friried applied
e sciences

Article

Investigating Acceleration and Deceleration Patterns in Elite
Youth Football: The Interplay of Ball Possession and
Tactical Behavior

Javier Conde-Pipo 11, Guilherme de Sousa Pinheiro 23, David Fombella Pombal 4, Luis Mosquera Toscano 4,
Juan Esteban Gomez Llamas °, Jose Maria Cruz Gallardo °, Bernardo Requena ¢ and Miguel Mariscal-Arcas

check for
updates

Citation: Conde-Pip9, J.; de Sousa
Pinheiro, G.; Pombal, D.F.; Toscano,
L.M.; Llamas, J.E.G.; Gallardo, ]JM.C.;
Requena, B.; Mariscal-Arcas, M.
Investigating Acceleration and
Deceleration Patterns in Elite Youth
Football: The Interplay of Ball
Possession and Tactical Behavior.
Appl. Sci. 2024, 14, 4336. https://
doi.org/10.3390/app14104336

Academic Editors: Mark King,
René Schwesig, Claudio Belvedere

and Alessandro de Sire

Received: 30 January 2024
Revised: 9 May 2024
Accepted: 17 May 2024
Published: 20 May 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

2
1,7,%

1 Health Science and Nutrition Research (HSNR-CTS1118), Department of Nutrition and Food Science,
School of Pharmacy, University of Granada, 18071 Granada, Spain; javiercondepipo@gmail.com
Kinexon Sports & Media GmbH, 80799 Munich, Germany; guilherme.pinheiro@kinexon.com (G.d.S.P.);
luis. mosquera@kinexon.com (L.M.T.)

Performance Analysis and Sports Informatics, Technical University of Munich, 80333 Munich, Germany
Sport Data Campus, Catholic University of Murcia, 30107 Murcia, Spain; dpombal@hotmail.com

5 Sevilla FC Innovation Center, Sevilla Football Club, 41005 Sevilla, Spain; jegomez@sevillafc.com (J.LE.G.L.);
j.cruzgallardo@sevillafc.com (J.M.C.G.)

FSI Lab, Football Science Institute, 18016 Granada, Spain; bernardo.requena@fsi.training

7 Instituto de Investigacion Biosanitaria de Granada (ibs. GRANADA), 18012 Granada, Spain
Correspondence: mariscal@ugr.es

Abstract: The main objective of this study was (1) to analyze the patterns of acceleration (Ac) and
deceleration (Dec) during football matches in elite youth football, both within and between different
segments of the match; and (2) to investigate the impact of ball possession and various playing
positions on these acceleration and deceleration patterns. To provide a broader explanatory context,
the influence of tactical space management was assessed in terms of depth and width. A descriptive
comparative design was used, and data were collected during two friendly matches. Player and ball
tracking data were collected using a local positioning system. In the attack phase, differences were
obtained in the average Ac (first half: 0.42 £ 0.06 m-s—2, second half: 0.38 + 0.07 m-s~2; p=0.021,
d = 0.50) and average Dec (first half: —0.44 + 0.09 m-s~2, second half: —0.36 + 0.08 m-s~2; p =0.001,
d = 0.84). Wingers in the attack phase obtained higher values in maximum Ac (1.65 % 0.65 m-s~2;
p = 0.007, 5> = 0.03), and in the total number of both Ac (68.7 + 45.22; p = 0.001, 7% = 0.10) and
Dec (70.6 + 45.70; p = 0.001, % = 0.10). In the defense phase, full-backs obtained higher values in
average Ac (0.53 + 0.17 m-s~2; p = 0.001, 7% = 0.07) and average Dec (—0.49 & 0.18 m-s~2; p = 0.001,
172 = 0.05) and wingers in the total number of Ac (43.9 £+ 27.30; p = 0.001, 172 = 0.11) and Dec
(43.8 4 28.60; p = 0.001, 52 = 0.10). In young football players, Ac and Dec do not follow a decreasing
end throughout the match, and their behavior is uneven depending on ball possession and the position
assigned to the player, with the highest demands on Ac/Dec in winger and full-back positions.

Keywords: local positioning system; ball tracking; live ball data; accelerations; young footballers

1. Introduction

Elite football is characterized as an intermittent team sport, interspersing bouts of high-
intensity actions (HIAs) with longer periods of low activity [1-3]. These HIA predominantly
occur during critical moments of match play, such as goal scoring [4]. Nowadays, football
has witnessed an increase in action density and speed, facilitated by game systems that
create free peripheral spaces and enable HIAs [5].

Among these HIAs, accelerations (Ac) and decelerations (Dec) are crucial in deter-
mining match outcomes, allowing players to adapt to tactical demands, win duels, and
create or defend goal attempts [4,6,7]. Ac/Dec are physically and metabolically demanding
actions, even when not performed at high speed [5-8], contributing 5-16% of a player’s
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total load per match and requiring high rates of force development [9,10]. Increases in the
number and duration of acceleration movements are associated with delayed increases
in peak heart rate, higher lactate levels, greater perceived fatigue, and an increased risk
of muscle damage from heightened concentric and eccentric contractions [11,12], making
them indicators of a player’s match-related fatigue state [9,12].

Since 2006, the average number of Ac/Dec per match has risen, increasing by up to
50% [12,13]. Professional footballers, depending on their playing positions, cover around
9 to 13 km per game. They typically sprint 600-1200 m at high speed and perform 60 to
100 accelerations. Similar figures are observed for elite youth players [4,14]. The common
practice of evaluating professional football performance using the high-speed running
threshold (19.8-25.1 km-h~!) overlooks the energy expenditure associated with Ac/Dec,
thus underestimating a player’s workload [15]. Consequently, Ac/Dec could currently
serve as more sensitive and predictive of fatigue and consistent physical performance
during matches [5,10-14]. Understanding the importance of Ac/Dec in football offers
insights for coaches and sports scientists to tailor training to address these high-intensity
actions. Acknowledging their significance in workload assessment can improve fatigue
monitoring, prevent injuries, and optimize on-field performance [5,10-14].

To measure Ac/Dec effectively, sports performance analysis relies on automatic posi-
tion detection using global (GPS) [16] and local (LPS) [17] systems. These tools determine
movement patterns during matches and training sessions [15,18-20], guiding decisions
based on player-tracking metrics [15,21,22]. LPS, unlike GPS, utilizes a local infrastruc-
ture [21], providing advantages such as the following [17,20,23]: (a) higher sampling rates,
enhancing validity and reliability for team sport-specific movement patterns; (b) indoor and
large stadium compatibility; (c) improved accuracy in player position detection; (d) device
miniaturization, potentially enabling ball tracking; and (e) facilitating tactical analyses.
Kinexon Perform LPS is a widely used sports tracking system [17] which has been used at
the World Cup in Qatar (FIFA, 2022) and assessed by Blauberger et al. [21], confirming its
outstanding accuracy for player and ball tracking in team sports.

Recent research on elite football players, both senior and youth, has observed signs of
fatigue such as a decrease in metabolic power [24] and a decline in the ability to accelerate
and decelerate as the match progresses, varying by player position [1,2,6,24,25]. Most of
these studies point to a decline in the second half of matches, especially greater in the
last 20" of play [2,26-28]. Ac/Dec peak in the first 15" of play, followed by a decline from
15’ to 30" [1], with losses ranging from 14.9% to 21% throughout the match. After an initial
increase at the beginning of the second half, the trend declines steadily [2,10], but there
is disagreement on quantifying these variables during a match. Some studies examine
changes every 15" [1,24,26,27,29,30], while others prefer 10’ [14] or 5’ intervals [10,25].

Due to football’s dynamic nature, players in different positions have varying technical-
tactical roles, resulting in distinct physical demands [5] and moments of heightened de-
mand during matches [1]. As such, the match context, including the initial formation,
tactical strategies regarding the distribution of spaces, and ball possession, must also be
considered [4,31]. Few existing studies examining the initial formation of the game reported
higher demands for Ac/Dec when distances are shorter and fewer players are available [32],
especially in possession-based playing styles like the 3—4-2-1 or 4-4-2 formation [33,34].
Positional differences in Ac/Dec demands lack consensus, with some studies suggesting
midfielders [3,11,24], others forwards [1], and still others wingers and full-backs [6,9].
Furthermore, research on young players is limited. Understanding football’s dynamic
positions and evolving demands is crucial for the comprehensive analysis of acceleration
and deceleration patterns.

Therefore, based on the present considerations, the aim of this research was two-
fold: (1) to analyze the patterns of acceleration and deceleration during football matches
in elite youth football, both within and between different segments of the match; and
(2) to investigate the impact of ball possession and various playing positions on these



Appl. Sci. 2024, 14, 4336

30f12

acceleration and deceleration patterns. To provide a broader explanatory context, the
influence of tactical space management was assessed in terms of depth and width.

2. Materials and Methods
2.1. Participants

Twenty-five elite youth male players (14.5 £ 0.5 years, weight 64.4 £ 7.40 kg, height
171.3 £ 11.2 cm) belonging to Sevilla Football Club (an elite Spanish football team) partici-
pated in this study. Each participant had a position assigned by the coach, corresponding
to central defender (CD, n =5), full-back (WD, n = 6), winger (WA, n = 5), midfielder
(CM, n =5), and forward (ST, n = 4). Goalkeeper data, although collected, were not in-
cluded in this study. A total of 33593 accelerations and 33332 decelerations were analyzed
(CD: 7998 Ac, 7904 Dec; WD: 5262 Ac, 5188 Dec; WA: 9840 Ac, 9854 Dec; CM: 6358 Ac, 6132
Dec; ST: 4135 Ac, 4254 Dec).

This study respected all the standards established by the Declaration of Helsinki and
was approved by the Research Ethics Committee of the University of Granada (code: n°
1162/CEIH/2020). A consent letter was obtained from the club, and the participants were
informed of the purposes, procedures, and potential risks of the study and provided with
their approval to participate. The anonymity of the participants was preserved throughout
the process.

2.2. Design

A descriptive comparative design was used to investigate possible differences in
accelerations and decelerations in unofficial football matches. The study was conducted
during two friendly matches, played on a standard-size field (105 m x 70 m) during the
official competition calendar for the 2022/2023 season. The team they played against were
of the same age, category, and league. There was a time difference between games of
three weeks. Research has indicated that in addition to impacting the fatigue generated by
match accumulations, especially during concentrated periods with up to three matches per
week [3,15], Ac/Dec also influence performance within a single match [21]. Conversely,
periods of inactivity or lower workload, such as summer breaks, recovery after an injury, or
the recent case of confinement due to COVID-19, also increase the risk of injury, especially
if they are followed by intensive conditioning phases [35].

2.3. Procedure

For the player and ball tracking data acquisition, a commercially available LPS
(Kinexon Sports & Media GmbH, Munich, Germany) was used. Firmware versions and
application software versions corresponded to the latest releases on the testing date (APP
version: 10.1.15, stream processor version: 10.1.11). The installation and calibration of the
system was carried out by technicians of the manufacturer. A total of 18 antennas and
1 base station were evenly distributed around the playing field at the same height level.
The calibration required the exact assessment of all antennas’ 3D positions with respect to
the local measurement area, using a tachymeter with millimeter accuracy. With the help
of these reference positions, the LPS determines the location of the player and ball tags.
This calibration procedure is necessary only one time, when the system is installed at a
new facility.

For each match, the participants wore a 15 g portable sensor attached between the
scapulae by means of a chest vest. The players and ball sensors transmitted time information
via ultra-wideband technology (UWB) to the antennas, which then forwarded the signal via
a wide local area network to the local static base stations. Afterwards, the time information
of all antennas was aggregated by a central computer and combined into positional data.
The momentary position of a player was determined with a frequency of 20 Hz and the ball
at 50 Hz. The match balls used also incorporated a 14 g sensor that combines an inertial
measurement unit (IMU-560 Hz) and an ultra-wideband sensor (UWB). The balls used in
this study (Derbystar model) are approved by the International Football Federation (FIFA).
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Through Kinexon'’s sports analytics software, real-time position and external load
data were recorded. Subsequently, they were exported for treatment and analysis with the
statistical software R (v. 4.3.1). To construct the minute-by-minute analysis of both matches,
the mean and maximum values of Ac/Dec were included in this study, as well as the total
number of Ac/Dec (Ac threshold: 2 m/s?, minimum duration 0.5 s, minimum distance 1 m;
Dec threshold: —1.5 m/s?, minimum duration 0.5 s). The acceleration values of the players
below —6 m/s~2 and above 6 m/s~2 were not taken into account as they could be due to a
technical error [28]. The data obtained from the ball made it possible to establish which
player and team had possession at all times, and therefore whether they were in the attack
or defense phase.

The depth and width of the playing area were determined from the length (long side)
and width (short side) of the rectangle on the field covering the average position of each
player most distant from each other, excluding the goalkeeper [36].

2.4. Statistical Analysis

Statistical analysis was performed with the statistical computing software R (v 4.1.2.,
R Core Team, Vienna, Austria). The normality of the variables was analyzed using the
Shapiro-Wilk test, and homoscedasticity was analyzed with the Levene test. Means and
standard deviations were used for basic descriptions. For the comparisons between groups
(match periods, 15’ intervals, or play positions) of continuous variables, non-parametric
tests for independent variables, the Mann-Whitney U test and the Kruskal-Wallis test,
were used, and to calculate the effect size, Cohen’s d and the Eta-square index, were used.
For multiple comparisons, the Wilcoxon post hoc test with Bonferroni correction was used.
All reported p values are based on the two-tailed test and the level of statistical significance
for all tests was set at 95%.

3. Results

The fluctuations of Ac/Dec throughout the matches are shown in Table 1.

Table 1. Fluctuations in accelerations and decelerations between periods of the match and in 15 min
intervals by attack and defense phases.

Match Periods 15" Intervals

Variable as Mt At 15 1630 3145 p* m2e 4660 6075 7590 p* mie
Attack, mean (SD)
Acaverage, m-s™? (8:40% (gfg% 0021050 (gﬁéé) (8f§fls) (8132) 0620 0.02 (8f§els) (8_'3;) (gﬁgg) 0260 0.06
Ac maximum, m-s~2 (gég) (5:%) 0940 0.2 (géi) (éjﬁ) (gég) 0190 008 ((2):‘2*;) (gég) (gég) 0066 0.2
Dec average, m-s~2 (_OOOA;A)L (_000‘;? 0.001  0.84 (_000% (_001% (_000%? 0300  0.06 (—0004;()) (_00035 (_000:;;& 0350  0.11
Dec maximum, m-s~2 (*0%? (*02517“;’ 0418 028 (*0'24%‘)‘ (*0'24;;’ (*0.24‘2? 0110 0.10 (*0.24%? &f{% (*0'15'25)5 0140  0.14
Defense, mean (SD)
Ac average, m-s 2 (gg) (8‘1%) 0.680  0.09 (8‘112) (83;) (gg;) 0.570 0.03 (8‘113) (8?2) (833) 0.420 0.04
Ac maximum, m-s~2 (5:1‘6‘) (3:2% 0240 025 ((1):28) ((1):23) (5:?11) 0170 0.08 (g.’gg) ((1):2;‘) (gég) 0086  0.12
Dec average, m-s ™2 (_of)dg (_0(_)1‘% 0.800  0.16 (_o(.)dé()) (_0(_)1'%(; (_o(.)dg 0.066  0.13 (_0?1'?)? (_0(_)1‘% (_0(_)1‘% 0.036  0.10
Dec maximum, m-s~2 (70.25(;? (*0‘25'; 0897  0.03 @2% (*025?; (*0_24}5’ 0255  0.06 (*Oig()) &fi; (*0‘27%? 0220  0.04
Attack and defense mean (SD)
e T T S - S T R
Ac maximum, m-s 2 (5.5319 (gé% 0871  0.14 (5:2‘21) (Sig) (gég) 0.068  0.08 (515191) (é’ffg (3:(1)2) 0159  0.06
Dec average, m-s~2 (?)?d?;? (’()?1'%? 0005  0.35 (’O%‘é} (70?1'3 (’0%‘;‘)1 0303 0.03 (B%é? (’0%35 @935; 0016  0.09
Dec maximum, m-s~2 (70.25%? (*025% 0547 —0.12 (0.25(5)5)5 (70_25;%3 (70.243 0311 003 220 220 ~187 001 010

(0.41) (0.51) (0.69)

Note: Ac: accelerations; Dec: decelerations. * Kruskal-Wallis, ** Eta-square, t Mann-Whitney U, tt Cohen’s d.



Appl. Sci. 2024, 14, 4336

50f12

1st half:

When comparing the first and second halves, the results reveal that in attack there
are significant differences both in the average Ac (first half: 0.42 + 0.06 m-s~2, second half:
0.38 + 0.07 m-s2; p=0.021,d = 0.50) and in the average Dec (first half: —0.44 £ 0.09 m-s2,
second half: —0.36 & 0.08 m s~2; p = 0.001, d = 0.84). Within each period, when analyzing
the variables in 15’ intervals, differences were only observed between the 60-75" and
75-90" intervals in the average Dec in the defense phase (p = 0.036, 7% = 0.10). Considering
both phases, significant differences were obtained in the average Dec between periods (first
half: —0.42 + 0.08 m-s~2, second half: —0.39 + 0.110 m-s~2; p = 0.005, d = 0.35) as well as
between the intervals 46-60" and 60-75 in the maximum Dec (p = 0.016, 7% = 0.09) and
between the intervals 46-60" and 75-90 in the average Dec (p = 0.021, 7? = 0.10).

Figures 1 and 2 reflect the tactical context in which the differences in Ac and Dec
occurred between the first and second half of the match, showing the average width and
depth of the team. In both the attack and defense phases, the width was greater in the first
half, while the depth was greater in the second.

2nd half

Average Ac: 0.42 / Maximum Ac: 2.28 Average Ac: 0.38 / Maximum Ac: 2.27

Average Dec: -0.44 / Maximum Dec: -2.29 Average Dec: -0.

2

6 / Maximum Dec: -2.15

Depth: 48.90m / Width: 45.00m Depth: 58.60m / Width: 36.10m

1st half:
Game direction <

2nd half
Game direction

Figure 1. Tactical line in the attack phase, differentiating by the first (1T) and second half (2T). Ac:
acceleration (m-s~2); Dec: deceleration (m-s~2).

Regarding the comparative analysis of the Ac and Dec depending on the player
position (Table 2, Figure 3a—f), the results show the existence of significant differences
between positions.
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1st half: 2nd half:

Average Ac: 0.43 / Maximum Ac: 2.14 Average Ac: 0.42 / Maximum Ac: 2.03

Average Dec: -0.41 / Maximum Dec: -2.09 Average Dec: -0.4

aximum Dec: -2.11

Depth: 48.80m / Width: 37.30m Depth: 58.80m / width: 35.90m

1st half: 2nd half:

Game direction < Game direction -

Figure 2. Tactical line in the defense phase, differentiating by the first (1T) and second half (2T). Ac:

acceleration (m-s~2); Dec: deceleration (m-s~2).

Table 2. Comparative analysis of Ac and Dec by player positions.

Player Position
CD WD (@91 WA ST

. 2
Variable (1=5) (=6 (=5 (1=5) (=4 p* 7 ** Post Hoc
Attack Mean (SD)
Ac average, m-s~2 041 (0.17) 0.38 (0.14) 0.42 (0.17) 0.40 (0.13) 042(0.12) 0189 0.2
Ac maximum, m-s 2 1.48 (0.51) 1.39 (0.47) 1.43 (0.67) 1.65 (0.65) 1.62(042)  0.001  0.03 WA-CM, WD-CM
Number Ac/min 50.0 (31.40) 45.3 (19.70) 41.6 (26.60) 68.7 (45.20) 41.6 (26.60) 0.001 0.10 WA-CD, WA-CM, WA-ST, WA-WD
Dec average, m-s2 040 (0.14)  —044(0.12)  —038(0.13)  —0.40(0.18)  —044(024) 0050 0.2 WD-CM
Dec maximum, m-s2  —1.57 (0.58)  —164(045) —155(0.61) —1.69(0.66) —161(0.66) 0.600  0.00
Number Dec/min 53.4 (33.10) 48.0 (21.10) 44.2 (28.40) 70.6 (45.70) 38.3 (34.30) 0.001 0.10 WA-CD, WD-CM, WA-ST, WA-WD
Defense Mean (SD)
Ac average, m-s2 0.41 (0.15) 0.53 (0.17) 0.41 (0.15) 0.40 (0.15) 0.43 (0.66) 0.001 0.07 WD-CD, WD-CM, WD-ST, WD-WA
Ac maximum, m-s~2 1.54 (0.57) 1.55 (0.17) 1.42 (0.48) 1.50 (0.54) 154(0.66) 0451  0.00
Number Ac/min $B6(880)  263(1400)  302(1980) 439730 259280 0001 011 CPTM RS COWD WA-CM,
Dec average, m-s2 —0.40 (0.15) —0.49 (0.18) —0.39 (0.14) —0.39 (0.16) —0.41 (0.15) 0.001 0.05 WD-CD, WD-CM, WD-ST, WD-WA
Dec maximum, m-s—2 —1.50 (0.61) —1.56 (0.57) —1.35(0.51) —1.61 (0.71) —1.35(0.51) 0.067 0.02
. CD-CM, CD-ST, CD-WD, WA-CM,
Number Dec/min 40.1 (26.60) 24.2 (14.80) 27.5 (17.90) 43.8 (28.60) 28.1 (25.40) 0.001 0.10 WA-ST, WA-WD
Attack and defense Mean (SD)
Ac average, m-s2 0.39 (0.10) 0.44 (0.11) 0.38 (0.11) 0.39 (0.11) 041(0.11) 0001  0.04 WD-WD, WD-CM, WD-WA
Ac maximum, m-s—2 1.77 (0.50) 1.80 (0.36) 1.67 (0.39) 1.86 (0.50) 1.86 (0.50)  0.086  0.02
. CD-CM, CD-ST, CD-WA, CD-WD,
Number Ac/min 88.9 (45.80) 69.2 (14.80) 70.6 (32.70) 109.0 (55.00) 55.9 (44.60) 0.001 0.17 WA-CM, WA—ST, WA-WD
Dec average, m-s2 039 (010)  —045(0.11)  —037(0.10) —038(0.10) —041(0.13) 0001 0.5 WD-CD, WD-CM, WD-WA
Dec maximum, m-s 2 —1.79 (0.55)  —1.86(045) —173(0.56) —198(0.64) —177(0.70) 0064  0.02 WA-CM
Number Dec/min 87.8 (45.90) 68.3 (14.70) 68.1 (32.00) 109.0 (55.30) 57.5 (48.30) 0.001 0.16 CD-CM, CD-ST, CD-WA, CD-WD,

WA-CM, WA-ST, WA-WD

Note: Ac: acceleration; Dec: deceleration; CD: central defender; CM: midfielder; WA: winger; WD: full-back;

ST: forward; * Kruskal-Wallis. ** Eta-square.
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In the attack phase, the WA position was the one that obtained the highest values in
maximum Ac (p = 0.007, % = 0.03), the total number of Ac (p = 0.001, % = 0.10), and the
total number of Dec (p = 0.001, 2 = 0.10), and the WD position obtained the highest values
in the average Dec (p = 0.050, 72 = 0.02). In the defense phase, the WD position was the
one that obtained the highest values in average Ac (p = 0.001, 7% = 0.07) and average Dec
(p =0.001, 172 = 0.05), while in the total number of accelerations (p = 0.001, 172 =0.11) and in
the total number of decelerations (p = 0.001, 7% = 0.10), the highest values corresponded
to the WA position. Considering both phases, and therefore the entire playing time, the
players who occupied the WD position were those who obtained the highest average Ac
and Dec (p = 0.004, 4% = 0.07; p = 0.001, #% = 0.05 respectively), and those who occupied the
WA position were those that performed a greater total number of accelerations (p = 0.001,
1% = 0.17) and decelerations (p = 0.001, % = 0.16).

4. Discussion

The aim of the present study was the following: (1) to analyze the patterns of accel-
eration and deceleration during unofficial football matches in elite youth football, both
within and between different segments of the match; and (2) to investigate the impact of
ball possession and the various playing positions on these acceleration and deceleration
patterns. To provide a broader explanatory context, the influence of tactical space manage-
ment was also evaluated in terms of depth and width. The results show that in possession,
the average Ac/Dec do not seem to follow a continuous linear downward trend within
each period, although both are between 10-18% lower in the second half compared to the
first. However, these differences did not occur in the defensive phase.

These results are partially analogous to those obtained in previous research carried
out on elite professional and youth players, which concluded that both Ac and Dec tended
to decrease gradually between periods, but also within each period, due to the effect
of accumulated physical and mental fatigue [2,14,27,37-39]. The underlying mechanism
explaining this difference in Ac/Dec behavior is not clear. The mean values of Ac/Dec
recorded were 33% lower than those reported in senior players by Thoseby et al. [14].
Therefore, a plausible explanation would be that the intensity of the game was not sufficient
to reflect an accumulation of fatigue between the different 15 min intervals, as these were
friendly and unofficial matches [40]. Although these differences in intensity could be due
to age, as players aged 14-15 have not yet reached their peak of development and physical
performance [37], some studies have found no differences in physical performance between
senior professional players and youth or between youth and cadets, justifying this by the
similarity in training methodology [14,37,40].

In addition to the intermittent nature of football and the demands of the game [5,38],
age could also explain the lack of differences in maximum Ac and Dec between the two, as
young players lack the necessary experience to regulate and control the rhythm of the game
and have greater difficulty in maintaining their physical abilities [37,41]. In any case, studies
on these characteristics in young footballers are still scarce and it is difficult to compare the
results, since they differ both in methodology and in the analysis of accelerations based on
intensity thresholds rather than their absolute values [27].

Regarding the behavior of Ac/Dec as a function of player position, there are studies
that have focused on the initial tactical formation and have reported a greater number of
Ac/Dec and HIAs in tactical formations where the width of the lines is greater than the
depth, such as the 44-2 [34,39,42]. Unlike these previous studies, our research used player
and ball position data to more accurately determine the spatial distribution of players.
Thus, two different tactical approaches in terms of width and depth were observed between
the first and second halves of the match, each of which produced significantly different
average accelerations. The tactical approach used in the first half, based on a greater width
(45 m vs. 36.10 m) but less depth (48.9 m vs. 58.60 m), and therefore fewer distant players
but greater use of the sidebands, was the one that produced higher Ac and average Dec.
Although further studies are needed to analyze these relationships, these results could be
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explained by the reduction in individual playing area that this system generates in attack,
with less space and time to act [36,43], which implies greater player participation and a
style of play based on possession [33,34,44].

On the other hand, our findings can only partially confirm the hypothesis that es-
tablishes differences in the physical demands of young players according to the role or
position assigned to them on the pitch [45—48], since all positions showed similar perfor-
mance. Statistically significant differences were found only in the main variables of the
study, Ac and Dec, and these differences were uneven depending on the possession of the
ball. The players who had a higher number of Ac/Dec and higher maximum values in the
attack phase were WAs. In defense, they also showed higher average Ac/Dec, but it was
WDs who accelerated and decelerated more frequently.

Similar research with football players of the same age group, but without differen-
tiating by ball possession, obtained very similar results, also concluding that WAs and
WDs perform a greater number of Ac/Dec with respect to CMs, STs, or CDs [37,40,46],
and do not differ from the results obtained with senior football players [6,9,28,43]. These
differences between positions may be due to the requirements of the role and the needs
of the game, since both profiles are continually moving from one field to another to cover
spaces or teammates [5,40], but also to tactical decisions regarding pace management, such
as the one previously exposed of playing with a greater line width and less depth, in
which WAs play in a more central position and generate spaces that are used by WDs to
attack [28,33]. These results suggest that, in young football players, both WA and WD
positions support higher Ac/Dec and higher intensity, being exposed to greater physical
demands and greater risk of injury [5,37], which should be taken into account by strength
and conditioning specialists in order to prepare them for the demands of competition by
designing position-specific training exercises [49].

In terms of practical implications, our study highlights the importance of adapting
training programs for players in positions that require high levels of acceleration and
deceleration, such as wingers (WAs) and full-backs (WDs). These players could benefit
from specialized training aimed at improving their explosiveness and agility. Furthermore,
our research shows how tactical strategies and ball possession can affect the physical
demands placed on players during matches. To optimize player performance and minimize
fatigue, coaches should adjust team tactics, taking into account the spatial distribution
of players on the field and the tactical approach employed. This knowledge can serve as
a basis for the development of more effective training programs tailored to the needs of
young footballers, ultimately improving performance and reducing the likelihood of injury.

The primary advantage of this study is rooted in the sophisticated data collection
methodology employed, centered around a local positioning system, uniquely equipped to
provide real-time ball tracking. This innovative approach has yielded exceptional precision
and reliability in documenting not only the players’ positions but also their acceleration
and deceleration patterns (Ac/Dec). However, this study is not without its limitations.
The primary limitation lies in the small sample size and the number of games, resulting
in unequal participation among players in terms of minutes. Although the results add to
the available knowledge on Ac/Dec, extrapolation to other teams, playing standards, ages,
and genders should be performed with caution. Future research should seek to replicate
the current study with young players, using a greater number of matches, both training
and official, a greater variety of teams, considering women’s football, and possibly seeking
to establish comparisons between different positions, formations, game strategies, or ball
possession, as well as determining the sensitivity of Ac/Dec to accumulated game time.

It is also necessary that these future studies overcome the lack of standardization that
exists in the field with regard to data collection procedures, the classification of positions
in the field, the quantification of physical performance variables, and the definition of
their intensities and thresholds, since this limits the quality and depth of the analysis,
makes it difficult to compare the results, and conditions the possible generalization of the
results [43]. Being part of this sporting elite means being part of a minority, which makes
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this population rare and difficult to study. However, their contributions to sport and health
are invaluable. As a result, most studies in sport focus on teams or athletes at lower levels,
such as amateurs or recreational players. For this reason, coaches and physical trainers
greatly value research such as ours, even if it is carried out with small samples, because of
its usefulness in guiding their work. As mentioned above, a recent bibliographic review
analyzing accelerations and decelerations in football [43] found that, of a total of 40 recent
studies, 36 had samples of less than 25 subjects and the rest had less than 35.

5. Conclusions

The data collection methodology based on a local positioning system provides real-
time tracking of the ball and players with exceptional precision and reliability of both
position and accelerations. In young football players, although accelerations and decelera-
tions do not follow a decreasing trend throughout the match, both are lower in the second
half compared to the first but present an uneven behavior depending on ball possession,
the spatial distribution of the team, and the position assigned to the player on the field. The
positions with the highest Ac/Dec demands are mainly WAs and to a lesser extent WDs.
Consequently, football training and physical preparation must be adapted and individual-
ized taking into account these differences in order to optimize performance and prevent
possible injuries.
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