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Physiological and physical effect on U-12 and U-15 football players, with the
manipulation of task constraints: field size and goalkeeper in small-sided
games of 4x4 players
Efecto fisioldgico y fisico en los jugadores de fatbol Sub-12 y Sub-15, con la manipulacion
de las restricciones de tareas: tamaiio de campo y portero en juegos reducidos
de jugadores 4x4

Fernando Jorge Santos, Teresa Figueiredo, Catia Ferreira y Mario Espada
Instituto Politécnico de Setlbal - Escola Superior de Educacgdo. Centro de Investigagdo em Qualidade de Vida. Portugal

Abstract

Our study aimed to verify whether the task constraints manipulation has different effects according to age
group. Another objective was to verify the physiological and physical responses in the different formats of small-sided
games (SSG). Each team in the SSGs was composed of 4 players (4x4). The participants in the research were young
football players U-12 (n=8) and U-15 (n=8), affiliated with a club certified as a training entity, and competing,
respectively, in the 7 and 9-a-side regional football championships and the national championship of Portugal. The
internal and external load data was collected in 5 formats of SSGs with three field sizes and in 2 used goalkee-
pers. We used the WIMU PRO™ inertial device for data collection. The registration of the internal charge, using
heart rate (HR), was performed with the use by the players of Garmin bands, which send the data to WIMU PRO™
devices, through of Ant+ technology. The variance analysis (ANOVA) was used to verify the differences between
SSGs and the effect size was determined by calculating partial eta-square (TI;Z;) . Comparisons between the two
age groups were evaluated using standardized differences with combined variance(Cohen’s d). The results show
that the manipulation of the playing areas and the use of goalkeepers participation promoted different effects in
the two age groups in terms of distance, explosive distance, accelerations/decelerations and maximum sprint.
As for the comparison between SSGs we found differences in the level of external load (distance, accelerations/
decelerations and maximum sprint). At the level of internal load, the effects were more evident with field areas
above 100m2. We can conclude that the task constraints manipulation, playing area and goalkeeper participation,
promote different physical and physiological responses, and the coach should consider this fact, as well as the
effects promoted in the age groups.
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Resumen

Nuestro estudio tenia como objetivo verificar si la manipulacién de las restricciones de tareas tiene diferentes efec-
tos segun el grupo de edad. Otro objetivo era verificar las respuestas fisiolégicas y fisicas en los diferentes formatos
de juegos reducidos y acondicionados (SSG). Cada equipo en los SSGs fue compuesto de 4 jugadores (4x4). Los
participantes en la investigacion son jovenes jugadores de futbol Sub-12(n=8) y Sub-15(n=8), afiliados a un club
certificado como entidad de entrenamiento, y compitieron, respectivamente, en los campeonatos regionales de
fatbol 7 y 9 y en el campeonato nacional de Portugal. Los datos de carga interna y externa se recopilaron en 5
formatos de SSG con tres tamarfios de campo y en 2 porteros usados. Utilizamos el dispositivo inercial WIMU PRO™
para la recopilacién de datos. El registro de la carga interna, utilizando la frecuencia cardiaca (FC), se llevo a cabo
con el uso por parte de los jugadores de bandas Garmin, que envian los datos a dispositivos WIMU PRO™, a través
de la tecnologia Ant+. El analisis de varianza (ANOVA) se utilizé para verificar las diferencias entre SSG y el tamario
del efecto se determiné calculando eta-cuadrado parcial (U;)- Las comparaciones entre los dos grupos de edad se
evaluaron utilizando diferencias estandarizadas con varianza combinada (d de Cohen). Los resultados muestran
que la manipulacién de las areas de juego y el uso de porteros promovieron diferentes efectos en los dos grupos de
edad en términos de distancia, distancia explosiva, aceleraciones / desaceleraciones y sprint maximo. En cuanto a
la comparacion entre SSG encontramos diferencias en el nivel de carga externa (distancia, aceleraciones /desace-
leraciones y sprint maximo). A nivel de carga interna, los efectos fueron mas evidentes con areas de campo por
encima de 100m2. Podemos concluir que la manipulacién de restricciones de tareas, area de juego y participacion
de portero, promueve diferentes respuestas fisicas y fisioldgicas, y el entrenador debe considerar este hecho, asi
como los efectos promovidos en los grupos de edad.

Palabras clave: juegos reducidos y acondicionados; restricciones de tareas; control de carga externa; control de carga
interna; futbol juvenil.
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Introduction

mall-sided games (SSGs) are exercises that coaches plan for the training session, modifying

and using constraints according to the training goal (Sannicandro & Cofano, 2018). The
correct manipulation of the task constraints (number of players, pitch area, rules, goals and
training regime) allows the coaches to use the SSGs for physical, technical and tactical training
(Clemente et al., 2014; Michailidis, 2013; Sarmento et al., 2018).

Studies have been conducted in different youth football age-groups, aiming to analyze the
physical and physiological effects of manipulating the task constraints (Bujalance-Moreno et
al., 2019; Sarmento et al., 2018). Monitoring the training load is essential to examine the
individual responses of the players (Alemdaroglu, 2020) and to maximize positive results of
the training process (Curtis et al., 2020), being important in training with youth football age-
groups, considering the various stages of the football player career. The effects of the training
load resulting from the practice of SSGs are measured by the external and internal load. The
external load reflects the physical performance (locomotor demands - distance, acceleration
effort and non-locomotor activities - explosive actions), which promote responses in the internal
load (physiological — heart rate, biomechanical and psychological) (Curtis et al., 2020;
Impellizzeri et al., 2019). Accelerations as a result of gravity, movements in the horizonal plane
and rotational movements are an important indicator of the neuromuscular load of training and
competition (Reche-Soto et al., 2020).

Task constraints manipulation promotes differentiated effects in different age groups (Lopez-
Fernandez et al., 2020; Martone et al., 2017; Nunes et al., 2020; Olthof et al., 2018). Recently,
Nunes et al. (2020) verified in 4x4 SSG, manipulating the game areas (small, medium and
large), an increase in external load (distance, maximum speed) in the U-11 age group, while in
the U-15 and U-23 age groups the differences were not significant. Also, Lopez-Fernandez et
al. (2020) verified, in the practice of 4x4 SSG, changes in the level of external (distance,
maximum speed, accelerations and decelerations) and internal (HRmax and HRmean) load,
considering different age groups (U-14, U-16 and U-18). It was possible to observe statistically
significant differences in accelerations and decelerations (>2.75 m/s?) (U-14 vs. U-16; U-14 vs.
U-18) and HRmax (U-14 vs U-16; U-16 vs U-18). Moreover, Olthof et al. (2018) found statistical
differences in U-13, U-15, U-17 age groups and also U-19, in small and large games, in the
practice of 4x4 SSG with goalkeepers (GK). It should be emphasized that the distance covered
in high intensity increased with the increasing age of the players, in small and large games.
However, sprint values increased from U-13 to U-15, but not in the U-17 and U-19 age groups.
Martone & colleagues (2017) also notice that the increase in the playing area in SSGs affects
the intensity of exercise in youth football players, when comparing U-12 to U-14 age groups.

Larger playing areas in SSGs promote the increase of physiological responses, such as heart
rate (HR) (Bujalance-Moreno et al., 2019; Clemente et al., 2014; Lopez-Fernandez et al., 2018,
2020; Rampinini et al., 2007), and this fact is more evident in areas greater than 100 m?
(Sarmento et al., 2018). Smaller game areas promote more braking, accelerations and changes
of direction (Clemente et al., 2012; Martin-Garcia et al., 2019). Studies have found that at the
level of external load, the increase in playing areas in SSGs promotes the increase of the
distance covered, the distance covered at high intensity and the maximum speed (Martin-Garcia
etal.,2019; Nunes et al., 2020; Olthof et al., 2018), which indicates that the pitch size influences
the player's workload (Bujalance-Moreno et al., 2019).

Regarding the GK participation in SSGs, it was verified a decrease in the HR response
associated to the practice of SSGs without GK participation (Koklu et al., 2015). Furthermore,
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Castellano et al (2013) found that in SSGs with GK there is a decrease in distance covered and
distance covered at high intensity (>21Km/h) compared to SSGs without GK participation.
However, Gaudino et al. (2014) verified an increase in total distance covered, very high speed
(19.8-25.2 km/h) and maximum speed (>25.2 Km/h). With the participation of GKs in SSGs,
it was also indicated in the literature that there is an increase in accelerations and decelerations
(Castellano et al., 2013; Gaudino et al., 2014).

In short, we can verify that task constraints manipulation has different effects on the age group
football players, and that the manipulation of the variable pitch dimension and the use or not of
the GK seems to influence the internal and external load. In this basis, the aim of this study was
to verify the internal and external load variations in two football players age groups (U-12 and
U-15), related to the practice of SSGs with different pitch size and the participation, or not, of
GK. The hypotheses of the study were: 1) task constraints manipulation has different effects
according to the age of the players; 2) the increase in the playing area promotes the increase of
internal and external load (distance, explosive distance, maximum sprint); 3) the use of GKs
has a negative effect on internal and external load (distance, explosive distance and maximum
sprint); and finally 4) the playing areas reduction and the introduction of GK participation
increases the number of accelerations and decelerations.

Methods

Participants

Players U-12 (n=8) and U-15 (n=8) of a young football team certified as a training entity by the
Portuguese Football Federation participated in the study. U-12 players had 7 years of
experience in football and competed in the regional football championship and U-15 players
had 10 years of practice and competed in the national championship of Portugal. The study
considered all ethical aspects enshrined in the Helsinki declaration (Harriss & Atkinson, 2011),
informed consents associated to the participants were also obtained.

Assessment Procedures

We used the WIMU PRO™ (RealTrack Systems, Almeria, Spain) inertial devices for data
collection. The WIMU PRO™ consists of different sensors, having been certified by FIFA:
four triaxial accelerometers (1000 Hz) with a full-scale output range of £16, 16, +32, and £400
g; three triaxial gyroscopes (1000 Hz) with a full-scale output range of 2000 degrees/seconds;
a three-dimensional magnetometer; a 10 Hz GPS chip; and, a 20 Hz UWB chip (Granero-Gil
et al.,, 2020). The external load was collected through GPS data tracking with a sampling
frequency of 10 Hz and the movement data through the WIMU accelerometers with sampling
frequency of 100 Hz (Bastida Castillo et al., 2018; Gomez-Carmona et al., 2018). HR
registration was performed with the use by the players of Garmin bands (Garmin Ltd., Olathe,
Kansas, United States), which send the data to WIMU PRO™ devices, using Ant+ technology
(Molina-Carmona et al., 2018).

The studied variables at the level of internal load were the maximum heart rate - HRmax (bpm)
and mean heart rate - HRmean (bpm).

About external load, the following variables were analyzed: distance (meters) - total meters
covered; explosive distance (meters) - distance travelled at more than 12 km/h;
accelerations/decelerations - number of accelerations (ac) and decelerations (dec) and
maximum sprint (Km/h) - maximum sprint recorded. Impacts measures G force to which the
body is subject ed in the different actions of the game (Roman et al, 2019).
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Preliminary Procedures

An hour before the training practice the research team arrived at the training center, with the
WIMU PRO™ apparatus prepared and identified. Before placing the devices on the players,
GPS’s were calibrated and synchronized using the following procedures (Bastida-Castillo et
al., 2019): WIMU's were turned on, afterward we waited about 30 seconds after being turned
on, and pressed the button to start recording as soon as the system's operating system was
booted. Subsequently, all data was analyzed using the WIMU SPRO software (WIMU SPRO,
Almeria, Spain).

The inertial device was placed in a Wimu-specific vest, adjusted to the players' bodies and
according to the games, located on the back (back of the upper trunk).

Data collection was performed in training environmental, in the regular schedule training
routine. The players were involved in a 15 minutes warm-up before the start of practice of the
SSGs.

Table 1. Small-sided games characterization

Pitch dimensions Area per player
SSG Number (Width x length) (m?) Time Rest
1 4x4 l16mx24m 48 m? 3 min. 3 min.
2 4x4 20mx30m 75 m? 3 min. 3 min.
3 GK+4x4+GK 20mx30m 60 m? 3 min. 3 min.
4 4x4 24mx36m 108 m? 3 min. 3 min.
5 GK+4x4+GK 24mx36m 86.4 m? 3 min. -

Note. Density (work x rest) = 1:1

SSG 1, 2 and 4 were forms of play that manipulate the size of the pitch and the objective was
to maintain ball possession. In SSG 3 and 5, we manipulate the conditioning size of the pitch
and introduce the use of GKs, and the objective was to score goals and don’t concede.

Statistical Analysis

Data analysis was performed descriptively, using the mean (M) and standard deviation (SD).
The normality of data distribution was tested using the Shapiro Wilk test, since it is
recommended for an #<30. The variance analysis (ANOVA) was used to verify the differences
between SSGs, at the level of the internal and external load studied variables, for a degree of
significance of p<0.05. The effect size was determined by calculating partial eta-square (172)

(Levine & Hullett, 2002). Effect size is considered small (n; <0.06), moderate (0.06<
np <0.15), or large (n; =0.15) (Cohen, 1988). The post-hoc Bonferroni test was also
performed in order to verify which pairs of means were significantly different (»<0.05). The
statistical analysis was performed using the IBM SPSS Statistics 24.

Comparisons between the two age groups (U-12 and U-15) were evaluated using standardized
differences with combined variance, derived from the M and SD of each variable, with 95%
confidence intervals. The statistical limits for the effect sizes (Cohen's d) were trivial (0-0.2),
small (0.2-0.6), moderate (0.6-1.2), large (1.2-2), very large (2-4) and extremely large (>4)
(Hopkins et al., 2009).

Results

The results presented are related to the demands of external and internal load, associated to the
practice of five formats of 4x4 SSGs, where the constraint pitch size and GK participation were
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manipulated. Table 1 refers to the comparison between the two groups (U-12 & U-15) in the

five SSG formats.
Table 2. Variability in external and internal load, in the age groups, considering the different SSGs
U-12 U-15 Effect Size 95% CI
SSG Variable M=SD M=SD (Cohens’s d) [LL; UL]
Distance 294.82+17.13 361.15+£29.21 2.77 [1.40;4.14]
Exp Dist 52.65+5.87 70.76+10.73 2.09 [0.87;3.31]
AC 86.88+5.77 84.38+5.93 -0.43 [-1.42;0.56]
1 DEC 86.88+5.67 84.00+6.09 -0.49 [-1.48;0.51]
Max Sprint 16.22+1.37 19.13+1.47 2.04 [0.83;3.25]
Impacts 120.88+65.83 142.13+£20.99 0.43 [-0.56;1.43]
HRmax 184.63+10.14 185.13+11.68 0.05 [-0.93;1.03]
HRmean 171.13£10.74 175.75£10.99 0.43 [-0.57;1.42]
Distance 323.36+23.98 392.54+23.18 2.93 [1.52;4.34]
Exp Dist 53.57+5.71 69.68+7.34 2.45 [1.15;3.75]
AC 107.00+6.09 79.00+3.93 -5.46 [-7.59;-3.33]
) DEC 107.00+6.09 79.25+3.96 -5.40 [-7.51;-3.29]
Max Sprint 17.60+0.69 18.61+1.56 0.84 [-0.18;1.86]
Impacts 131.38+61.65 150.13£8.36 0.39 [-0.60;1.38]
HRmax 189.50+7.65 191.00+7.29 0.20 [-0.78;1.18]
HRmean 172.63£10.46 178.50+9.34 0.59 [-0.41;1.59]
Distance 310.64+9.23 366.66+35.42 2.16 [0.93;3.40]
Exp Dist 63.92+6.01 72.14+7.91 1.17 [0.11;2.23]
AC 95.13+6.69 82.38+8.37 -1.68 [-2.82;-0.54]
3 DEC 95.25+6.90 82.75+8.58 -1.61 [-2.73;-0.48]
Max Sprint 18.80+1.74 22.85+2.97 1.66 [0.53;2.80]
Impacts 123.63+£47.70 136.38+17.77 0.35 [-0.63;1.34]
HRmax 189.88+5.69 187.13+£7.43 -0.42 [-1.41;0.58]
HRmean 174.13£7.85 175.00£9.50 -0.10 [-0.88;1.08]
Distance 341.46+14.62 413.78426.12 3.42 [1.88;4.95]
Exp Dist 57.83+12.03 71.27+7.44 1.34 [0.26;2.43]
AC 89.00+7.86 76.88+4.19 -1.93 [-3.11;-0.74]
4 DEC 88.38+7.71 77.00+4.60 -1.79 [-2.95;-0.63]
Max Sprint 18.73£1.02 20.41+£2.41 0.91 [-0.12;1.94]
Impacts 128.13+£61.48 163.88+30.78 0.74 [-0.28;1.75]
HRmax 192.75+6.96 191.50+6.99 -0.18 [-1.16;0.80]
HRmean 177.63£9.36 177.38+8.91 -0.03 [-1.01;0.95]
Distance 340.01£34.89 394.61+23.12 1.84 [0.67;3.01]
Exp Dist 63.20+13.43 74.42+5 .81 1.09 [0.04;2.13]
AC 97.38+8.02 74.75£5.20 -3.35 [-4.87;-1.83]
5 DEC 97.25+7.78 74.13+5.17 -3.50 [-5.06;-1.94]
Max Sprint 20.1542.13 21.17£1.65 0.54 [-0.46;1.53]
Impacts 125.88+49.68 154.88+30.16 0.71 [-0.30;1.72]
HRmax 190.63+9.07 190.38+8.14 -0.03 [-1.01;0.95]
HRmean 173.50+9.90 179.38+8.12 0.65 [-0.36;1.65]

Note. Exp Dist — Explosive Distance; AC — accelerations; DEC — decelerations

In SSG1 (4x4 - 16x24 m), we found that the U-15 age group presented higher values in all the
studied variables, except AC and DEC. We could also observe in the comparison between age
groups, a very large effect size for total distance (ES = 2,77), explosive distance (ES = 2,09)
and maximum sprint (ES = 2,04).

In SSG2 (4x4 - 20x30 m), SSG3 (GK+4x4+GK - 20x30 m), SSG4 (4x4 - 24x36 m) and SSG5
(GK+4x4+GK - 24x36 m) we observed a higher value of accelerations and decelerations in the
U-12, while higher values were recorded for the U-15s in the remaining variables, except HRmax
in SSG3, SSG4 and SSG5 and also HRmean in SSG4.
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In SSG2, we verified a very large effect size, according to age groups, for distance (ES=2.93),
explosive distance (ES=2.45) and extremely large for accelerations (ES=-5.46) and
decelerations (ES=-5.40). The size of the effect, in the comparison between age groups, in
SSG3 was too large for the distance variable (ES=2.16), large for explosive distance (ES=1.17),
accelerations (ES=-1.68), decelerations (ES=-1.61) and maximum sprint (ES=1.66).
Furthermore, in SSG4, very large effect size was observed for distance (ES=3.42) and large for
explosive distance (ES=1.34), accelerations (ES=-1.93) and decelerations (ES=-1.79). Finally,
in SSGSH, very large effect size for accelerations (ES=-3.35) and decelerations (ES=-3.50) and
large for distance (ES=1.84).

Figure 1 illustrates the standardized differences (Cohen's d) in the studied variables during the
different forms of play in SSGs, according to the age groups.
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Figure 1. Standardized differences (Cohen's d) of external and internal load, according to age groups. The error
bars indicate uncertainty in the true mean changes with 95% confidence intervals.

The difference associated to the studied variables of internal and external load are presented
in table 2, differences considering the manipulation of the conditions in the different SSGs
(space/pitch size and GK participation, or not) in the U-12 and U-15 age groups.
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Table 3. Comparative analysis between SSGs in age groups

Age Groups Variable F p n,z, Post-Hoc (Bonferroni Test)
Distance 6.59 0.00 0.43 1<4; 1<5
Exp Distance 2.56 0.05 0.22
AC 10.43 0.00 0.54 1<2; 1<5; 2>3; 2>4
U-12 DEC 10.93 0.00 0.55 1<2; 1<5; 2>3; 2>4
Max Sprint 7.88 0.00 0.47 1<3; 1<4; 1<5; 2<5
Impacts 0.03 0.99 0.00
HR max 1.10 0.37 0.11
HRmean 0.49 0.73 0.05
Distance 4.86 0.00 0.35 1<4; 3<4
Exp Distance 0.39 0.80 0.04
AC 3.73 0.01 0.29 1>5
U-15 DEC 3.78 0.01 0.30 1>5
Max Sprint 5.19 0.00 0.37 1<3;2<3
Impacts 1.35 0.27 0.13
HR max 0.85 0.50 0.08
HRmean 0.30 0.87 0.03

Note. Exp Dist — Explosive Distance; AC — accelerations; DEC — decelerations

In the U-12 age group, considering the SSG format, we found that the pitch size and GK
participation is associated to a statistically significant effect of extremely large dimension on
distance (£=6.59; p=0.00; n; =0.43), accelerations (F=10.43; p=0.00; n; =0.54),
decelerations (£=10.93; p=0.00; n; =0.55) and maximum sprint (#=7.88; p=0.00; n;, =0.47).
Very large effect was observed in explosive distance (F=2.56; p=0.05; n;; =0.22). According
to post-hoc testing we found statistically significant differences in distance covered
(SSG1<SSG4 and SSGI1<SSGS5), accelerations/decelerations (SSG1<SSG2, SSG1<SSGS;
SSG2>SSG3 and SSG2>SSG4) and maximum sprint (SSGI1<SSG3; SSGG1<SSG4;
SSG1<SSGS5 and SSG2<SSGS).

For the under-15 age group, we verified that manipulating the SSG area and involving GK in
the SSGs is associated to a statistically significant effect of extremely large dimension on
distance (F=4.86; p=0.00; 17 =0.35), and maximum sprint (F=5.19; p=0.00; n; =0.37), also
of very large effect size in accelerations (F=3.73; p=0.01; n; =0.29)and decelerations (F=3.78;
p=0.01; n; =0.30). The post-hoc test showed statistically significant differences in distance
covered (SSG1<SSG4 and SSG3<SSG4), accelerations/decelerations (SSG1>SSGS), and
maximum sprint (SSG1<SSG3 and SSG2<SSG3).

Discussion

The aim of this study was to verify the internal and external load variations in two football
players age groups (U-12 and U-15), related to the practice of SSGs with different pitch sizes
and the participation, or not, of GK. SSGs of different formats are used in daily training for the
acquisition of skills, conditioning and developing players and team (Nunes et al., 2020), the
effectiveness of this purpose can be influenced by the level of the players (Clemente et al.,
2019). In this way we can say that our first hypothesis was proven. In our study, in accordance
with the expectations, and in line with the previous studies (Lopez-Fernandez et al., 2020;
Martone et al., 2017; Nunes et al., 2020; Olthof et al., 2018), the task constraints manipulation
promoted different effects in U-12 and U-15 football players. However, in our study, the effect
size on the internal load of the athletes (HRmax and HRmean) was small. Only in SSGS5 there was
a moderate effect size for HRmean, being higher in the U-15. To some extent, our results are not
in agreement with Martone et al. (2017), since in the authors study 4x4 SSGs played in the
larger areas, there were statistically significant differences between U-12 and U-14. In such a
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way, in smaller playing areas the effect of age was not evident. Lopez-Fernandez et al. (2020)
also found that in the 4x4 SSGs performed by different age groups (U-14, U-16 and U-18), no
differences occurred in internal load (HRmean and HRmax).

At the level of the external load, we verified a large and very large effect size in distance,
explosive distance and maximum sprint in the SSGs in which we manipulated the area without
GK participation (SSG1, SSG2 and SSG4) and in the SSGs with larger areas and GK
participation (SSG3 and SSGS5). In SSG2 this assumption was not observed for the maximum
sprint variable (moderate effect size). In the mentioned variables the highest values were
recorded for U-15. Our results seem to be aligned with studies where there is an increase in
external load associated to age, however, it can also be verified that in the U-18, U-19 and U-
23 levels these differences become less evident (Lopez-Fernandez et al., 2020; Nunes et al.,
2020; Olthof et al., 2018).

All SSGs participation was associated to a greater number of accelerations and decelerations in
the U-12 age group, with a large effect size in SSG3 and SSG4, very large in SSG5 and
extremely large in SSG2. Lopez-Fernandez et al. (2020) also found in the lower age group of
the research team study (U-14) more than accelerations/decelerations compared with U-16 and
U-18, more specifically in those performed at high intensity. As for the horizontal impacts, we
did not verify, in the five performed SSGs formats, a great effect of the age of the football
players. However, it was in the U-15 age group that we observe the highest average values in
all SSGs.

Regarding the effect of field size on internal and external load variables, we coud partly prove
the formulated hypothesis. We found in both age groups no statistically significant differences
in HR. However, it was possible to verify, in a more evident way in the U-12 level, a higher
physiological response in playing areas above 100m?, which is in line with previous research
(Sarmento et al., 2018). Our results also indicate that field size influences the workload, more
specifically in distance and maximum sprint. There was no significant effect on explosive
distance and horizontal impacts. Nunes et al. (2020) verified the effect of the field size on the
explosive movements for U-11 football players, however the same was not the case for the U-
15 and U-23 age groups. In SSGs, low intensity movements are predominant (Goémez-Carmona
et al.,, 2018). Comparing SSGs with the objective of maintaining ball possession and GK
participation, where there is a decrease in the playing area, the study by Goméz-Carmona et al
(2018) did not record significant differences for the number of impacts.

With respect to our fourth hypothesis, we can affirm that the decrease in the playing areas and
the induction of GK promotes the number of accelerations and decelerations, a fact that cannot
be proven in the two age groups of the study. When analyzing the GK participation, studies
point to a decrease in the effects on the level of internal and external load (Castellano et al.,
2013; Koklu et al., 2015). In our study we could verify this assumption at the level of HR and
distance. However, regarding the maximum sprint we found higher values in the SSGs with
GK, which is in line with the study conducted by Gaudino et al (2014). Although, there were
no statistically significant differences and the explosive distance was higher in the SSGs with
GK participation.

In the 4th hypothesis we affirm that the decrease in the playing areas and the induction of GK
promotes the number of accelerations and decelerations, a fact that cannot be proven in the two
age groups of the study. Accelerations are a valid indicator of analysis and quantification of
neuromuscular demands (Reche-Soto et al., 2020). Studies indicate that small SSGs playing
areas (Clemente et al., 2012; Martin-Garcia et al., 2019) and the introduction of GK (Castellano
etal., 2013; Gaudino et al., 2014) promote acceleration and deceleration movements. Assuming
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the totality of the analyzed SSGs format, in the U-12 age group, we verified the hypothesis
raised by us, except for SSG1, which has the lowest acceleration/deceleration values. This
evidence is shown by the post-hoc results, confirming the value of the effect size. Considering
only games without GK participation, we have verified values that go against what is expected
between SSG1 and SSG2/SSG4, however between SSG2 and SSG4 the values are in
accordance with the formulated hypothesis. In SSGs with GK, it was found that increasing the
field size leads to a reduction in the number of accelerations and decelerations. GK participation
increases the number of accelerations/decelerations compared to the non-participation, a fact
that occured between SSG4 and SSGS5, but it was not evident between SSG2 and SSG3. For the
U-15 age group, a smaller effect size was recorded, which is evidenced in the post-hoc analysis.
We have found that SSG1 presented statistically significant higher values of accelerations and
decelerations compared to SSGS. In the SSG, without GK, we found that increasing the field
size produces a decrease in accelerations and decelerations. With GK this reality was also
evident.

According to the verified, we can state that the correct manipulation of the task conditions,
pitch size/playing area and GK participation, promote effects on different external and internal
load, and the age of players influences these effects. Thus, the correct fit of the training exercise
according to age (as previous indicated by Nikolaidis et al., 2016) and specific association with
the requirements of the competition are fundamental criteria not to compromise the adaptations
and development of the skills of the football players. In this sense, the intensity of training
derived from HR and running should be subject to proper control and manipulation, in order to
allow desired and appropriate internal and external workload effects, as previously indicated
by Mendez-Villanueva et al. (2012). Given the importance of SSGs in youth football training,
once it allows team players to be prepared for the demands of the competition from a tactical,
technical, physical and physiological point of view (Michailidis, 2013; Sarmento et al., 2018),
it is necessary to continue to investigate the effects of manipulating task constraints in different
age groups football players.

Our study presents some limitations that should be considered. One of the limitations of the
study is related to the location of inertial devices in the back, since it can influence the reliability
of the recorded data. Acceleration and player load data is more reliable with devices located on
the knee and ankle (Reche-Soto et al., 2020). The number of our sample makes it difficult to
generalize the obtained results. We also did not consider the peak height velocity of growth of
players, which can help in explaining the results, indicator to be considered. Another issue that
can be raised in our study is related to the competitive level, since it can influence the results.
Future research should consider age groups and the competitive level. Also, should support the
physical and physiological response associated to technical and tactical aspects. For this, other
constraints (e.g. different types and number of goals, field format, placement of out-of-game
lines, tactical functions, etc.) should be manipulated in order to verify how the different
variables modify and relate.

Conclusions

We have noted that the manipulation of pitch size and participation, or not, of GK promotes
different effects in internal and external load of youth football players according to the age
group. Thus, youth coaches should expect a greater physical response in the U-15, however for
U-12 a more neuromuscular activity, resulting from the greater number of accelerations and
decelerations.
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Our study also showed that the increase in playing areas produces a greater physiological
demand above 100m?. Increasing field size promotes great effects on distance and maximum
sprint, in both groups studied. The decrease in the playing areas and the use of GK increases
neuromuscular demands (accelerations/decelerations). The use of the GK in the SSGs promotes
the decrease in HR, distance and increase of the maximum sprint and explosive distance. In
SSG 4x4, with GKs, coaches can promote greater muscle tension in players, resulting from
accelerations/decelerations, sprints and changes of direction.

The results of our study provide important indicators on the use of SSG 4x4, with and without
GKs, which can help coaches in training planning decisions, as well as be more appropriate to
use them in the microcycle.

References

Alemdaroglu, U. (2020). External and internal training load relationships in soccer players.
Journal of Human Sport and Exercise, 16(2), 1-13.
https://doi.org/10.14198/jhse.2021.162.07

Bastida Castillo, A.; Gédmez Carmona, C. D.; De la Cruz Sanchez, E., & Pino Ortega, J.
(2018). Accuracy, intra- and inter-unit reliability, and comparison between GPS and
UWB-based position-tracking systems used for time-motion analyses in soccer.
European Journal of Sport Science, 18(4), 450-457.
https://doi.org/10.1080/17461391.2018.1427796

Bastida-Castillo, A.; Gomez-Carmona, C. D.; De La Cruz Sanchez, E., & Pino-Ortega, J.
(2019). Comparing accuracy between global positioning systems and ultra-wideband-
based position tracking systems used for tactical analyses in soccer. European Journal
of Sport Science, 19(9), 1157-1165.
https://doi.org/10.1080/17461391.2019.1584248

Bujalance-Moreno, P.; Latorre-Roman, P. A., & Garcia-Pinillos, F. (2019). A systematic
review on small-sided games in football players: Acute and chronic adaptations. Journal
of Sports Sciences, 37(8), 921-949.
https://doi.org/10.1080/02640414.2018.1535821

Castellano, J.; Casamichana, D., & Dellal, A. (2013). Influence of Game Format and
Number of Players on Heart Rate Responses and Physical Demands in Small-Sided
Soccer Games: Journal of Strength and Conditioning Research, 27(5), 1295-1303.
https://doi.org/10.1519/JSC.0b013e318267a5d1

Clemente, F.; Couceiro, M.; Martins, F. M. L., & Mendes, R. (2012). The usefulness of
small-sided games on soccer training. 12(1), 93-102.

Clemente, F.; Martins, F. M. L., & Mendes, R. S. (2014). Periodization Based on Small-
Sided Soccer Games: Theoretical Considerations. Strength and Conditioning Journal,
36(5), 34-43.
https://doi.org/10.1519/SSC.0000000000000067

Clemente, F.; Sarmento, H.; Rabbani, A.; Van Der Linden, C. M. I. (Niels); Kargarfard, M.
& Costa, I. T. (2019). Variations of external load variables between medium- and large-
sided soccer games in professional players. Research in Sports Medicine, 27(1), 50-59.
https://doi.org/10.1080/15438627.2018.1511560

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (22 Edicao).
Lawrence Erlbaum Associates.

Curtis, R.; Fitzpatrick, J.; Mclaren, S., & Vescovi, J. (2020). Workload Monitoring. Em R.
Curtis, C. Benjamin, R. Huggins, & D. Casa (Eds.), Elite Soccer Players: Maximizing
Performance and Safety (pp. 53-77). Routledge. Taylor & Francis Group.

22



Santos F. J.; Figueiredo, T.; Ferreira, C., & Espada, M. (2021). Physiological and physical effect on U-12 and U-
15 football players, with the manipulation of task constraints: field size and goalkeeper in small-sided games of
4x4 players. RICYDE. Revista Internacional de Ciencias del Deporte. 63(17), 13-24.
https://doi.org/10.5232/ricyde2021.06302

Gaudino, P.; Alberti, G., & Iaia, F. M. (2014). Estimated metabolic and mechanical
demands during different small-sided games in elite soccer players. Human Movement
Science, 36(2014), 123-133.
https://doi.org/10.1016/j.humov.2014.05.006

Gdmez-Carmona, C.; Gamonales, J.; Pino-Ortega, J., & Ibafiez, S. (2018). Comparative
Analysis of Load Profile between Small-Sided Games and Official Matches in Youth
Soccer Players. Sports, 6(4), 173.
https://doi.org/10.3390/sports6040173

Granero-Gil, P.; Bastida-Castillo, A.; Rojas-Valverde, D.; Gomez-Carmona, C. D.; De la
Cruz Sanchez, E., & Pino-Ortega, J. (2020). Influence of Contextual Variables in the
Changes of Direction and Centripetal Force Generated during an Elite-Level Soccer Team
Season. International Journal of Environmental Research and Public Health, 17(3), 967.
https://doi.org/10.3390/ijerph17030967

Harriss, D., & Atkinson, G. (2011). Update - Ethical Standards in Sport and Exercise
Science Research. International Journal of Sports Medicine, 32(11), 819-821.
https://doi.org/10.1055/s-0031-1287829

Hopkins, W. G.; Marshall, S. W.; Batterham, A. M., & Hanin, J. (2009). Progressive
Statistics for Studies in Sports Medicine and Exercise Science: Medicine & Science in
Sports & Exercise, 41(1), 3-13.
https://doi.org/10.1249/MSS.0b013e31818cb278

Impellizzeri, F. M.; Marcora, S. M., & Coutts, A. J. (2019). Internal and External Training
Load: 15 Years On. International Journal of Sports Physiology and Performance, 14(2),
270-273. https://doi.org/10.1123/ijspp.2018-0935

Koklu, Y.; Sert, O.; Alemdaroglu, U., & Arslan, Y. (2015). Comparasion of the Physiological
Responses and time-motion characteristic of young soccer players in small-sided
games: The effect of goalkeeper. Journal of Strength and Conditioning Research, 29(4),
964-971. https://doi.org/10.1519/1JSC.0b013e3182a744a1l

Levine, T. R., & Hullett, C. R. (2002). Eta Squared, Partial Eta Squared, and Misreporting
of Effect Size in Communication Research. Human Communication Research, 28(4),
612-625. https://doi.org/10.1111/j.1468-2958.2002.tb00828.x

Lopez-Fernandez, J.; Sanchez-Sanchez, J.; Garcia-Unanue, J.; Hernando, E., & Gallardo,
L. (2020). Physical and Physiological Responses of U-14, U-16, and U-18 Soccer Players
on Different Small-Sided Games. Sports, 8(5), 66.
https://doi.org/10.3390/sports8050066

Lopez-Fernandez, J.; Sanchez-Sanchez, J.; Rodriguez-Cafamero, S.; Ubago-Guisado, E.;
Colino, E., & Gallardo, L. (2018). Physiological responses, fatigue and perception of
female soccerplayers in small-sided games with different pitch size and sportsurfaces.
Biology of Sport, 35(3), 291-299.
https://doi.org/10.5114/biolsport.2018.77829

Martin-Garcia, A.; Castellano, J.; Diaz, A. G.; Cos, F., & Casamichana, D. (2019). Positional
demands for various-sided games with goalkeepersaccording to the most demanding
passages of match playin football. Biology of Sport, 36(2), 171-180.
https://doi.org/10.5114/biolsport.2019.83507

Martone, D.; Giacobbe, M.; Capobianco, A.; Imperlini, E.; Mancini, A.; Capasso, M.; Buono,
P., & Orru, S. (2017). Exercise Intensity and Technical Demands of Small-Sided Soccer
Games for Under-12 and Under-14 Players: Effect of Area per Player. Journal of Strength
and Conditioning Research, 31(6), 1486-1492.
https://doi.org/10.1519/3SC.0000000000001615

23



Santos F. J.; Figueiredo, T.; Ferreira, C., & Espada, M. (2021). Physiological and physical effect on U-12 and U-
15 football players, with the manipulation of task constraints: field size and goalkeeper in small-sided games of
4x4 players. RICYDE. Revista Internacional de Ciencias del Deporte. 63(17), 13-24.
https://doi.org/10.5232/ricyde2021.06302

Mendez-Villanueva, A.; Buchheit, M.; Simpson, B., & Bourdon, P. (2012). Match Play
Intensity Distribution in Youth Soccer. International Journal of Sports Medicine, 34(2),
101-110. https://doi.org/10.1055/s-0032-1306323

Michailidis, Y. (2013). Small sided games in soccer training. Journal of Physical Education
and Sport, 13(3), 392-399.
https://doi.org/10.7752/jpes.2013.03063

Molina-Carmona, I.; Gomez-Carmona, C.,& Bastida-Castillo, A. (2018). Validity of WIMU
PROtm inertial device to register heart rate variable in a field test. SporTK 7(1), 81-86.
https://doi.org/10.6018/321921

Nikolaidis, P. T.; Knechtle, B.; Clemente, F., & Torres-Luque, G. (2016). Reference values
for the sprint performance in male football players aged from 9-35 years. Biomedical
Human Kinetics, 8(1), 103-112.
https://doi.org/10.1515/bhk-2016-0015

Nunes, N. A.; Gongalves, B.; Davids, K.; Esteves, P., & Travassos, B. (2020). How
manipulation of playing area dimensions in ball possession games constrains physical
effort and technical actions in under-11, under-15 and under-23 soccer players.
Research in Sports Medicine.
https://doi.org/10.1080/15438627.2020.1770760

Olthof, S. B. H.; Frencken, W. G. P., & Lemmink, K. A. P. M. (2018). Match-derived relative
pitch area changes the physical and team tactical performance of elite soccer players in
small-sided soccer games. Journal of Sports Sciences, 36(14), 1557-1563.
https://doi.org/10.1080/02640414.2017.1403412

Rampinini, E.; Impellizzeri, F. M.; Castagna, C.; Abt, G.; Chamari, K.; Sassi, A., & Marcora,
S. M. (2007). Factors influencing physiological responses to small-sided soccer games.
Journal of Sports Sciences, 25(6), 659-666.
https://doi.org/10.1080/02640410600811858

Reche-Soto, P.; Cardona, D.; Diaz, A.; Gomez-Carmona, C., & Pino-Ortega, J. (2020).
AcelT y Player Load: Dos variables para la cuantificacion de la carga neuromuscular.
Revista Internacional de Medicina y Ciencias de la Actividad Fisica y del Deporte, 20(77),
167-183. https://doi.org/10.15366/rimcafd2020.77.011

Roman, M.; Garcia-Rubio, J.; Feu, S., & Ibanez, S.J. (2019). raining and Competition Load
Monitoring and Analysis of Women’s Amateur Basketball by Playing Position: Approach
Study. Frontiers in Psychology, 9, 2689.
https://doi.org/ 10.3389/fpsyg.2018.02689

Sannicandro, I., & Cofano, G. (2018). Small-sided games activities with external wildcard
soccer players. MOJ Sports Medicine, 2(4), 128-131.
https://doi.org 10.15406/mojsm.2018.02.00060

Sarmento, H.; Clemente, F.; Harper, L. D.; Costa, I. T.; Owen, A., & Figueiredo, A. J.
(2018). Small sided games in soccer — a systematic review. International Journal of
Performance Analysis in Sport, 18(5), 693-749.
https://doi.org/10.1080/24748668.2018.1517288

Acknowledgments: The authors are grateful to the team and the football players involved
in this study.

24



