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Abstract
Introduction. A lot of studies have demonstrated the relationships
between filed tests and match running performance in soccer
players, but the impact of anthropometric characteristics and
physical performance on technical abilities remains unclear.
Aim of Study. The aim of this study was to examine the influence
of physical performance on the technical abilities and match
running performance of 20 young soccer players (U15) during
soccer games. Material and Methods. Anthropometric profile,
sexual-maturity assessment and physical performance tests
(sprint tests, countermovement jump, squat jump, standinglong jump, multiple 5-bound test, sit & reach test, change of
direction, and Yo-Yo intermittent endurance test level 1 – IE1)
were conducted 3 weeks before the first of 10 soccer matches.
Technical performance was determined by the frequency of
actions during the 10 soccer games. Distance covered during
matches was recorded using GPS devices. Results. The distance
covered at speeds of 15.8-19.7 km/h correlated with performance
in the long jump and Yo-Yo test (r = 0.49, P = 0.034, and r = 0.59,
P = 0.008, respectively). The distance covered at higher speeds
(19.8-24 km/h) correlated with performance in squat jump
test and Yo-Yo test (r = 0.49, P = 0.032, and r = 0.50, P = 0.030,
respectively). Factor analysis identified three technical actions
of the highest importance: total activity, possession game, and
attempts for goal. Multivariate canonical correlation analysis,
used to verify the prediction of a multiple dependent variable
set from field tests, showed that our model was not well adjusted.
Conclusions. The current data suggest that the selected set
of independent variables might not be useful in predicting
technical performance in young soccer players. When we
have the opportunity to select a young soccer player we have
to use many fitness, technique, tactical and psychomotor tests
to evaluate him. However, the Yo-Yo IE1 test was correlated to
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match running performance so it can be used by the trainers to
predict match running performance of their young players.
KEYWORDS: soccer, running performance, anthropometry,
technical actions.
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Introduction
occer is an intermittent-type of sport that incorporates
actions with low and high intensity and duration.
Mohr, Krustrup, and Bangsbo [18] mentioned that in
a soccer match, elite players cover a total distance of
9-12 km. Moreover, a player can perform more than
1350 intense activities during a match [18]. Aerobic and
anaerobic capacities are therefore crucial for the actions
of a soccer player, who wants to be successful.
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Soccer performance depends on technical and tactical
skills, though it is frequently used as a criterion for
talent identification [16]. Many researchers have
mentioned that players who managed to play at the elite
level were more technically competent [8] and teams
who longer maintained possession of the ball were more
likely to be successful [15]. Some of these technical
and tactical skills are the following: first touch, oneversus-one ability, striking the ball, and technique under
pressure [16]. Soccer performance, besides mentioned
physiological, technical, and tactical qualities, is in
all age categories associated with psychological and
sociological influences [9].
Valid information about a player’s capacity can be
obtained by applying objective and qualified tests. Many
teams prefer field tests (like Yo-Yo) because they are
easy to perform, they do not need expensive equipment
and specialized staff to execute and are considered as
a sustainable alternative for laboratory tests [13, 21]. The
evolution of technology allows trainers to measure the
distances covered by the players at different intensities
during a match [1].
Numerous studies have demonstrated the relationships
between filed tests and match running performance
in soccer players [3, 4, 23]. In particular, Bradley and
Noakes [3] mentioned positive correlations between the
performance in the Yo-Yo intermittent endurance test 2
(IE2) test and the match running performance. These
studies observed that the Yo-Yo IE2 test is not only
related to match performances but can also differentiate
between dissimilar intensities [3]. Similar correlations
between distances covered at high intensity running
and the Yo-Yo intermittent recovery test level 1 were
reported by several researchers [4, 23]. Other factors
that are correlated with the match running performance
are the change of direction (Zig-Zag test), the peak
running speed in a field test, and the mean sprint time in
repeated anaerobic sprint test (RAST) [21, 23].
The researchers tried to find correlations between
physical fitness tests (like Yo-Yo) and match running
performance because that may help the trainers estimate
their players’ match running performance in an easy
and fast way. Additionally, when repeated, this test
could be used to assess the changes induced by training
programs. Furthermore, finding field test correlating
to match running performance would be of interest for
soccer coaches as a tool for monitoring the players’
progress and possible talent identification.
A few studies have mentioned the correlation of fitness
filed tests with technical performance in specific
technical tests [2, 11]. In a recent study, the influence
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of physical factors (hormonal status, sexual maturity,
anthropometric profile, and physical performance)
on the technical performance of young soccer players
during small-sided games was examined [20]. The
researchers found that the testosterone level was the
most affecting factor for technical performance.
Because there is a particular need to find the universal
fitness filed test correlating with match running and
technical performance the aim of this study was to
examine how the physical performance features (obtained
with field tests) relate to match running performance
and the technical abilities (obtained during 10 soccer
games) in 20 young soccer players. Furthermore, we
investigated whether the performance in field tests can
explain the running and the technical performance during
actual matches. It was hypothesized that a higher level of
physical performance would be related to a better match
running and technical performance.
Material and Methods
Subjects
Twenty young soccer players (U15) from a local soccer
academy participated in this study. These players were
field players who were in the starting squad and who
were playing a full match. The inclusion criteria to
participate in the study were as follows: 1) not to have
musculoskeletal injuries for ≥6 months prior to the study,
2) not to be early and late pubertals, 3) having participated
in ≥95% of training sessions of the year, and 4) not to be
taking any medication. All participants and their parents
were informed about the potential risks and benefits of
the study and a consent form was signed by their parents.
The local Institutional Review Board approved the study,
in the spirit of the Helsinki Declaration. Participants’
characteristics are shown in Table 1.
Table 1. Participants’ characteristics (mean ± SD)
Participants (n = 20)

Mean ± SD

Age (y)

14.7 ± 0.5

Height (cm)

172.2 ± 7.3

Weight (kg)

62.4 ± 7.5

BMI

21.0 ± 1.9

%BF

16.2 ± 2.4

Note: %BF – percentage of body fat, BMI – body mass index

Body mass was measured to the nearest 0.1 kg using
an electronic digital scale with the participants in
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their underclothes and barefoot. Standing height was
measured to the nearest 0.1 cm (Seca 220e, Hamburg,
Germany). Body fat percentage was estimated based
on the sum of four skinfolds (biceps, triceps, suprailiac,
subscapular). Skinfold thickness was measured with
a specific caliper (Lafayette, Ins. Co., Indiana) on the
right side of the body as previously described [29]. The
estimation of body density was calculated according to
the Durning and Rahaman [6] equation for males under
the age of 16 and estimated by the equation of Siri [28].
The chronological age at peak height velocity (PHV) of
the players was estimated using the equation proposed by
Moore et al. [19]. Early, average and the late matures were
defined as those players with an estimated chronological
age at PHV of less than 13 years of age, 13-15 years of
age, and over the age of 15, respectively [26].
Methods
Fitness assessment (countermovement jump [CMJ],
squat jump [SJ], long jump [LJ], multiple 5-bound
test [M5B], speed [10 m & 30 m runs], change of
direction [T-test], Yo-Yo intermittent endurance test
level 1 [YY IET1]) were the independent variables of
the study. The match running distance and the technical
performance features were the dependent variables.
The study was conducted during the beginning of the
in-season period for 13 weeks. Particularly, the first
3 weeks were at the end of the pre-season period. The
first week was the participant’s familiarization with the
field tests to minimize the learning effect error. During
the second and third weeks, the appropriate field tests
were performed. Later in the following 10 weeks, the
players participated in 10 actual matches (in season).
The tests were conducted 48 hours after any last training
session. At the beginning of each testing session, soccer
players performed a 15-minute warm-up and at the end
a 10-minute cool-down period. During the 10 weeks of
the matches, all the participants competed in 10 matches
and participated in 4 training sessions per week. The
training session included soccer technical skills, tactics,
speed and sprint workloads, and small-sided games. The
total sessions’ duration was approximately 90 minutes.
All training sessions and matches were performed
on a synthetic grass soccer field. The participants
consumed water ad libitum to ensure proper hydration
during training and testing and they did not intake any
nutritional supplements or the ergogenic aids.
Speed testing
A 30-m sprint test with 10-m splits (0-10 m was measured
as well) was used to measure speed performance. Sprint
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testing was performed with the participants wearing soccer
shoes on a synthetic grass soccer field. After a 5-second
countdown, the participants ran in front of 3 infrared
photoelectric gates (Microgate, Bolzano, Italy) that
recorded their time at each gate. The participants sprinted
from a standing starting position with the toe of the front
foot approximately 0.3 m behind the first gate. Photocells
were placed 0.6 m above the ground (approximately at the
hip level) to capture the movement of the trunk rather than
a false signal because of limb motion. The coefficient of
variation for test-retest trials was 3.4% [17].
Standing long jump test
The participants began the test with a starting standing
position with their feet at shoulder width (behind
a line marked on the ground) and their hands free.
The participants executed a countermovement of their
legs and hands and then jumped horizontally as far
as possible [14]. The horizontal distance between the
starting line and the heel of the rear foot was recorded
with a tape measure. The coefficient of variation fortestretest trials was 2.5%.
Multiple 5-bound test
The participants, from a standing position, attempted to
cover the longest possible distance with 5 forward jumps
and alternating left and right leg contacts [17]. This test
is considered to be a soccer-specific test, and it has been
recommended for the measurement of lower limb muscle
power and coordination instead of the vertical jump (VJ)
test [5]. The maximal distance covered was recorded to
the nearest 0.5 cm with a tape measure. The coefficient of
variation for test-retest trials was 3.1%.
Vertical jump test
The participants performed two jump tests: (a) squat
jump: participants, from a stationary semi-squatted
position (90° angle at the knees) performed a maximal
VJ, and (b) countermovement jump: participants,
from an upright standing position, performed a fast
preliminary motion downwards by flexing their knees
and hips followed by an explosive upward motion by
extending their knees and hips. All tests were performed
with the arms akimbo. The VJ height was measured
with Myotest equipment (Myotest, Switzerland). The
coefficients of variation for test-retest trials were 2.8%
and 3.8% in SJ and CMJ, respectively.
Change of direction test
The participants performed the T-test: subjects began
with both feet behind the starting point A. At their
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discretion, each subject sprinted forward 9.14 m to
point B and touched the base of a cone with the right
hand. Then, they shuffled 4.57 m to the left and touched
the base of a cone (C) with their left hand. Subjects
then shuffled 9.14 m to the right and touched the base
of a cone (D) with their right hand. Afterward, they
shuffled 4.57 m to the left back to point B and touched
the base of the cone with their left hand. Finally,
subjects ran backward, passing the finish line at point A.
An infrared photoelectric gate (Microgate, Bolzano,
Italy) was placed at point A and recorded the time of
each attempt [25].
Yo-Yo intermittend endurance test level 1
The Yo-Yo intermittend endurance test level 1 consists
of repeated 20-m runs back and forth between the
starting, turning, and finish lines at a progressively
increased speed, which is controlled by audio beeps from
a CD-player. When the subject failed twice to reach the
finish line in time, the athlete stopped the test and the
distance covered was recorded as the test result.
Video analysis
Video recordings of the soccer match were collected
using a fixed camera (Sony, Brazil, 60 Hz frequency
acquisition). The camera was located 10 m above and to
one side long axis of the pitch. The Sport scout software
was used for video analysis. The study was based on
the two researcher’s observations according to Singer
and Willimczik [27]. Every match has been analyzed by
two experienced observers who were specially trained
for accurate and reliable data recording [27]. The kappa
values for the analyzed variables ranged from 0.92 to
0.98 (intra-observer) and 0.85 to 0.95 (inter-observer).
The applied technical actions have been described in
a previous study [20].
Global Positioning System (GPS) analysis
To measure match performance, players wore 15-Hz
GPS units (LAGALACOLLI Sport, Roma, Italy)
positioned on the upper torso through a vest garment
to reduce movement artifacts [10]. Units were activated
according to the manufacturer’s guidelines immediately
before the pre-match warm-up. Players wore the same
GPS device for each match to avoid any existing interunit
variation. Afterward, the match data were analyzed
and 6 speed indices for each half and the total match
were used (0.1-5.99 km/h – walking, 6-11.9 km/h –
jogging, 12-15.7 km/h – running, 15.8-19.6 km/h – high
intensity running, 19.7-23.7 km/h – fast running, 23.8+
km/h – sprint).

136

Statistical analysis
All the statistical analyses were conducted using SPSS
(version 24.0; SPSS Inc., Chicago, IL, USA) and the
results are reported as mean ± SD. Shapiro–Wilks test was
used to ascertain the normal distribution of the sample.
Initially, factor analysis was used to identify the structure
of relationships among the technical performance
measurements to examine whether it would be possible
to reduce the number of variables without compromising
information. The most representative variables could be
used in the subsequent canonical analysis. This analysis
was used to examine the prediction of multiple dependent
variables (the most representative technical performance
measurements extracted from the factor analysis) from
multiple independent variables (physical performance).
Finally, Pearson’s correlation method was used to
examine the relationship between physical and technical
performance tests with the match running performance.
The level of significance was set at P < 0.05.
Results
Descriptive statistics (mean ± SD) of the field tests and
the match running performance are presented in Table 2.
Table 2. Descriptive statistics of the field tests and the match
running performance in young soccer players
Variables

Mean ± SD

Sprint 10 m (s)

1.95 ± 0.12

Sprint 30 m (s)

4.67 ± 0.27

CMJ (cm)

27.8 ± 4.3

SJ (cm)

27.1 ± 5.3

LJ (cm)

209.3 ± 19.2

M5B (m)

10.70 ± 0.97

Sit & reach test (cm)

28.1 ± 8.2

Yo-Yo IE1 test (m)

1031 ± 418

Match running performance
Match TD (m)

7219 ± 682

Distance (0-5.99 km/h) (m)

2907 ± 297

Distance (6-11.8 km/h) (m)

2311 ± 602

Distance (11.9-15.7 km/h) (m)

1476 ± 322

Distance (15.8-19.7 km/h) (m)

547 ± 140

Distance (19.8-24 km/h) (m)

235 ± 86

Distance (>24 km/h) (m)

58 ± 58

Note: CMJ – countermovement jump, SJ – squat jump, LJ – standing long jump, M5B – multiple 5-bound test, Yo-Yo IE1 test –
Yo-Yo intermittent endurance test level 1, TD – total distance
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The results of the Yo-Yo IET1 and long jump were
correlated with the distance covered at a speed of 15.8-19.7 km/h (r = 0.49, P = 0.034, and 0.59, P = 0.008,
respectively). The distance covered in higher velocity
(19.8-24 km/h) was correlated with the Yo-Yo IET1
(r = 0.50, P = 0.03) and SJ (r = 0.49, P = 0.032). No
significant correlations were found between the other
field tests and other variables of the match running
performance.
As shown in Table 3, the factor analysis showed that
three factors explain 92% of the total variance: 1st total
activity 45%, 2nd ball possession (keeping the ball in
teams’ possession using passes) 30%, and 3rd attempts
for goal 17%.
Table 3. Results of factor analysis with factor loadings
Factor 1

Factor 2

Factor 3

total
activity

ball
possession

attempts
for goal

Successful passes

–0.262

0.851

0.444

Headers

0.775

0.228

0.366

Complete tackles

0.910

0.249

–0.240

Goal attempts

–0.172

–0.552

0.784

Touches with the ball

0.902

0.206

0.199

Total distance

0.594

–0.778

0.012

Variable

The relation of the above three factors with the field tests
was examined with the use of multivariate canonical
correlation analysis. The variables with higher loading
of each factor were retained for analysis. However, the
adjustment of our data to the statistical model was not
evidently good.
Discussion
This is the first study that simultaneously tests the
correlation between field tests and technical and running
performance during actual matches. The findings show
that the Yo-Yo test and vertical jumps (SJ and CMJ)
were correlated with the distance covered by young
players at speeds between 15.8-24 km/h. However, no
other correlations were observed between field tests and
technical performance.
Soccer is an intermittent sport with low, medium, and high
intensity demanding workouts, including accelerations,
decelerations, jumps, and change of direction.
However, the duration of a game and its requirements
also demand a high level of aerobic capacity. The Yo-Yo
tests are used extensively to estimate aerobic capacity
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in the field. A potentially strong relationship between
performance measured in a field test and the match
running performance would help coaches to assess the
level of readiness of their players to compete. Many
studies have looked into the correlations between
match running performance and aerobic performance
during specific tests [3, 4, 11]. The aerobic field tests
commonly used were the Yo-Yo tests. In particular,
Bradley and Noakes, in their study [3] mentioned
positive correlations between the Yo-Yo IE2 test and the
match running performance. The observed correlation
was between the field test performance and the total
and high-intensity running distance covered in a match.
Similar results were mentioned from another group
of researchers [23] who found significant relations of
Yo-Yo IR1 test performance with the total and highintensity running in soccer players. In another study
by Castagna et al. [4] correlations between the Yo-Yo
IR1 test and the multistage fitness test with several
match physical activities (high-intensity running and
sprinting) were showed whereas the performance in
the Hoff test correlated only with sprint distance. This
and most of the above studies reported correlations
between performances in various field tests with match
running performance. It should be noted that minor
differences between investigations are due to the use
of different field tests, the GPS systems, or the video
analysis system. Besides, the age of young soccer players
and the level of biological maturation can also affect the
above relationships. Therefore, before generalizing
the findings, it would be of interest to perform a more
complex study in differentage groups with a similar
methodology.
To our knowledge, only three studies have looked into
the relationships between anaerobic field tests and match
running performance. Rampinini et al. [21] mentioned
significant correlations between the ability of the repeated
sprint test and the match running performance (very high
intensity running and sprinting) whereas no correlations
were found with the vertical jump performance. Similar
results have been presented by another laboratory [1]
which found that the performance in the running-based
anaerobic sprint test was significantly correlated with
the distance covered at medium intensity running. In
contrast to a recent study, the researchers mentioned
no correlations between the repeated sprint test and
the match running performance [24]. One possible
explanation for this dispute could be the fact that the
study of Redkva et al. [24] was performed during
friendly soccer matches and not official ones. In our
study, we found correlations between two kinds of
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jumps with high intensity running. As above, the use
of different tests and differences in the sample (level,
age, type of matches – friendly or official) can affect the
results of the studies. The repeated sprint test activates
a different energy supply mechanism than jumps
(glycolysis vs phosphagen system). The jumps are
used by the coaches to assess the jumping ability and
the power of the players. Therefore, the good jumping
ability also implies a high ability to run at a very high
speed. Additionally, the phosphagen system supplies
energy actions that are as intensive as jumps. Highintensity running is an action where a significant part
of the energy is supplied by the same energy system.
Therefore, a well-trained phosphagen energy system
could increase the ability of a soccer player to cover
a longer distance at high intensity.
It is known that sample homogeneity could affect
the results in correlation studies [12]. We have to be
careful when we want to generalize the findings of
the study. However, similar results for the Yo-Yo IR1
and Yo-Yo IE2 tests were also mentioned by previous
researchers [23] in soccer players of a similar age and
at a competitive level. This indicates that the Yo-Yo IE1
test is probably an appropriate test to estimate aerobic
capacity in young soccer players.
In any sport that requires object handling, the technique
is a determining performance factor. Thus, in soccer,
the technical skill of handling the ball is particularly
important and has been the object of research in several
studies. Over the past two decades, researchers have
focused on the possible relationship between technical
abilities and performance obtained in fitness tests.
Previous studies [21, 22] showed that players of better
teams performed more passes than players of the worst
teams during official matches. Also, the numbers of
passes were decreased in the second half and this could
be a sign of the influence of physical performance on
technical actions [7]. Rampinini et al. [22] showed that
the deterioration in the Loughborough soccer passing
test (LSPT) score was correlated with performance in
the Yo-Yo IR1 test. This finding suggested that players
with a higher fitness level performed technical actions
more correctly than the players with a lower fitness level
[2]. Helgerud et al. [11] studied the effect of a training
program on the passing ability of soccer players. They
found that the improvement of physical fitness led to
an increased number of involvements with the ball. In
a more recent study [2], researchers mentioned that the
total performance at LSPT was positively correlated with
many fitness tests (sprint 5 m, 20 m, 30 m, agility – 15 m,
ball – 15 m, Illinois agility test). Negative correlations
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were found between LSPT and SJ and CMJ. All the
above studies used field tests for the evaluation of
technical performance changes. In our study, we looked
into the correlations between performance in field fitness
tests and the technical performance during actual soccer
matches of young players. Our results are in line with
the results of a recent study [20] where researchers used
small-sided games and found no correlations between
field tests and technical performance. The performance
in a specific technical test cannot be compared to the
technical performance in an actual soccer match, where
the tactical role, individual playing position, the quality
of the opponent, and the degree of motivation can affect
this factor.
This study indicates that the performance in the Yo-Yo
IE1 test and LJ test are good predictors of the intensive
match running (15.8-19.7 km/h). Additionally, the
Yo-Yo IE1 test and SJ could be used by the coaches to
estimate match running performance in higher velocity
19.8-24 km/h.
Conclusions
The results have shown that the majority of field tests
were not related to the match running performance in
young soccer players. Contrary to the study hypothesis,
no anthropometric index was associated with better
performance in the soccer game. Also, no fitness
indicator was fully correlated with the match running
distance and with the technical performance during the
game. However, the Yo-Yo IE1 test, LJ, and SJ were
the tests that correlated with the distance covered thigh
intensity. Additionally, these tests could be used by
trainers in an attempt to estimate the readiness of young
soccer players to compete.
These findings indicate that the technical performance of
young players in actual soccer matches is not correlated
with their performance in field fitness tests. According
to the UEFA development plan of the young soccer
players, players of this age have not perfected yet their
technical skills. Additionally, the tactics, the opponent,
the adopted style of play could influence the match
technical performance. Therefore, in our opinion, more
specific technical tests are needed for the evaluation of
this kind of performance.
In the last minutes of the games, fatigue can negatively
affect the qualitative performance of the technical
actions (passes, crosses). For that reason, an analysis
where technical actions would be studied every 15
minutes of the game could provide more information
on the possible relationship of fitness and execution of
technical actions.
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