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Introduction

As stated by the available literature, football is a sport 
discipline that requires a lot of physical involvement 

from the players in each subsequent match [17]. Modern 
football players cover bigger and bigger distances, at 
increasing speeds, while performing numerous and 
short-term high-intensity physical activities [15], such as 
acceleration, slowdown, sprinting, jumping or changing 
the running direction [14]. At this stage of considerations, 
it is worth pointing out that the players who perform key 
functions in their teams cover an average of 9 to 12 km 
during the meeting [13]. On this basis, it can be inferred 
that the aspects of the physical preparation of a modern 
football player that predispose him to being able to 
meet the challenges that are posed in front of him by each 
subsequent match are of the fundamental significance [1].
The ongoing process of technological progress has also 
covered football with its effect, which was strongly 
transformed [16]. Nowadays, the game of both the 
player and the whole team can be broken down into 
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individual factors and analysed in depth [6]. All these 
detailed studies are conducted to gather information that 
will positively affect the final result of the match [2]. 
The authors put forward a thesis that the modern science 
has an increasing influence on the change in perception 
of the game vision, as well as the tactical or motor 
preparation. The modern world of sport is extremely 
competitive, and new technological solutions that allow 
monitoring of athletes during trainings or competitions 
may provide for the achievement of advantage over the 
opponent [14]. In other words, the sport discipline of 
football is a completely different game in today’s reality 
than in the XX century, even though its fundamental 
principles have not changed. In today’s football there 
are more and more specific parameters, or various 
game aspects can be measured, which is reflected in 
the fact that far less pitch situations are marked by 
the occurrence of the case, which according to many 
experts is determined by some sort of ignorance [12].
It is through the implementation of science to the 
world of sport that the possibilities of using innovative 
telematics tools appeared [5] in order to analyse the 
selected physical parameters of individual young 
players predisposed to play at the senior level [8]. 
One of the most important parameters, which can 
characterise work which is performed by a player during 
the match, is undoubtedly the distance covered during 
the so-called acceleration, and well as the so-called 
speed losses, shown at different intensity levels [9]. 
These parameters allow to determine the real intensity in 
the closest possible way, with which the given football 
player plays during the match [16]. Match observations 
show that we should expect that the values of these 
parameters will decrease with time of the game due to 
the growing level of fatigue. On the other hand, in case 
of total distance, or maximum speed, such a correlation 
may not necessarily be measurable. Whereas the so-
called fatigue has long been regarded by researchers 
dealing with this issue as a significant factor limiting 
the motor performance of the given player, negatively 
translating into the quality of his game [4]. In addition, 
fatigue as an unfavourable process, can also affect the 
effectiveness of decision-making during the match or 
situations requiring focus, such as, e.g., a penalty shot 
[18].
It is because significant indicators that characterise the 
performance of the player and thus determining the 
level of his fatigue during the meeting, may include 
the distance covered during the accelerations and the 
distance covered during the slowdowns at different 
intensity levels, the research issue that gets a crucial 

importance is the shaping of changes in values of 
this type of effort in short, five-minute time intervals 
under the match conditions. Due to the difficulty 
accompanying the introduction of young players to 
the senior football, it is particularly important that the 
results of the talented youth, such as the players, who 
are taken into consideration in their home clubs in order 
to be included in the future into their first team. 
This publication aims to present the results based on the 
game of talented players appearing in the selected Polish 
junior teams in the spring round of the 2016/2017 season, 
who are in the transition from junior teams to senior 
football. In particular because the available literature 
of the subject lacks such analyses and studies including 
this subject, the right to undertake considerations in this 
scope is justified even more.
The presented approach has become the basis for the 
adoption of boundary conditions and methodology of 
conduct aimed at an attempt to measure the impact of 
telematics solutions as a tool for measuring efficiency 
and physical fitness by assuming the hypothesis that 
among the football players included by the study, the 
average covered distance during the accelerations and 
slowdowns at different intensity thresholds decreases in 
subsequent five-minute intervals in each halves played, 
despite that the similar correlation will not take place 
in the case of the average total distance covered and 
averaged maximum speeds, as well as that after the 
15-minute break the mean value of the distance covered 
during accelerations and speed losses towards the last 
measured time interval for the first half significantly 
increases.

Aim of Study
The aim of the article is to show that the distance covered 
at different intensity levels is the factor that defines the 
effort made by the football player in match conditions. 
This parameter is a much more reliable measure than the 
total distance travelled or the maximum speed achieved 
by the player.

Material and Methods
Measurements of the parameters relevant for the study 
were performed using the Catapult optimeye G5 (10 Hz) 
transmitters equipped with the GPS system. This type of 
technology is now widely used in sports by researchers, 
who can use it to identify and monitor certain movement 
patterns of athletes [8]. Each test was performed under 
match conditions on a grass football pitch. The player 
has been qualified for the test if his game was analysed 
in at least 5 meetings of the spring round of 2016/2017 
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season. The prerequisite for the player’s performance 
to be covered by the analysis was the compulsion to 
play the full 90 minutes due to the reliability of the final 
results.
At the very beginning, in order to maintain logical 
accuracy and methodological value of the research, it was 
assumed that the research material includes 18 football 
players playing at different positions in junior teams in 
the spring round of the 2016/2017 season of the Polish 
Premier League. Prior to the study, the consultation with 
coaches of individual teams was crucial, who indicated 
the most capable players in their teams. These players 
were expected to be included in the senior groups of 
their clubs in the upcoming 2017/2018 season. The 
mean age among the tested players was 18.1 ± 1.2 years 
of age, the average height recorded among the studied 
group of players was 178.4 ± 7.8 cm, while the average 
weight was around the level of 74.1 ± 7.5 kg.
The complexity of the physical processes taking place 
during the football match required an alternative approach 
from the authors. For the study, the key parameters 
included: the distance covered by the football players 
during accelerations and slowdowns (speed losses) at 
different intensity thresholds (low, average, high), the 
total distance covered, maximum speed, with which 
the football player was moving. During acceleration, 
the player’s running speed increases gradually with 
the distance he covers [17]. When it is necessary to 
change the direction of the run, or the complete stop, 
the football player immediately or gradually loses the 
speed of his body [11]. All parameters studied were 
analysed for each five-minute match section, where the 
P1 period included the first five minutes of the meeting 
(1-5 min), P2 the second five minutes of the meeting 
(6-10 min), until P18 (86-90 min). The study did not 
include the fragments of the meeting shown as an extra 
time of the game due to the different numbers of such 
minutes in each meeting and the inability to divide that 
time into homogenous (five-minute) sections, which 
would not have a beneficial effect on the validity of the 
results obtained. After gathering the data that allowed 
the distribution of the game of each player into factors 
in the discussed scope in individual match fragments, 
the average values of the studied parameters were 
calculated for the total number of players, who were 
included in the analysis. Obviously, the average values 
of individual factors for each five-minute section of the 
game were taken into account. 
The use of a suitable statistical tool in the form of 
Excel computer program allowed, among others, to 
determine the mean distance travelled by players during 

accelerations and slowdowns at different intensity 
thresholds and average total distance and average 
maximum speeds.

Results
Figures 1 to 3 present the study results concerning 
the average distance covered by the players during 
accelerations and slowdowns at low (1-2m/s^2), 
average (2-3m/s^2) and high intensity (>3m/s^2). In 
turn, figures 4 to 5 illustrate the average total distance 
and the average maximum speed achieved in each five-
minute time intervals.

The analysis of collected data allowed to show that the 
average distance covered by the tested players during 
accelerations at low intensity was 40.6 ± 18.54 m. The 
highest average value was achieved by football players 
between 6-10 minute [P2] (46.4 ± 20.11 m), and the 
lowest between 86-90 minute [P18] (33.7 ± 18.79 m). 
When it comes to accelerations with average intensity, 
they shaped in such a way that the average distance for 
all tested subjects was equal 6.67 ± 5.45 m, the average 

Figure 1. The average distance [m] covered during accelerations 
and speed losses at low intensity [1-2m/s2]

Figure 2. The average distance [m] covered during accelerations 
and speed losses at average intensity [2-3m/s2]
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maximum value was measured between 6-10 minute 
[P2], and the distance determining it was 7.5 ± 4.88 m, 
while the recorded average minimum value was 5.7 ± 
± 5.14 m measured between 86-90 minute [P18]. 
Among accelerations performed at the highest intensity 
(> 3m/s^2), the average value was at the level of  
0.61 ± 0.88 m, the highest averaged value (0.9 ± 1.1 m) was 
recorded in the time interval between 6-10 minutes [P2], 
while the average minimum values was 0.3 ± 0.67 m, this 
was the last tested time interval [P18] (86-90 minute).
The next analysed parameter included the slowdowns 
(speed losses). The average distance covered during this 
type of activity with the lowest intensity for the studied 
group of football players was at the level of 18.5 ± 
± 7.89 m. The mean maximum value was 21.9 ± 8.50 m 
and was recorded between 1-5 minutes [P1], while 
the mean minimum value was between 81-85 minutes 
[P17] and amounted to 16 ± 10.18 m. The mean value 
of the slowdowns at the average intensity was equal 
4.52 ± 2.80 m. Between 1-5 minutes [P1] the average 
highest value was recorded (5.5 ± 2.72 m), and in the 
penultimate range [P17], the group of football players 
covered by the study achieved the average lowest value 
(3.5 ± 1.72 m). The mean value of the tested parameter 
at the high intensity level achieved the level of 0.47 ± 
± 0.66 m. The extreme values were recorded in intervals of 
1-5 minutes [P1], 11-15 minutes [P3], and 51-55 minutes 
[P11] (average maximum value was 0.7 ± 0.82 m), 
as well as the range between 81-85 minutes [P17] 
(average minimum value was 0.2 ± 0.42 m).
The average total distance covered by the group of 
players covered by the study (Figure 4) and the average 
maximum speed achieved in each of the 18 time periods 
(Figure 5) were subjected to the analysis. The average 
value of the first parameter was 512.8 ± 70.94 m, the 
average maximum value was recorded between 41-45 
minutes [P9] and it was 549.17 ± 33.62 m, while the 

average minimum values for the whole group was equal 
458.33 ± 105.81 m and it ranged between 31-35 minute 
[P7]. In terms of the second of the aforementioned 
parameters, i.e. the maximum speed, the studied group 
of football players has achieved the average value at 
the level of 6.65 ± 1.10 m/s. The highest average speed 
was recorded between 11-15 minutes of 7.58 m/s ± 1.11 
m/s. The lowest mean value of this factor was equal 
5.77 ± 0.71 m/s, and it was shown in the range of 16-20 
minutes.

Figures 1-3 also contain information showing that, with 
some exceptions, the average distance covered during 
accelerations and speed losses at different intensity 
thresholds drops with the duration of the half. In each 
case, this distance is relatively much lower at the end 
of each half than at its beginning, but at the end of the 
second halves, it constitutes a higher value that in the 
last fragments of the first halves. It should also be noted 
that in the initial time intervals of the second half, the 
average values of the mentioned parameters are higher 
than in the decay interval of the first part of the game. 
What is significant, the correlation was observed between 

Figure 3. The average distance [m] covered during accelerations 
and speed losses at high intensity [>3m/s2]

Figure 4. The average total distance [m] covered during the 
match

Figure 5. The average maximum speed [m/s] recorded during 
the match
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the intensity of the discussed activities (accelerations, 
slowdowns), and the number of consecutive time 
periods in the second half, where the averaged values are 
higher than in the last fragment of the game in the first 
half. The higher the intensity of these events, the higher 
the number of five-minute time segments measured 
after the match break, where the average higher values 
occur than in the segment subjected to analysis directly 
before ending the first half. It is also worth noting that 
similar dependencies are impossible to be found in the 
average distance covered by the players and the average 
maximum speeds achieved by them.

Discussion
The aim of the study was to analyse the selected physical 
parameters by showing the differences between the 
mean values of the tested parameters, which include 
the distance covered during accelerations, slowdowns, 
the total distance covered and the maximum speed 
achieved by the talented Polish players during matches 
in each five-minute game segment. The football players 
involved in the study were in the transition from junior 
teams in their clubs to senior teams. As indicated by 
the observations of the match reality, the distance that 
is covered by players during accelerations and speed 
losses, especially at the high intensity levels, may be an 
important measure of the real match effort. Such data, 
at least in principle, should be by far the more decisive 
determinant of the work done on the pitch than the total 
distance covered during the meeting, or the maximum 
speeds achieved under the discussed conditions [12]. 
On the other hand, an interesting aspect was the fact of 
changing the values of the analysed parameters during 
the football matches, in particular on the example of 
young players appearing in different pitch positions, 
excluding goalkeepers, due to the restricted nature of 
the game for that position, which significantly limits the 
mobility on the pitch. 
In light of this information, the key issue of the research 
is undoubtedly the manner in which the values of 
the discussed factors change in the five-minute time 
intervals during the football meetings. Author’s studies, 
as well as the thorough analyses, the results of which 
were presented in this article, were the basis for the 
reference to the hypotheses presented in the publication. 
The research results confirmed these hypotheses, 
according to which the average distance covered during 
accelerations and slowdowns at different intensity 
thresholds among the football players involved in the 
study decreases in the subsequent five-minute intervals 
in each half played, despite that the similar correlation 

will not take place for the average total distance and the 
average maximum speed achieved, also that after the 
15-minute break for the players between the halves of 
the meeting, the average value of the football players’ 
distance covered during accelerations and speed losses 
significantly decreases in relation to the last measured 
time interval during the first half.
The studies show that the overall distance covered by 
the players during the match is not a suitable measure 
of the work done by the football players, as well as their 
fatigue due to its various values, which are not subject to 
constant changes under the influence of the elapsed time 
[18]. Both the mean maximum values of the distance 
covered and the corresponding minimum values were 
reached by the studied group of football players still in 
the first half, while the highest one was recorded only in 
the last interval of the first half, played just before going 
to the locker-room. What’s more, just after the break, 
the average value of the distance covered proved to be 
lower than in the last studied fragment of the first part of 
the game. The results achieved are confirmed by other 
studies [19]. So, it should be noted that a considerable 
rest in the scale of the meeting, lasting 15 minutes, did 
not affect the number of meters covered by the football 
players in any way. Thus, the total distance that the 
football players covers at different phases of the match 
cannot be used as a measure of the body’s fatigue, 
as there is no correlation between this parameter and 
the duration of the meeting. This conclusion is also 
confirmed in other studies [20]. The tactics selected for 
the match probably is of greater importance for shaping 
of this factor, its corrections during the game, the result 
of the meeting, which can determine the attitude of the 
football players, or the quality of the opponent’s game in 
the particular fragment of the match. As in this case, the 
results of the tests do not show the relationship between 
the player’s fatigue, which should increase during the 
match, and the achieved average maximum speed. Its 
highest average value was noted between the 11 and 15 
minute [P3], while the lowest average value is in the 
next scope, that is, including the 16-20 minutes [P4]. 
Therefore, just after the break, the average value of this 
parameters turned out to be relatively low, so the rest 
did no determine its increase in any way.
The analysis of data indicates that the different situation 
concerns the average distance that was covered during the 
accelerations and slowdowns performed by the players 
at each intensity level. It was found that on all three 
thresholds in both categories (accelerations, slowdowns), 
the average extreme values of these parameters among 
the football players covered in the study were achieved 
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at the beginning of the match [3]. With the duration 
of the first half, these values gradually decreased 
in successive time intervals, of course with some 
exceptions. However, in each case, the value at the 
end of the first half was clearly lower than in its initial 
phases. The same situation took place in the second part 
of the game. In the initial time interval after the break 
[P10] (46-50 minute), the average number of meters 
covered during the discussed activities was higher than 
in the final fragments of the first half in case of each of 
the analysed intensity levels. This has to do with the 
fact that this kind of physical effort is a measure of the 
player’s fatigue, as well as his actual pitch activity, and 
thus the work that he does and is able to perform under 
match conditions. On the other hand, the occurring break 
is a stimulus for the body to increase the effort with 
such characteristics at the initial phases of the second 
half. On this basis, the authors conclude that the rest has 
a positive influence on the results achieved immediately 
after the start of the game in the second half, so we are 
dealing with a situation that is quite different than in 
the case of the analysed maximum speed, as well as the 
total distance, where such a correlation certainly did 
not take place. The decrease of the average values of 
these parameters (accelerations, slowdown), therefore, 
to such extent do not depend on the change in tactics, 
the quality of the opponent’s game, or the result of the 
game itself, as they drop with the duration of the match, 
as opposed to other factors, which were included in the 
study in this publication. The results are a contradiction 
of the thesis promoted in the literature of the subject as 
a change of tactic influenced this parameter [21].

Practical Application
The presented research in the future can be used to 
develop modern training methods in order to make 
the best use of the physical potential of young players 
practising this discipline at the professional level. 

Conclusion
The study confirmed the hypothesis that among the 
players in the study the average distance travelled during 
accelerations and slowdowns at different intensity 
thresholds drops in the next five-minute intervals in 
each half played. However, a similar relationship was 
not found for the mean total distance and average 
maximum speeds. Moreover, it has been shown that 
after a 15-minute break, the average value of the 
distance travelled during accelerations and slowdowns 
significantly increases in relation to the last measured 
time interval for the first half. On this basis, the authors 

agree with the conclusion that the distance covered at 
different intensity thresholds is a more reliable measure 
that defines the effort that is made by the football player 
in match conditions than the total distance travelled or 
the maximum speed achieved by the player. 
To sum up, as the authors have shown in this article, 
it is worth using the opportunities offered by modern 
science in order to understand many aspects of the 
game, which have not been identified clearly so far. 
Current technological solutions offer great opportunities 
in terms of making measurements related to the 
movement patterns, which are carried out by modern 
football players, and what is extremely important, they 
guarantee their increasing accuracy [19]. The process 
of evolution, and thus the implementation of science 
to this sports discipline is inevitable. Such a state of 
affairs is guaranteed by the continuous development of 
technology, which makes the ever-increasing spectrum 
of factors become measurable, so the fortuity will play 
the smaller and smaller role in the game itself [7]. The 
presented author research has confirmed that this kind of 
solutions can find a practical use in this sports discipline 
from among all team sports [6].
Summing up, the presented attempt to discuss the 
innovative dimension of using telematics tools in the 
training processes of young football players is merely an 
attempt to signal the complexity of the analysed subject 
matter concerning the impact of the use of these tools 
in sport and it certainly requires further analysis and 
research in order to use them in the scope of developing 
modern methods for measuring efficiency and physical 
fitness of individual players in the match reality.
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