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Abstract: The study aimed to identify how the manipulation of knowledge regarding a training task
duration constrains the pacing and tactical behaviour of soccer players when playing small-sided
games (SSG). Twenty professional and experienced soccer players participated in a cross-sectional
field study using three conditions: not informed on the duration of the SSG, which ended after 20 min
(Unknown Condition); briefed about playing the SSG for 10 min, but after they completed the 10-min
game, they were requested to complete another 10 min (Partial Condition) and informed before that
they would play for 20 min (Known Condition). A global positioning system was used to measure
the total distance covered and distances of different exercise training zones (walking to sprinting) and
to access the dynamic players positioning through the distance from each player to all the teammates
and opponents. Additionally, approximate entropy was measured to identify the regularity pattern of
each gathered individual variable. The results indicate that the first 10 min of each scenario presented
a higher physical impact independently of the initial information. During this time, the tactical
behaviour also revealed higher variability. An increase in the distance of the teammates during the
second period of 10-min for the Known scenario was also found, which may result from a lower
pacing strategy. This study showed that the prior knowledge of the task duration led to different
physical and tactical behaviours of the players. Furthermore, the relationship between the physical
impact and the regularity of team game patterns should be well analysed by the coach, because the
physical impact may be harmful to the development of the collective organization of the team.
Keywords: exercise duration; regulation of effort; tactical behavior; team behavior; pacing strategy

1. Introduction
In team sports, like soccer, the analysis of pacing and tactical behaviour is a key issue to understand
players’ and team’s performances [1–6]. Due to the need to constantly forge couplings with teammates
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and break couplings with opponents in space and time to ensure numerical or spatial-temporal
advantages [7], the soccer game is characterized by players’ constant positional adjustments at
different speeds that create a specific intermittent behaviour with certain pacing [1,2,8]. Notably,
the phenomenon of pacing is regarded as the resource of the spreading of energy for the optimization of
performance related to match or exercise running requirements. In the past, the variations on running
performances in soccer were sustained by the classical theory of fatigue [1,2,9]. However, recent studies
have argued that the ability of a player to efficiently manage their effort during competition or training
sessions is rather affected by the constant adaptation of players to the changes on the information
that sustain their individual and collective behaviour according to their general capabilities, to ensure
functional performances [10]. In this process, individual regulation is a neuropsychological process in
which afferent sensations contribute to the regulation of exertion [11]. In fact, it is a holistic process in
which neuropsychological interactions affect the decisions made about the perception of exercising [3].
The duration of an exercise affects a player’s pacing, which explains the reason why it has been
considered as a regulator of performance [12]. For example, when the exercise duration is short,
players tend to adopt a more aggressive pacing pattern [1,13]. Additionally, according to some
studies [1], while the players who perform the whole match (90 min) start the game integrating a
slow-based pacing strategy, followed by a gradual decrease in the intensity of running to maximize
the physical performance over the match, in turn, the players who play a part of the match engage
in a high intensive pacing strategy as they strive to give all. In addition, deception-based studies
(participants believe they are exercising for a given time period but are asked to continue exercising
longer towards the completion of this time) show that when the deception is known, their perception of
the exertion rate increase, triggering a tremendous decline in the pacing speed. Moreover, some studies
reported that players hold some physiological reserves when they are not certain of the duration of the
exercises [11,14,15]. Consequently, decisions that pertain to the reduction, increase, or maintenance of
certain performances are determined by the momentary and potential “payoff”.
In team sports and particularly in soccer, however, the pacing phenomenon should be viewed as a
situational process with implications on players’ perception about individual and collective possibilities
for action [16] and consequently on variations on tactical behavior between players and teams. That is,
changes in players’ game pace will constrain the spatial–temporal relations between teammates in
relation to opponents leading to the emergence of new patterns of play [8,17]. Although pacing
can be influenced by the duration and knowledge of the duration that a player has been exposed to
exercise, the capability of players to adjust their tactical actions to the game spatial–temporal relations
forged with team-mates and opponents at different game pacing seems to be crucial for a successful
performance, especially in exercises where fast decision-making and actions are required [18]. Previous
research on the analysis of teams’ tactical behaviour revealed that changes from slow to normal or fast
game pacing clearly constrain the stability of spatial–temporal relations between teammates during
performance [8]. Accordingly, and considering that the prior knowledge of the task duration affects the
players’ game pace, it may be expected that these changes in the players’ game pace may also impact the
interpersonal coordination between players. However, to our knowledge, there is no information about
how such manipulation constrains the tactical behaviour of the players and teams. As such, a better
understanding of the players’ movement behaviour would emerge if the complementary relationship
between the pacing patterns and the tactical behaviours of players was considered. Therefore, the aim
of this study was to investigate how the manipulation of knowledge regarding exercise duration
constrains tactical behaviour and pacing behaviour of teams. We hypothesized that the use of prior
information regarding the task duration constrains the pacing behaviour and the dynamics of tactical
behaviour over the time of the exercise. It might also be expected that higher pacing behaviour causes
higher irregularity on the tactical behaviour of teams.
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2. Materials and Methods
2.1. Participants
The study sought for twenty professional soccer players (age 22.3 years ± 2.1; body height
1.82 m ± 0.06; body mass 73 kg ± 5.8) with 10.3 years ± 3.4 of experience, playing in the second division
of the Portuguese National Competition. The players were engaged in five training sessions each week
totaling 450 min of training, with an additional official game over the weekend. Participants were
informed of the study design and its requirements, as well as the possible benefits and risks, and gave
their consent prior to the start of the study in accordance with the principles of the Declaration of
Helsinki for the study of humans. The study was approved by the local ethical committee (University
of Beira Interior, No 275 319 700).
2.2. Design
A cross-sectional field study was used and players were tested over four training sessions. In the
first session, they were familiarized with the procedures, equipment, and the game. One week after,
the players engaged in three randomized small-sided games (SSG) separated by seven days. In the
first game scenario, players were not informed on the duration of the SSG, which ended after 20 min
(Unknown Condition). In the following game scenario, players were briefed about playing the SSG
for 10 min. However, soon after they completed the 10-min game, the participants were requested
to complete another 10 min making the total exercise duration of 20 min (Partial Condition). In the
third game scenario, players were informed before the game that they would play for 20 min (Known
Condition). To control for circadian variations on the measured variables, all games were performed at
the same time of the day (from to 17:00 p.m. until 19:00 p.m.), and during these sessions, the average
temperature recorded was 18 ◦ C.
2.3. Experimental Procedures
During each session, and after a standard 15-min warm-up, an SSG scenario was played.
The participants were grouped into 4 balanced teams of 5 players (without goalkeepers) based on the
coach perception of the players’ physical, technical, and tactical skills. The same team structure was
kept during all the data collection period. The experimental training sessions were performed exactly
in the same moment of the microcycle (e.g., Match + 3) during competitive season and the players
were always fully rested. Teams’ constitutions and respective opponents were maintained during all
conditions. The aim of the game was to outscore the opponents. The small-sided game was played
in a standardized playing pitch (20 m wide × 40 m long). Multiple balls were positioned around the
field so that in the case of a ball leaving the field, another was quickly introduced to ensure the game
continued. The time of the recovery period between the games was always the same (90 s), and no
coach feedback or encouragement was allowed.
A total of 20 GPS units recorded players’ tracking displacements based on a sampling frequency
of 5 Hz (SPI-Pro X II, GPS ports, Canberra, ACT, and Australia) [19]. The dynamic players’
positioning was gathered using a non-differential 5Hz GPS system and used to compute teams’
tactical behavior. The variables calculated were the distance from each player to all teammates
(Distance Player–Teammate) and opponents (Distance Player–Opponent). This calculations comprised
all dyads during the games (i.e., the interpersonal distance between each pair of players, both with
teammates and opponents) and were calculated by computing the norm between the vectors using the
following equation (Equation (1)):
r




D ax(t) ,y(t) , bx(t) ,y(t) =



ax(t) − bx(t)

2


2
+ a y(t) − b y(t)

(1)
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where D is the distance, a is the player, x and y are the coordinates, and t is the time, and b is the teammate
or opponent. Moreover, distances were also analyzed according to the amount of variability expressed
by the coefficient of variation and according to the structure of the variability using Approximate
entropy (ApEn) [20,21].
Approximate entropy (ApEn) was measured to identify the regularity pattern of each gathered
individual variable. Input values for computations were 2 to the vector length (m) and 0.2 standard
deviations to the tolerance factor (r) [22]. The outcome range between 0 and 2 (arbitrary units) and
lower values represented more repeatable, regular, predictable, and less chaotic sequences of data
points [22]. From a processing approach, ApEn expresses the probability of the configuration of one
segment of data in a time series will allow the prediction of the configuration of another segment of
the time series a certain distance apart [23]. The length of the time series used to process the ApEn of
each variable was 3000 data sets (10 min of task duration × 60 s × 5Hz).
The external workload was assessed through total distance covered by players and distance
covered at different movement speed categories: 0.0–3.5 km/h (walking); 3.6–14.3 km/h (jogging);
14.4–19.7 km/h (running); and >19.8 km/h (sprinting) [24].
2.4. Statistical Analysis
A descriptive analysis was performed using mean and standard deviations. Differences in means,
i.e., 1st vs. 2nd 10 min bouts for each condition, were expressed in percept units with 90 percent
confidence limits (CL). The smallest worthwhile differences were estimated from the standardized units
multiplied by 0.2. Uncertainty in the true differences of the scenarios was assessed using non-clinical
magnitude-based decisions [25–27]. Additionally, the comparisons were assessed via standardized
mean differences and respective 90 percent confidence intervals [28]. Thresholds for effect size statistics
were 0.2, trivial; 0.6, small; 1.2, moderate; 2.0, large; and 2.0, very large [25–28].
3. Results
3.1. Unknown Scenario
Table 1 and Figure 1 (upper panel), respectively, show the descriptive statistics and standardized
differences of the external workload and positioning-derived variables when comparing the
(0 min–10 min) with (10 min–20 min) for the Unknown scenario. The absolute Distance
Player–Teammate and the respective coefficient of variation revealed unlikely and unclear differences,
respectively. However, for the same variable, moderate lower values of the ApEn were observed
during the (10 min–20 min) (i.e., players were more regular in their positioning within the teammates)
in comparison with the (0 min–10 min). The absolute Distance Player–Opponent revealed likely
trivial values during the (10 min–20 min) in comparison with the (0 min–10 min). In opposition,
there was a small higher coefficient of variation and ApEn in the (10 min–20 min) in comparison with
the (0 min–10 min). These results were complemented by the small higher distance covered while
walking (means variation, % ± 90 confidence limits: 10.4% ± 5%), moderate lower while jogging
(−10.6% ± 4.8%), and small lower running and sprinting during (0 min–10 min) than in (10 min–20 min).

Int. J. Environ. Res. Public Health 2020, 17, 3843

5 of 12

Table 1. Descriptive statistics when comparing (0 min–10 min) vs. (10 min–20 min) for the Unknown
condition game variables.
Unknown
(0 min–10 min)

(10 min–20 min)

Mean ± SD

Mean ± SD

m
CV
ApEn

12.2 ± 1.6
0.45 ± 0.06
0.21 ± 0.03

12.3 ± 1.5
0.45 ± 0.05
0.19 ± 0.03

m
CV
ApEn

12.0 ± 1.9
0.49 ± 0.06
0.20 ± 0.03

12.2 ± 2.2
0.47 ± 0.07
0.18 ± 0.03

Walking
Jogging
Running
Sprinting

100.3 ± 30.1
859.1 ± 135.6
115.4 ± 49
17.9 ± 16.9

111.7 ± 37.2
758 ± 148.9
92.1 ± 50.4
10.1 ± 9.1

Variables

Change in Mean
% ± 90% CL

Chances, %
Practical Inferences

↓

Trivial

↑

1
14
99

75
76
1

24
10
0

unlikely
unclear
very likely ↓

1
54
97

85
46
3

14
0
0

likely trivial
possibly ↓
very likely ↓

0
100
95
85

10
0
5
13

90
0
0
2

likely ↑
most likely ↓
very likely ↓
likely ↓

Distance Player—Teammate
1.3 ± 2.6
−0.2 ± 3.3
−10.0 ± 4.5

Distance Player—Opponent
1.2 ± 3.2
−3.1 ± 3.4
−9.1 ± 4.6

Players’ External Workloads
10.4 ± 5
−12.3 ± 3.4
−27.4 ± 14
−36.0 ± 30.4

Abbreviations: m = meters; CV = coefficient of variation; ApEn = approximate entropy; CL = Confidence limits;
↓ = lower; ↑ = higher.

3.2. Partially Known Scenario
Table 2 and Figure 1 (middle panel), respectively, show the descriptive statistics and standardized
differences of the external workload and positioning-derived variables when comparing the
(0 min–10 min) with (10 min–20 min) for the Partially known scenario. The absolute Distance
Players–Teammate covered was unclear during both periods, the (0 min–10 min) presented small
higher values in the coefficient of variation within moderate-higher values in the ApEn. The absolute
distance players–opponents covered were observed as trivial between both periods with small lower
values in the coefficient of variation and moderate lower approximate entropy in the (10 min–20 min).
For the same trend in absolute distances in both periods, a different external workload was demanded.
The small higher distance covered while walking was (17.0% ± 9.8%), moderate lower while jogging
(−10.6% ± 4.8%), and small lower in both running and sprinting (−22.5% ± 14.4% and −33% ± 32%,
respectively) were found during the (10 min–20 min).
Table 2. Descriptive statistics when comparing (0 min–10 min) vs. (10 min–20 min) for the Partially
known condition game variables.
Partially Known
(0 min–10 min)

(10 min–20 min)

Mean ± SD

Mean ± SD

m
CV
ApEn

12.4 ± 1.2
0.45 ± 0.04
0.21 ± 0.03

12.4 ± 1.5
0.46 ± 0.05
0.18 ± 0.03

m
CV
ApEn

12.2 ± 1.8
0.48 ± 0.06
0.2 ± 0.03

12.4 ± 2.1
0.46 ± 0.06
0.18 ± 0.03

Walking
Jogging
Running
Sprinting

93.1 ± 28.5
845.8 ± 107.9
120.4 ± 46.8
24.8 ± 21.2

110.6 ± 40.1
763.5 ± 141.3
97.5 ± 49.4
16.8 ± 13.4

Variables

Change in Mean
% ± 90% CL

Chances, %
Practical Inferences

↓

Trivial

↑

24
1
100

67
41
0

9
58
0

unclear
possibly ↑
most likely ↓

3
68
100

70
32
0

27
0
0

possibly ↑
possibly ↓
most likely ↓

0
99
91
80

4
1
9
18

96
0
0
2

very likely ↑
very likely ↓
likely ↓
likely ↓

Distance Player–Teammate
−0.7 ± 3.4
2.3 ± 2.8
−11.8 ± 3.6

Distance Player–Opponent
1.7 ± 4.1
−3.6 ± 3.5
−9.3 ± 3.7

Players’ External Workloads
17 ± 9.8
−10.6 ± 4.8
−22.5 ± 14.4
−33 ± 32

Abbreviations: m = meters; CV = coefficient of variation; ApEn = approximate entropy; CL = Confidence limits; ↓ =
lower; ↑ = higher.
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of variation and approximate entropy presented opposite trends, by showing small lower values
compared to the (0 min–10 min). The Known condition was the scenario that revealed fewer effects in
the distance players–opponents’ variables, whereas moderate lower approximate entropy was only
found during the (10 min–20 min). Within the increase in the players–teammates distances in the
(10 min–20 min), a small lower distance covered while jogging (−7.4% ± 3.0%) and running (−17.7% ±
12.4%) was found. In addition, a small higher distance covered while walking (10.4% ± 5.0%) was
identified during this period.
Table 3. Descriptive statistics when comparing (0 min–10 min) vs. (10 min–20 min) for the Known
condition game variables.
Known
(0 min–10 min)

(10 min–20 min)

Mean ± SD

Mean ± SD

m
CV
ApEn

12.2 ± 1.2
0.45 ± 0.05
0.2 ± 0.03

12.9 ± 1.3
0.44 ± 0.04
0.18 ± 0.03

m
CV
ApEn

12.0 ± 1.9
0.48 ± 0.07
0.20 ± 0.04

12.3 ± 1.9
0.48 ± 0.06
0.18 ± 0.02

Walking
Jogging
Running
Sprinting

100.3 ± 30.1
815.3 ± 126.7
107.5 ± 37.2
22 ± 17.4

111.7 ± 37.2
755.1 ± 117.4
93.7 ± 45.5
20.9 ± 15.3

Variables

Change in Mean %
± 90% CL

Chances, %
↓

Trivial

↑

Practical
Inferences

0
56
95

4
42
5

96
2
0

very likely ↑
possibly ↓
very likely ↓

2
12
100

53
73
0

45
15
0

possibly ↑
unclear
most likely ↓

0
99
87
40

10
1
13
49

90
0
0
11

likely ↑
very likely ↓
likely ↓
unclear

Distance Player–Teammate
5.9 ± 3.9
−2.1 ± 3.1
−7.3 ± 4.1
Distance Player–Opponent
2.6 ± 4.6
0.2 ± 4.4
−9.6 ± 3.7
Players’ External Workloads
10.4 ± 5
−7.4 ± 3
−17.7 ± 12.4
−10.8 ± 37

Abbreviations: m = meters; CV = coefficient of variation; ApEn = approximate entropy; CL = Confidence limits; ↓ =
lower; ↑ = higher.

4. Discussion
The study aimed to understand how the manipulation of knowledge regarding task duration
constrains the pacing and tactical behaviour of soccer players when playing small-sided games. From
the results obtained, it was evident that the first 10 min of each scenario presented a higher physical
impact in comparison with the second 10 min for all the conditions considered. During this time,
the tactical behaviour also revealed higher irregularity, promoting high variability in the collective
team organization. Additionally, an increase in the distance of the teammates during the second period
of 10 min (10 min–20 min) for the Known scenario was also found, which may result from a lower
pacing strategy.
The current study identified a tendency: that most of the external load variables revealed higher
values during the first 10 min exercise duration of any scenario. This trend is supported by Gabbett,
Walker and Walker [29], Highton, Mullen and Twist [30] and Ferraz et al. [1] where most of the physical
variables showed a tendency to be higher in the first few minutes of the exercise. Indeed, similar
results were also verified in sprinting analysis [31]. The findings from this study also corroborate
that the player’s knowledge of the exercise’ duration influences the players’ pacing pattern [31].
Overall, it seems that a self-regulation strategy of the regulation of effort was developed based on prior
knowledge of the task.
According to the results, it can also be suggested that players seem to adopt a “slow positive”
pacing profile characterised by a gradual decline in the total and high-intensity running between the
initial and the second exercise period [1,2,32]. Furthermore, as pointed out in some similar studies,
the differences between the first 10 min and the last 10 min tend to decrease when the knowledge of
the task duration increases. This means that most of the variables have a tendency to be higher in the
initial period of the task but there is a better balance in the regulation of effort when the knowledge is
greater [1,2]. Likewise, the results may confirm the possibility of the changes in the pacing patterns
of the players due to the effect of the knowledge of the task duration that leads to the possibility of
the non-linearity of the fatigue effect already pointed out in some studies [33,34]. This means that the
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decision to reduce or increase the efferent neural drive manifested in a decrease or increase in physical
performance is based on the degree of uncertainty or certainty about the task duration and the degree
of potential homeostasis disruption perceived in each condition, in connection with afferent feedback
and feed forward-systems [35]. Indeed, some studies also revealed that responses to exercise without
knowledge of duration may reflect a subconscious improvement in exercise economy to conserve
energy, owing to the unknown duration of the exercise bout [12,36,37].
The players’ movement behaviour on the pitch also results from their interaction with the
surrounding information and with the key task constraints, such as the prior knowledge of task
duration analysed [2,38,39]. Accordingly, a better understanding of the players’ movement behaviour
may be achieved when it is considered as the complementary relation between tactical behaviour
and the players’ physical performance [17,40,41] Generally, the results of this study revealed higher
irregularity in the patterns of the distance of the teammates and in the distance of the opponents during
the first 10 min (0 min–10 min) compared to the second period of 10 min (10 min–20 min) in all game
conditions. Additionally, a higher distance covered in high-intensity during the first 10 min (0–10 min)
was observed. Thus, it is possible that the higher game pace may have affected the stability of players’
interpersonal distances. Similar results were found by Sampaio et al. [8], who found higher regular
distances during SSG conditions performed at slower game paces, suggesting that games performed
at faster paces may impair the players’ tactical behaviour. That is, considering that players’ actions
are dependent on their ability to use the relevant information from the environment [39,42–44], fast
pace games seem to require a faster ability to identify this information, which may affect the players’
positional behaviour [8]. In fact, it has been shown that players reveal high levels of team coordination
at lower speeds [45]. Therefore, these results must be seen not only at the individual level, but also
at the team level, since it also requires that all teammates are able to understand and use the same
information to achieve functional, collective movement behaviours [46,47].
Interestingly, while no differences in the absolute distance of the teammates were found when
comparing the first 10 min (0 min–10 min) to the second period of 10 min (10 min–20 min) for the
Unknown and Partially known scenarios, in turn, the Known condition showed an increase in the
distance to the teammates during the second period (10 min–20 min). This can be speculated on that the
knowledge about the time of practice afford a spread of players’ distribution on the field and an increase
in positional behavior of players, supported by the decrease in the game pace. That is, the increase in
the distance of the teammates may be related to the more conscious change in players pacing strategy.
The prior knowledge of longer task duration may create a higher effort regulation capability, leading
the players to increase the exercise economy by improving positional relationships [2]. A similar
increase in positional behaviours occurs when teams faced congested fixtures in comparison with
the regular play of one game per week, as a strategy to maintain a high level of performance even
with lower physical availability to play [40]. A possible explanation could be related to the decrease
of players’ focus of attention on adjusting their positioning based on the distance of the teammates
in order to focus on more relevant information, such as the ball location and the space available to
play [48,49]. Furthermore, increasing the distance of the teammates, in this case, may result in a
functional strategy to cover a great pitch space, improving physical exercise economy. In this regard,
coaches must acknowledge that, during longer training tasks, mainly if there is prior knowledge
of the task duration, it seems that players adopt a pacing strategy to be able to cope with the task
demands until the end. This might lead to the different exploration of tactical possibilities for action,
and consequently, different couplings with teammates and opponents in space and time to ensure
numerical or spatial-temporal advantages [7].
This study highlights the importance of the knowledge of the task duration on the pacing and
tactical behaviours of soccer players. The relationship between the physical impact and the regularity
of team game patterns should be well analysed by the coach. If, on one hand, the conditional abilities
for a good physical condition for the player is required, on the other hand, the physical impact
may be harmful to the development of the collective organization of the team. For example, short
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periods of exercise (e.g., blocks of 10 min), resulted in higher physical stimulus, independent of initial
knowledge of the task duration and, additionally, in higher variability in the patterns of the distance of
the teammates and in the distance of the opponents from a tactical perspective. Furthermore, while
the Unknown and Partially known scenarios revealed similar movement behaviours, it seems that
knowing the task duration led to an increase in the players’ distance to the teammates during the last
part of longer exercise duration (for example, the second period of 10 min (10 min–20 min)) due to
lower pacing patterns. Overall, the information on the prior task knowledge of the task duration is an
important variable that coaches should consider since it affects the physical performance of players,
and consequently, the players’ movement behaviour. Therefore, coaches should be careful not only in
defining the duration of the training tasks, but also in deciding if the players should be aware of its
duration, as this led to different physical outcomes and different exploration of players’ and teams’
possibilities for action.
5. Conclusions
Overall, the results from this study show that the prior knowledge of the task duration leads to
different physical and tactical behaviours of the players. For instance, a lower regularity in the players’
distance to the teammates and opponents was found during the first 10 min (0–10 min) compared to
the second period of 10-min (10 min–20 min) for all game scenarios, which seems to be related with the
higher physical impact (higher game pace) found during the first period of 10 min. Additionally, an
increase in the distance to the teammates during the second period of 10 min (10 min–20 min) was also
found for the Known scenario, which may result from a lower pacing strategy. That is, the increase
in the distance of the teammates may be related to the more conscious change in players pacing
strategy. The prior knowledge of longer task duration may create a higher effort regulation capability
leading the players to increase the exercise economy by improving positional relationships. In this
scenario, players may decrease their focus on the distance of the teammates, to be able to focus on more
relevant information, such as the ball location and the space available to play, helping them to perform
functional movement behaviours. These results provide important information regarding the prior
knowledge of the task duration, which should be considered by coaches during training practices.
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