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Abstract

This study explored how the number of allowed ball touches per player possession affected the performance of different
age groups (U9, Ul 1, Ul13, UI5, Ul7 and UI9) during a Gk + 4vs4+4-Gk small-sided games. Each day, players randomly
performed the following three conditions (for a total of 6 days): i) free-play (FP); i) maximum of 2 touches (2 T); iii) |
touch (I T). Players’ positional data was used to compute time-motion and positional-related variables, while video
analysis was used to capture technical performance.

In general, no effects were identified in relation to the players distances (team centroid, opponents’ centroid, nearest
teammate, and nearest opponent). There were small to moderate decreases in the longitudinal synchronization while
playing with | Tand 2T in the U9 and U17, but a moderate increase in the UI5. There was a general decrease in the
distance covered and distance covered while running (small to moderate effects) when playing with limited touches in all
age groups. Limiting the touches promoted small to moderate increases in the number of successful passes in the U9,
UI5, and Ul7 and a general increase in unsuccessful actions. Overall, playing with limited touches emphasized the
passing skill while it also contributed to more unsuccessful actions and lower physical demands. As so, coaches may use
the 2T in young age groups (U9-UI3) as they seem less able to successfully cope with | T, while using | T in older age
groups due to their higher ability to interact with environmental information.
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Introduction

Small-sided games (SSG) are game-based practices reg-
ularly used by association football coaches to develop
their players performance.' > Accordingly, SSG are
characterized by practices performed often in small
pitches, with adapted rules and involving a lower
number of players compared to the official match. The
reasons for such popularity have been linked with its
ability to concurrently develop the players physical,
technical and tactical behaviors and perceptual
skills.>*® In fact, SSG allows to recreate a similar
perceptual-motor landscape that the players found
during competitive matches, thus developing the players
ability to couple their actions according to the available
information on the environment.*” Indeed, one major
feature of SSG is the possibility to emphasize specific
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information that will guide the players behavior towards
specific goal-directed behaviors through the manipula-
tion of specific task constraints.”® Constraints have been
considered as boundaries conditions that shape the play-
ers movement behaviors, and can be divided into envi-
ronmental, individual and task-related constraints.” The
latter refers to manipulations in the pitch size, players
number, or game rules such as limiting the number of
available touches (e.g., playing under two touches or one
touch per player).

Based on the previous considerations, a wide scope of
research has been exploring how different task con-
straints affected the players performance. Under this
scope, the manipulation of the number of ball touches
allowed per player during SSG have been one type of
manipulation that have received considerable attention,
mainly from the physical perspective. Accordingly,
international-level players shown more total distance
covered, distance covered at high intensity and sprinting
when the number of touches was limited during a pos-
session (4vs4 + 4 neutral players) SSG.'*!" Similarly, a
more recent study also using professional players during
a 4vs4 SSG with the aim of score in two small targets
also found higher distance covered while walking when
playing under 1 touch (1 T) and higher distance at mod-
erate intensities under 2 touches (2T).'? Other study
using semi-professional players during a 4vs4 possession
SSG also found higher intensities when playing with
lower number of touches (1T or 2T) allowed."
However, evidences from players with lower experience
seems to not be consistent as it have been shown higher
intensities when playing without touches limitations in
both 6vs6 under possession purposes with semi-
professional players'® or during Gk + 6vs6+Gk SSG
with amateur players.'> Altogether, the findings from
the previous studies suggest that different physical
responses emerge when performing the same task con-
straint (limiting the number of ball touches allowed)
from players belonging to different experience levels
(professional,  semi-professional and  amateur).
Considering this point-of-view, it would be important
to understand how this constraint affects youth players
physical performance as it consists in one of the most
common rules used nowadays during the players devel-
opmental stages. Accordingly, it may be possible that
youth players reveal lower physical demands when play-
ing under limited touches due to their lower perceptual-
motor skills, when compared with expert players.

Coaches also limit the number of touches allowed
during SSG to impose higher perceptual demands on
the players and refine their technical performance.
Under this scope, the available research has shown that
international-level players decrease the percentage of suc-
cessful passes when playing under limited touches, espe-
cially 1T, despite the higher number of ball

possessions.'®!" Similarly, semi-professional players also
revealed a lower percentage of successful passes and an
increase in the number of ball losses when playing with
limited touches, mainly at 1 T."* These results seem to be
linked with the lower time to decide and scan the envi-
ronment when playing under such rules. That is, in 1
touch condition, the players have to decide what to do
until the last moment before touching the ball while,
without touch restrictions the player may stay on the
ball, protect it, or travel with it to explore different
opportunities for action. Considering this increased per-
ceptual demands, t may be expected that these effects
may be exacerbated in players with lower experience'®
such as youth players. . In addition, players under differ-
ent stages of development (e.g., U13 and U19) may reveal
different adaptations to this rule constraint manipulation.
However, further research is required to clarify these
assumptions. Overall, distinct physical, technical and
positional behaviors seem to emerge as result of different
task constraint manipulations. Despite the considerable
number of studies exploring the effects of limiting the
number of touches, mostly were related with physical
and technical performance, and to the best of our knowl-
edge there is no research exploring it effects on the play-
ers positional behavior. Under this perspective, variables
such as the distance from players to their team centroid,
opponent team centroid'” nearest teammate, nearest
defender'® length per width ratio (Ipwratio),'*" spatial
exploration index (SEI)*' or the time that players spent
synchronized in the longitudinal and lateral direction®*%*
have been used as tactical-positional variables that are
sensitive to capture changes in players behavior accord-
ing to manipulations in task constraints. Exploring how
these positional variables are affected by the limitations
in ball touches may provide additional insights that
would allow to better frame its use during the training
sessions.

In addition, players also seem to reveal different
responses as result of their experience, and so, it
would be important to have a deeper understanding
on how changing the number of touches allowed affects
players belonging to different age groups. Based on the
previous considerations, this study aimed to explore
how the number of allowed ball touches (free play, 2
touches and 1 touch) affected the tactical-positional,
physical and technical behavior of players belonging
to different age groups (U9, Ull, U13, UlS5, Ul7
and U19) during a Gk + 4vs4+Gk SSG.

Methods

Participants

A total of one hundred and fourteen youth football
players from the same club participated in this study
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Table 1. Participants characteristics.

Playing

experience Training sessions
Age groups N  Age (years) Height (cm) Mass (kg) (years) per week (n) Competitive matches per week (n)
Under-9 200 79£09 1285+65 294+88 27x1.1 2 sessions of 90-min | friendly (Gk-+4vs4+GK)
Under-11 20 954+09 1388+£79 337+68 39+12 3 sessions of 90-min | friendly (Gk+7vs7+4GK)
Under-13 21 11.6+08 1473+£7.6 405+7.6 49+20 3 sessions of 90-min | competitive (Gk+9vs9+GK)
Under-15 18 13.9+£0.6 1664+ 109 488+86 68+25 3 sessions of 90-min | competitive (Gk+ |0vs10+GK)
Under-17 19 162+£0.7 171.8+77 654+£65 79+28 4 sessions of 90-min | competitive (Gk+ |0vs |0+GK)
Under-19 16 179+04 1744+58 669+58 95+2.1 4 sessions of 90-min | competitive (Gk+ |0vs |0+GK)

(Table 1). Players were engaged in two to four training
sessions per week (90 to 105 minutes per session) and
participated in a match during the weekend.
Goalkeepers were part of the study but were excluded
from the data analysis, since their positioning is very
restricted to a specific pitch area and their game
dynamics are different from the outfield players. An
informed consent was provided to the coaches, players,
and their parents, as well as to the club, before the
beginning of the study. All participants were notified
that they could withdraw from the study at any time.
The study protocol followed the guidelines and was
approved by the local Ethics Committee and con-
formed to the recommendations of the Declaration of
Helsinki.

Study design

The study design was based on a repeated measure
approach under three experimental conditions: (i) free
play (FP), where the players did not have any limit in
the number of ball touches; (ii) 2 touches (2T), in
which the players were only allowed to perform a max-
imum of two ball touches per ball possession; and (iii) 1
touch (1T), where the players were only allowed to
perform one ball touch per ball possession. For this
purpose, the games were played using a
Gk + 4vs4+Gk, as one of the most common game-
based formats used in association football.'”

Procedures

The study was developed over a two-week period
during the middle of in-season competitive period. A
total of six non-consecutive sessions were used to col-
lect players performance during the SSG, where the
players were exposed to all the three conditions on
each testing day. No familiarization session was per-
formed, as the players in this study were already famil-
iarized with these manipulations (all age groups were
exposed at least three times in the month previous to
the data collection). In all testing days and for each age
group, the session started at the same time of the day,

to avoid the effects of circadian rhythms on the results,
and over similar weather conditions (atmospheric tem-
perature 16 £+ 5°C). Before the experimental conditions,
the players performed a 15-min warm-up based on low-
intensity running and a 4-a-side ball possession game.

Experimental task

For each testing day, the head coach from each age
group seclected eight players that allowed to create
two balanced teams considering the coach perception
of the players physical, technical, tactical and decision-
making skills. While there were variations on the
team’s composition over the six testing days, to guar-
antee a higher data generalization and age group squad
participation, for each testing day the teams and play-
ers were kept constant across conditions. Each day
players performed three bouts of 4-min interspersed
with a 2-min passive recovery in between, where each
bout consisted in one of the three conditions (free play,
2 touches, 1 touch) played in a random order. The SSG
consisted on a Gk + 4vs4+Gk SSG on a 40x30m arti-
ficial turf pitch (length x width; 150 m” relative playing
space per player). The pitch external boundaries were
defined using markers at each 5 meters as previous
research reported distinct physical, technical and tacti-
cal behaviors as result of the type of pitch external
marking lines.”* Several balls were placed around the
field to ensure its replacement as fast as possible,
decreasing the time that the ball was out of play. No
coach feedback or encouragement was allowed during
the conditions. The players were encouraged to hydrate
with water before the SSG and in-between the bouts.
Apart from the off-side rule that was not applied and
the restart of the game by the goalkeeper that conceded
a goal to ensure a fast restart, all the remaining rules
were played according to the FIFA football rules.

Data collection

Tactical variables. Positional data during SSG were gath-
ered using 5 Hz global positioning system (GPS) units
(SPI-PRO, GPSports, Canberra, ACT, Australia).
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The players’ latitude and longitude coordinates
obtained through games were exported and computed
using appropriate routines in Matlab® (MathWorks,
Inc., Massachusetts, USA). Additionally, missed data
were re-sampled and filtered using a 3 Hz Butterworth
low pass filter. Following this procedure, the data were
converted to meters using the Universal Transverse
Mercator (UTM) coordinate system and a rotational
matrix was applied to adjust the players displacement
data, pitch length and width with the appropriate x and
y-axis. This procedure was carried out by the data
retrieved from 4 GPS units placed on each pitch cor-
ners please check reference Folgado, Duarte (24 for
data correction guidelines).

The players positional data were used to calculate the
absolute distances from each player to the team centroid
(i.e., variable that represent the mean position from all
outfield players at every timeframe) and the absolute
distances from each player to the opposing team cen-
troid. Also, it was assessed the absolute distances from
each player to the nearest teammate and nearest oppo-
nent.'” Accordingly, the previous variables have been
used to analyze how players positional dynamics is
affected by changes in task constraints.'”** The length
per width ratio (Ipwratio) was used to understand play-
ers space occupation and was processed based on each
team maximum and lowest length and width values for
every frame, from which was calculated the ratio.'™*
The players spatial exploration index (SEI) was comput-
ed, which represents the amount of area explored by
each player. This variable consists in processing the
average position from each player on the pitch, then
computing the distance from all the positioning during
the time-series to this average position, and lastly com-
puting the mean value from all the obtained distances.”!
This variable has been used to understand how players
area exploration is modified according to manipulations
in task constraints’ or following training interven-
tions®> where higher values suggest a higher individual
area explored. In addition, the intra-team coordination
tendencies were measured based on the time that the
dyads from each team spent synchronized in both lon-
gitudinal and lateral directions. These two last variables
have been considered as important tactical indicators*
as usually, better tactical performances are characterized
by higher values.'®?*?” To process the players coordina-
tion tendencies, the Hilbert transform was used”® and
applied to all possible dyads (n=6) during players lon-
gitudinal (x-axis) and lateral (y-axis) movement direc-
tions. The near-in-phase synchronization of each dyad
was quantified by the percent of time spent between
—30° to 30° bin (near-in-phase mode of coordination).?®
The selected interval was used based on previous
research, that found in-phase relations tendencies as
the most common mode of coordination.?®?%3

Physical variables. The total distance covered and dis-
tance at different speed zones categories were consid-
ered as the following as identified in previous studies
analyzing youth players physical performance during
SSG:*>3132 i) total distance covered; ii) distance cov-
ered while walking (0.0 — 3.5km/h); iii) jogging (3.6 —
14.3 km/h); and iv) running (>14.4 km/h). In this study,
the distance covered while sprinting was not considered
as the small pitch size may not allow the players to
cover the distance at high speeds.”>*

Technical variables. The SGG were recorded using a dig-
ital video camera, Sony NV-GS230, that was fixed at a
2-m height and aligned in the midfield part of the pitch.
Then, the video files were downloaded to a computer
and a notational analysis was performed using the
LongoMatch software (Longomatch, version 1.3.7.,
Fluendo). The following individual performance varia-
bles were collected: successful and unsuccessful passes,
successful dribbles, shots-on-target and goals.>* The
videos were analyzed by an experienced performance
analyst, and the data reliability (technical-related) was
inspected by retesting 2 bouts per condition (free play,
2 touches, 1 touch; ~33% of the sample). The intra-
class correlation was deemed as high (>0.90).%°

Statistical analysis

The data were presented as means (M) + standard devi-
ations (SD). All data were assessed for outliers and
assumptions of normality using the Shapiro-Wilk
Test. Based on the data normality, two types of tests
were used: repeated measures analysis of variance
(ANOVA) while the non-parametric Friedman
ANOVA test was used for the variables that did not
show a normal distribution. Statistical significance was
set at p<.05 and calculations were carried out using
SPSS software V24.0 (IBM SPSS Statistics for
Windows, Armonk, NY: IBM Corp.).

Differences in group means were expressed in raw
data units with 90% confidence limits. Thresholds for
effect size statistics were: <0.2, trivial; <0.6, small;
<1.20, moderate; <2.0, large; and >2.0, very large.36
These statistical computations were processed with a
specific post-only crossover spreadsheet for each age
group.’

Results

Effects of manipulating the number of touches on
the tactical-positional behavior
The effects on the positional variables when manipu-

lating the number of touches (free vs 1/2 touches) on
the different age groups are presented on the Table 2



Coutinho et al. 549
Table 2. Descriptive and statistical analysis for the tactical-positional variables according to SSG rule and age groups.
SSG conditions Difference in means (£90% CL)
Free 2 Touches | Touch Free vs Free vs

Positional Variables (Mean£SD) (Mean+SD) (Mean+SD) 2 Touches | Touch b

U9 Distance to team centroid (m) 5.12+1.27 5.16 +1.39 542+1.73 0.04; +0.3 0.30; £0.36 >0.05
Distance to opposing team centroid (m)  6.45+ 1.57 6.60+2.07 6.66 £2.23 0.15; +0.35 0.21; +0.40 >0.05
Distance to nearest teammate (m) 501 £1.29 5.05+ 1.42 523+1.82 0.04; £0.31 0.22; £0.38 >0.05
Distance to the nearest opponent (m) 4.124+0.94 4334+1.29 4234132 0.22; £0.23 0.11; £0.25 >0.05
Length/width ratio (m) 1.45+0.82 1.53+0.61 1.57 +£0.67 0.08; +£0.21 0.12; £0.25 >0.05
Spatial exploration index (SEl, m) 941 £1.86 9.48+2.22 857+ 1.53 0.08; +0.38 —-0.84; £0.38 <0.01°
Longitudinal synchronization (%) 5890+ 1474 5891+ 18.61 4982+1650 0.0I; £3.92 —9.09; £3.47 <0.01
Lateral synchronization (%) 4943+ 1429 4984+ 1550 48.72+14.62 042; £3.45 —0.71; £3.15 >0.05

Ull Distance to team centroid (m) 5.59+0.96 557+1.13 550+ 1.14 -0.02; £0.24 —-0.09; £0.19 >0.05
Distance to opposing team centroid (m)  6.61 +1.26 6.61 £ 1.47 6.51 +1.32 0.0; £0.29 —0.1; +0.24 >0.05
Distance to nearest teammate (m) 6.03£1.0 5.92£1.00 589+ 1.21  -0.11; +£0.21 -0.14; +0.22 >0.05
Distance to the nearest opponent (m) 4.16 £0.80 424+£0.83 4.16 £0.76 0.08; +0.19 -0.01; £0.16 >0.05
Length/width ratio (m) 1.05+0.33 0.9440.24 0994027 —0.11; +0.08 —0.06; +-0.08 >0.05
Spatial exploration index (SEl, m) 8.67 + 1.84 8.00 £ 1.32 935+ 1.10 —0.67; £0.54 0.69; £0.52 <0.001>°
Longitudinal synchronization (%) 65.06 £10.32 63.86+1490 6561+13.04 -I.19; £4.07 0.55; £3.22 >0.05
Lateral synchronization (%) 534941238 492641780 53.37+1427 —4.23;+3.01 —0.11; +£3.36 >0.05

Ul3 Distance to team centroid (m) 6.45+1.28 6.68 L 1.15 6.52+1.18 0.23; £0.22 0.08; £0.22 >0.05
Distance to opposing team centroid (m)  7.19+ 1.6l 729+ 1.44 7.54+1.70 0.1; £0.26 0.34; £0.28 >0.05
Distance to nearest teammate (m) 7.21 +1.02 7.47 +£0.90 7.37 £0.94 0.26; +0.23 0.16; £0.22 >0.05
Distance to the nearest opponent (m) 4.18 £0.79 4.25£0.66 4.35+0.99 0.07; +0.16 0.17; £0.22 >0.05
Length/width ratio (m) 0.89+0.19 0.92+0.19 0.92+0.22 0.03; +0.06 0.02; +0.06 >0.05
Spatial exploration index (SEl, m) 7.96 +1.27 7.74£1.06 752+1.02 -0.22; +0.33 —0.44; +-0.30 >0.05
Longitudinal synchronization (%) 5691 £13.10 57.53+1436 63061158 0.62; £3.46 6.15; £3.37 <0.01°
Lateral synchronization (%) 4730+£13.93 4553+1243 4406+10.7 —1.78; +2.64 —3.24; £2.98 >0.05

UI5 Distance to team centroid (m) 589+ 1.15 6.06 +1.11 597 +1.21 0.17; £0.15 0.08; £0.19 >0.05
Distance to opposing team centroid (m)  6.46 4 1.52 6.62 £ 1.40 6.46 & 1.44 0.16; £0.19 0.0; £0.25 >0.05
Distance to nearest teammate (m) 6.57+£0.72 6.79 £ 0.69 6.62+0.84 0.22; +0.14 0.05; £0.18 >0.05
Distance to the nearest opponent (m) 3.86+0.63 4.05+£0.63 3.89+0.60 0.19; +£0.13 0.03; +0.13 <0.05°
Length/width ratio (m) 0.86 +£0.19 0.86+0.18 0.88+0.19 0.0; £0.05 0.02; £+0.05 >0.05
Spatial exploration index (SEl, m) 7.80 + 1.04 826+ 1.12 8.28+0.96 0.46; +0.40 0.47; +0.36 >0.05
Longitudinal synchronization (%) 56.60+ 1035 6592+888 655341087 9.5 +£2.67 8.93; £2.45 <0.001%"
Lateral synchronization (%) 41.33+11.33 42891258 46.13 L1142  1.76; £2.77 4.80; £2.71 <0.05°

Ul7 Distance to team centroid (m) 5.98 + 1.04 6.0+£0.95 6.17+1.10 0.01; £0.23 0.19; £0.16 >0.05
Distance to opposing team centroid (m)  6.74 £ |.42 6.88 + 1.59 6.95+1.52 0.14; £0.26 0.21; £0.26 >0.05
Distance to nearest teammate (m) 6.60+£0.74 6.59+0.73 6.76 £0.82 0.0; 0.2 0.16; +0.17 >0.05
Distance to the nearest opponent (m) 4424063 4.35+£0.68 4.58+0.71 -0.07; +0.13 0.16; +0.09 >0.05
Length/width ratio (m) 0.82+0.16 0.81+0.18 0.88+0.17 —0.02; +0.05 0.06; £0.05 >0.05
Spatial exploration index (SEI, m) 8.04+0.97 8.17£1.21 7.65+0.92 0.13; £0.30 —0.39; +£0.27 <0.05°
Longitudinal synchronization (%) 56.72+997 5340+ 13.12 49.67+10.75 -3.32; £3.03 —7.05; £2.55 <0.001°
Lateral synchronization (%) 34.15+1220 3873+13.08 3562+13.19 4.58 +3.09 1.47; +3.08 <0.05°

Ul9 Distance to team centroid (m) 638+£1.11 6.43+0.94 6.37 £1.05 0.05; +0.25 -0.01; +£0.28 >0.05
Distance to opposing team centroid (m)  7.11 +1.44 7.16 £1.38 6.95+1.26 0.05; £0.32 —0.17; +0.34 >0.05
Distance to nearest teammate (m) 6.99 +£0.86 7.1 £0.66 6.95+0.77 0.12; £0.23 —0.04; £0.25 >0.05
Distance to the nearest opponent (m) 4.591+0.65 4.68 +0.55 4.5440.57 0.09; £0.15 -0.05; +0.18 >0.05
Length/width ratio (m) 0.93+0.14 0.72+0.19 0.76 +0.16 0.02; +0.05 0.05; £0.05 >0.05
Spatial exploration index (SEl, m) 7.8+ 1.04 757 +£1.13 8.0+ 1.0l -0.23+0.33 0.19+£0.31 >0.05
Longitudinal synchronization (%) 48.15+ 1287 4726+10.64 4589+12.61 -0.89; £2.93 —2.25; +2.87 >0.05
Lateral synchronization (%) 305241225 25994+ 10.69 34.00+13.64 —4.53; £3.25 3.48; +3.82 <0.01°

CL: confidence limits.
?Significant differences between free and | touch (p <.05).
BSignificant differences between free and 2 touches (p <.05).

and Figure 1. Generally, players distances to the near-
est teammate, nearest opponent, team centroid and
opponent team centroid revealed no differences, apart
from the distance to the nearest opponent in the Ul5
that revealed higher values under 2T [0.3 (0.1 to 0.5),

Cohen’s d with 90% confidence intervals, X°>=28.8,
p<0.01] compared to the free condition. Also, no
effects were identified in the Ipwratio. In contrast,
from the longitudinal perspective, the results shown
small decreases in the U9 when playing under 1T
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Tactical-Positional Variables
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[—0.5 (—0.7 to —0.3), X*=13.4, p < 0.01], and small to
moderate decreases in the Ul7 [—0.3 (0.6 to —0.0)
and —0.6 (—0.8 to —0.4) 2T and 1T respectively,
F=9.15, P <0.001], while small increases when playing
with 1T during the U13 [0.5 (0.2 to 0.7), F=5.55,
p<0.01] and moderate increases when limiting the
touches in the U15 [0.9 (0.6 to 1.2) and 0.9 (0.6 to
1.1) 2T and 1T respectively, X?=2494, p < 0.001].
The effects of the players lateral synchronization were
only evident on the older age groups. Accordingly,
there were small increases in the team lateral synchro-
nization when playing with 2T in the U17 [0.4 (0.1 to
0.6), F=3.18, p < 0.05], while small decreases in the
U19 [-0.4 (—0.6 to —0.1), F=7.15, p<0.01]. Also, it
was found small increases when playing with 1T in the
U15[0.4 (0.2 to 0.6), F=4.55, p < 0.05], and U19 [0.3
(0.0 to 0.6)] age groups. Lastly, different trends emerged
in the spatial exploration index, as there were small
decreases when playing with 2T in the Ull [-0.5
(—=0.8 to —0.1), X?=24.1, p<0.001], and there were
small decreases while playing with 1T in the U9 [-0.4
(—0.6to —0.2), X*=12.9, p <0.01]and U17[-0.4 (—0.6
to —0.1), X>=3.18, p < 0.05]. In contrast, there were
small increases while playing with 1T in the Ull.

Effects of manipulating the number of touches on
the physical performance

The effects on the physical variables when manipulat-
ing the number of touches (free vs 1/2 touches) on the
different age groups are presented on the Table 3 and
Figure 2. From the physical perspective, there were
clear trends in the total distance covered as there
were small to moderate decreases when limiting the
number of touches in all age groups [U9, -0.3 (—0.5

to —0.2) and —0.5 (—0.7 to —0.4), 2T and 1T respec-
tively, F=13.4, p<0.001; UI1, -1.1 (-1.3 to —0.9)
and —1.2 (=14 to —1.0), 2T and 1T respectively,
X?=48.38, p<0.001; U13, —1.0 (—1.3 to —0.8) under
1T, X?=324, p<0.001; Ul5, —0.5 (=0.7 to —0.3)
and —0.4 (—0.6 to —0.2), 2T and 1T respectively,
F=10.2, p<0.001; U17, -0.5 (-0.7 to —0.2), for
1T, F=5.17, p<0.01; U19, -0.3 (-0.5 to —0.1) for
IT, F=3.64, p < 0.05]. Also, small to moderate
increases in the distance covered while walking were
identified for all age groups [U9, 0.4 (0.2 to 0.5) and
0.6 (0.4 to 0.8), 2T and 1T respectively, F=14.4,
p<0.001; Ull, 0.8 (0.6 to 1.1) and 0.8 (0.6 to 1.0),
2T and 1T respectively, X?=28.5, p<0.001; U15, 0.7
(0.4 to 0.9) and 0.6 (0.4 to 0.9), 2T and I T respec-
tively, F=12.6, p<0.001; U17, 0.3 (0.1 to 0.5) and
0.4 (0.2 to 0.6), 2T and 1T respectively, F=4.82, p <
0.05; U19, 0.2 (0.0 to 0.4) and 0.4 (0.2 to 0.6), 2T and
1 T respectively, F=4.37, p < 0.05] when playing with
limited touches, apart from playing with 2T in the
Ul13 [0.7 (0.5 to 1.0) for 1T, F=15.0, p<0.001]
that did not reveal significant effects. In contrast,
small to moderate decreases were identified in the dis-
tance covered while jogging across the different age
groups [U9, —0.4 (—0.5 to —0.2) and —0.5 (—0.7 to
—0.4), 2T and 1T respectively, F=14.3, p<0.001;
uUll, —1.0 (-1.2 to —0.7) and —1.0 (—1.3 to —0.8),
2T and 1T respectively, F=40.0, p<0.001; U15, -0.6
(0.8 to —0.4) and —0.4(—0.6 to —0.2), 2T and 1T
respectively, F=10.5, p<0.001; Ul7, —0.4 (—0.6 to
—0.2) and —0.5 (—=0.7 to —0.2), 2T and 1T respec-
tively, F=6.62, p<0.01; UI9, —0.3 (—-0.4 to —0.1)
and —0.4 (0.6 to —0.2), 2T and 1T respectively,
F=5.33, p<0.01], apart from playing with 2T in
the U13 [-1.0 (—1.2 to —0.8) F=283.42, p<0.001].
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Table 3. Descriptive and statistical analysis for the physical variables according to SSG rule and age groups.

SSG conditions

Difference in means (£90% CL)

Free 2 Touches | Touch Free vs Free vs

Physical Variables (Mean £ SD) (Mean = SD) (Mean & SD) 2 Touches I Touch P

U9 Total distance covered (m) 33237 +£57.85  312.924+68.99  30l.1 £55.35 —19.46 +9.54 —32.24+10.36 <0.001%°
Walking (m) 59.13£10.37 63.42+£13.35 66.37 £ 12.10 4.29; £2.13 7.25; £2.33 <0.001%°
Jogging (m) 257.63+60.23  23342+7024  223.52+£59.27 -2421;+9.83 =34.11; £11.11 <0.001**
Running (m) 15.62+ 14.59 15.86 +15.47 11.09+9.77 0.24+3.34 —4.53+3.61 >0.05

ull Total distance covered (m)  389.03 £48.91 336.02+£45.65  331.72+483 -53.01 +£10.7 -57.31+10.09 <0.001%°
Walking (m) 4828+ 12.30 59.43 £ 13.53 5893+ 13.34 I'1.15; +2.86 10.64; £2.80 <0.001**
Jogging (m) 311.19+48.13  260.10+52.13  257.76 +53.14  -51.09; £12.56 —53.43; +11.75 <0.001%°
Running (m) 29.56 £22.02 16.28 + 14.05 1504+ 1461 —13.28+5.18 —14.52+45]1 <0.001%°

UI3  Total distance covered (m)  417.87+52.06  41025+45.17  359.06 +65.79 —-7.61 £8.84 -58.8+11.53 <0.001%*
Walking (m) 41.60+ 11.34 42.54+9.59 50.13£13.23 0.94; £2.53 8.53; £2.76 <0.001°
Jogging (m) 333.65+£51.60  325.57 +44.61 277.49 £ 62.95 -8.08; £9.49 —-56.16; £11.86 <0.001°
Running (m) 42.07+20.8 41.79+27.25 31.45+21.87 -0.28+58 —10.63+4.39 <0.01°

Ul5  Total distance covered (m)  424.71 +37.54  403.12+37.86  410.02+43.09 -21.59+7.66 —14.69+8.32 <0.001%°
Walking (m) 37.06 +£8.44 42.56 +7.07 42.12+-8.68 5.50; £2.05 5.06 £2.12 <0.001%°
Jogging (m) 339.4 +35.05 317.61 £32.75  325.2+4+36.27 -21.79+7.87 —14.21 +8.15 <0.0017*
Running (m) 48.24+26.19 42.944+23.93 42.7+£27.24 -53+6.29 —5.54+6.97 >0.05

Ul7  Total distance covered (m)  427.52+39.21 418591+:49.89  406.59 +46.63 -8.92+ 1051 —20.93+10.76 <0.01>°
Walking (m) 36.11 +£8.73 38.94+10.09 40.04 £10.03 2.83; £2.0 0.46; £0.29 <0.05*
Jogging (m) 350.61 £41.09  33426+4833  327.52+4841 -16.36; £9.33 —7.05; £2.55 <0.01>°
Running (m) 40.58 +20.68 45.394+22.56 39.03+20.38 482+6.18 —-1.55+6.05 >0.05

Ul9  Total distance covered (m) 4449415124  437.18+£48.84  429.33+49.57 -7.76 £9.32 —-15.61 £10.59 <0.05>°
Walking (m) 34.84+9.49 36.85+9.89 38.19£8.90 2.01; £1.97 3.35 +£1.93 <0.05°
Jogging (m) 352.08+£42.72  340.69+4554  334.14+4251  -11.39; £837 —-17.94; £10.29 <0.01>°
Running (m) 57.92 £26.94 59.65+30.55 56.72+31.25 1.73+7.86 -1.19+6.28 >0.05

CL: confidence limits.

“Significant differences between free and | touch (p <.05).

bSignificant differences between free and 2 touches (p <.05).

Physical and Technical Variables
Total Distance Covered (m) Walking (m) Jogging (m) Running (m)
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Figure 2. Standardized (Cohen) differences in physical and technical variables according to the rules modification (free, 2T, | T) in
the different age groups. Error bars indicate uncertainty in the true mean changes with 90 % confidence intervals.

The distance covered while running revealed moderate
decreases when limiting the touches in the Ull [—0.8
(-1.2 to —0.5) and —0.9 (—1.1 to —0.6), 2T and 1T
respectively, X>=23.9, p<0.001] and small decreases
in the U13 [—-0.5 (—0.7 to —0.3), X*=11.8, p<0.01]
when playing with 1T comparatively to the FP.

Effects of manipulating the number of touches on

the technical performance

The effects on the technical variables when manipulat-
ing the number of touches (free vs 1/2 touches) on the
different age groups are presented on the Table 4 and
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Table 4. Descriptive and statistical analysis for the technical variables according to SSG rule and age groups.

SSG conditions

Difference in means (+£90% CL)

Free 2 Touches | Touch Free vs Free vs
Technical variables (Mean+SD) (Mean+SD) (Mean=+SD) 2 Touches | Touch p
U9  N.° of successful passes (n) 1.29£1.32 1.79+£1.07 20+1.46 0.50+£0.36 0.71; £0.36 <0.01%*
N° of unsuccessful passes (n) 0.65+0.96 0.85+0.90 1.25+1.28 0.21 £0.33 0.6; +0.38 <0.05°
N° of shots-on-target (n) 029+065 0.19+£039 029+054 -0.10£0.18 0.0; £0.19 >0.05
N° of goals scored (n) 042+074 0.19+049 0.15+£046 -023+£0.19 -0.27; +£0.20 >0.05
Ull N° of successful passes (n) 246+ 171  256+£1.79 231+£1.9%4 0.10+0.40 —0.15; +£0.54 >0.05
N° of unsuccessful passes (n) .04 1.11 127+£1.28 1.10+£0.83 0.23+0.32 0.06; +0.31 >0.05
N° of shots-on-target (n) 0.10£031 0.17+£0.38 0294054 0.06 £0.10 0.19; £0.14 >0.05
N° of goals scored (n) 0.13£033 021+046 0.194+0.39 0.08 +0.14 0.06; £0.13 >0.05
UI3 N° of successful passes (n) 367+184 335+196 283+216 -0.31+052 —0.83; £0.57 <0.05°
N° of unsuccessful passes (n) 0944095 1.63+1.54 [.50+1.49 0.69 +0.44 0.56; +-0.38 <0.05*
N° of shots-on-target (n) 0.38+064 025+048 031+047 —-0.13+£0.21 —0.06; +0.18 >0.05
N° of goals scored (n) 0.15£036 0.15+041 0271049 0.0£0.13 0.13; £0.15 >0.05
UI5 N° of successful passes (n) 3.07£1.85 4424225 435+2.16 1.254+0.59 1.19; £0.64 <0.001*"
N° of unsuccessful passes (n) 1.23+1.24 1.38+1.06 1754148 0.15+0.36 0.52; £0.35 >0.05
N° of shots-on-target (n) 033+0.60 0.33+052 029+0.54 00+0.17 —0.04; £0.21 >0.05
N° of goals scored (n) 025+0.60 0.21+£050 0.19+045 —-0.04=£0.17 —0.06; +0.18 >0.05
UI7 N° of successful passes (n) 375+£198 521 +3.11 5.75+2.60 1.46 +0.78 2.0; £0.74 <0.001%P
N° of unsuccessful passes (n) 1.13+£0.79 1.60£1.12 1.75+£1.54 0.48+0.28 0.63; £0.40 <0.05*°
N° of shots-on-target (n) 048+065 033+052 044+065 —0.15+£0.21 —0.04; £0.21 >0.05
N° of goals scored (n) 029+050 023+047 0.17+043 -0.06+0.17 —0.13; £0.15 >0.05
Ul9 N° of successful passes (n) 456+237 5.0£1.96 4794287 0.44 £0.66 0.23; £0.64 >0.05
N° of unsuccessful passes (n) 0.88+1.02 [.25+1.0 1.63£1.21 0.38+0.36 0.75; +0.38 <0.05°
N° of shots-on-target (n) 048+0.77 035+053 056+0.77 -0.13+£0.24 0.08; +£0.28 >0.05
N° of goals scored (n) 023+056 046+0.71 0294058 0.23+£0.22 0.06; £0.18 >0.05

CL: confidence limits; N°: number.
?Significant differences between free and | touch (p <.05).
BSignificant differences between free and 2 touches (p <.05).

Figure 1. Effects on the number of successful passes
were identified in the U9 [0.4 (0.1 to 0.7) and 0.5 (0.3
to 0.8), 2T and 1T respectively, X>=9.53, p<0.01],
U13 [<0.4(-0.7 to —0.1) for 1T, X*=6.00, p < 0.05],
U15[0.6 (0.3 to 0.9) and 0.6 (0.3 t0 0.9), 2T and 1T
respectively, F=7.57, p<0.001], and U17 [0.6 (0.4 to
0.8) and 0.8 (0.5 to 1.1), 2T and 1T respectively,
F=11.0, p<0.001]. Accordingly, small increases in
the number of successful passes while playing with
2T in the U9, Ul5 and Ul17, while there were small
to moderate increases when playing with 1T in the U9,
U15 and U17. In contrast, there were a small decrease
in the number of successful passes in the Ul3 while
playing under 1T. Apart from the Ull and U153,
there were in general small to moderate increases in
the number of unsuccessful passes when limiting the
number of touches [U9, 0.6 (0.2 to 0.9) for 1T,
X?=8.37, p < 0.05; U13, 0.5 (0.2 to 0.8) and 0.4 (0.1
to 0.7), 2T and 1T respectively, X>=5.85, p < 0.05,
U17, 0.4 (0.2 to 0.6) and 0.5 (0.2 to 0.8), 2T and 1T
respectively, X2 =6.56, p <0.05; UI9, 0.3 (0.0 to 0.7)
and 0.7 (0.3 to 1.0), 2T and 1 T respectively, X*=9.3, p

< 0.05], specially while playing under 1 T. In addition,
no effects of limiting the players touches were identified
on the number of shots-on-target and on goals scored.

Discussion

The data from this study revealed how different age
groups and practice experiences affected the players
tactical, physical, and technical-related performance
when manipulating the number of touches during a
Gk 4 4vs4+Gk SSG. In general, higher effects were
found when comparing playing with only 1T to the
free-play.

Effects of manipulating the number of touches on
the tactical-positional behavior

A novel focus in the present study, it was the inclusion
of the players tactical-positional behavior when playing
under limited touches. Interestingly, players from all
age groups were able to maintain stable distances inde-
pendently of the number of touches allowed. In fact,
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there were no significant differences in the players’ dis-
tance to the team centroid, the opponent centroid,
nearest teammate or even in the distance to the nearest
opponent. These results are in line with those found in
the available research, that revealed similar distances
between players when manipulating the available space
to perform”' or while adding corridor and sectorial
lines to the pitch.>® These findings seems to suggest
that players regulate their behavior as result of the dis-
tance to the teammates and opponents. However,
despite having similar distances, different movement
patterns were identified across the different age
groups as result of players interaction with task con-
straints. For example, the Ull presented a higher
Ipwratio during the free condition, which suggest a
higher use of the length. Accordingly, past research
showed that younger age groups seem to adopt a
more direct playing style of play.'”** However, when
limiting the players touches, a higher focus on width
emerge, possibly as an attempt of the players to receive
with more space. This higher use of width may justify
the slight increase in average values of goals found by
this age group, as it seems that it increases the possible
angle to shot, and consequently, enhancing the oppor-
tunities to score.'® This intention of exploring the avail-
able space can be depicted from the spatial exploration
index (SEI), which intends to provide information
regarding the area explored by each player.
Accordingly, while some age groups increased the
area explored, mainly when playing at 1 T (e.g., Ull
and ULS5), possibly as an attempt to create space to
receive the ball with more time to decide, in turn,
other age groups such as Ul3 decreased their SEI.
Accordingly, this was the only age group that
decreased the number of successful passes under 1T,
while also increasing the average values of goals scored,
which may suggest a trend to create fast goal scoring
opportunities by using less players and focus more on
vertical passes. This may justify the lower values of
physical performance, especially for 1T in this age
group, as well as the higher longitudinal
synchronization.

The results from the movement synchronization
revealed interesting results. For instance, both U9
and U17 decreased their longitudinal synchronization,
mainly when playing under 1T, in comparison to the
FP condition. Under this scope, past studies exploring
the players visual search exploratory behavior revealed
that more expert players have less number of fixations
locations but of higher duration compared to more
novice players® suggesting a higher ability to identify
the most relevant information to unfold goal-directed
behaviors. However, younger age groups are still devel-
oping and refining their motor repertoire®® and so it is
possible that their focus is driven towards their motor

execution when playing under 1T, detuning their
movement synchronization from teammates. While it
would be expected that older age groups, such as Ul7,
adapted better to the game rules compared to younger
age groups, in this study it was found a decrease in the
team synchrony and more lost balls. Although specu-
lative, it is possible that the Ul7 that participated in
this study may possess lower skill-levels as it would be
expected for their category. For example, the U15 and
Ul17 players had almost the same playing experience
(~7years). These may also help to justify the results
found in the U15, which shown in general positive
adaptations when playing with limited touches.

Effects of manipulating the number of touches on
the physical performance

Manipulating the number of touches allowed during
SSG it is a common constraint used by coaches.
Accordingly, this type of rule is mostly used to increase
the task physical demands. In fact, the available liter-
ature has shown increases in the distance covered, spe-
cially at high intensity, when playing under limited
touches.'® ! Different results were identified in the
present study, as in general the players cover more
total distance and distance while jogging and running
when playing during the Free condition comparing
with the 2T and 1T scenarios. On the one hand,
these differences may be related with the type of task
used in past studies, as possession or small-goals SSG
seems to induce higher physical stimulus than SSG
performed with goalkeepers.*' By other hand, the play-
ers experience level also plays a key role in these differ-
ences. Accordingly, amateur players seems to evidence
higher intensities without touch limitations than when
playing with limited touches under possession SSG'* or
SSG performed with goalkeepers.'> Therefore, the dif-
ferences in the present study compared with the ones
available can be attributed to the difference between
task conditions (possession vs small goals vs goalkeep-
ers) and players experience (elite, amateur, youth).

Effects of manipulating the number of touches on
the technical performance

In general, despite not all age groups presented signif-
icant differences in terms of their technical perfor-
mance, the younger age groups seem to be more
affected by the manipulation in the number of touches
allowed. These effects may be linked with their lower
ability to adjust their positioning on the environmental
information (e.g., teammate and opponent move-
ments), mainly when in interacting with other con-
straints, such as the number of touches. That is,
players of this age group do not possess the same
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Figure 3. Average and standardized (Cohen) differences in the number of dribbles according to the SSG conditions (free, 2 touches)
in the different age groups. Error bars indicate uncertainty in the true mean changes with 90 % confidence intervals. (a) Average
number of successfull dribbles (n) (b) Number of successfull dribbles (n).

perceptual and motor skills of older and more expert
groups,®®** and therefore their attention may be driven
to their individual motor capability to be able to cope
with the task demands, affecting their overall perfor-
mance. For instance, the result from the technical per-
formance seems to strength this evidence, as younger
age groups seems to be more affected in terms of pass-
ing performance when the number of touches were lim-
ited. While decreases in technical performance, such as
passing performance, are consistent across the litera-
ture,'®113 its negative effects may be exacerbated in
younger age groups, which may not be prepared to
cope with the task requirements. In fact, younger play-
ers are still developing and refining their fundamental
game skills mostly until the 13-years of age*” and there-
fore, they might not possess the same ability to cope
with the task demands leading to a decrease in the
number of successful actions when playing with limited
touches. Interestingly, the U9 revealed an increase in
the number of successful actions under limited touches.
This is a unique age group, characterized in general by
a high number of touches per individual. Accordingly,
players with more skills are likely to engage in more
individual actions (e.g., dribbling), in turn, less skilled
players are more likely to perform a considerable
number of touches while trying to perceive the environ-
ment when pressured. This may justify the increase in
the number of successful passes found in the U9 during
the game situations under limited touches, as they were
required to pass more often. Acquiring confidence and
competence to move within the sports environment is
important during the players development* however,
the results showed a considerably number of unsuccess-
ful passes in all age groups and a decrease in the goals
scored in the U9 while playing with limited touches.
Accordingly, playing under limit touches increases the
actions frequency** however it also increases the play-
ers perceptual demands.'” When the players do not

possess enough perceptual and motor skills that
allows to cope with the task, it may limit their devel-
opment. In addition, being able to successful perform
and scoring goals is crucial to develop players confi-
dence to move, and from the results, it is possible to
identify that the U9 decrease considerably the amount
of goals scored, which may limit their further commit-
ment to sports.*> Therefore, coaches should carefully
design the training tasks according to the players age
groups to create appropriate learning and enrichment
environments.

Playing with limited touches seems to be a key con-
straint to increase the players ability to perform under
additional spatial and temporal demands, improving
passing performance and to promote behavior adapt-
ability. However, it also limits the time for action. For
instance, a player that receive a ball with space to prog-
ress to the opponent’s target may be forced to pass the
ball as result of the limitation in the number of touches
allowed. In addition, it may also inhibit the emergence
of some specific technical actions. For example, Figure 3
pretends to show how playing with limited touches con-
strains the emergence of the player’s dribble. In this
image, it was possible to identify a decrease in the
number of dribbles when playing under limited touches.
From this perspective, coaches should be aware how
important is to properly plan and design the training
task rules to ensure an suitable learning environment
for youth players where they are able to fully develop
a wide and variable range of skills.

Whilst this study adds novel and important findings
regarding to the effects of the number of allowed
touches, some limitations should acknowledge. For
example, previous studies shown that players of differ-
ent expertise levels responded differently to this manip-
ulation. In addition, the present study sample was
composed by players belonging to different age
groups from one academy in Portugal, in turn,
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different responses might have emerged if it was con-
sidered players from different countries or belonging to
higher-ranking academies. Under this scope, the pres-
ence of such diverse age groups may also limit some
comparisons between age categories, as for example,
literature is still scarce in providing detailed informa-
tion regarding speed thresholds according to the differ-
ent development stages. Also, it would be interesting to
analyze how players offensive and defensive actions
were shaped by the number of touches allowed.
Therefore, future research exploring the effects of lim-
iting the number of touches may include offensive and
defensive variables, such as the number of touches on
the ball, completed passes distance or even space occu-
pation according to have the possession or not, using
ball tracking methods.

Practical applications

Constraining the number of allowed touches has been
one of the most common rules used in association foot-
ball. Players movement behavior results from their
ability to perceive the information from the environ-
ment, which is different as result of their playing expe-
rience and level of performance. This study explored
how players from a different age groups adjusted their
movement behavior as response to limiting the number
of ball touches. The effects identified in the positioning
dynamics, lower physical performance, and some
impairments in the players technical actions, may sug-
gest that the younger age groups, specially the U9, may
not possess enough perceptual and motor skills that
allows them to successfully cope with the task demands
when playing in this condition. In contrast, while also
distinct movement patterns were identified in older age
groups (U15-U19), their technical performance was less
affected by the manipulation in the number of touches,
suggesting that they are more able to perform under
such constraints, especially the U19. Based on these
considerations, younger players (U9-U13) should be
less frequently exposed to limited touches, while play-
ing under 2T limitation seems to be more suitable to
their development stage. In turn, older age groups
(U15-U19) revealed a higher ability to adjust their
movement behavior, which may suggest that coaches
may use this rule to increase the perceptual demands
while challenging the players to explored adaptive
movement responses.

Conclusions

Overall, the results from this study highlights that dif-
ferent responses emerge as result of the number the
touches manipulation during the SSG and with differ-
ent effects on the different age groups. More

specifically, modifying the number of ball touches
mostly affected the players’ physical and technical per-
formances. Players covered less total distance covered
when performing with limited touches, mainly as result
of the lower distance covered while jogging and higher
while walking. From the technical perspective, playing
with limited touches contributed to more successful
passes, but also increased unsuccessful ones. While
the distance-related variables were less sensitive to the
manipulation in the number of touches, in turn, players
seem to adapt the coordination with the teammates and
space explored as result of the number of touches
allowed. The effects on the players physical, technical,
and collective movement behavior were more evident
when compared to the 1 touch condition.

As so, it is important to properly periodize the use of
this constraint, especially in younger age groups, to
ensure a variable and enrichment learning
environment.
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