tennis players varied in their level of sport advancement. Two tests 
were used to assess reaction time: Blink.Pro Infinity (reaction time test); International Tennis Number (special 
fitness of tennis players test).

	 Results: 	 Positive average and high correlation coefficients between reaction time test (Blink) and special fitness of ten-
nis players test (ITN) scores increased with the age of the tennis players tested: 10-year-olds r = 0.358 (aver-
age correlation) and positive correlations 11-year-olds r = 0.521, p<0.05 and 12-year-olds r = 0.599, p<0.02.

	 Conclusions: 	 The results of the study provide evidence that the training of juvenile tennis players influences not only the 
increase of their special fitness, but also the speed (effectiveness) of their motor response to stimuli simulated 
in laboratory conditions. The increasing interdependence of the indices of both variables (special fitness and 
reaction time to external stimuli) with age indicates that stimulating the natural process of biological growth 
of the organism at this stage of ontogenesis with specific tennis exercises has a positive effect on this com-
ponent of coordination ability (motor reaction time), which is related to human motor safety in the general 
sense (health and survival). 
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INTRODUCTION

Tennis is one of the most popular sports in the 
world. It is characterised by both complexity and 
simplicity of tactical solutions. It requires play-
ers to be extremely precise in carrying out the 
outlined tasks, taking into account their psy-
cho-physical predispositions. It is a ‘sport of life’ 
(from childhood to old age), with significant social 
and health benefits. A sport that provides posi-
tive emotions (the pleasure of physical activity in 
a unique atmosphere, the joy of each successful 
stroke, both for children, amateurs and profes-
sionals, etc.). Tennis allows one to test one’s tech-
nical, tactical, motor and mental abilities in every 
sequence of the game [1]. The dynamic progress 
of this sport has to do with improving methods 
of directing the training process. The variety of 
plays and the accuracy of the fragments of the 
game are increasing, and this requires maintain-
ing a focus of attention for long periods of time 
(despite), which make up the formations and 
the need to adapt appropriate tactics. Over the 
last ten years, one sees a significant increase in 
the speed and power of ball strikes during play 
by both experienced and novice tennis players. 
This is the result of improved technical and tac-
tical skills and all-round physical preparation of 
the tennis players. The course of match action 
is definitely gaining pace and dynamics, as an 
offensive, style of play is preferred. Modern com-
petitive tennis is characterised by the ability to 
play a game-ending stroke from any position on 
the court. Thus, an adequate level of physical 
preparation of the players, documented by vari-
ous manifestations of fitness and coordination 
abilities, is fundamental. It is the speed, reaction 
time and technical skills that distinguish the out-
standing of the best tennis players [2-8]. 

Coordinative abilities are related to the function-
ing of the entire human organism and all its sys-
tems. They are the resultant of the interaction of 
many processes interacting in a variety of mutual 
multilevel interactions. At the core of these abil-
ities are physical processes particularly based 
on the properties of the nervous system  [9]. 
Co-ordinating abilities determine the organism’s 
ability to perform precise and accurate move-
ments under constantly changing external con-
ditions (changes in planes, axes and directions of 
ball strikes, etc.). They represent integrated psy-
chomotor properties predominantly determined 
by the functions of the central nervous system. 
The substrate of these abilities is the information 

coming mainly from the analysers (receptors) and 
the way information is received, transmitted, 
stored and processed [10]. 

According to Raczek et al. [11], the basic co-ordi-
nating abilities that determine a person’s motor 
performance include: the ability of kinesthetic 
differentiation, spatio-temporal orientation, bal-
ance, rhythmisation of movements, rapid motor 
response, coupling of movements, motor adapta-
tion and high frequency of movements. 

Reaction time is defined as the interval between 
the onset of a signal and the onset of a response 
to the signal occurring. Many factors determine 
the length of an athlete’s reaction time, but exter-
nal stimuli have the most direct influence. With 
regard to motor control, researchers assume 
that information processing consists of three 
stages. The first concerns stimulus identification 
in response to sensory stimuli. After this stage, 
information is processed to select a  response 
and then transferred to elicit a response until an 
action (output) occurs. Stimulus sources, such as 
a flying ball or court lighting, can affect the tim-
ing of information processing by the player. The 
“cost” of time associated with each of these three 
stages determines the length of the reaction 
time. For example, hitting a volley from under the 
net requires a quick reaction, taking into account 
information related to the speed of the incoming 
ball and the distance from the opponent (which 
is less than when the opponents bounce the 
ball from deep in the court). A sufficiently quick 
reaction of the tennis player is then crucial, as it 
allows him/her to think about the correct exe-
cution of the appropriate move and the inten-
tion of the stroke. In addition, we can distinguish 
two important components of this manifestation 
of coordination motor skills. These are the time 
associated with changes in muscle tension before 
the onset of the muscular contraction generating 
the occurrence of the movement, and the motor 
reaction time. 

Researchers considering the electromyograph 
signal point out that premotor reaction time is 
related to the process between the occurrence of 
the signal(s) and the first detected changes in the 
EMG. Motor reaction time, on the other hand, is 
the time between the initial increase in muscle 
activity and the initiation of actual movement. 
Among the extrinsic factors affecting reaction 
time, the main ones to consider are the speed of 

Power area for double points 
– execution instructions: ‘Now 
start at centre of the baseline 
and measure 16 feet (4.87m) 
towards the back fence. Make 
a small mark on the court just 
as you did with the other lines. 
Now measure 15 Feet (4.57m) 
from the doubles side line 
towards the back fence at each 
side and make a small mark 
on the court. When you have 
all three markers you will be 
able to place the provided line 
across the court to create the 
Power Area for Double Points 
(…)’ [14, p. 6].

SFI – abbreviation of the 
name of the phenomenon 
‘susceptibility to the body 
injuries during the fall’ [39, 33].

Innovative agonology – is 
an applied science dedicated 
to promotion, prevention 
and therapy related to all 
dimensions of health and 
regarding the optimization 
of activities that increase the 
ability to survive from micro to 
macro scales [40, p. 274].

INNOAGON – acronym 
‘innovative agonology’ [41]. 

Core training – the goal of 
core training is definitely 
not to develop muscle 
hypertrophy but to improve 
functional predispositions 
of physical activity. This 
particularly involves improving 
intermuscular coordination 
or synchronization of 
participating muscles [42].

Athlete – noun 1. someone who 
has the abilities necessary for 
participating in physical exercise, 
especially in competitive games 
and races; 2. a competitor in 
track or field events [43].

Player – noun someone taking 
part in a sport or game [43].

Motor skills – plural noun 
the ability of a person to 
make movements to achieve 
a goal, with stages including 
processing the information in 
the brain, transmitting neural 
signals and coordinating the 
relevant muscles to achieve 
the desired effect [43].

Motor safety – is consciousness 
of the person undertaking 
to solve a motor task or 
consciousness the subject who 
has the right to encourage and 
even enforce from this person 
that would perform the motor 
activity, who is able to do it 
without the risk of the loss of 
life, injuries or other adverse 
health effects [44].
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the incoming ball, the distance from the oppo-
nent and the intensity of the lighting (related 
to the decrease in visual acuity and optic nerve 
fibres; the cut-off point is around 200 lux below 
which the quality of visual ability decreased by 
20%). Among the intrinsic factors, it is primarily 
synaptic activity [12]. 

The aim of the study was to knowledge of the 
relationship between reaction time and special 
fitness of tennis players aged 10-12 years old.

MATERIAL AND METHODS 
Participants
The study included 45 tennis players aged 
10-12 years training in clubs in the Podlaskie 
Voivodeship. Athletes were divided by age catego-
ries: 10 years (n = 16); 11 years (n = 15), 12 years 
(n = 15). The groups of tennis players differed in 
their level of sporting sophistication. Juvenile ten-
nis players achieving success both at the level of 
district and provincial competition and at the level 
of national competition were studied.

Study design 
All participants were optimally warmed up before 
starting the tests.

Reaction time test
The device used was Blink.Pro Infinity (abbrevi-
ated as Blink) which comprehensively assesses 
reaction speed linked to eye-hand coordination, 
spatial orientation, psychomotor speed, percep-
tual speed and accuracy, attentional capacity, 
decision-making under time pressure and exhaus-
tion resistance [13].

The test consists of reacting as quickly as pos-
sible to sensors lighting up in a random order. 
The test subject was at a distance of 1 metre 
from the device at the start of the test. The test, 
during which the number of sensors touched 
was counted, lasted 30 seconds. Each test sub-
ject performed five trials, with the one with the 
highest result being considered as the final result. 
Thirteen sensors were used in the study, one of 
which (located highest) was excluded from the 
trial due to the body height of the tennis players.

Special fitness of tennis players test
ITN – International Tennis Number [14]

The ITN is recognised as a tool for the accurate 
assessment of tennis skills also among younger 
tennis players. The reliability coefficient of the 
test is 0.982 for players aged 12 years and 
younger, while its validity is demonstrated by the 
wide range of ball strokes to be assessed. The ITN 
is therefore a reliable (practical) tool for assessing 
the special skills of juvenile tennis players [15].

The test is used to determine the level of tennis 
skills of individual players worldwide (special fit-
ness). It consists of a scoring assessment of the 
basic tennis strokes – forehand, backhand, vol-
ley and serve – as well as an evaluation of speed 
and agility abilities on court. The test assesses the 
accuracy, depth and power of the strokes. Points 
for accuracy and depth of individual strokes are 
awarded based on where the ball lands in the 
court. A player scores power points when his 
ball makes a second buck between the end line 
and the bonus line – see glossary ‘power area for 
double points’ – (1 point) or when his ball makes 
a second buck behind the bonus line (points mul-
tiplied by 2). During the stroke assessment tests, 
the regularity of tennis strokes is also additionally 
scored (1 point for each stroke that is not errone-
ous). Players can score a maximum of 430 points.

Before starting each part, the players per-
formed 4 trial strokes. If the ball landed on the 
line a higher score was always accepted. Scores 
were recorded in the protocol immediately after 
each stroke. The balls were played to the player 
according to the guidelines. 

The assessment of tennis strokes consists of four 
parts (tasks):

1.	Evaluation of the depth of strokes from deep in 
the court: the tennis player, positioned from deep 
in the court, performs 10 strokes from forehand 
and backhand (alternately); the depth and power 
of the strokes are evaluated (an athlete may 
receive a maximum of 90 points for this task); 

2.	Evaluation of the accuracy of the strokes from 
deep in the court: the tennis player, positioned 
from deep in the court, performs 12 strokes 
from forehand and backhand (alternately); the 
first 6 strokes are played along the line, the 
next 6 along the loft; the accuracy and power 
of the strokes are evaluated (an athlete may 
receive a maximum of 84 points for this task); 
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3.	Evaluation of the depth and power of the back-
hand stroke: the tennis player, positioned in front 
of the net, performs 8 backhand strokes (alter-
nately forehand and backhand); the depth and 
power of the strokes are evaluated (an athlete 
may obtain a maximum of 72 points for this task);

4.	Evaluation of service strokes: the athlete per-
forms 12 service strokes; the accuracy and 
power of the strokes are evaluated (the athlete 
can receive a maximum of 108 points for this 
task). The second part of this task is the evalu-
ation of speed and agility skills. The test con-
sists in the fastest possible collection on the 
racket of 5 balls arranged in a specific way in 
the ‘service court’ (a term belonging to the lan-
guage of tennis specialists); the time of the test 
in seconds is recorded (an athlete may obtain 
a maximum of 76 points in this part of the test).

Statistical analysis 
Results were analysed, using the statistical pack-
age STATISTICA version 7.0 from StatSoft. The 

estimation of the results is based on the follow-
ing indicators: mean (M); minimum (Min); Maximum 
(Max); standard deviation (SD); skewness; kurtosis. 
The significance test F for the difference of two vari-
ances preceded the measurement of the difference 
in means. The t-test of significance for the differ-
ence of two means was used in the case of different 
variances and equal sample sizes (between 11-year-
old and 12-year-old tennis players). Significance 
test C (Cochron & Cox [16]) in the case of differ-
ent variances and different numbers (between  
11 – and 12-year-old tennis players in relation to 
ten-year-olds). Pearson’s linear correlation r coeffi-
cient between the main empirical variables was cal-
culated. Statistical inference was performed with an 
assumed significance level of p<0.05. 

RESULTS 

It was observed that the mean value of reaction 
time test (Blink) scores increases with the calen-
dar age of the tennis players. A similar pattern 

Age (years) Statistical indicators Blink (number of affected 
sensors) ITN (points)

10
(n = 16)

M 56.565**/**/ 121.298**/***/

SD 5.942 19.236

Min 48 98

Max 63 190

skewness −0.127 0.59

kurtosis 0.76 0.29

11
(n = 15)

M 63.282**^ 153.497**^^

SD 4.189 15.962

Min 53 111

Max 65 193

skewness 0.366 −0.624

kurtosis −0.923 −1.33

12
(n = 15)

M 66.47/**/^ 174.247/***/^^

SD 2.747 13.642

Min 57 138

Max 70 214

skewness 0.82 0.68

kurtosis 0.34 −0.43

Table 1. Results of coordination and special fitness tests of juvenile tennis players (n = 46). 

Differences between 10-year-olds and 11-year-olds and /10-year-olds and 12-year-olds/ for the C test: **p<0.01; 
differences between 11-year-olds and 12-year-olds for the t-test: ^p<0.05, ^^p<0.01.
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was found with regard to the results of the spe-
cial fitness of tennis players (ITN). The differences 
in the mean values of the results of both tests 
between each age group are statistically signifi-
cant (Table 1).

Positive average and high correlation coefficients 
between reaction time test (Blink) and special fit-
ness of tennis players test (ITN) scores increased 
with the age of the tennis players tested: 10-year-
olds r = 0.358 (average correlation) and positive 
correlations 11-year-olds r = 0.521, p<0.05 and 
12-year-olds r = 0.599, p<0.02.

DISCUSSION

Information on coordination and conditioning 
motor skills (general fitness) and special fitness 
(which, among other things, in tennis is a spe-
cific combination of various abilities) is impor-
tant from the beginning of the participation of 
exercising individuals in the training process. It 
is a fundamental element in optimising training, 
taking into account individual predispositions and 
gradually expanding movement skills. The next 
step is the prediction of individual training stages 
and effects [17-21].

In the process of competitive training of tennis 
players, as in other disciplines, many tools for diag-
nosing general and special fitness are available. 
It is not revealing to say that trainers, guided by 
methodological knowledge and practical experi-
ence, are looking for such a set of tests that take 
into account the age and sporting sophistication 
of the practitioners and reflect (to some extent) 
the diversity of playing situations on the court. The 
non-cyclic, dynamic movements observed during 
tournament matches and the frequent changę of 
their direction are very difficult to reproduce in any 
one specific test. The control of the dynamics of 
change and the effectiveness of this type of motor 
skills, although a very difficult task, should be a key 
element of adequate tests of special fitness with 
a coordination skills component. [22, 19, 23, 24]. 

Recent match analyses of the best tennis players 
in the world have shown that speed is the motor 
ability that distinguishes the outstanding among 
the best tennis players  [25]. A very important 
component of speed is reaction time. The results 
of a study by Tu et al. [12] showed that reaction 
times were shorter for faster balls compared to 

slower ones. This is probably due to the fact that 
this coordination ability is better stimulated and 
the intensity of the stimulus. The reaction time of 
strokes from deep in the court tends to be slightly 
shorter for forehand strokes, however, these dif-
ferences are not statistically significant. However, 
this is individually determined and is related, for 
example, to the positioning of the legs (e.g. open, 
semi-open, closed position) or the individual hit-
ting technique [26]. Some tennis players before 
certain strokes (return, air strokes played from 
under the net) perform a  two-legged jump to 
improve and accelerate the reaction to the stim-
ulus. In order to accelerate the movement in the 
intended direction, the centre of pressure when 
landing must be positioned on the side oppo-
site the direction of the intended movement. It 
is estimated that, in order to perform a quick and 
sure side step, a tennis player should land a jump 
approximately 180 ms after the visual stimu-
lus (which corresponds to the player’s reaction 
time) [12].

With regard to younger tennis students, research-
ers from Beijing Sport University proved that 
training experience was related to reaction time. 
Children between the ages of 8 and 12 had the 
shorter reaction time the more experience they 
had and the more / more intensively they trained. 
Tennis training from an early age improves deci-
sion-making skills and reduces reaction time [27].

These views are reflected in our study. It was 
found that the results of the tests assessing reac-
tion speed (simple reaction test and complex reaction 
test), correlate with the results of the test assess-
ing special fitness in all age groups studied. The 
criterion for the tennis player’s special fitness in 
this case was the International Tennis Number score. 
Against the background of the available research 
results using this test, the juvenile tennis players 
participating in my study scored slightly higher. In 
a study by Olcucu and Vatansever [28], 8-10-year-
old tennis players affiliated with the Turkish ten-
nis federation obtained an average score of 82 
points while in my study 10-year-olds obtained 
an average score of 140 points (and the minimum 
score was 98 points). Moreover, in a study by Jian 
and Iringan [29] involving 30 young tennis players 
aged 7-10 years, the ITN test results were slightly 
lower compared to my study (average score of 100 
points). The authors of these studies also analysed 
the relationship between reaction time and ITN 
test scores. The results are consistent with my 
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observations. The researchers showed that reac-
tion time scores are strongly correlated with ITN 
scores. The researchers showed that reaction time 
scores were strongly correlated with ITN scores. 
As in my study, shorter reaction times were asso-
ciated with higher tennis skill levels. Similar ITN 
test results were obtained by Arslan and Ergin [30] 
analysing the effects of 8-week core training (see 
glossary) on agility, strength and tennis skills. 
Tennis players aged 10-14 from the experimen-
tal group (participating in an 8-week core training 
combined with tennis training) scored an average 
of 140 points before the intervention was applied, 
while after the training programme their results 
oscillated around 173 points. In contrast, the con-
trol group (tennis players of the same age) par-
ticipating only in traditional tennis training had 
an average score of 91 points before the experi-
ment and 105 points after the 8-week period. The 
results of the tennis players included in my study 
averaged: 141 points 10-year-olds; 153 points 
11-year-olds; 174 points 12-year-olds. The group 
of tennis players (aged 10-14 years) studied by 
Arslan and Ergin [30] also included slightly older 
athletes compared to my study.

As tennis is one of the games characterised by 
one of the highest coordinative complexity of 
movements, specific actions (special technique) 
during training and game play requirę high accu-
racy and speed of execution under variable court 
conditions [31, 32, 4] The above analysis of our 
own research indicates that the tests used can be 
used to assess current physical fitness and sport-
ing effects and, in a sense, to evaluate the pro-
spective capabilities of the practitioners. 

In this thesis, I have not used the word ‘develop-
ment’, in any of the contexts concerning the diag-
nosis and extension of the coordination abilities 
(special fitness) of adolescent tennis players. The 
ground-breaking findings of Kalina et al. [33] pro-
vide evidence that the paradigm of ‘toddlerhood 
and pre-school motor development’ should be 

replaced with ‘the first period of positive and neg-
ative changes in human motor skills already at tod-
dlerhood and pre-school age’. If the hypothesis that 
‘the discovery of an organic cause of the extreme 
degree of SFI already among toddlerhood and pre-
school children is at the same time the establish-
ment of a highly probable common source of many 
neuro-degenerative diseases and disabilities’ ten-
nis, due to its coordination qualities, may in future 
play an important role in prevention and therapy. 
For the new applied science, ‘innovative agonol-
ogy’ (acronym INNOAGON see glossary), ‘devel-
opment’ is a key word and used only in positive 
connotations [34, 35]. It would be ludicrous to talk 
at the same time about ‘development of special 
skills in tennis’ and ‘development of specific ‘neuro-
degenerative diseases’. Not only in a logical sense, 
but above all in a humanistic (ethical) dimension, 
the sentence: ‘the development of special fitness 
in tennis’ has proven to be an effective means of 
therapy despite ‘progressive neuro-degenerative 
diseases’ [36, 37]. Treating tennis and any other 
sport exclusively from the perspective of supreme 
success, fame, material gain, but also tying scien-
tific reports to such a perspective, contradicts the 
social mission of science [38].

CONCLUSIONS

The results of the study provide evidence that the 
training of juvenile tennis players influences not 
only the increase of their special fitness, but also 
the speed (effectiveness) of their motor response 
to stimuli simulated in laboratory conditions. The 
increasing interdependence of the indices of both 
variables (special fitness and reaction time to 
external stimuli) with age indicates that stimu-
lating the natural process of biological growth of 
the organism at this stage of ontogenesis with 
specific tennis exercises has a positive effect on 
this component of coordination ability (motor 
reaction time), which is related to human motor 
safety in the general sense (health and survival). 
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