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Abstract: Small-sided and conditioned games (SSGs) are pedagogical tools that help in soccer training,
being used to solve tactical problems with the specific demands of the game. In this context, this
study aimed to compare physical, physiological, and tactical responses in elite women’s soccer in
SSGs with numerical equality (3-a-side) and superiority (3-a-side + 1) in the offensive phase. The
sample consisted of 16 female athletes participating in official national competitions. Two consecutive
days of data collection were conducted, and a 4 min duration series was carried out. The variables
analysed were the total distance covered, the distance covered at different speeds, maximum heart
rate (HRmax), mean heart rate, the spatial exploration index, the stretching index, length, width, and
LpWratio. The results showed an increase in distance covered at speeds of 7.20-14.29 km /h (m) (effect
size: medium) and a decrease in HRmax (effect size: small) in the numerical superiority. Regarding
tactical response, there was a decrease in the spatial exploration index (effect size: large), length
(effect size: medium), and stretching index (effect size: large) for games played in the numerical
superiority. Thus, it was observed that SSGs with numerical superiority in women’s soccer suggest
more clustered, less exploratory, and more positional behaviour of the athletes.

Keywords: match analysis; performance; training; acute responses

1. Introduction

Soccer is the most popular sport worldwide, with more the 265 million practitioners
from all ages, genders, and skill levels [1]. Women soccer players are growing among
these practitioners [2,3]. For example, a study reported an increase of 7.5% in one year
in the number of female players worldwide [4], and, currently, more than 1.2 million
female players are registered over the world [5,6]. Therefore, women’s soccer has been
moving towards professionalisation, demanding an improvement in players’ performances
to enhance their physical, physiological, tactical, and technical responses to the current
needs imposed by the game [7].

When considering teaching and training in soccer, regardless of gender, it can be
observed that small-sided and conditioned games (SSG) are a pedagogical tool that allows
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the athlete to solve tactical problems arising from varied game situations [8-10]. SSGs
offer the player different possibilities of interaction with the environment through task
constraints, allowing for manipulation of the physiological, physical, tactical, and technical
demands of the athlete specific to the demands of the game [11-14]. Thus, based on the
possibilities that SSGs offer, coaches have the opportunity to adjust the configurations of
these SSGs according to the training objectives [15-17], which, consequently, should be
linked to the game model and its specificities [18,19].

Most research investigating training through SSGs has focused on different physi-
cal, physiological, and tactical aspects related to task restriction manipulation, such as
field configuration, the relative area per player [20-22], limitations in the number of ball
touches [23,24], changes in the scoring method with or without a goalkeeper [18,19], the
presence or absence of goal [24], and changes in the rules [25,26], among others. Addi-
tionally, it is notable that most investigations have focused on SSGs in configurations
with equal numbers of players between the teams [11,24] and almost exclusively with
male participants [27].

Although research shows practical findings that are applicable to SSGs with numerical
equality, it is necessary to consider that soccer is often played with numerical imbalances,
temporarily or permanently [28]. At this point, SSGs with numerical superiority show a
decrease in physical responses in the total distance covered, the distance covered at a high
intensity (16 to 17.9 km/h), and distances covered at speeds of 7.3 to 14.4 km/h compared
to configurations that use numerical equality [29,30]. Regarding physiological responses,
a decrease in heart rate parameters in configurations with numerical superiority can be
seen compared to configurations with numerical equality [19,29]. Concerning tactical
responses, studies show that SSGs with numerical superiority can generate adjustments in
the players’ emergent tactical behaviour related to inter-individual and intra- and inter-team
interactions, fewer offensive tactical actions with and without the ball in the configuration
with numerical superiority, as well as a decrease in the spatial exploration index (SEI),
length, width, stretching index, and LpWratio, thus demonstrating more clustered, less
exploratory, and more positional behaviour of the team in numerical superiority [31-34].

From this, it can be seen that understanding the analysis of physical, physiological,
and tactical responses through SSGs can provide important information to coaches about
athlete performance, as well as manipulate the intended responses during training [35].
However, it is necessary to emphasise that the specificities of the type of game must
be respected, and women’s soccer presents singularities that distinguish it from men’s
soccer [36-38]. Furthermore, new research about women'’s soccer encourages the integration
of physical, technical, and tactical characteristics to obtain more holistic insight about
match performance [39].

In this context, acknowledging that SSGs are configured as a pedagogical training
tool, that the desired responses are specific to the type of task executed, and that there is
a paucity of literature on SSGs in elite women’s soccer, the objective of this study was to
compare the physical, physiological, and tactical responses of small-sided games with equal
numerical distribution with those of small-sided games played with numerical superiority
in elite women'’s soccer. The hypotheses of the present study are as follows: (1) in the game
with numerical superiority, there will be a decrease in physical demands when compared
to the game with equal numerical distribution; (2) in the game with numerical superiority,
there will be a lower physiological response (maximum heart rate and average heart rate);
and (3) in the game with numerical superiority, there will be a lower SEI, length, width,
stretching index, and LpWratio when compared to the game with numerical equality. The
results of the study should help coaches to understand how the game played by women
professional soccer players changes in relation to the different game configurations, that is,
with equality or numerical superiority.
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2. Materials and Methods
2.1. Sample

Due to the challenge of gaining access to professional women’s soccer teams, our
sample was recruited through convenience. The study involved 16 women professional
soccer athletes, with an average age of 26.00 £ 4.42 years, a height of 166.15 £ 6.18 cm,
and a body fat percentage of 12.72% =+ 5.54%. The sample consisted of four defenders,
six midfielders (including two players assigned as floaters), and four forwards. The two
goalkeepers participated in data collection but were not evaluated and were not included
in the sample for this study. The players included in the study are officially registered with
the Confederacao Brasileira de Futebol and regularly participate in regional and national
competitions, undergoing five training sessions per week and playing one official match
per week. The athletes played in a club in the southeastern region of Brazil, which is among
the three best clubs in Minas Gerais, with youth teams, as well as professional teams for
men and women. Thus, the athletes had a technical committee formed by a supervisor,
coaches, technical assistants, physical trainer, goalkeeper, coach, physiologist, nutritionists,
psychologists, and performance analysts, among other professionals necessary for the day-
to-day training of a professional football team. Participation in the study was conditional on
the absence of injuries at the time of data collection, and as no athlete presented with injuries,
none were excluded from the study. The study was approved by the Ethics Committee of
the Universidade Federal de Goids, under protocol CAAE: 65290217.2.00000.5083, which is
available on the Brazil plataform (https:/ /plataformabrasil.saude.gov.br/login jsf, accessed
on 1 June 2023), and was conducted according to the Declaration of Helsinki. All athletes
consented to participate in the study by signing the informed consent form.

2.2. Procedures

Previous studies have reported that team composition impacts players’ performance
during small-sided games [40,41]. Also, playing position was reported to exert an influence
on players’ behaviour during game-based tasks [42-44]. For this reason, the four teams (A,
B, C, and D) were kept constant over the data collection and were composed of a defender,
a midfielder, and a forward to ensure similar positional characteristics as those found in
formal gameplay situations [45,46]. The club’s coaching staff selected the teams, as they
knew each athlete’s performance levels and characteristics.

After defining the team composition, the small-sided games (SSGs) took place on a
36 m x 27 m (length x width) field with natural grass [47] and regular-sized goals (2.44 m
in height and 7.32 m in width). Two consecutive days of data collection were conducted
with a 24 h interval between them. On each day, a 4 min duration series was carried out,
resulting in four games, one for each team. The duration of each series is justified by using
4 min in protocols that assess physical, physiological, and tactical responses in small-sided
games in soccer [47,48]. The games were played as follows: On the first day, Team A
and Team B (AxB) played against each other in the configuration G + 3 vs. 3 + G, while
Teams C and D (CxD) played in the configuration G + 3 vs. 3 + G + 1; and on the second
day, Team A and Team B (AxB) played against each other in the configuration G + 3 vs.
3 + G + 1. Meanwhile, Teams C and D (CxD) played in the configuration G + 3 vs. 3 + G. It
is noteworthy that in the configuration G + 3 vs. 3 + G + 1, one player, whose positional
status was a midfielder, acted as a floater and only participated in the offensive phase for
both teams, generating numerical superiority in the AxB and CxD games (Figure 1). This
floater player was allowed to perform all offensive actions, including shooting at the goal.
The opposing team was kept constant over the data collection to control the influence of
the level of the opponents on the observed response [49].

The data were collected at the same location, and all games were recorded by a
GOPRO Hero 8 4K (Black. GoPro Inc., San Mateo, CA, USA) camera, located diagonally
to the playing field. All players participated in the data collection without changing team
composition or matchups. During the collection, players were instructed to maintain a
normal diet, and water consumption was allowed ad libitum during the intervals between
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SSG. Each session began with 5 min of standardised warm-up, consisting of movements
without the ball, progressive sprints with accelerations, and changes of direction.

Games
Session AxB CxD
1° day 3vs.3 3vs.3+1
2° day 3vs.3+1 3vs.3

Figure 1. Procedures for carrying out the games.

During the SSG, two referees were positioned on the field’s sidelines to observe the
game and apply the offside rules when necessary. Additional balls were placed around
the field to ensure a quick restart of play when the ball went out of bounds. Coaches and
researchers did not give the players any verbal encouragement or tactical instructions. The
players wore global positioning system (GPS) devices during the matches. In previous
research [50,51], good to excellent reliability and a low error were observed for tactical
variables based on GPS (ICC > 0.9, standard error of measurement < 10%).

2.3. Physical Variables

The physical and positional data during the SSG were recorded by a 10 Hz GPS (Polar,
Team Pro, Kempele, Finland). Each player wore a chest strap with the device attached, and
the validity and reliability of the device were reported in a previous study [50]. Each player
used the same GPS equipment unit during the data collection sessions. The GPS was turned
on at the beginning of the warm-up to facilitate satellite identification and reduce data loss.
Furthermore, it is reported that the weather was sunny during the entire data collection,
which increases GPS accuracy. The variables related to physical demands were the total
distance covered and the distance covered at speeds of 3.0-7.19 km/h, 7.20-14.29 km /h, and
14.30-19.69 km/h, according to a previous study [29].

2.4. Physiological Variables

In this study, HR was recorded at 1 Hz by heart rate monitors (Polar®, FT1, Kempele,
Finland) compatible with the GPS interface during the GP. HRmax and HRmean were
recorded, with HRmax being considered the highest HR value recorded during the GP, and
HRmean being considered the average of all HR values recorded during each session.

2.5. Tactical Variables

The positional data during the SSG were recorded by a 10 Hz GPS device (Polar, Team
Pro, Kempele, Finland). Each player wore a chest strap with the device connected to it.
The validity and reliability of the device have been reported in a previous study [51]. The
tactical behaviour of players and teams was analysed by processing the positional data
provided by the GPS device, as previously adopted in the literature [52,53], using the
software MATLAB R2010a (The MathWorks Inc., Natick, MA, USA). Each player’s latitude
and longitude data were synchronised and converted into meters using the Universal
Transverse Mercator (UTM) coordinate system and a MATLAB routine [54]. The corners of
the field were manually obtained by the researchers in every field and were adopted as the
referential system for the positional analysis. The data were smoothed using a second-order
5 Hz Butterworth low-pass filter. After converting the positional data into meters, a rotation
matrix was calculated for each game with the positions of the field vertices, aligning the
length of the playing field along the x-axis and the width along the y-axis. Then, the
rotation matrix was applied to players” positional data for alignment with the playing
field referential [55].

After the data collection, the players’ analysis during the SSG was performed by identify-
ing parameters: (a) SEI (m)—defined as the standard deviation of the players’ positioning in
relation to their centroid position at each moment of the game, indicating how exploratory the



Appl. Sci. 2023,13, 8380

50f13

player’s behaviour was, with higher values of the spatial exploration index indicating more
exploratory behaviour, and lower values indicating less exploratory behaviour; (b) length (m)
and width (m)—determined by the distance between the farthest players in length and other
players on the right and left in width; (c) stretching index (m)—defined as the dispersion
of the players from the geometric centre, with higher values indicating greater dispersion;
(d) length per width ratio—LpWratio—(ua)—indicates the preferred displacement axis of
a team on the field, with values above 1 ua indicating a more lengthwise positioning, and
values below 1ua indicating a more widthwise positioning [46,56].

2.6. Statistical Analysis

The data were presented using mean and standard deviation. The Shapiro-Wilk test
was performed to assess the normality of the data. For variables that presented normal
distribution, i.e., both physical and tactical responses, a paired t-test was used, whereas for
data that did not present normal distribution, i.e., physiological response, the Wilcoxon
non-parametric test was used. The effect size was calculated using Cohen’s d, using the
following classification for effect sizes: small 0.2-0.49; medium 0.5-0.79; large > 0.8 [6].
All statistical analyses were performed using the statistical package Sigma Plot 11. The
adopted level of significance was 5%.

3. Results
3.1. Physical Variables

Table 1 shows that there was no difference in the total distance covered (t(23) = 1.297,
p =0.20, d = 0.27), in the distances covered at speeds of 3.0-7.19 km/h (m) (t(23) = 0.314,
p = 0.75, d = 0.11), and at speeds of 14.30-19.69 km/h (m) (t(23) = 0.918, p = 0.36,
d = 0.23). On the other hand, there was a difference in the distances covered at speeds of
7.20-14.29 km/h (m) (t(23) = 2.725, p = 0.01, d = 0.60) when comparing the game with
numerical equality to the game with numerical superiority.

Table 1. Mean =+ SD of professional women players” physical responses during small-sided games
with numerical equality and superiority.

Numerical Equality Numerical Superiority

(95%CI) 95%CI) p-Value Effect Size
Total Distance (m) (?))97373[4597) é%iif 85) 0.20 0.27—Small
Distance 3.0-7.19 km/h (m) (1165123 5189) (115;923 6156) 0.75 0.11—Small
Distance 7.20-14.29 km /h (m) (1176?:; 9301) (119851—:20392) 0.01* 0.60—Medium
Distance 14.30-19.69 km/h (m) ?;;_[35)1 %;11217? 0.36 0.23—Small

* Significant differences (p < 0.05).

3.2. Physiological Variables

Table 2 shows that there was no difference in the average heart rate (bpm) (Z = 0.992;
p = 0.33; d = 0.12) when comparing the game with numerical equality and that with
numerical superiority. However, there was a difference in the maximum heart rate (bpm)
(Z=2451;p =0.01; d = 0.34) when comparing the game with numerical equality to that
with numerical superiority.
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Table 2. Mean =+ SD of professional women players’ physiological responses during small-sided
games with numerical equality and superiority.

Nume(rgl;f/léil(}uahty Numerl(;aslo/SgI};erlorlty p-Value Effect Size
165 £+ 18 167 + 14

FCpngdia (bpm) (157-173) (161-173) 0.33 0.12—Small
185 + 11 181 £ 12

FCax. (bpm) (180-189) (176-186) 0.01* 0.34—Small

* Significant differences (p < 0.05).

3.3. Tactical Variables

Table 3 shows that there was a difference in the spatial exploration index (t(23) = 4.404,
p = <0.001, d = 0.98), depth (t(23) = 4110, p = <0.001, d = 0.71), and elongation index
(t(23) = 2.789, p = <0.02, d = 1.20). On the other hand, there was no difference in width
(t(23) = 1.287, p = 0.21, d = 0.31) or in the width/depth ratio factor (t(23) = 0.459, p = 0.660,
d =0.15).

Table 3. Mean =+ SD of professional women players’ tactical responses during small-sided games
with numerical equality and superiority.

Numerical Equality Numerical Superiority

(95%CI) (95%CI) p-Value Effect Size
SEI (m) zfgzi(.)ég? E’ff’gfé)é%* <0001%  098—Large
Depth (m) (1958.21.10) (179619.76) <0.001*  071—Medium
Width (m) (1o10 1639 e 021 0.31—Small
Elongation index (m) ?875 4:1:80945()) ?7238:1:805%? 0.02 % 1.20—Large
Width/depth ratio ?;7297332363; ?2033?3%7;33% 0.660 0.15—Small

* Significant differences (p < 0.05).

4. Discussion

Small-sided games (SSG) are a training tool that use task constraints to optimise the
development of physical, physiological, technical, and tactical aspects in soccer players.
Although there is already a lot of knowledge about the use of SSGs for training in men’s
soccer, especially regarding different SSG configurations [21,23,29,57], little is known about
women'’s soccer. Therefore, the present study aimed to compare physical, physiological,
and tactical responses in small-sided games with equal and numerical superiority in elite
women’s soccer. The first hypothesis of our study, which predicted a decrease in phys-
ical response in games with numerical superiority compared to games with numerical
equality, was refuted. Our results showed a greater distance covered at speeds between
7.20-14.29 km/h (m) in the numerical superiority configuration, as well as a similarity
between the configurations in the other physical variables analysed. These results par-
tially support the study by Sanchez-Sanchez et al. [58], which found that in configurations
of variable superiority (4 vs. 4 + 1) and fixed superiority (5 vs. 4), a greater total dis-
tance is covered, and a greater distance is covered at speeds between 8.0-13.0 km/h and
13.01-18.0 km /h when compared to the numerical equality configuration (4 vs. 4). However,
these findings were inconsistent with other studies in the field, which indicate a greater
physical response in games with numerical equality [59,60]. In this context, some studies
have shown that there is a decrease in physical response when extra players are added, in
terms of total distance covered and distance covered at speeds above 14,0 km/h [29,61,62],
as well as an increase in the distance covered at moderate speeds that go up to 7.2 km/h [29]
or 9.9 km/h [61].

Despite the contradictory results found in the literature, it is still possible to observe
that there is no consistency in the studies in the area regarding specific physical responses to
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SSG formats [17,26,30]. For example, the overall results of Praga, Custddio, and Greco [30]
disagree with our results, but when considering the distances covered between speeds
of 0.00-7.2 km/h and 14.4-21.5 km/h, which were similar between 3 vs. 3, 4 vs. 3 (fixed
superiority), and 3 vs. 3 + 2 (variable superiority) SSG, there is an agreement with our
results in professional women’s soccer. In addition, considering the study by Hill-Hass,
Coutts, Dawson, and Rowsell [59], which did not observe differences in the distance covered
between speeds of 13-21 km/h between equal and superior numerical configurations, there
is also a similarity with our results found in professional women’s soccer.

A probable explanation for the current results could be the composition of the sample
consisting of professional women soccer players, as studies with numerical imbalance have
so far only been conducted with male and youth athletes [19,28,60,63,64]. In this vein, it
is known that in conditions of numerical imbalance, professional athletes demonstrate
greater physical responses compared to amateur soccer players [34,65], as well as different
physical responses for different player positions, with midfielders being more active in
the offensive phase, usually covering greater distances than forwards and defenders [46].
In this sense, it is likely that the increase in distance covered in numerical superiority
at speeds of 7.20-14.29 km/h occurred because the floaters were midfielders and car-
ried out the transition from defence to attack, justifying greater distances covered at the
aforementioned speeds.

Regarding the second hypothesis of our study, which posited that there would be
a lower physiological response in games with numerical superiority, there was partial
confirmation, as the maximum heart rate (HRmax.) was lower in the numerical superiority
configuration compared to the equal numerical configuration, and there was no difference
in the average heart rate (HRmean) between the configurations. In this sense, some studies
partially agree with the results found in the present study, since these have analysed the
influence of numerical superiority on the physiological responses of male base players and
observed lower physiological responses of HRmax. and HRmean in the numerical superi-
ority configuration compared to the equal numerical configuration [19,29,66]. However, a
study by Asian-Clemente et al. [9] with semi-professional male soccer players showed an
increase in HRmean and HRmax. responses in the numerical superiority configuration.

Based on the results of the physiological response, it should be considered that al-
though the discussion has focused on research with male players, it is known that HRmax.
responses are similar between male and female genders [67]. In addition, the literature
demonstrates a reduction in HRmax in games with numerical superiority, in agreement
with the results found, and this may occur due to the permanent addition of a player
in the reduced game configuration. In this context, it is observed that there are greater
physiological responses in larger areas per player both in male soccer [22] and in female
soccer [5]. Therefore, adding the reduced relative area per player may have led to the phys-
iological response of HRmax. On the other hand, the physiological response of HRmean
may not have changed because, although there was a smaller relative area, the floater did
not represent a tactical advantage for the attack, as observed in a previous study [31]. Thus,
this player probably did not provide a tactical advantage to the attacking team, and the
physiological response was similar to the equal numerical configuration.

The third hypothesis of our study, which predicted that in games with numerical supe-
riority, there would be lower values of SEI, length, width, stretching index, and LpWratio
compared to games with numerical equality, was partially confirmed. Our results showed
a decreased SEI, length, and stretching index when playing with numerical superiority.
These findings partially corroborate studies in the same area, which showed that there were
fewer offensive tactical actions with and without the ball [21,31] and increased effective use
of space (width and length) [32]. However, it has also been observed that players exhibit
a higher frequency of offensive unity, resulting in decreased SEI, length, and stretching
index, indicating more clustered, less exploratory, and more positional behaviour in the
numerical superiority configuration [31,32]. Furthermore, teams in numerical superiority
prefer to promote less exploratory behaviour and lower game variability, and a numerical
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inferiority scenario stimulates players to adopt a more central position to defend their own
goal [64]. However, Canton et al. [68] demonstrated that using extra players allows for
more exploratory tactical behaviours in youth and professional athletes.

Taking into account that the SEI measures the average distance of the player from
their midpoint within a given time interval, and that this variable indicates how much
a player explores the field during their movements [69], it is likely that the addition of
the floater made the management of attacking space more difficult due to the alternating
nature of the floater within teams. Another likely explanation for the decrease in tactical
responses observed in the present study (SEI, length, and stretching index) is the reduction
in relative area per player, which occurs in the numerical superiority configuration, since
smaller relative areas imply a higher frequency of ball losses, disputed balls, and shots to
the goal [21].

When considering the width and LpWratio, it was observed that the players used
the width of the field in the same way regardless of the configuration, suggesting less
exploratory behaviour. The characteristic of the floater as a midfielder influences the
collective dynamics of the team [43]. In this context, since the floater in our sample was a
midfielder, this fact probably promoted a more positional adjustment of the athletes with an
incentive for ball circulation. Moreover, studies indicate that low variation in the LpWratio
tends to reflect the positional stability of the players [55,56], corroborating the results of the
present study.

Analysis of the game in women’s soccer shows that, although there are similarities
between genders [7,70], caution should be exercised when extrapolating such findings to
women’s soccer, as there are physical [27,37,71], physiological [1,6,72], technical [73], and
tactical differences [36,38,74].

The divergences found between the results of the present study and the literature on
SSG are probably due to the previous studies investigating male categories. In addition,
the use of different instruments to compare tactical behaviour, as was the case with the
positional data in the present study carried out through GPS, may generate different results
from those collected with observational instruments based on core tactical principles, such
as those observed with FUTSAT [47]. Additionally, our results support the notion that
coaches should plan and design their training sessions considering different SSG formats
in women'’s soccer and their physical, physiological, and tactical responses.

As a limitation of the study, the fact that numerical superiority was created by adding
a floater who played for both teams during the offensive phase should be considered. In
this sense, it is unknown how much time each team played in this condition of superiority.
In addition, the sample was for convenience, and we did not analyse psychological factors
that can influence performance. Considering that the duration of temporary numerical
imbalance during defensive/offensive phases can influence player responses, we suggest
that future studies should investigate the impact of the time spent during attack and
defence phases on physical demands in numerical imbalance scenarios.

5. Conclusions

The configuration of SSGs with numerical superiority in women'’s soccer increased
physical responses in the distances covered at speeds of 7.20-14.29 km /h, compared to the
configuration of numerical equality. Similarly, in games with numerical superiority, there
was a decrease in the physiological response concerning the maximum heart rate compared
to games with numerical equality. Regarding tactical responses, there was a decrease in the
SEI, length, and stretching index. Based on the above, coaches of women’s soccer can use
the information in this study to support adjustments to the restrictions and configurations
of SSGs to align with the main objectives of each training session they wish to undertake.
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