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Abstract
Serrano, C, Felipe, JL, Garcı́a-Unanue, J, Vicente Gimenez, J, Jiménez-Linares, L, Ibáñez, E, Hernando, E, Gallardo, L, and
Sánchez-Sánchez, J. Modeling dynamical positional physical data on field zones occupied by playing positions in elite-level
futsal: a comparison between running velocities, acceleration, and deceleration. J Strength Cond Res XX(X): 000–000,
2021—The aim of this study was to analyze the influence of playing positions on the physical demands and the specific court
zones occupied during official futsal games. The total number of observations were 188, corresponding to 8 matches from
the first division of the Spanish Futsal League during the 2019–2020 season. All dynamic motion representations were
recorded using an 18 Hz device with ultra-wideband technology and local positioning system installed on the futsal pitch for
each position. Python Data Analysis Library, Matplotlib, and Python programming language were applied as computational
tools to generate visual analysis of figures to represent every physical demand analyzed. An analysis of variance test showed
differences between playing positions, specifically, for winger position (p , 0.05). Based on eta-square coefficients, all
variables showed large effects, except acceleration distance zone 1 (1–2 m·s22). Accordingly, the visual representation of
positional dynamic motion data showed differences in the physical demands and the court zone occupied by the different
playing positions. This innovative visual analysis allows fitness coaches to associate the physical demands with court zones
occupied by different playing positions, and it aids in the design of training drills associated with futsal competition
requirements.

Key Words: local positioning system, match analysis, external load, team sport, physical demands

Introduction

Positional analysis and player tactical behaviors have been the
subject of a new stream of research in recent years in different
team invasion sports (30). In elite football, it has been shown that
the analysis of the spaces occupied by players in the court provides
information about the synergies or synchronizing of the team
(3,11), the interaction of the opponent team (30), or the contin-
uous adaptations that players should complete during the game
development (19).

These observations are principally performed by the study of
players’ positioning through x and y coordinates. These metrics
provide the longitude, depth, or surface area of the team (4). In
addition, the description of players’ movements and their vari-
ability is used to describe the collective behaviors or repetitive
patterns of movement (32). Moreover, heat maps with the anal-
ysis of entropy or variability in space occupation are being used in

current studies to show the position behaviors of the players’
movements or position of the team (1,11,13,20).

The players’ positional data may be obtained by different
player-tracking systems such as semiautomatic computer vision-
based tracking, Global Positioning Systems, or local positioning
system (LPS) (19). In futsal, the usual system used to capture the
players’ movements is the optic-based system (30). Nevertheless,
LPS has been used to analyze the physical performance variables
(16,27,35). In addition, this system can be used to obtain the
positional data owing to the accuracy and reliability, which has
been demonstrated in indoor conditions and in other team sports
(2,6,15,28).

Futsal is a team invasion sport that has specific physical re-
quirements with complex tactical behaviors (9,37), which are
determined by different constraints such us the number of players
(10) or the dimensions of the playing court (40 3 20 m) and
different contextual variables of the game (29,31). For physical
demands, previous studies have revealed a profile with in-
termittent high-intensity activities and a great number of accel-
eration (Acc) and deceleration (Dec), with short recovery times
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between them during the game (27,35,37). The study of the col-
lective tactical behaviors has been to analyze the geometrical
center, the distance-related and area-related variables (29), the
attack profile of elite futsal teams (23), and the adaptive behaviors
of attacking opposition defensive formations (38). Moreover,
the assessment of players’ organization on the court and the
variability of their movements during the game have been
found to be essential to understand the team collective be-
haviors in this sport (29). The knowledge of tactical competi-
tion demands can be used to design training strategies to
replicate tactical responses in competition and optimizing the
players’ physical performance (9,27,35,38). However, few
studies have analyzed the collective tactical behaviors and their
relationship with physical demands during official futsal
competition conditions and the more frequent situations dur-
ing the game such as 2 teams of 4 players and 1 goalkeeper (29).
There are not enough investigations about the presence of
differences in the space occupied with respect to the playing
positions and their physical requirements. Therefore, the aim
of this study was to analyze the influence of the playing posi-
tions on physical demands and the specific court zones occu-
pied during official futsal games.

Methods

Experimental Approach to the Problem

In this study, the data of 8 official games with a total of 188
observations from the Spanish Professional Futsal League in the
2019–2020 season were collected through LPS. The data re-
cording period was 5 months during all home matches for the
selected team. This enabled the external competitive loads to be
quantified for 3 futsal-specific playing positions.

Subjects

A total of 14 elite futsal players (mean 6 SD; age 30.2 6 3.9
years; height 176.76 0.07 cm; body mass 74.86 6.4 kg) from
a first division team of the Spanish Futsal League, voluntarily
participated in this investigation. The age range was 22 and 36
years old for all subjects of this study. All players participated

in this investigation were informed and signed the written in-
formed consent. To obtain a homogeneous sample, only
players who played regularly and most of the official league
matches were considered for the study (i.e., a criterion for in-
clusion was that players had to have played more than 10
minutes of total playing time during 8 matches). The positions
of the players were categorized into defenders (n5 3), wingers
(n 5 8), and pivots (n 5 3). The power of the statistical results
ranged from 0.86 to 0.99 for the selected sample. The goal-
keepers were not included because that position is very specific
and their positioning dynamics are different from the outfield
players (10). The study was conducted according to the re-
quirements of the Declaration of Helsinki (2013) and was ap-
proved and followed the guidelines stated by the Ethics
Committee of the European University of Madrid (CIPI35/
2019). The research also received formal approval from the
professional futsal club involved.

Procedures

The raw signals during the official match, movement patterns,
and time-motion characteristics of players were monitored
using a WIMU PRO (RealTrack Systems, Almerı́a, Spain) in-
ertial device with an ultra-wideband (UWB) chip operating at a
sampling frequency of 18 Hz and the LPS installed on the futsal
pitch. This system was made up of 6 antennae with UWB
technology, forming a hexagon for better signal emission and
reception (5). The local positioning system and ultra-wideband
technology had been previously validated with an accuracy
(bias: 0.57–5.85%), a 1.19% typical error of measurement (%
TEM) in test-retest reliability, an interunit reliability (bias:
0.18), and a high intraclass correlation coefficient (ICC) for the
x-coordinate (0.65) and a very large ICC for the y-coordinate
(0.88), with a good 2% TEM (5,6) and reported to be reliable
for monitoring futsal players (17,27,35).

The players’ physical activity, each position coordinate
(x–y), and the total number of times were obtained and ana-
lyzed with the specific software SPRO v. 960 (Realtrack
Systems). The visual analysis of figures to represent every
physical demand analyzed was generated by Python Data
Analysis Library and Matplotlib (v.1.3.0; NumFOCUS,

Table 1

Differences of speed, deceleration, and acceleration zone distances by playing positions.*

Defender Pivot Winger p h2

Speed Z1 (m) 570 6 729.2 395.6 6 485.9† 1,380.3 6 1,509.3†‡ ,0.001 0.15

Speed Z2 (m) 89.4 6 84.7 53.3 6 52.1† 208.9 6 196.7†‡ ,0.001 0.21

Speed Z3 (m) 37.2 6 39.3 19.9 6 22.7† 85.5 6 93.2†‡ ,0.001 0.17

Speed Z4 (m) 10.5 6 13 5.1 6 7† 25.4 6 30.6†‡ ,0.001 0.16

Dec Z1 (m) 51.5 6 63 33.2 6 39.9† 121.8 6 129†‡ ,0.001 0.16

Dec Z2 (m) 39.5 6 46.1 26.5 6 29.9† 94.8 6 95.9†‡ ,0.001 0.18

Dec Z3 (m) 29.5 6 32.6 20.4 6 22.4† 72.7 6 70.3†‡ ,0.001 0.19

Dec Z4 (m) 22.3 6 23.7 15.5 6 16.4† 54.9 6 51.2†‡ ,0.001 0.20

Dec Z5 (m) 73.6 6 59.2 56 6 52.8† 191.3 6 150†‡ ,0.001 0.27

Acc Z1 (m) 274.7 6 356.7 171 6 220.8† 631.3 6 712.9†‡ ,0.001 0.14

Acc Z2 (m) 49.3 6 60.3 31.7 6 37.5† 115.8 6 120.5†‡ ,0.001 0.17

Acc Z3 (m) 38.1 6 44.5 25.2 6 28.4† 91.7 6 90.8†‡ ,0.001 0.18

Acc Z4 (m) 29.2 6 32.4 19.9 6 21.7† 71 6 67.2†‡ ,0.001 0.20

Acc Z5 (m) 22.3 6 23.5 15.5 6 16.3† 54.9 6 50.6†‡ ,0.001 0.20

*Speed Z1 5 walking and low-speed running (0–10 km·h21); Speed Z2 5 medium-speed running (10.1–15 km·h21); Speed Z3 5 high-speed running (.15.1 km·h21); Speed Z4 5 sprinting (.18.1

km·h21); Dec 5 deceleration; Acc 5 acceleration; Z1 5 1–2 m·s22; Z2 5 2–3 m·s22; Z3 5 3–4 m·s22; Z4 5 4–5 m·s22; Z5 5 5–6 m·s22.

†Significant differences with respect to defender (p , 0.05).

‡Significant differences with respect to pivot (p , 0.05).
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Austin, Tx), and the Python programming language was ap-
plied as a computational tool.

In accordance with previous studies of futsal (17,27,35,36),
the speed, acceleration, and deceleration zones were analyzed
for each player with specific software (SPRO v. 960). The speed
zone distances (m) selected were zone 1 (Z1): walking and low-
speed running (0–10 km·h21), zone 2 (Z2): medium-speed
running (10.1–15 km·h21), zone 3 (Z3): high-speed running
(.15.1 km·h21), and zone 4 (Z4): sprinting (.18.1 km·h21).
The acceleration (Acc) and deceleration (Dec) range distances
(m) were ZONE 1 (Z1): 1–2 m·s22,ZONE 2 (Z2): 2–3 m·s22,
ZONE 3 (Z3): 3–4m·s22, ZONE 4 (Z4): 4–5m·s22, and ZONE
5 (Z5): 5–6 m·s22.

Statistical Analyses

The descriptive information was presented as mean 6 SDs.
The assumptions of normality were confirmed using the
Shapiro-Wilk test. The comparisons were performed using a
one-way analysis of variance, and post hoc pairwise compar-
isons with a Bonferroni correction were calculated (p , 0.05).
The effect size (ES) was estimated using partial eta-squared (h2

p)
values with the following interpretation: small (0.01–0.05),
medium (0.06–0.14), and large (.0.14) effects (12). All data
were statistically analyzed using SPSS v24.0 for Windows
(IBM Corp, Chicago, IL).

Results

The players were categorized into 3 playing positions (defender,
winger, and pivot), and theyweremodulated by the influence area
and total movements realized. Table 1 presents significant group
effect and large ES in all variables (p , 0.001). The post hoc
analysis revealed significant differences according to the playing
position for all physical variables between defender, pivot, and
winger (p , 0.001). Specifically, the winger position showed
greater values than the defender and pivot positions on all phys-
ical demands (p , 0.001).

The results showed that the dynamic representation of the
players’ movements in different playing positions (defender,
winger, and pivot) generated a different analysis relative to the
specific playing position and are shown in Figures 1–3. The
winger position showed more distance court zones occupied on
speed zone 2 and speed zone 3 distances than pivots and de-
fenders (Figure 1). Defender position presented acceleration and
deceleration distances on all ranges near the player’s own goal
(Figures 2 and 3). Pivot position revealed distances in all ranges
of speed zones occupied proximate to the opposite goal
(Figure 1).

Discussion

This is the first study to investigate the influence of the playing
position and the court zones occupied on physical demands of

Figure 1. Court zones occupied by playing positions concerning speed zone distances.
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elite futsal players in competition conditions through LPS tech-
nology. The main findings of this study showed that physical
variables examined were influenced by the playing position and
the court zones occupied with an emphasis on high-intensity ef-
forts. Moreover, the values of each physical demand were not
similar with respect to the court zone occupied by the different
player positions.

The analysis of physical demands and the activity profile in
futsal is still being investigated (17,25,27,35). In addition, pre-
vious studies have showed evidence that futsal is characterized
by intermittent high-intensity activities with a great number of
accelerations, decelerations, and sprints with short recovery
times between them during match-play (37). Furthermore, the
high-intensity requirements have a large prominence in this
sport due to the existence of long periods at low intensity or
rest (24).

In the current work, the results confirm those of previous
studies (14,25–27) in which greater distances at low-speed
(782 6 525.46 m) and medium-speed running (117.23 6
81.46 m) with less distances on high-speed running (47.55 6
34.01 m) and sprint (13.73 6 10.52 m) were revealed by the
activity profile of the players analyzed. In particular, the
winger position presented larger distances at low-speed and
medium-speed zones (Z1 and Z2) in comparison with the other
playing positions due to which that playing position revealed

greater distances in high-intensity speed zones (Z3 and
Z4) too.

According to previous studies (17,25,35), in elite futsal, the
movement patterns and the physical requirements could pre-
sent differences between playing positions. The results of this
study evidenced that winger position demanded greater dis-
tances in all speed zones and more acceleration and de-
celeration distances than defender and pivot positions. The
reason for these differences could be due to this playing posi-
tion having more mobility in the court covering more space
because of tactical requirements (23,25). The pivot position
revealed contrasting results in comparison with winger and
defender, especially in high-intensity efforts. This may be due
to this playing position having to occupy spaces nearly oppo-
site the goal because of their capacity to receive and control the
ball and their decision-making capabilities (8,18). This playing
position has a tendency to cover less distance. Therefore, the
monitoring of different demands will have importance for
establishing playing position profiles to elaborate physical
individual training aimed at optimizing performance and in-
jury prevention (7).

In the comparison of physical demands with respect to the
court zones occupied by players, the results of this study
revealed that distances covered in different speed zones were
distributed in different court spaces regarding the different

Figure 2. Court zones occupied by playing positions concerning deceleration zone distances.
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playing positions. While defenders covered distances near their
goal and pivots nearly opposite the goal, wingers occupied
larger zones throughout the court. The activity of all playing
positions was similar in relation to Acc and Dec distances.
These outcomes provide evidence for the influence of different
collective tactical behaviors for each playing position over
physical court zones occupied because of their technical and
tactical responses during the game (29). The offensive players
must shake off the opponent’s defender before receiving the
ball (25) and defensive players have to react to the offensive
player’s movements (39). Moreover, the relation among the
dimensions of the futsal pitch and the number of players
playing could influence the players’ behaviors because they
must constantly make specific movements to generate and
dominate the spaces influenced by interactions between
teammates and opponents present during the game (21). The
design of physical training exercises should keep in mind the
different court zones occupied and the physical demands on
each zone to replicate competition situations, and it will pre-
pare the players for this physical requirement.

Regarding the court zones occupied by the different playing
positions, the results revealed that defender positions had a
tendency to reach central spaces and limited dispersion across
the pitch. This could be due to the defender’s principal functions

in the game, which are to organize the offensive phase and
provide team balance in the defensive phase (18). Furthermore,
this position principally plays a defensive role, and the behaviors
in the court zones occupied are in line with the results from the
study by Rico-González et al. (29) who showed that during this
game phase the court zone is occupied less than in the attack
phase.

Regarding the winger, this playing position occupied more
court space areas in the middle line of the pitch than the other
playing positions. A common movement presented in futsal
games is the positional attacks, which are started in half the pitch
(34). This can explain the behaviors of this playing position, given
the variability of players’ movements started in this zone that
permit to carry on the game (41). In addition, actions with the aim
of trying to win the 1 vs. 1 confrontations to boost defensive
imbalances could be more usual in this playing position than in
the other positions (33).

Regarding the pivot position, Sarmento et al. (34) revealed that
a more frequent pattern of futsal attack during the game was a
direct pass to this player position with a later running to finish the
play. This attack strategy might describe the court zones occupied
near the opposite goal by that position. The requirements of these
actions are to perform high-intensity displacement or acceleration
and deceleration movements when the pivot player receives the

Figure 3. Court zones occupied by playing positions concerning acceleration zone distances.
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ball with the aim to obtain good zones to score a goal. In contrast
to this game phase, during the defensive phase, when the pivot
receives the ball, the defender position must guard the opponent’s
pivot in their own territory and the winger hurries back to their
own territory to prevent a goal (25). The design of training ex-
ercises in accordance with their court zones during the competi-
tion could support performance optimization.

Although the present research did not differentiate between
offensive and defensive play, previous studies have demonstrated
that players’ movements during attack are in the lateral zone
court into the central zone to increase the angle of the goal in
relation to the defender position (29). On the other hand, the
players try to maintain a balanced distance between the goal
and the opposite player with the objective of intercepting the
ball during the defensive phase (40). Future research should
investigate the possible influence of defensive and offensive
phases and this tactical situation on physical demands during
the competition (22). Although the results of this study come
from elite players, it must be interpreted with care because of
only 1 team being considered. Moreover, the influence of
contextual variables on the physical variables and the court
zones occupied during the game was not taken into account,
and further research is required to investigate these
relationships.

Practical Applications

These results have practical implications for fitness
coaches because they associate the physical demands with
court zones occupied by different playing positions. Al-
though, only 8 games were analyzed from the same team,
these data could provide an approach of physical demands
and tactical zones more occupied by players during the
game.
The current investigation demonstrates the significant dif-

ferences in physical demands according to the playing position
(defender, winger, and pivot) elicited in competitive futsal
conditions. In addition, visual analysis plots have been able to
identify that each playing position has a specific physical de-
mand associated with the use of space. Overall, the results
provide information to improve the individualization and
specificity of the training. Futsal fitness coaches should design
training tasks according to not only the physical requirements
of the competition but also the positional demands of the
match to improve the process of tactical adaptation of the
players.
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