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Abstract - Aim: The aim was to compare performance in specific-skill tests and motor coordination between groups
with different technical efficiency and verify possible variables related to specific skills and motor coordination that
contribute to discriminate players into high- and low-technical efficiency.Methods: The sample consisted of 82 young
soccer players (12-15 years). Body size, bone age, motor performance tests, soccer-specific skill tests, and frequency of
technical actions in SSG were analyzed. Statistic cluster-derived ANOVA F was used to identify which variables related
to technical action most contributed to classifying subjects with similar performance. Discriminant analysis (Stepwise
Method) was used to verify which predictor variables discriminated players into groups of low- and high-frequency
technical actions in SSG. Statistical significance was set at 5%. Results: The group of high technical efficiency pre-
sented better performance in motor tests, shuttle run (P = 0.04; ES = −0.55), jumping laterally (P = 0.02; ES = 0.58),
kicking speed (P = 0.03; ES = 0.60), soccer-specific skill tests, leading the ball in a straight line (LBSL) (P = 0.01;
ES = −0.75), and zig-zag ball control (ZZBC) (P = 0.04; ES = −0.55); variable leading the ball in a straight line cor-
rectly discriminated 60% of players into high- and low-frequency groups. Conclusion: The frequency of technical
actions in SSG was poorly influenced by motor performance and specific skill tests, and only the LBSL test correctly
classified players of different frequencies of technical actions in SSG.
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Introduction
Soccer is one of the sport most widely practiced in the
world and the inclusion of youth athletes has increased in
selection processes1,2. In this sense, researchers have
attempted to find indicators that can be used as references
when discriminating talented players3-7.

Technical qualities performed during the match have
been pointed out as one of the main indicators during the
process of prospecting and selecting talents, as the correct
execution of movements can be a decisive factor to
achieve success in the game8. Despite the need to include
technical performance and motor coordination analyses in
studies with young soccer players, other factors need to be
pointed out, like the fact of the lack of standardization
tests and the variety of procedures available seem to be
limitations in comparing research results and the con-
sequent advances in understanding this issue Ali8.

In this sense, researchers involved in the under-
standing of the formation of young players commonly
adopt a battery of specific tests to evaluate motor coordi-
nation and technical skills9,10; tests that, although they
present a moderate correlation between the tests of spe-
cific skills with technical performance11,12 and motor per-
formance13,14 present little or no relation with the real
situation of the game, since, do not represent the real com-
plexity in games due to their low ecological validity15.
Blomqvist, Vanttinen, and Luhtanen16 reported that these
batteries usually do not demonstrate the player's ability to
perform skills in a real game situation. It occurs mainly
because soccer is a complex phenomenon17,18, i.e., when
isolating some factor to be analyzed, the information could
be lost since the modality is marked by the interaction
between different domains19,20.

In addition to the number of published studies
applying specific skills4,10 and motor coordination
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tests13,14 with youth athletes, it is important to understand
whether the results obtained by these batteries help coa-
ches to identify talented players and to discriminate play-
ers with high technical efficiency in a real game situation.
Based on our knowledge, the relative contribution of
motor coordination and specific skill batteries to technical
efficiency is unknown among young players, a period in
which coaches need to find indicators to assess individual
and collective progress during training sessions16.

These tests may help coaches and researchers to ver-
ify the real validity in the use of specific skills and motor
coordination tests to evaluate young athletes. Given this
scenario, our initial hypothesis was that specific skill bat-
teries and motor coordination tests do not discriminate
players into groups of high- or low-technical efficiency,
since their low ecological validity would bring low rela-
tion with real play situations15.

Therefore, the aims of this study are a) to compare
performance in specific skill tests and motor coordination
between groups with different technical efficiency; and b)
verify which variables related to specific skills and motor
coordination contribute to discriminate players into high-
and low-technical efficiency.

Materials and Methods

Experimental Approach to the Problem
A cross-sectional design was used in the present

study. Data collection was performed in the morning.
Anthropometry, motor coordination tests, soccer-specific
skill tests, and frequency of technical actions in small-
sided games were analyzed, and discriminant analysis was
used to observe whether performance in motor tests and
soccer-specific skills could discriminate players into high-
and low-frequency of technical actions in SSG.

Participants
Initially, were recruited for the study 97 young soc-

cer athletes, with the exclusion criteria, the final sample
was of 85 athletes belonging to two youth soccer schools
from Londrina, Paraná, Brazil. Sample characteristics are
described in Table 1. Players and their parents or legal
guardians were informed and written consent was
obtained before participation. The study was conducted in
accordance with the resolution of the National Health
Council (466/2012) and was approved by the Research
Ethics Committee of the local University (Proc.
2.650.232/2018). Written informed consent was obtained
from each participant and their respective parents/guar-
dians; players gave written assent according to the Child
and Adolescent Statute. The following inclusion criteria
were adopted: I) Players should be enrolled in soccer
schools; II) Not be in a pre-evaluation period in schools,
and III) Free from any kind of injury during the evaluation

period. Injured players, those dismissed by schools, or
those who dropped out during the data collection period
were excluded from the sample. Thus, the data of 15 play-
ers who did not meet these criteria were taken from the
sample.

Anthropometry
Body mass was evaluated using a digital scale, Seca

813 , Brazil, with an accuracy of 0.1 kg, and height using
a portable stadiometer, Harpenden, United Kingdom, with
an accuracy of 0.1 cm, according to criteria described by
Gordon et al.21. Chronological age (CA) was defined in
centesimal form, and calculated through the difference
between birth date and evaluation date.

Small-sided games
As small-sided games (SSG) have been proposed to

be useful as talent identification/monitoring tools1 and to
mimic the game demands while developing technical and
decision-making skills22, this training modality was used
to evaluate technical actions. In this study, SSG used a
three-a-side format (3×3 plus a goalkeeper) as used in a
previous study with young players23,24. The numerical
configuration (3×3) was chosen as it represents the mini-
mum structure that guarantees the characteristics of the
official game25. Players were largely familiarized with this
SSG format, as it has been regularly used in their training
routines. Before starting the game, players were required
to play according to official rules. Two halves of 4 min
each were performed. The pitch area adopted measured
36 m in width x 27 m in length1,24,25. Passive recovery of
1 min was allowed between halves. Each team was formed
by a defense player (center-back or left or right-back), a
midfielder (defensive or offensive middle field), and a for-
ward (center-forward or striker), distributed in each team
according to their overall standings in their age-category
in specific skills performance in field tests (leading the ball
in a straight line, zig-zag ball control, back and forth ball
control, pass and kick accuracy)26,27. This counter-
balanced procedure was adopted to allow similar technical
performance conditions between teams.

Table 1 - Characteristics of the participants by groups of High- and Low-
frequency of technical actions.

Variables Technical efficiency index T-test P

General
(n=82)

High
(n=17)

Low
(n=65)

Age (years) 14.4 (1.1) 14.5 (1.0) 14.3 (1.1) 0.56 0.57

Experience level
(years)

6.5 (2.3) 6.5 (2.1) 6.5 (2.3) � 0.01 0.99

Height (cm) 57.9 (10.3) 56,9 (9.0) 58.2
(10.7)

� 0.45 0.65

Body mass (kg) 169.6 (10.0) 168.2
(8.9)

169.9
(10.3)

� 0.65 0.52
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Technical actions in small-sided games
The frequency of technical actions was recorded

during the SSG using one camera (Casio EX-10, 30 Hz
frequency acquisition, São Paulo - Brazil) located 6 m
above and to one side of the long axis of the pitch, at a
distance of 15m from the pitch. Lince software was used
to code SSG technical actions. The frequency of the fol-
lowing technical actions was recorded: conquering the ball
(CB), receiving the ball (RB), playing a neutral ball (NB),
losing the ball (LB), playing an offensive ball (OB), and
successful goal attempts (SS)28. CB was considered when
a player performed interception or tackle, regaining ball
possession after an unsuccessful goal attempt from the
opponent team; RB was considered when a player
received the ball from a teammate and did not lose the ball
control immediately after receiving it; NB was considered
when performing a pass to a teammate, but without
increasing the chance of goal attempt or imposing any dis-
turbance to the opponent defense system; LB was con-
sidered when the player lost ball control (ball possession)
without attempting a goal; OB was considered when per-
forming a pass to a teammate, leading to a clear dis-
turbance to the opponent defense system, while leading to
a goal attempt; and SS was considered when a successful
goal attempt occurred when the attacking team retained
ball possession even after a goal attempt.

Motor performance
To evaluate motor performance, the battery of tests

proposed by Luz et al.29 was used, which proposes six tests
to evaluate locomotion, balance, and manipulation. For
locomotion, Shuttle-run and distance jump tests were
applied. To evaluate balance, platform displacement and
lateral jump tests were performed; and for manipulation,
throwing speed and kicking speed tests were performed.
Subjects were familiarized with tests through an attempt
performed prior to evaluation. The 2D analysis (two kicks,
and two throws) were recorded by a camera, model Casio
EX-10 (Cassio - São Paulo - Brazil), at an adjusted rate of
240 Hz and laterally positioned at a distance of 5 m from
the central test area to allow observation of the ball trajec-
tory. Space, where the subjects performed the tasks, was
calibrated using four metal hastes, in an area of 2.0 × 1.6 m
square, with eight known Cartesian coordinate points. The
y-axis was horizontal (pointing to the goal center), the z-
axis vertical (pointing up), and the x-axis the cross product
of y and z (pointing laterally)30. For calculation of the
throwing and kicking speed, 2D images were reconstructed
using the Dvideo Software31. The first ten frames after the
last favorite hand or foot lost contact with the ball were
used for reconstruction. 2D distances covered by the ball
were calculated using the Microsoft Excel software and
estimated through the calculation of the Euclidean distance
and distance in meters per second (m/s) and the peak speed

achieved in each attempt was considered, but only the
highest peak between the two attempts was used for analy-
sis. This analysis presented an accuracy of 6.09 mm32.

Soccer-specific skills
To evaluate performance in soccer-specific skills, the

tests proposed by Mor and Christian27and by the Portu-
guese Football Federation26 were adopted. Based on these
protocols, four technical tests were used: leading the ball
in a straight line (LBSL) and zig-zag ball control (ZZBC),
proposed by the Portuguese Football Federation, and pass
accuracy (PA) and kick accuracy (KA). Subjects were
familiarized with tests through an attempt performed prior
to evaluation.

Statistical Analysis
Data are described as mean and standard deviation.

The Kolmogorov-Smirnov test was used to evaluate data
normality. Non-Hierarch Cluster K-means multivariate
analysis was used to classify players into two groups
according to the Technical efficiency index performed
during SSG. To identity which technical action variables
most contributed to classifying subjects with similar per-
formance, the statistic cluster-derived ANOVA F was
used, as described previously33. CB (F = 73.02; p = 0.01),
OB (F = 10.16; p = 0.01), and SS (F = 23.05; p = 0.01)
variables presented significance and were therefore adop-
ted to differentiate groups into two Clusters: Low (n = 65)
and High (n = 17) technical efficiency index during SSG.
The differences were compared by the independent t-Test
and the Effect Size was evaluated by the g de Hedges Test.
Discriminant analysis (Stepwise Method) was used to ver-
ify which predictor variables (locomotion, balance,
manipulation, LBSL, ZZBC, PA, and KA) discriminated
players into groups of high- and low- frequency of techni-
cal actions in SSG. Bivariate correlations between inde-
pendent variables were performed for collinearity
diagnosis. All values found were located below 0.75, indi-
cating that none of the variables should be removed from
the analysis33. The significance adopted was 5% and the
software used was SPSS 24.0 (SPSS, Inc., Chicago, IL).

Results
Table 2 presents the results of technical actions dur-

ing small-sided games, motor performance, and soccer-
specific skills according to technical efficiency group.
High (n = 17) and low (n = 65) performance groups
demonstrated differences in the shuttle run (P = 0.04;
ES = −0.55), jumping laterally (P = 0.02; ES = 0.58),
kicking speed (P = 0.03; ES = 0.60), LBSL (P = 0.01;
ES = −0.75), and ZZBC (P = 0.04; ES = −0.55) tests.

The result of the discriminant analysis revealed that
LBSL predicted the technical action frequency during

Moura et al. 3



small-sided games (Table 3), correctly classifying 59.8%
of players of low- and high-frequency technical actions.

Discussion
This study aimed to compare performance in specific

skill tests and motor coordination between groups with
different technical efficiency, and verify which variables
related to specific skills and motor coordination contribute
to discriminate players into high- and low-technical effi-
ciency. The main results point out that the group of high-
technical efficiency presented a better performance in
motor tests (shuttle run, jumping laterally, and kicking
speed) and soccer-specific skill tests (LBSL and ZZBC).
Data suggest that these variables can differentiate the
technical performance of young soccer players, at least
when the referred technical performance is measured
based on the frequency of technical actions. However,

using only the LBSL test could correctly classify almost
60% of young athletes of high- and low- frequency of
technical actions.

Studies that have sought to evaluate the influence of
motor tests on technical actions in match-play are scarce,
which brings a certain degree of limitation when compar-
ing the current results with previous investigations.
Rubajczyk and Rokita11 evaluated U12 and U15 players,
and a weak inverse relationship was found for U15
(r = −0.33) and a moderate inverse relationship for U12
(r = −0.57) between ball conduction and ball control tests
with technical performance; suggesting that performance
could be associated with the maturational process, which
in turn may influence maximum running speed in young
soccer players. Talović et al.12 evaluated soccer players
aged around 14 years of age and demonstrate a d sig-
nificant relationship between technical performance and
20-m running (β = 0.34), ball control with both legs
(β = 0.23) and sit and reach tests (β = −0.27).

However, when athletes were divided into groups of
high- and low-technical efficiency, a significant difference
was observed in the performance of motor tests and spe-
cific skills, with moderate effect size. Additionally, LBSL
emerged as a variable that could discriminate technical
efficiency during SSG, differentiating players with better
performance in the game. Interestingly, Lulzim34 observed
a significant relationship between performance in the
LBSL test (r = 0.82) and ball control with a change of
directions (r = 0.34) with the 25-m running test. These
results suggest that performance on this type of test may

Table 2 - Technical actions, motor performance, and specific skills for groups of High- and low-frequency of technical actions (Mean and SD).

Motor performance and specific skills Technical efficiency index T-test P Effect Size

General (n=82) High (n=17) Low (n=65)

CB (No. of actions) 1.9 (1.5) 2.2 (1.9) 1.8 (1.4) 0.87 0.39 0.23

RB (No. of actions) 10.6 (3.5) 15.3 (2.4) 9.4 (2.7) 8.31 <0.01* 2.24

NB (No.of actions) 6.7 (3.0) 10.0 (2.5) 5.9 (2.5) 6.13 <0.01* 1.65

LB (No.of actions) 2.6 (1.7) 2.8 (1.5) 2.6 (1.8) 0.31 0.75 0.08

OB (No. of actions) 1.9 (1.6) 2.8 (1.5) 1.7 (1.5) 2.84 <0.01* 0.87

SS (No. of actions) 2.1 (1.6) 3.7 (2.0) 1.6 (1.2) 5.41 <0.01* 1.47

Shuttle run (s) 10.1 (0.5) 9.8 (0.4) 10.2 (0.6) � 2.11 0.04* � 0.57

Standing Long Jump (cm) 192.9 (18.5) 196.3 (9.4) 192.0 (20.2) 1.28 0.20 0.35

Jumping laterally (No. of actions) 46.0 (7.3) 49.3 (6.2) 45.2 (7.4) 2.12 0.02* 0.57

Shifting platforms (No. of actions) 10.2 (1.4) 10.1 (1.4) 10.2 (1.5) � 0.32 0.75 � 0.09

Throwing speed (km/h) 58.5 (8.0) 61.7 (7.5) 57.7 (7.9) 1.89 0.06 0.51

Kicking speed (km/h) 68.4 (7.7) 72.0 (8.1) 67.5 (7.4) 2.18 0.03* 0.59

LBSL (s) 14.9 (1.0) 14.4 (0.7) 15.1 (1.0) � 2.64 0.01* � 0.71

ZZBC (s) 19.6 (1.5) 18.9 (1.2) 19.7 (1.6) � 2.03 0.04* � 0.55

PA (points) 4.4 (2.0) 4.7 (1.9) 4.4 (2.0) 0.58 0.56 0.16

KA (points) 65.7 (23.4) 68.4 (23.5) 65.1 (23.5) 0.52 0.60 0.14

Note: CB = conquering the ball; RB = receiving the ball; NB = playing a neutral ball; LB = losing the ball; OB = playing an offensive ball; SS = executing
a successful shot; LBSL = leading the ball in a straight line; ZZBC = zig-zag ball control; PA = pass accuracy; KA = kick accuracy; * = P< 0,05.

Table 3 - Discriminant analysis for prediction of technical actions in
small-sided games.

Function

Canonical correlation 0.28

Wilks’ Lambda 0.92

Variance explained (%) 100

Model cross-validation (%) 59.8

Significance 0.01*

Selected variable LBSL

Note: LBSL = leading the ball in a straight line; * = P < 0,05.

4 Frequency of technical actions in small-sided soccer games



be associated with the ability of young players to generate
power and to run with the ball.

Likewise, Leyhr et al.35 evaluated 1,134 young Ger-
man soccer players and showed a variance of 50.2% with
the 20m running test and performance of 32.6% in the ball
control test, with the entry of these young players into
clubs belonging to the German Football League. In other
words, athletes with high performance in basic categories
through leading the ball at speed tests are more likely to be
listed as possible elite athletes. This information is impor-
tant, especially for professionals linked to the process of
training and selection of young soccer players since only a
simple field test could differentiate the technical potential
of young players.

Taking into account the results of this study together
with those of the abovementioned studies, it would be rea-
sonable to infer that the LBSL test tends to correlate, given
some degree of variation, with the technical efficiency of
young athletes. However, further studies should seek to
understand the influence of motor aspects and specific
skill tests in the technical performance of young athletes,
since these relationships tend to be weak since other fac-
tors could influence technical performance during soccer
matches34,35. One possible reason for these relationships
may be the fact that LBSL involves characteristics inher-
ent to speed displacement and the ability to control the
ball, which are aspects that make up the physical and
motor performance.

The present findings suggest that the group of high-
technical efficiency in SSG presents a better performance
in motor testing (shuttle run, jumping laterally, and kick-
ing speed) and specific skills in soccer (LBSL and ZZBC).
However, the hypothesis that there is multicollinearity
among predictor variables could be raised, which could
influence the results, and that due to this possibility, cau-
tion is needed to generalize the findings. Another possible
explanation for the present findings; however, maybe the
complexity of a soccer match, in which many factors
interact to induce performance. Technical actions; there-
fore, can be affected by the interaction of physical, tac-
tical, cognitive, and emotional elements, which in turn
impose a high degree of complexity on the system and,
consequently, on performance36.

These aspects, which are inherent to the game,
reveal the difficulty in discriminating isolated factors that
could influence technical performance in soccer. However,
the results of this study suggest that technical actions eval-
uated in a more ecological context (SSG performance) can
be predicted by changes in LBSL performance, and less by
other motor and specific skill tests. Thus, the application
of several engine tests and specific skill testing protocols
would not be necessary, as well as their correlation with
the technical performance during games, since by per-
forming only one test, LBSL, it would be possible to iden-
tify athletes who would perform best during games, thus

seeking standardization in the evaluation of these contexts.
The cross-sectional design and the use of only one SSG
session are study limitations.

Conclusion
Our findings suggest that the group of high-technical

efficiency in SSG presented a better performance in motor
performance (shuttle run, jumping laterally, and kicking
speed) and soccer-specific skill tests (LBSL and ZZBC).
The LBSL test correctly discriminated players into low-
and high-technical efficiency index, indicating that the
frequency of technical actions in this age group may be
related to the ability to run with the ball.
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