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W N e

Abstract: This study aimed to characterize the passing patterns that support collective tactical
behaviour in football players of different ages (U15, U17, and U19) in different field zones. Two
hundred and twenty-eight male players, divided into U15, U17, and U19, participated in the study.
Cluster analysis was used to group the passes into three sizes (short, medium, and long). The
chi-square test was used to analyse the effect of player age on game-passing patterns in each field
zone. The results revealed that long and medium passes were used more in areas close to the goals
and short passes in the middle area of the field, concerning all ages (p < 0.001). Furthermore, the
analysis of the relative distance between the ball carrier and the receiver indicated that older players
(U17 and U19) used more distant players to pass the ball in medium and long passes. These results
can help coaches design small-sided games according to the players’ ages and adjust to the field’s
space and the numerical relationship, thus creating a greater transfer from training to competition.
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1. Introduction

Over the years, football has revealed a great evolution concerning its laws, tactical
systems, styles of play used, and, particularly, training methods. One of the reasons for this
development concerns the increased use of technologies that allow a new understanding of
the game [1,2] and a better explanation of the performance factors (physical, technical, and
tactical) that characterize teams and players [3,4]. Likewise, scientific research in football
has improved the capacity to explain the game [5] and understand the impact of contextual
variables (e.g., venue, match status, quality of opposition, and match period) in the style
of play and the tactical behaviour of the teams [6,7]. Such knowledge allow coaches to
identify the important aspects that support the design of training sessions and ensure a
better transfer of practices to competition, i.e., improve the performance of their teams and
players [8].

For example, the analysis of positional data, passing patterns of play, or network
analysis allow some improvements in the tactical exploration of space—time relations in
different game moments by different teams [9,10]. The tactical behaviours of players and
teams seem to be identifiable and reveal a signature that is dependent on the relationship
they establish between teammates, opponents, and the position of the ball in relation to the
goal [11,12].
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Moreover, previous studies have shown that, depending on the zone of the field where
the ball is located, the players’ tactical behaviours vary, causing changes in the collective
dynamics between teams [13,14]. Likewise, in the defensive sector, defenders tend to show
low variability in displacements and in individual tactical actions (number and type of
passes). On the other hand, in the attacking sector, attackers tend to reveal variability in
space-time relations to create imbalances in the opponent [15,16]. Moreover, midfielders
tend to reveal a greater number of actions in different game contexts due to occupying a
more central position on the field, with higher variability in players’ relations [17] from
which a large part of attacks are built. Thus, in analysis of players, the tactical action must
be contextualized based on the variables that constrain their possibilities of action, such as
the area of the field, the number of players closest to the ball [18,19], or the location of the
teammate who can receive the ball [20].

The way players explore the game’s action possibilities, and how the ball moves
around the pitch is, however, not only based on the context of play but also on the players’
action capabilities [21,22]. For example, older players with more technical-tactical skills
tend to play more in width than in depth, enhancing a more elaborate game, while younger
players with less skill tend to use a more direct game [23] but with less effectiveness for
progression or to create shooting situations [24]. Thus, older and more skilled players
generally show a greater capacity to adapt to the existing playing space, allowing the
emergence of more functional collective behaviours [25]. On the other hand, at the level
of the ball patterns of play, younger players tend to present a random exploration of
possibilities for action, with a dependency on passes around specific players and less
efficiency in the passes of older players [26]. That is, younger players tend to be less
intentional in exploring the free spaces and, at the same time, present less motor efficiency
to perform with precision in the available space and time. Therefore, players’ age, or even
the players’ maturation stage, can influence technical actions and motor skills [27], with
implications in tactical behaviour and decision-making [28].

Summarizing, it may be considered that the patterns of passes allow the assessment of
the offensive style of the teams as well as the teams’ qualitative level to adapt to the variation
of the existing playing space. Thus, there is a need to compare different age groups to
understand the variation of tactical behaviours through the passing pattern [29]. Therefore,
this study aimed to characterize the passing patterns that support the collective tactical
behaviour of football players of different ages (U15, U17, and U19) by identifying their
length, field zone, and relative distance between the passer and the receiver. Variations in
the passing patterns of play depending on the field zones where the ball was were expected.
Moreover, identifiably different lengths of passing and the relative distance of the players
that receive the ball, according to variations in players’ age, were expected.

2. Materials and Methods
2.1. Participants

A total of two hundred and twenty-eight male players who competed in the Por-
tuguese national first division for each age group was represented by under 15
(n = 76 players, age 14.4 + 0.4 years, height 1.61 £ 0.07 weight 52.2 + 9.0, biological
maturation 84% middle and 16% early), under 17 (n = 76 players, age 15.6 & 0.5 years,
height 1.74 £ 0.05, weight 63.1 £ 7.5, biological maturation 94% early and 6% middle),
and under 19 (n = 76 players, age 17.7 £ 0.5 years, height 1.78 £ 0.09, weight 75.3 + 9.3,
biological maturation 100% early).Three different clubs participated in each age group.

2.2. Procedure

A total of nine games were played using the official rules (three by age).Moreover, bio-
logical maturation was calculated for boys using the maturity offset formula
(MO) = —7.999994 + (0.0036124 x (age x height)); R? = 0.896; SEE = 0.542 [30].

The coaches defined the team composition in each simulated game to ensure balanced
and competitive matches. Positional data of all the players were collected using individual
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global positioning system [GPS] units at 10 Hz (S5, Catapult Innovations, Melbourne,
Australia). Goalkeepers were not included in the study. GPSs were turned on 15 min before
each game. The games were recorded using a camera (Panasonic HC-V160).

Notational analysis was performed by recording the following player actions: passing
the ball, receiving the ball, shooting, recovering the ball, and fouls. For this analysis,
the software LongoMatch (version 1.3.7., Barcelona, Spain) was used, considering the
time of each action for synchronizing the ball events with the GPS positional data. In
addition, a visual representation of each simulated match was processed, presenting the
ball position and displacement. Finally, this representation was used for possible notational
error correction by comparing it with the original video [31].

The field was identified into different six zones according to previous studies [13]
(Figure 1). The position of the ball passer and ball receiver was classified according to those
different zones of the field for the analysis of the passes pattern. Zone 1 (Z1) is located near
the team’s own goal and zone 6 (Z6) is located near to the opponent’s goal.

1 2 3 4 5 6

Figure 1. The field was divided into different six zones.

Attacking field players’ distance to the ball carrier were also calculated, as well as their
relative distance, ranked for every moment of the match, from the closest player (P1) to the
furthest player (P9) [32].

2.3. Data Analysis

Through a cluster analysis, the passes (total = 4537; U15 = 1184; U17 = 1893;
U19 = 1460) were grouped into long, medium, and short using the k-means method,
computed per age group. Calculations were made to obtain the averages of the long passes
(31.67 m £ 6.72), the medium passes (16.69 m =+ 2.93), and the short passes (8.29 m =+ 5.62).
In order to compare the pass distribution, considering the pitch zones, the pass range, and
the ages, the simple chi-square test was used (contingency table) with a defined significance
level of p < 0.05. The adjusted residues were computed for pairwise comparison to reveal
the differences within each group [33]. The pairwise p-value was calculated using the
Bonferroni correction method. For statistical analysis, the jamovi project software was used
(version 1.6).
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3. Results

Table 1 reveals the mean value of long, medium, and short passes (mean =+ stan-
dard deviation) in relation to players’” age and considering the six zones of the field. In
general, in all the players’ age groups, the short passes turned out to be the most used
(U15—44.7%; U17—49%; U19—45.3%), followed by medium (U15—39.3%; U17—37.9%;
U19—40%) and, in a much lower quantity, long passes (U15—16%; U17—13%; U19—14.7%)
(Table 1).Pairwise comparison revealed that U15 used more long passes than U17 and U19.

Table 1. Descriptive analysis of passes length by age.

Passes Length
Age Zone Short Medium Long
n (%) m + sd n (%) m + sd n (%) m + sd

1 2.8 8.39 £ 2.63 3.9 18.49 £ 253 24 29.69 + 5.00
2 6.8 8.23 +2.54 6.1 16.93 £ 3.06 22 29.75 + 8.44
Uls 3 10.9 8.54 £2.44 9.8 16.37 +2.94 3.2 33.99 + 8.67
4 134 8.26 +2.61 8.3 16.55 £ 3.01 3.9 30.40 + 6.76
5 7.9 8.23 +2.55 6.7 16.68 £ 2.98 1.6 32.35 +10.14
6 3.0 8.74 £ 3.00 4.6 16.96 + 3.11 2.8 3223 £7.62
Total 44.7 8.36 +2.57 39.3 16.82 £ 3.00 16.0 31.56 + 7.91
1 24 8.14 £2.73 29 16.50 £+ 2.85 21 39.12 +20.35
2 8.6 8.19 £ 2.68 6.9 16.71 + 2.80 2.0 30.32 £9.46
U17 3 12.6 7.96 £ 2.66 9.1 16.48 £+ 2.90 22 32.40 +7.96
4 11.8 8.31 +£2.50 7.8 16.47 +2.86 29 31.21+7.26
5 9.2 8.19 £ 2.62 6.8 16.19 +2.88 2.2 29.86 + 5.81
6 45 8.12 +£2.94 44 16.79 £ 3.13 1.5 38.85 +21.25
Total 49.0 8.15 + 2.65 37.9 16.50 £ 2.89 13.0 33.04 +12.92
1 1.6 8.37 £2.75 3.3 17.32 +2.48 22 31.58 £ 7.69
2 8.3 8.36 £ 2.66 7.3 16.80 £ 2.82 2.3 29.39 + 6.78
U19 3 11.6 8.30 £ 2.56 9.4 16.49 +£2.78 2.6 30.80 +5.76
4 13.7 8.24 £+ 2.60 10.6 16.38 +2.87 3.9 29.99 + 6.31
5 7.6 8.40 + 2.68 6.0 16.75 £+ 3.19 2.0 28.90 + 5.37
6 2.5 9.18 £2.33 3.4 17.53 £2.95 1.7 32.60 + 7.47
Total 45.3 8.37 £ 2.60 40.0 16.76 +2.87 14.7 30.42 £ 6.57

n: relative frequency; m & sd: Mean + standard deviation.

However, statistically significant differences were noticeable (x? = 113.0, p > 0.001)
in the occurrence of different types of passes according to the field zones. The significant
variations were recorded in the long passes in zone 1 (p < 0.001), zone 3 (p = 0.000), and
zone 6 (p = 0.000) and in the short passes in zone 1 (p = 0.000), zone 4 (p = 0.001), and zone 6
(p = 0.000).There were no significant differences in the medium passes. In the zones nearest
to the goal (zones 1 and 6), medium passes were mostly used, while short passes were
predominantly used in the medium zone of the pitch (zones 2 to 5). In the end, short passes
occurred less in zone 1 and long passes in the other zones (Figure 2). Overall, the teams
revealed a relatively higher frequency of medium and long passes than short passes closer
to the goal.

Considering the variation in the type of passes according to the pitch zones by age
group, the results revealed significant differences for all the age groups analysed (U15,
x? =41.6,p <0.001; U17, x> = 39.9, p < 0.001; U19, x? = 53.5, p < 0.001) and the types passes
analysed (long, X2 =187, p < 0.044; short, x% =201, p < 0.029), except for medium passes
(x*>=15.0,p = 0.132).

Moreover, in the distribution of passes by each zone, the results revealed significant
differences regarding long and short passes in zone 6 (p = 0.000), with a value above that
expected in the U15.
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Figure 2. Distribution of the total number of passes by field zone.

Significant differences appeared in long and short passes in zone 1 and 3 (p = 0.000),
with a value above that expected for long and below for short passes in the U17. Significant
differences were reported in long and short passes in zone 1 (p = 0.000), with values above
the expected for long and below for short passes in the U19. In general, long passes
exceeded expectations in the areas close to the goals and were below expectations in the
middle areas of the field. In opposition, short passes were below those expected in the
areas close to the goals and above the expected in the middle areas of the field.

Moreover, we observed significant differences in the players who received the ball
considering age in long passes (x*> = 32.2, p = 0.010) and medium passes (x> = 31.8,
p =0.011).

Concerning short passes, in all ages, the player who received the most passes was P1.
In this type of pass, there were only differences in the distribution for the fifth player, with
the U17 considering this player at this distance (Figure 3). Regarding medium passes, the
player who received more passes in the U15 was P2 (p > 0.05); in the U17 (p = 0.000) and
U19 (p = 0.000), it was P3. As for long passes, the player who received more passes in the
U15 was P5 (p = 0.000); in the U17 (p = 0.000) and U19 (p = 0.000), the player who received
more passes was P6. The results show a trend for the younger players to use relatively
closer players for long and medium passes compared to older players.

long medium short
age_group
U15
u17
u19
& 7 & 9 1 2 3 4 5 8 7 8 9 1 2 3 4 5 &6 7 8 9

receiver_pos

Figure 3. Passing distribution relative frequency of completed passes considering the relative distance
between the ball receiver and the ball carrier, per age group and pass length.
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4. Discussion

This study aimed to characterize the passing patterns that support the collective
tactical behaviour of football players of different ages (U15, U17, and U19). According to
our expectations, some variations in the passing patterns of play were observed according
to the field zones of the ball where the pass was performed. For example, in all ages, the
most used pass in the areas close to the goals was the medium pass, and in the medium
zone, it was the short pass.Moreover, according to our expectations, variations in age
category promoted variations in the type of most frequent passes and in the player that
receives the ball.

4.1. Effect of Field Zones

In the analysis of the effect of the variation of the zones in which the ball was located,
we verified that, in zone 1, medium passes were the most used. In line with previous studies,
in zone 1, teams in possession of the ball tended to have numerical superiority, with great
values of individual areas per player, regardless of age [17,18]. Therefore, in this play
area, near the team’s own goal zone, the players needed to use medium and long passes
that allowed the creation of space to start the offensive game safely and, consequently, to
advance on the field and pass the opponent’s first defensive line.

In the middle area of the field (22 to Z5), there was an increase in short passes and a
decrease in long passes. In these areas, the short pass was the most used, suggesting that
teams, regardless of age, sought to establish functional relationships between the closest
players to create a numerical advantage in the group relationships between the players
closest to the ball [34] and, in this way, attempt to overcome direct opponents and create
defensive imbalances for the opponent [9].

While zone 2 is characterized by the space where the organized attack begins, normally
with little pressure on the ball and maintaining the numerical superiority of the attack, in
zones 3 and 4, the individual playing area per player is smaller compared to the zones
close to the goals [13,14], promoting more ball possession for the exploration and creation
of progression possibilities [18] and more possibilities for shorter passes. As verified in
previous studies, zones 2 to 5 correspond to the areas of the field with high values of pass
variability in view of the space constraint to play and the plasticity in the offensive tactical
behaviour necessary to promote progression in the game area [35].

In zone 6, with the decrease in distance to the opponent’s goal, the most used type of
pass was the medium pass due to the change concerning the objectives of ball circulation
[creating imbalances to finish] and the emergence of possibilities to shoot on goal [11]. In
this area, there tends to be a lower number of passes compared to the middle area of the
field due to the proximity of the opposing goal that motivates the dribble and the shot. In
this area, the team in possession of the ball tends to be outnumbered, and the short distance
to the defending goal enhances the emergence of individual actions on the ball at greater
risk [36]. The goal’s location proved to be an informational invariant that conditioned the
players’ interpersonal relationships and individual and collective behaviours [11,12]. The
field areas motivate the players’ need to explore different possibilities of action, so as to
discover the best solution according to the game requirements [23].

4.2. Effect of Players Age on Field Zone Dynamics

The effect of age on the different types of passes showed significant differences in long
and short passes. The results revealed that younger players (U15) tend to use long (Z6) and
medium (Z5 and Z6) passes more than older players (U17 and U19). This evidence is in
line with previous studies, which revealed that younger players tend to adopt behaviours
that allow them to approach the opponent’s goal faster compared to older players [37].

On the contrary, U19 and U17 tended to use more long, medium, and short passes in
zone 4 and zone 5 compared to U15. Previous studies suggest shorter distances between
strikers and defenders in the middle zone of the field [38]. This spatial-temporal decrease
potentiates variability in the possibilities for action depending on the variability of the
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spatial occupation of teammates and opponents [39], leading to the emergence of greater
variability in the types of passes in order to obtain more functional actions adjusted to the
conditions encountered [40].

The data suggest that older players showed greater variability in passes and showed
greater adaptability in smaller playing areas [37]. In line with other studies, older players
revealed a greater adaptability to the effects of manipulating the playing areas compared
to younger players [21,41]. Thus, the greater game experience and consequent ability to
functionally explore possibilities for action [42] of older players makes them more efficient
in passing and gives them a better occupation of field spaces to receive the ball [39]. Our
data also suggest that the players who most often received the ball were the closest to the
carrier in the U15, regardless of the pass type. On the other hand, older players passed
the ball more often to teammates, with more distant relative positions according to the
pass length. For example, in the long pass, the player who received the ball most was P6
in U17 and U19. In the medium pass, it was P3 in the U19, and, with similar values, it
was P2 and P3 in the U17, while, in short passes, the players closest to the ball (P1 and P2)
revealed a greater tendency to receive the ball, regardless of age. Older players’ ability to
pass to more distant players may be due to their apparent advantages in body mass [44]
and level of maturity compared [43,44] to younger players. The data suggest that the U15
made more long passes to the same relative position of the receiver compared to the U17
and U19, which is in line with another study that showed higher values of individual areas
per player in the U15 level [37].

Moreover, older players with more playing experience are more flexible to the game
dynamics [25,40], while younger players tend to play with more rigid behaviours [26].
However, greater knowledge of the game allows players to gather more and better in-
formation from the environment, perceiving more possibilities for action [44]. The study
suggests that the sizes of passes performed in the soccer game were influenced according
to the field area and player’s age. In practical terms, these results reinforce the fact that
the creation of exercises should consider the variation of the field location and the use
of different numerical relationships in order to achieve a greater adjustment to the game
conditions and ensure greater transfer between training and competition [16].

Due to the obtained results, and in order to better prepare the players to explore
the best passing actions in zone 1, we suggest that the design of the should include the
numerical superiority of attacking team [17], with more than four players in the defence, in
order to clearly define the first defensive line and space to explore in-between lines [45].
The space used should be manipulated to allow players freedom of action in carrying
medium passes, but also long and short ones according to the spatial-temporal relations
with opponents. The manipulation of spaces should be considered according to the age
of the players, with wider spaces for U15 than for U19 [37]. We also suggest that coaches
could introduce two goals that the defensive team can use to score when recovering the
ball to increase the feeling of danger in the case of losing ball possession [46].

Regarding zones 2 to 5, we suggest that the design of the SSCGs should include a
numerical equality of teams from 5 x 5 to 8 x 8 [17,47], and promote variability in the
exploration of short to medium passes both laterally and longitudinally. For that, the
manipulation of spaces should be considered according to the age of the players and
number of players involved, with wider spaces for U15 and U17 than for U19 [37]. The
use of larger spaces and fewer players, particularly to youth players, tends to increase the
number of individual actions in the exploration of possibilities for play due to the low
restrictions in the spatial-temporal conditions [48]. We also suggest that coaches could
manipulate the field such as the orientation (regular, square, triangle) [49], or even restrict
the spaces that players could use in the field [29], to promote an adaptive capacity to
explore the environment and explore the possibilities for short and long passes according
to the conditions of the environment. Moreover, by considering the restriction of space
and time to play and the large number of players involved in the zones 2 to 5, we suggest
the manipulation of the number of touches as a constraint to improve players’ capacity to
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adjust the body position according to the game flow, constantly pick up the information
from the environment before to have the ball possession [50], and promote the passing
skill [51].

In zone 6, we suggest that the design of the SSCGs should include numerical relations
up to 10 players (5 x 5) with a playing area that will enable possibilities of action in the
variety of medium and long passes. In this area, we suggest that the design of the SSCGs
should include numerical equality to promote the variability of short and medium passes
and numerical superiority in the attacking team of two or more players in relation to
the opponent to allow more shooting opportunities [32]. Moreover, the zone of the field
and the manipulation of spaces should be considered according to the age of the players
and number of players involved, with wider spaces for U15 than U17 and U19 [37]. We
also suggest the use of several goals [three to six] to promote greater distances between
the players of one’s own team and those of the opponent team in order to increase the
variability of the individual and collective behaviours of the teams [46].

5. Conclusions

This study suggests, in line with the data from the game, the need to expose players
to environmental conditions during training which are appropriate for the type of passes
intended for the game. The ratio number of players and space motivates different ways of
exploring the game depending on the players’ own abilities [52]. For this, in the design of
small games, the coach must consider the players” age to adjust accordingly to the game
area and its proximity to the goal and the ratio number of players/game space.

Besides the study’s contribution for practical purposes, some limitations should be
acknowledged. Firstly, the games were not official. Thus, it reduces the competitive levels
of an official game, despite ensuring a controlled environment. In addition, the teams
played according to their own game model without any control of playing formations used
over the matches (e.g., Gk +4 +4 + 2 or Gk + 4 + 3 + 3).

Future studies may consider the directionality of passes to help understand the playing
style of teams and relate it to the types of passes in the different offensive phases of the
game. The distance between strikers and defenders should also be considered in future
studies to understand the type of pass with the proximity of the defender in relation to
the ball receiver. Moreover, further research should consider not only the age/category
of players but also their maturation stage and the relationship with the type of passes
performed. The maturation stage should be considered in all studies with youth players
due to its implications in their characterization of capabilities for action.

Author Contributions: Conceptualization, N.C., H.F. and B.T.; methodology, N.C., H.E. and B.T,;
formal analysis, N.C., H.F. and D.M.; investigation, N.C., H.F. and D.M.; writing—original draft
preparation, N.C., H.F. and D.M.; writing—review and editing, N.C. and B.T.; visualization, N.C.,
H.F. and B.T.; supervision, H.F. and B.T.; funding acquisition, B.T. All authors have read and agreed
to the published version of the manuscript.

Funding: This research was funded by Portuguese Foundation for Science and Technology, I.P., under
the project UID04045/2020.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee under the number CE-UBI-Pj-2020-043 [19 May 2020].

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data regarding this submission can be provided upon reasonable
request to the primary author.

Conflicts of Interest: The authors declare no conflict of interest.



Children 2023, 10, 157 90f 10

References

1. Link, D.; Hoernig, M. Individual ball possession in soccer. PLoS ONE 2017, 12, e0179953. [CrossRef] [PubMed]

2. Rein, R,; Memmert, D. Big data and tactical analysis in elite soccer: Future challenges and opportunities for sports science.
Springerplus 2016, 5, 1410. [CrossRef] [PubMed]

3. Davids, K.; Aradgjo, D.; Correia, V.; Vilar, L. How small-sided and conditioned games enhance acquisition of movement and
decision-making skills. Exerc. Sport Sci. Rev. 2013, 41, 154-161. [CrossRef]

4. Gollan, S; Bellenger, C.; Norton, K. Contextual Factors Impact Styles of Play in the English Premier League. J. Sport. Sci. Med.
2020, 19, 78-83.

5. Sarmento, H.; Clemente, F.; Harper, D.; Costa, I.; Owen, A.; Figueiredo, A. Small sided games in soccer—A systematic review. Int.
J. Perform. Anal. Sport 2018, 18, 693-749. [CrossRef]

6. Fernandez-Navarro, J.; Fradua, L.; Zubillaga, A.; McRobert, A.P. Evaluating the effectiveness of styles of play in elite soccer. Int. ].
Sport. Sci. Coach. 2019, 14, 514-527. [CrossRef]

7. Lago, C. The influence of match location, quality of opposition, and match status on possession strategies in professional
association football. J. Sport. Sci. 2009, 27, 1463-1469. [CrossRef]

8.  Gongalves, B.; Coutinho, D.; Exel, J.; Travassos, B.; Lago, C.; Sampaio, J. Extracting spatial-temporal features that describe a
team match demands when considering the effects of the quality of opposition in elite football. PLoS ONE 2019, 14, e0221368.
[CrossRef]

9.  Aquino, R.; Machado, ].C.; Manuel Clemente, F.; Praca, G.M.; Gongalves, L.G.C.; Melli-Neto, B.; Ferrari, ].V.S; Palucci Vieira, L.H,;
Puggina, E.F,; Carling, C. Comparisons of ball possession, match running performance, player prominence and team network
properties according to match outcome and playing formation during the 2018 FIFA World Cup. Int. . Perform. Anal. Sport 2019,
19, 1026-1037. [CrossRef]

10. Gama, J.; Dias, G.; Couceiro, M.; Sousa, T.; Vaz, V. Networks metrics and ball possession in professional football. Complexity 2016,
21, 342-354. [CrossRef]

11.  Headrick, J.; Davids, K.; Renshaw, I.; Aratjo, D.; Passos, P.; Fernandes, O. Proximity-to-goal as a constraint on patterns of
behaviour in attacker—defender dyads in team games. . Sport. Sci. 2012, 30, 247-253. [CrossRef]

12. Laakso, T.; Travassos, B.; Liukkonen, J.; Davids, K. Field location and player roles as constraints on emergent 1-vs-1 interpersonal
patterns of play in football. Hum. Mov. Sci. 2017, 54, 347-353. [CrossRef] [PubMed]

13. Fradua, L.; Zubillaga, A ; Caro, O.; Ivan Fernandez-Garcia, A.; Ruiz-Ruiz, C.; Tenga, A. Designing small-sided games for training
tactical aspects in soccer: Extrapolating pitch sizes from full-size professional matches. J. Sport. Sci. 2013, 31, 573-581. [CrossRef]
[PubMed]

14. Tenga, A.; Zubillaga, A.; Caro, O.; Fradua, L. Explorative Study on Patterns of Game Structure in Male and Female Matches from
Elite Spanish Soccer. Int. ]. Perform. Anal. Sport. 2015, 15, 411-423. [CrossRef]

15.  Gongalves, B.; Figueira, B.; Macas, V.; Sampaio, J. Effect of player position on movement behaviour, physical and physiological
performances during an 11-a-side football game. J. Sport. Sci. 2014, 32, 191-199. [CrossRef]

16. Laakso, T.; Davids, K.; Liukkonen, J.; Travassos, B. Interpersonal Dynamics in 2-vs-1 Contexts of Football: The Effects of Field
Location and Player Roles. Front. Psychol. 2019, 10, 1407. [CrossRef] [PubMed]

17. McGuckian, T.B.; Cole, M.H.; Chalkley, D.; Jordet, G.; Pepping, G.-]. Constraints on visual exploration of youth football players
during 11v11 match-play: The influence of playing role, pitch position and phase of play. J. Sport. Sci. 2020, 38, 658-668.
[CrossRef] [PubMed]

18. Caro, O.; Zubillaga, A.; Fradua, L.; Fernandez-Navarro, J. Analysis of Playing Area Dimensions in Spanish Professional Soccer:
Extrapolation to the Design of Small-Sided Games with Tactical Applications. J. Strength Cond. Res. 2019, 35, 2795-2801. [CrossRef]

19. Passos, P.; Amaro e Silva, R.; Gomez-Jordana, L.; Davids, K. Developing a two-dimensional landscape model of opportunities for
penetrative passing in association football—Stage I. J. Sport. Sci. 2020, 38, 2407-2414. [CrossRef]

20. Vilar, L.; Aratjo, D.; Davids, K.; Button, C. The role of ecological dynamics in analysing performance in team sports. Sport. Med.
2012, 42, 1-10. [CrossRef]

21. Olthof, S.; Frencken, W.; Lemmink, K. The older, the wider: On-field tactical behavior of elite-standard youth soccer players in
small-sided games. Hum. Mov. Sci. 2015, 41, 92-102. [CrossRef]

22. Duarte, R.; Aratjo, D.; Correia, V.; Davids, K.; Marques, P; Richardson, J. Competing together: Assessing the dynamics of
team-team and player-team synchrony in professional association football. Hum. Mov. Sci. 2013, 32, 555-566. [CrossRef]

23. Almeida, C.; Volossovitch, A.; Duarte, R. Influence of scoring mode and age group on passing actions during small-sided and
conditioned soccer games. Hum. Mov. 2017, 18, 125-134. [CrossRef]

24. Varley, M.C.; Fairweather, LH.; Aughey, R.J. Validity and reliability of GPS for measuring instantaneous velocity during
acceleration, deceleration, and constant motion. J. Sport. Sci. 2012, 30, 121-127. [CrossRef]

25. Silva, P; Aguiar, P.; Duarte, R.; Davids, K.; Araujo, D.; Garganta, J. Effects of Pitch Size and Skill Level on Tactical Behaviours of
Association Football Players During Small-Sided and Conditioned Games. Int. ]. Sport. Sci. Coach. 2014, 9, 993-1006. [CrossRef]

26. Grund, T.U. Network structure and team performance: The case of English Premier League soccer teams. Soc. Netw. 2012, 34,

682-690. [CrossRef]


http://doi.org/10.1371/journal.pone.0179953
http://www.ncbi.nlm.nih.gov/pubmed/28692649
http://doi.org/10.1186/s40064-016-3108-2
http://www.ncbi.nlm.nih.gov/pubmed/27610328
http://doi.org/10.1097/JES.0b013e318292f3ec
http://doi.org/10.1080/24748668.2018.1517288
http://doi.org/10.1177/1747954119855361
http://doi.org/10.1080/02640410903131681
http://doi.org/10.1371/journal.pone.0221368
http://doi.org/10.1080/24748668.2019.1689753
http://doi.org/10.1002/cplx.21813
http://doi.org/10.1080/02640414.2011.640706
http://doi.org/10.1016/j.humov.2017.06.008
http://www.ncbi.nlm.nih.gov/pubmed/28688301
http://doi.org/10.1080/02640414.2012.746722
http://www.ncbi.nlm.nih.gov/pubmed/23186250
http://doi.org/10.1080/24748668.2015.11868802
http://doi.org/10.1080/02640414.2013.816761
http://doi.org/10.3389/fpsyg.2019.01407
http://www.ncbi.nlm.nih.gov/pubmed/31333525
http://doi.org/10.1080/02640414.2020.1723375
http://www.ncbi.nlm.nih.gov/pubmed/32009533
http://doi.org/10.1519/JSC.0000000000003226
http://doi.org/10.1080/02640414.2020.1786991
http://doi.org/10.2165/11596520-000000000-00000
http://doi.org/10.1016/j.humov.2015.02.004
http://doi.org/10.1016/j.humov.2013.01.011
http://doi.org/10.5114/hm.2017.73621
http://doi.org/10.1080/02640414.2011.627941
http://doi.org/10.1260/1747-9541.9.5.993
http://doi.org/10.1016/j.socnet.2012.08.004

Children 2023, 10, 157 10 of 10

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Philippaerts, R.M.; Vaeyens, R.; Janssens, M.; Van Renterghem, B.; Matthys, D.; Craen, R.; Bourgois, ].; Vrijens, J.; Beunen, G.;
Malina, R.M. The relationship between peak height velocity and physical performance in youth soccer players. J. Sport. Sci. 2006,
24,221-230. [CrossRef]

Sevil-Serrano, J.; Praxedes, A.; Garcia-Gonzélez, L.; Moreno, A.; Del Villar, E. Evolution of tactical behavior of soccer players
across their development. Int. ]. Perform. Anal. Sport 2017, 17, 885-901. [CrossRef]

Gongalves, B.; Coutinho, D.; Santos, S.; Lago-Penas, C.; Jiménez, S.; Sampaio, J. Exploring Team Passing Networks and Player
Movement Dynamics in Youth Association Football. PLoS ONE 2017, 12, e0171156. [CrossRef]

Moore, S.A.; Mckay, H.A.; Macdonald, H.; Nettlefold, L.; Baxter-Jones, A.D.; Cameron, N.; Brasher, PM.A. Enhancing a Somatic
Maturity Prediction Model. Med. Sci. Sport. Exerc. 2015, 47, 1755-1764. [CrossRef] [PubMed]

Folgado, H.; Bravo, J.; Pereira, P.; Sampaio, ]. Towards the use of multidimensional performance indicators in football small-sided
games: The effects of pitch orientation. J. Sport. Sci. 2019, 37, 1064-1071. [CrossRef]

Vilar, L.; Duarte, R.; Silva, P.; Chow, ].Y.; Davids, K. The influence of pitch dimensions on performance during small-sided and
conditioned soccer games. J. Sport. Sci. 2014, 32, 1751-1759. [CrossRef]

Campbell, I. Chi-squared and Fisher-Irwin tests of two-by-two tables with small sample recommendations. Stat. Med. 2007, 26,
3661-3675. [CrossRef] [PubMed]

Duarte, R.; Aratjo, D.; Freire, L.; Folgado, H.; Fernandes, O.; Davids, K. Intra- and inter-group coordination patterns reveal
collective behaviors of football players near the scoring zone. Hum. Mov. Sci. 2012, 31, 1639-1651. [CrossRef]

Clemente, E.; Couceiro, M.; Martins, F; Mendes, R.; Figueiredo, A. Soccer team’s tactical behaviour: Measuring territorial domain.
Proc. Inst. Mech. Eng. Part P ]. Sport. Eng. Technol. 2015, 229, 58-66. [CrossRef]

Vilar, L.; Esteves, P,; Travassos, B.; Passos, P.; Pefias, C.; Davids, K. Varying Numbers of Players in Small-Sided Soccer Games
Modifies Action Opportunities During Training. Int. J. Sport. Sci. Coach. 2014, 9, 1007-1018. [CrossRef]

Olthof, S.; Frencken, W.; Lemmink, K. A Match-Derived Relative Pitch Area Facilitates the Tactical Representativeness of
Small-Sided Games for the Official Soccer Match. J. Strength Cond. Res. 2019, 33, 523-530. [CrossRef] [PubMed]

Zubillaga, A.; Gabbett, T.; Fradua, L.; Ruiz-Ruiz, C.; Caro, O.; Ervilla, R. Influence of Ball Position on Playing Space in Spanish
Elite Women'’s Football Match-Play. Int. ]. Sport. Sci. Coach. 2013, 8, 712-722. [CrossRef]

Menuchi, M.; Moro, A.R.P.; Ambrésio, P.E.; Pariente, C.A.B.; Aratjo, D. Effects of Spatiotemporal Constraints and Age on the
Interactions of Soccer Players when Competing for Ball Possession. . Sport. Sci. Med. 2018, 17, 379-391.

Silva, P.; Duarte, R.; Sampaio, ].; Aguiar, P.; Davids, K.; Aratjo, D.; Garganta, ]. Field dimension and skill level constrain team
tactical behaviours in small-sided and conditioned games in football. . Sport. Sci. 2014, 32, 1888-1896. [CrossRef]

Canton, A.; Torrents, C.; Ric, A.; Gongalves, B.; Sampaio, ]J.; Hristovski, R. Effects of Temporary Numerical Imbalances on
Collective Exploratory Behavior of Young and Professional Football Players. Front. Psychol. 2019, 10, 1968. [CrossRef] [PubMed]
Hewitt, A.; Greenham, G.; Norton, K. Game style in soccer: What is it and can we quantify it? Int. ]. Perform. Anal. Sport 2016, 16,
355-372. [CrossRef]

Asadi, A.; Ramirez-Campillo, R.; Arazi, H.; Sdez de Villarreal, E. The effects of maturation on jumping ability and sprint
adaptations to plyometric training in youth soccer players. J. Sport. Sci. 2018, 36, 2405-2411. [CrossRef] [PubMed]

Silva, P.,; Travassos, B.; Vilar, L.; Aguiar, P; Davids, K.; Aratjo, D.; Garganta, J. Numerical relations and skill level constrain
co-adaptive behaviors of agents in sports teams. PLoS ONE 2014, 9, e107112. [CrossRef]

Travassos, B.; Monteiro, R.; Coutinho, D.; Yousefian, F.; Gongalves, B. How spatial constraints afford successful and unsuccessful
penetrative passes in elite association football. Sci. Med. Footb. 2022, 1-8. [CrossRef]

Travassos, B.; Gongalves, B.; Marcelino, R.; Monteiro, R.; Sampaio, J. How perceiving additional targets modifies teams’ tactical
behavior during football small-sided games. Hum. Mov. Sci. 2014, 38, 241-250. [CrossRef]

Caro, O,; Fradua, L.; Zubillaga, A.; Fernandez-Navarro, J. Analysis of Small Game Areas of 4vs4 and 7vs7 in Spanish Professional
Football; University of Granada: Granada, Spain, 2014; pp. 231-235.

Nunes, N.; Gongalves, B.; Coutinho, D.; Nakamura, E,; Travassos, B. How playing area dimension and number of players constrain
football performance during unbalanced ball possession games. Int. J. Sport. Sci. Coach. 2021, 16, 334-343. [CrossRef]

Coutinho, D.; Gongalves, B.; Santos, S.; Travassos, B.; Wong, D.P.; Sampaio, J. Effects of the pitch configuration design on players’
physical performance and movement behaviour during soccer small-sided games. Res. Sport. Med. 2018, 27, 298-313. [CrossRef]
Oppici, L.; Panchuk, D.; Serpiello, ER.; Farrow, D. Futsal task constraints promote transfer of passing skill to soccer task
constraints. Eur. J. Sport Sci. 2018, 18, 947-954. [CrossRef]

Coutinho, D.; Gongalves, B.; Santos, S.; Travassos, B.; Folgado, H.; Sampaio, J. Exploring how limiting the number of ball touches
during small-sided games affects youth football players’ performance across different age groups. Int. J. Sport. Sci. Coach. 2021,
17, 545-557. [CrossRef]

Laakso, T.; Davids, K.; Luhtanen, P.; Liukkonen, J.; Travassos, B. How football team composition constrains emergent individual
and collective tactical behaviours: Effects of player roles in creating different landscapes for shared affordances in small-sided
and conditioned games. Int. . Sport. Sci. Coach. 2021, 17, 346-354. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1080/02640410500189371
http://doi.org/10.1080/24748668.2017.1406781
http://doi.org/10.1371/journal.pone.0171156
http://doi.org/10.1249/MSS.0000000000000588
http://www.ncbi.nlm.nih.gov/pubmed/25423445
http://doi.org/10.1080/02640414.2018.1543834
http://doi.org/10.1080/02640414.2014.918640
http://doi.org/10.1002/sim.2832
http://www.ncbi.nlm.nih.gov/pubmed/17315184
http://doi.org/10.1016/j.humov.2012.03.001
http://doi.org/10.1177/1754337114547064
http://doi.org/10.1260/1747-9541.9.5.1007
http://doi.org/10.1519/JSC.0000000000002978
http://www.ncbi.nlm.nih.gov/pubmed/30550401
http://doi.org/10.1260/1747-9541.8.4.713
http://doi.org/10.1080/02640414.2014.961950
http://doi.org/10.3389/fpsyg.2019.01968
http://www.ncbi.nlm.nih.gov/pubmed/31507502
http://doi.org/10.1080/24748668.2016.11868892
http://doi.org/10.1080/02640414.2018.1459151
http://www.ncbi.nlm.nih.gov/pubmed/29611771
http://doi.org/10.1371/journal.pone.0107112
http://doi.org/10.1080/24733938.2022.2060519
http://doi.org/10.1016/j.humov.2014.10.005
http://doi.org/10.1177/1747954120966416
http://doi.org/10.1080/15438627.2018.1544133
http://doi.org/10.1080/17461391.2018.1467490
http://doi.org/10.1177/17479541211037001
http://doi.org/10.1177/17479541211030076

	Introduction 
	Materials and Methods 
	Participants 
	Procedure 
	Data Analysis 

	Results 
	Discussion 
	Effect of Field Zones 
	Effect of Players Age on Field Zone Dynamics 

	Conclusions 
	References

