_3: sports

Article
Acceleration and Deceleration Profiles: Comparison Between the
5-0-5 Test and Seasonal Peak Player Performance

1,2,3,4,% 3,502 and F4abio Yuzo Nakamura 246

Ricardo Pimenta , Hugo Antunes

W) Check for updates

Academic Editors: Luis Branquinho

and José Eduardo Teixeira

Received: 12 November 2025
Revised: 10 December 2025
Accepted: 18 December 2025
Published: 3 January 2026
Copyright: © 2026 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.

1 Research Center of the Polytechnic Institute of Maia (N2i), Maia Polytechnic Institute IPMAIA),

Castélo da Maia, 4475-690 Maia, Portugal

Research Center in Sports Sciences, Health Sciences and Human Development (CIDESD), University of Maia,
4475-690 Maia, Portugal; fnakamura@umaia.pt

Department of Rehabilitation and Optimization of Performance (DROP), Futebol Clube de Famalicao-Futebol
SAD, 4760-482 Famalicao, Portugal; hugoduarteantunes@gmail.com

FSI Lab, Football Science Institute, 41, 18016 Granada, Spain

Department of Neurosciences, Biomedicine and Movement Sciences, University of Verona, 37124 Verona, Italy
Graduate Program in Physical Education, Federal University of Pernambuco, Recife 50670-901, Brazil
Correspondence: rjl.pimenta@gmail.com; Tel.: +351-918852877

¥ o Ul

Abstract

Change-of-direction (COD) capacity is a key performance metric in football due to the high
volume of COD actions occurring during match play. This study aimed to (i) evaluate
the repeatability of the 5-0-5 test and (ii) examine the relationship between acceleration
and deceleration profiles of the 5-0-5 test and in-season peak performance. Nineteen
national-level Portuguese football players competing in the under-23 Portuguese National
Championship were analysed. Repeatability analysis was conducted using intraclass
correlation coefficients (ICC). Paired-samples t-tests and Pearson correlations (r) were
employed to assess within-subject differences and associations between 5-0-5 measures
(highest accelerations from a standing start [ACC_S], deceleration prior to the change in
direction (DEC_COD), acceleration after decelerating and changing direction [ACC_COD])
and seasonal peak performances (ACCmax). The in-season peak values were determined
from the average of the three maximal values that occurred either in training sessions
or in matches. Normalized (relative to seasonal performance) parameters showed good
repeatability (ICC = 0.76-0.85). The best ACC_COD and DEC_COD were not significantly
different from ACCpax [ACC_COD] vs. ACCpax: (5.04 & 0.39 m/s? vs. 5.36 4 0.54 m/s?;
p > 0.05) and DECppax [DEC_COD] vs. DECpayx: (—6.47 £ 0.26 m/s? vs. —6.35 & 0.61 m/s?;
p > 0.05), respectively. The average and best 5-0-5 ACC_S performances showed significant,
moderate correlations (r = 0.48; p = 0.040 and r = 0.50; p = 0.028, respectively) with the play-
ers’ peak in-season acceleration performance. Therefore, the best ACC_S and ACC_COD
attempts can reflect values above 90% of ACCpayx, while DEC_COD reflects values above
100% of DECmax and may assist in monitoring and tailoring training for this capacity on an
individual basis.

Keywords: change of direction; soccer; locomotor performance; GPS; repeatability

1. Introduction

Performance testing is an essential procedure across sports disciplines, providing
insights into a player’s current fitness relative to specific time points. Change of direction
(COD) represents a common physical capacity in football players [1-4]. Higher acceleration
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capacity in certain positions has been linked to team success in competitions such as La
Liga [5]. Key actions, such as shots on target or recovery runs, involve high-intensity
accelerations and have been associated with team success [6]. These findings corroborate
the need for individualized training according to the accelerative demands of each position
and player characteristics. However, adequate prescription of intensity requires accurate as-
sessment of players’ maximum capacities. Despite the limited ecological validity associated
with COD tests [7], they differentiate players of different competitive levels [8]. Typical
COD assessment methods involve measuring performance in seconds [8] and commonly
using timing gates. Although dual-beam timing gates have been recommended for their
greater measurement accuracy and reliability [9], using test time alone as an output limits a
comprehensive understanding of COD performance, since COD performance is influenced
by multiple factors, such as technique, lower limb strength, acceleration (ACC) capacity,
and speed [10].

Partially contributing to a more complex understanding of COD assessment perfor-
mance, and given that GPS devices are reported to be valid and reliable for measuring
high-intensity running metrics [11-13], these devices could be used to investigate locomotor
parameters during COD tests, such as ACC and deceleration (DEC), obtained during test
execution. Although GPS devices are not considered the gold standard for monitoring loco-
motor performance [14,15], they are commonly used in the daily training and competitive
settings in football. Therefore, employing GPS devices during preseason COD assessments
could provide coaches with valuable and practical insights into players’ maximal loco-
motor performance. The application of specific testing sessions to isolate certain physical
capacities counterbalances the chaotic nature of football, where unpredictability can mask a
player’s true maximal capacity. This was verified, for example, in sprinting capacity, where
a maximum sprint value from a 40 m linear sprint test resulted in smaller coefficients of
variation (CV: 3.3 £ 2.5 vs. 13.2 &£ 6.6%) compared to match settings [16]. Therefore, it
is plausible that isolating ACC and DEC performance through testing could be a viable
option to obtain reliable and accurate measures of a football player’s maximum accelerative
capacities. From a time-efficiency perspective, using some COD tests, such as the 5-0-5 test,
could serve as an analytical COD exercise implemented in sessions involving high-volume
accelerative maneuvers (e.g., MD-4, MD-3) while also acting as an unobtrusive monitoring
tool, enabling continuous tracking of maximal accelerative capacities throughout the season
without requiring time-consuming procedures during a microcycle.

To the best of our knowledge, no studies have investigated the repeatability of a
COD test [8] when assessed using GPS devices in football, despite the reasonable validity
and reliability of GPS technology for quantifying ACC efforts [11-13,17]. Moreover, few
studies have examined the ACC profiles underlying COD actions or compared these profiles
across different time points within a competitive season [18]. Silva et al. (2025) investigated
the association between the outcomes obtained from the pro-agility test and the peak
accelerations recorded during match play [18]. A strong correlation (r = 0.79) between
the pro-agility and 5-0-5 tests has been reported [19], despite inherent differences in their
locomotor profiles. However, for the 5-0-5 test, no study has explored the relationship
between GPS-derived performance metrics and seasonal ACC dynamics, as done for other
performance parameters [20-23].

The purposes of the present study were to (i) determine the intra-session repeatability
of the 5-0-5 test using GPS data and (ii) perform a retrospective comparison between the
performance variables obtained during preseason testing and the highest training- or match-
derived ACC values recorded throughout the competitive season. We hypothesize that:
(i) the 5-0-5 test outcomes will exhibit good-to-excellent intra-session repeatability; and
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(ii) significant differences will be observed between preseason 5-0-5 testing performance
levels and the highest ACC levels achieved during the season.

2. Materials and Methods
2.1. Participants

A convenience sample of 23 highly trained youth football players (age: 19.08+ 1.18 years,
weight: 76.23 + 8.53 kg, height: 1.82 4= 0.08 m) from a team competing in the under-23
Portuguese National Championship (the highest national division for the specific age
group, Tier 3 [national level]) [24] was invited to participate in this study. Goalkeep-
ers were excluded from the analysis as their activity profile is very different from the
other game positions [25], totalling a sample size of 19 players (age: 19.14 £ 1.24 years,
weight: 74.64 £ 7.62 kg, height: 1.81 &+ 0.08 m). The study was conducted following
the principles of the Declaration of Helsinki, and ap-proved by the institutional review
board of the University of Maia, Maia, Portugal (protocol code: #210/2024; approval date:
28 May 2024).

2.2. Protocol

The preseason test session began with a standard warm-up (including mobility ex-
ercises for the lower-limb muscles, running technique drills, and two submaximal 10 m
sprints) designed for speed-focused days [26], administered by a strength and conditioning
coach. The meteorological conditions were sunny with low humidity, and the test was
performed on an artificial turf surface. Participants performed two repetitions which could
be up to a maximum of four repetitions of the 5-0-5 test, with three minutes of rest between
repetitions. For example, if a player slipped or felt that a repetition was not adequate,
they were allowed up to two additional attempts. However, only two repetitions were
considered valid for analysis, and repetitions not meeting these criteria were automatically
excluded and omitted from the dataset. As for the execution of the 5-0-5 test, the player
begins the test from a standing start position. At a self-selected moment, the player acceler-
ates maximally along a straight line and runs through the timing gates positioned 10 m
from the starting line. After crossing the 10 m timing gates, the player has 5 m available to
decelerate and perform a 180° change of direction, making mandatory contact with one foot
on the 15 m line marker. Inmediately after the turn, the player re-accelerates maximally
until passing through the timing gates once again.

In contrast, in the modified 5-0-5 test the timing gates are placed 0.5 m in front of the
starting line. Players must accelerate maximally along a linear path, with the turning point
located 5 m beyond the timing gates. Consequently, players have substantially less distance
to accelerate compared with the 15-0-5 test. Players must decelerate and execute the
180° turning maneuver, making obligatory one-foot contact with the designated turning
line, before re-accelerating maximally until they pass through the timing gates for the
second time.

2.3. Procedures

Locomotor activity was monitored using a portable 10 Hz Global Positioning System
(GPS) device (Catapult Vector S7, Catapult Sports, Melbourne, Australia), which has been
certified by FIFA (certification number: 1003407) and validated for measuring ACC and
DEC [27]. The same GPS was used for the same player throughout the season for reliability
issues. The analysis of ACC and DEC was performed using the recurring Catapult Accel
Set 2, which utilizes the 10 Hz GPS data to specifically analyze ACC and DEC. The criteria
for identifying ACC and DEC efforts using GEN2 are as follows:
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Total OBS = 57 (100%)

e  Only data points where velocity exceeds 5 km/h are included. This excludes low-
speed movements from the analysis and enhances accuracy.

e  Acceleration efforts are calculated using multiple consecutive data points (by default,
9 data points sampled at 0.1-s interval, equivalent to 0.8 s).

e  The algorithm fits a linear regression line through the selected data points, and the
slope of this line determines the acceleration value.

o To ensure that the effort represents a true, smooth acceleration, any fitted line with
a correlation coefficient lower than 0.8 is discarded (excluded from reporting). This
filters out noisy or low-quality data.

e A minimum interval of 1 s must separate distinct acceleration efforts. If a new effort
satisfies all other criteria but occurs within less than 1 s of a previous effort, the
two efforts are merged and reported as a single event. The 1-s minimum interval
rule applies only between efforts of the same type (i.e., acceleration-to-acceleration
or deceleration-to-deceleration) and does not apply between an acceleration and a
deceleration, or vice versa.

To avoid spikes caused by GPS error rather than a true performance of the athlete, the
average of the three highest values recorded during the season (whether in training sessions
or matches) were calculated, excluding any value that was more than 1 m/s? higher than
the second-highest value [28]. These values were referred to as maximum acceleration
(ACCpax) or maximum deceleration (DECy,,x). Moreover, Maximum (%) is defined as
the ratio between the maximum value observed in the respective condition during the
5-0-5 test (e.g., ACC_S, DEC_COD_ and ACC_COD) and the average of the three highest
values recorded throughout the season. The occurrence values of the seasonal maximum
values can be visualized in Figure 1.

Acceleration Deceleration

Total OBS = 57 (100%)

Pre-Season Phase 1 Phase 2 Pre-Season Phase 1 Phase 2
n =22 (39%) n =21 (37%) n =13 (23%) n =24 (42%) n =23 (40%) n =10 (18%)
Training = 14 (25%) Training = 19 (33%) Training =9 (16%) Training = 16 (28%) Training = 16 (28%) Training = 8 (14%)
Game =8 (14%) Game =2 (4%) Game =4 (7%) Game =8 (14%) Game =7 (12%) Game =2 (4%)
|\ B | I N

Figure 1. A schematic representation of the occurrences of maximal acceleration and deceleration
efforts throughout the 2024 /2025 season. Occurrences were stratified according to the competitive
phase in which they were observed and, more specifically, by the type of activity (training or match).
Total OBS = total number of observations; Pre-Season = The period from 1 July until (but excluding)
the date of the first official match of the season (13 August 2024); Phase 1 = the first competitive phase,
from the first match of the season until 31 December; Phase 2 = the second competitive phase, from
1 January until the end of the season (30 April 2025).

2.4. Statistical Analysis

Raw data were organized and treated in Microsoft Excel (Microsoft Corporation;
Version 16.89.1). After that, a statistical analysis was conducted with JASP statistical
software (version 0.95.4, University of Amsterdam, Amsterdam, The Netherlands). Be-
fore conducting statistical analyses, data normality was assessed both visually (using
Q-Q plots and histograms) and objectively using the Shapiro-Wilk test. Paired-sample -test
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was applied using the average of the 2 repetitions and the best repetition of the 5-0-5 test
compared to the maximum throughout the season. Moreover, p-values were adjusted for
multiple comparisons using the Bonferroni method within each comparison set (adjusted
o = 0.025). Adjusted p-values were compared against the standard significance level of
p < 0.05. Correlations were performed using Pearson’s coefficients, for normally distributed
data. The correlation coefficients were classified as weak (<0.3), moderate (>0.3-0.7), and
strong (>0.7) [29]. Cohen’s d effect sizes were calculated for each comparison and catego-
rized as trivial (<0.2), small (>0.2-0.6), moderate (>0.6-1.2), large (>1.2-2.0), very large
(>2.0-4.0) and extremely large (>4.0) [30]. To assess repeatability, an intraclass correlation
coefficient (ICC3.1) analysis was performed between the two repetitions. The ICCs were
classified as poor (<0.5), moderate (>0.5-0.75), good (>0.75-0.9) and excellent (> 0.9) [31].
For each player, the coefficient of variation (CV) was calculated using the 2 repetitions as
well as the standard error of measurement (SEM) [32,33].

3. Results
3.1. Repeatability Analysis

Regarding the kinematic characteristics of the 5-0-5 test (Figure 2), the results revealed
that, on average, football players required 12.1 m to accelerate, 2.7 m to decelerate, and
5.9 m to re-accelerate. The results of the repeatability analysis between the two repetitions
can be seen in Table 1. Briefly, the absolute ACC and DEC parameters showed a relatively
low variability (CV: ~5%), and good repeatability for absolute ACC_S (ICC = 0.73).

bm 10m
(DEC + RE-ACC) (ACC)

; (5.9 m) ;
8 C m % i
2 (2.7 m) i (12.1 m)

+ Acceleration Distance

* Deceleration Distance
im

— Acceleration COD Distance —
Figure 2. A representation of the setup for the 5-0-5 test. This setup encompasses a 10 m acceleration
zone [10 m (ACC)] and a 5 m distance to perform the change of direction maneuver, divided into
deceleration and re-acceleration phases [5 m (DEC + RE-ACC)]. On average, players accelerated for
12.1 m (blue arrow), decelerated for 2.7 m (red arrow) and re-accelerated for 5.9 m (green arrow).

For the ACC_S condition, most parameters demonstrated good repeatability (Starting
speed: ICC = 0.73; Distance: ICC = 0.75; % Maximum: ICC = 0.81), while the remain-
ing variables showed moderate (Absolute: ICC = 0.73) and poor repeatability (Duration:
ICC = 0.40). Regarding the DEC_COD parameters, the majority exhibited a poor repeatabil-
ity magnitude (Absolute: ICC = —0.49; Starting speed: ICC = 0.48; Distance: ICC = —0.45),
whereas Duration (ICC = —0.49) and % Maximum (ICC = 0.76) presented moderate and
good repeatability, respectively. For the ACC_COD condition, poor repeatability was ob-
served for Absolute (ICC = 0.29) and Starting speed (ICC = —1.09), moderate repeatability
for Duration (ICC = 0.64) and Distance (ICC = 0.59), and good repeatability for % Maximum
(ICC=0.85).
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Table 1. Within-session intraclass correlation coefficients (ICCs) with 95% confidence intervals
(95% CI) for the measured variables in the 5-0-5 change of direction (COD) test.

Average + SD

ICC
Rep 1 Rep 2 . : cv
. =p19) . =p19) [95% Confidence %) SEM
Interval]
Absolute (m/s?) 4.80 +0.32 475 + 0.54 0.73 [0.26-0.90] 4.6 0.1
Duration (s) 2.06 +0.10 2.16 +0.23 0.40 [—0.39-0.76] 3.1 0.1
ACC_S Starting Speed (m/s) 0.69 £+ 0.24 0.62 +£0.11 0.75 [0.36-0.91] 17.9 0.0
Distance (m) 12.06 £+ 0.48 12.18 £0.39 0.78 [0.43-0.92] 1.8 0.1
Maximum (%) 89.87 £ 7.27 88.83 £ 10.93 0.81[0.48-0.93] 45 1.7
Absolute (m/s?) —658+032 —641+044 —0.49 [—2.90-0.44] -5.2 04
Duration (s) 1.07 +£0.23 1.07 +0.15 —0.54 [—3.86-0.45] 12.7 0.2
DEC_COD  Starting Speed (m/s) 6.55 +0.18 6.59 = 0.16 0.48 [0.40-0.81] 1.5 0.1
Distance (m) 2.60 + 0.64 2.80 + 0.58 —0.45 [—3.06-0.47] 20.6 0.7
Maximum (%) 10452 £12.51 101.65 +11.58 0.76 [0.38-0.91] 5.2 2.7
Absolute (m/s?) 4.81 +0.30 4.99 + 041 0.29 [—0.69-0.72] 5.3 0.2
Duration (s) 1.21 +£0.15 1.19 +0.17 0.64 [0.05-0.86] 7.9 0.1
ACC_COD  Starting Speed (m/s) 1.20 = 0.53 1.44 £+ 0.73 —1.09 [—4.99-0.24] 419 0.9
Distance (m) 5.90 £ 0.73 5.82 +0.94 0.59 [—0.13-0.85] 8.8 0.3
Maximum (%) 90.57 4+ 12.34 93.82 + 12.75 0.85 [0.60-0.94] 53 1.9

Legend: ACC_S = Highest acceleration value achieved when initiating the effort from a standing start posi-
tion (i.e., at the beginning of the test) until the player begins the deceleration phase; DEC_COD = The highest
deceleration value recorded between the onset of deceleration following the initial standing-start acceleration
and the subsequent re-acceleration required to execute the 180° turn; ACC_COD = The highest acceleration
value achieved immediately following a deceleration phase. In the context of the test, this corresponds to the
re-acceleration action performed immediately after the 180° turn at the 15 m mark. Absolute (m/s?) = maxi-
mum value recorded for the respective condition; Duration (s) = total time of the respective effort; Starting
Speed (m/s) = speed immediately preceding the onset of the respective effort; Distance (m) = distance covered
during the execution of the respective effort; % Maximum = ratio between the maximum value observed in the
respective condition and the average of the three highest values recorded throughout the season; CV = coefficient
of variation; SEM = standard error of measurement.

3.2. Correlation Analysis

The correlations between both the average of the 2 repetitions and the best repetition of
the 5-0-5 test are depicted in Tables 2 and 3, respectively. Significant moderate correlations
were only observed between average 5-0-5 ACC_S vs. ACCpax (r = 0.48; p = 0.040) and best
5-0-5 ACC_S vs. ACCpax (r = 0.50; p = 0.028).

Table 2. The correlations (Pearson r) between the average of the two repetitions of the 5-0-5 test and
the maximum acceleration and deceleration values recorded throughout the season.

ACCpax DEChax
Pearson (1) p-Value Pearson (1) p-Value
ACC_S 0.48* 0.040
ACC_COD —0.04 0.859
DEC_COD 0.04 0.881

Legend: ACC_S = The highest acceleration value achieved when initiating the effort from a standing start
position (i.e., at the beginning of the test) until the player begins the deceleration phase; DEC_COD = The highest
deceleration value recorded between the onset of deceleration following the initial standing-start acceleration
and the subsequent re-acceleration required to execute the 180° turn; ACC_COD = The highest acceleration
value achieved immediately following a deceleration phase. In the context of the test, this corresponds to the
re-acceleration action performed immediately after the 180° turn at the 15 m mark. Pearson correlations are
expressed as r. * p < 0.05 = Significant correlations were considered at p < 0.05.
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Table 3. Correlations (Pearson r) between the best repetition of the 5-0-5 test and the maximum
acceleration and deceleration values recorded throughout the season.

ACCmax DECmax
Pearson (r) p-Value Pearson (r) p-Value
ACC_S 0.50 * 0.028
ACC_COD 0.01 0.980
DEC_COD 0.24 0.317

Legend: ACC_S = The highest acceleration value achieved when initiating the effort from a standing start
position (i.e., at the beginning of the test) until the player begins the deceleration phase; DEC_COD = The highest
deceleration value recorded between the onset of deceleration following the initial standing-start acceleration
and the subsequent re-acceleration required to execute the 180° turn; ACC_COD = The highest acceleration
value achieved immediately following a deceleration phase. In the context of the test, this corresponds to the
re-acceleration action performed immediately after the 180° turn at the 15 m mark. Pearson correlations are
expressed as r. * p < 0.05 = Significant correlations were considered at p < 0.05.

3.3. Comparison of the Average and the Season’s Maximum

Regarding the comparison between the average of the 2-repetitions 5-0-5 test (Table 4)
score with the maximum recorded throughout the season, a statistical significant differ-
ence was observed with large effect sizes for the comparisons between absolute values
of ACC_S vs. ACCpax (p = 0.004; d = 1.24), as well as between normalized values of
ACC_S vs. ACCpax (p = 0.004; d = 1.31). Moreover, moderate effect sizes were found for
the comparisons between absolute values of ACC_COD vs. ACCpax (p = 0.016; d = 0.76),
and between normalized values of ACC_COD vs. ACCpax (p = 0.024; d = 0.72).

Table 4. A comparison between the average of the two repetitions of the 5-0-5 test and the maximum
acceleration and deceleration values recorded throughout the season.

Effect Size
Average 5-0-5 Test vs. Average £+ SD t p [95% Confidence
Maximum Values
Interval]
ACC_S (m/s?) 4.75 £ 0.40
ACC_S vs. ACChax ACCrnax (m/s?) 536 -+ 0.54 —5.41 0.004 1.24 [0.63-1.83]
(n=19) ACC_S (%) 89.04 £+ 8.35
ACCom (%) 100.00 -+ 0.00 —5.72 0.004 1.31 [0.68-1.92]
DEC_COD (m/s?) —6.47 £ 0.26
DEC_COD vs. DECyax DECpax (m/s2) 635+ 0.61 —0.82 1.0 0.19 [0.27-0.64]
n=19) DEC_COD (%) 102.80 4+ 10.62
DEC oy (%) 100.00 =+ 0.00 1.15 1.0 0.26 [0.72-0.20]
ACC_COD (m/s?) 4.78 + 0.54
ACC_COD vs. ACCpax ACCrnax (m/s?) 536 -+ 0.54 —3.33 0.016 0.76 [0.24-1.27]
n=19) ACC_COD (%) 91.67 + 11.63
ACCona (%) 100.00 + 0.00 -3.12 0.024 0.72 [0.20-1.22]
ACC_S (m/s?) 4.75 + 0.40
ACC_Svs. ACC_COD ACC_COD (m/s?) 478 + 0.54 —0.30 1.0 0.07 [0.38-0.52]
(n=19) ACC_S (%) 89.04 + 8.35
ACC_COD (%) 9167 + 11.63 —1.45 1.0 0.33 [0.14-0.79]

Legend: ACC_S = The highest acceleration value achieved when initiating the effort from a standing start position
(i.e., at the beginning of the test) until the player begins the deceleration phase; ACCpax = The average of the
three highest acceleration values recorded throughout the season; DEC_COD = The highest deceleration value
recorded between the onset of deceleration following the initial standing-start acceleration and the subsequent
re-acceleration required to execute the 180° turn; DECnax = The average of the three highest deceleration values
recorded throughout the season ACC_COD = The highest acceleration value achieved immediately following a
deceleration phase. In the context of the test, this corresponds to the re-acceleration action performed immediately
after the 180° turn at the 15 m mark.
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3.4. Comparison of the Best Repetition and the Season’s Maximum

Finally, for the comparison between the best repetition obtained during the 5-0-5 test

(Table 5) and the maximum recorded throughout the season, a statistically significant
difference was observed, accompanied by moderate effect sizes for absolute values between
ACC_S vs. ACCpax (p = 0.004; d = 0.98) and normalized values of ACC_S vs. ACCpax
(p =0.004; d = 1.05).

Table 5. A comparison between the best repetition of the 5-0-5 test and the maximum acceleration
and deceleration values recorded throughout the season.

Effect Size
Best.5-0-5 Test vs. Average = SD t p [95% Confidence
Maximum Values
Interval]
ACC_S (m/s?) 4.88 +0.31
ACC_S vs. ACCpnax ACCoax (m/s2) 536 L 0.54 —4.28 0.004 0.98 [0.42-1.52]
(n=19) ACC_S (%) 91.94 + 7.65
ACComy (%) 100.00 = 0.00 —4.59 0.004 1.05 [0.48-1.61]
DEC_COD (m/s?) —6.69 +0.36 ~
DEC_COD vs. DECpax DECya (m/s2) 635 + 061 —1.94 0.272 0.45 [0.03-0.91]
(n=19) DEC_COD (%) 106.52 + 13.24
DECoay (%) 100.00 < 0.00 2.15 0.184 0.49 [0.96-0.01]
ACC_COD (m/s?) 5.04 & 0.39
ACC_COD vs. ACCmax ACCrnax (m/s2) 5.36 & 0.54 —-2.12 0.208 0.49 [0.00-0.96]
(n=19) ACC_COD (%) 94.94 + 12.56
ACCon (%) 100.00 £ 0.00 —-1.76 0.384 0.40 [0.07-0.87]
ACC_S (m/s?) 4.88 £+ 0.41
ACC_Svs. ACC_COD ACC_COD (m/s?) 478 & 0.54 —1.65 0.464 0.38 [0.09-0.84]
(n=19) ACC_S (%) 91.94 + 7.65
ACC_COD (%) 0494 + 1256 —1.56 0.548 0.36 [0.11-0.82]

Legend: ACC_S = The highest acceleration value achieved when initiating the effort from a standing start position
(i.e., at the beginning of the test) until the player begins the deceleration phase; ACCyax = The average of the
three highest acceleration values recorded throughout the season; DEC_COD = The highest deceleration value
recorded between the onset of deceleration following the initial standing-start acceleration and the subsequent
re-acceleration required to execute the 180° turn; DECpax = The average of the three highest deceleration values
recorded throughout the season; ACC_COD = The highest acceleration value achieved immediately following a
deceleration phase. In the context of the test, this corresponds to the re-acceleration action performed immediately
after the 180° turn at the 15 m mark.

4. Discussion

To the best of our knowledge, this is the first study to compare the ACC and DEC
values obtained during the 5-0-5 test with the highest values achieved by each player
throughout the season, as well as to analyze the repeatability of a COD test assessed via
GPS devices in football. The results demonstrated (i) that the 5-0-5 COD test can provide
repeatable ACC_S values, but not ACC_COD values and that (ii) maximum ACC and DEC
values can be obtained during the preseason 5-0-5 test when compared to seasonal ACCpax
and DECpax.

Regarding the repeatability analysis, the parameters of the ACC_S showed in general
moderate to good repeatability (expected for duration). Interestingly, the Maximum (%)
comparisons across all conditions demonstrated higher repeatability magnitudes than the
non-normalized values, whereby maximal performance during the 5-0-5 could be reliably
compared to maximum performance throughout the season. This finding supports the
use of normalized metrics to facilitate individualized performance analysis, in line with
previous research recommendations [34,35]. The observation of poor repeatability magni-
tudes [ICC: —1.09-0.48] in ACC_COD and DEC_COD indicates possibly no reliability to
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accurately measure the Staring Speed in the ACC_COD. This result is not unexpected, as
players may adopt different movement strategies when performing the 5-0-5 test which
will influence the identification of the starting speed of the ACC_COD, since the Catapult
algorithm does not overlap ACC and DEC efforts, as it is not physically possible to acceler-
ate and decelerate simultaneously. The algorithm resolves such overlaps by adjusting the
start time of the latter effort.

In relation to the correlation between ACC_S and ACCpay it was significant but only
moderate when using both average 5-0-5 ACC_S (r = 0.48; p = 0.040) and best 5-0-5 ACC_S
(r=0.50; p = 0.028). This suggests that ACCynax performance is likely mediated by additional
factors [36,37] not considered within the scope of the present analysis. These findings are
partially consistent with those reported in a previous study [18], in which the peak ACC
during the pro-agility test (4.67 4 0.23 m/s?) was similar (CI 95%: 0.03; d = 0.09) to the
peak ACC recorded during official matches (4.70 + 0.33 m/s?), yet substantially different
(CI195%: 0.31; d = 1.30) when compared with training sessions (4.98 4- 0.22 m/s?). However,
the authors of that study employed a different COD protocol, which may have influenced
the magnitude of the peak ACC values, resulting in lower estimates than the average ACC_S
(4.75 £ 0.31 m/s?) and best ACC_S (4.88 + 0.41 m/s?) values reported in the present study.
The comparison between average 5-0-5 tests captured statistically significant differences
for both ACC_S vs. ACCpax and ACC_COD vs. ACCpuayx, in absolute and normalized
metrics. In other words, this study showed that these players display significantly higher
magnitudes of ACC during the season compared to the average magnitudes of ACC and
re-acceleration observed during the 5-0-5 test. Furthermore, these interactions were found
to be of large (ACC_S vs. ACCpax) and moderate effect size (ACC_COD vs. ACCpax),
which emphasizes the practical relevance of these relationships. The best 5-0-5 Test analysis
revealed significance and moderate effect sizes only for ACC_S vs. ACCpay, indicating that
even the best value of ACC attained, from the standing-start position during the 5-0-5 test,
is lower compared to the ACCpax achieved during the season. Moreover, a previous study
has reported superior ACCpax during different sprint and acceleration exercises, whereby
linear sprints of 30 m or 40 m, or chasing sprints of 30 m resulted in superior ACCpax values
compared to those obtained in this study for both the 5-0-5 test conditions and the maximum
values recorded throughout the season [26]. Therefore, linear sprint efforts may induce
higher acceleration magnitudes than the 5-0-5 test; although they could be less specific to
the re-acceleration COD in soccer [38,39]. Indeed, in our study the re-acceleration effort
immediately following the 180° turn approximates the seasonal maximum (ACCpax). Given
football’s intermittent nature and frequent COD demands [2,38,39], players could exhibit
higher ACC capacity post-180° turn compared to linear efforts, as a specific adaptation
to the imposed demands. In fact, a previous study reported a greater magnitude of ACC
registered during the first phase (linear) of the 5-0-5 test compared to the re-acceleration of
participants with “experience” in multiple team sports [40]. Therefore, a greater capacity to
re-accelerate compared to the potential to ACC from a standing-start position could be a
specific quality of football players. Nonetheless, small magnitude effect sizes were observed
for the ACC_COD vs. ACCpax, therefore suggesting a low practical significance of such
interactions. This warrants further investigation as it would be useful to comprehend
whether the capacity to ACC could be significantly associated with a preceding DEC and
to which extent the 5-0-5 could accurately identify the real ACCpax of a soccer player. This
could constitute essential information for individualized monitoring and prescription ACC
related training loads.

Regarding the DEC metrics, no significant differences were observed between both
5-0-5 repetitions analysis (average and best repetition) and seasonal maximum. However,
higher values were observed during the 505 test. The moderate effect size suggests prac-
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tical relevance, particularly since small differences in COD performance can determine
decisive moments in match play. Interestingly, DEC_COD performance was noted to be
superior to the DECpayx, suggesting that the 5-0-5 test performance provides superior DEC
intensity stimuli compared to what players might experience throughout the season. This
has important implications for training prescription, especially for coaches who may use
game-reference values to normalize training intensity [41], therefore underestimating the
players’ real maximum capacity. Furthermore, the linear DECax has been shown to be a
critical component of COD performance [42], therefore it should be adequately addressed
in order to improve COD capacity. In practical terms, coaches could use the best ACC_COD
and DEC_COD values obtained early in the pre-season as a reference for monitoring and
individualized training prescription, particularly for newly integrated players, with no
retrospective performance data available to benchmark the players’ maximum performance.
The advantages of analyzing ACC and DEC efforts through a normalized approach are
emphasized when comparing to the absolute fixed thresholds usually applied to define
high-intensity DEC (<—3 m/s?) and ACC efforts (>3 m/s?). Indeed, our data demon-
strated that, even when using the average comparison, players achieved approximately
63-68% of the ACC and 123% of the DEC values, when compared to the absolute thresholds
of >3 m/s? and <-3 m/s?, respectively.

5. Study Limitations

This study has some limitations. Firstly, ACC is a vector quantity, it encompasses
both magnitude and directional components. However, since GPS devices typically treat
ACC as a scalar variable, they fail to account for COD, thereby compromising the ac-
curate assessment of ACC during COD movements, particularly in sharper maneuvers
(e.g., a180° cut) [17]. As a result, successive derivations amplify measurement noise and
reduce the signal-to-noise ratio of ACC data. Moreover, extensive research on GPS-based
tracking systems has demonstrated that measurement reliability decreases as a function
of movement intensity, whereas validity tends to increase with greater distances cov-
ered [43]. Furthermore, measurement accuracy has been reported to be higher during
linear locomotion compared with multidirectional movements [14,44,45]. These limitations
compromise the accurate assessment of short, high-intensity efforts such as rapid multi-
directional DEC and ACC. Such inaccuracies are likely attributable to the computational
process by which ACC values are derived from speed data [17]. Despite these method-
ological constraints, GPS devices remain widely employed in football contexts due to their
ease of implementation and relatively low cost compared with more sophisticated motion
analysis systems.

Secondly, it must be taken into consideration that the ICC values could be overesti-
mated since they represent an intra-session repeatability format. Subsequently, the two
repetitions of the 5-0-5 test were conducted under, practically, the same conditions pro-
viding more stable results between trials compared to a test-retest reliability assessments
performed on different days. It is important to keep in mind the lack of inter-session
reliability analysis and the potential influence of environmental factors (e.g., weather, sur-
face) when trying to replicate this study. The negative ICC values suggest that variability
within the same athlete was greater than variability between athletes, meaning that an
athlete could adopt different movement strategies across repetitions, resulting in noticeable
differences in DEC_COD distances. In other words, athletes tend to differ less from each
other than from their own performance across repetitions. Even for variables with relatively
high CV values, the negative ICCs indicate that this within-athlete variability remained
higher than the differences observed between athletes for the parameter in question.
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Finally, a relatively small sample size may be considered a limitation, potentially reduc-
ing the statistical power of the analyses. However, the post hoc power analysis indicated
that, on average, statistical power for the two comparisons was adequate (>70%). Never-
theless, the results should not be generalized to other populations, such as female players
or players from different competitive levels. Nevertheless, it is operationally challenging to
access football environments for research purposes, particularly when involving high-level
teams. Despite this limitation, the current study offers a reproducible methodological
framework that can be replicated in other football populations and subsequently integrated
into systematic reviews or meta-analyses to foster a more accurate and comprehensive
interpretation of these issues.

6. Conclusions

This study provides relevant and meaningful insights into change-of-direction per-
formance in football players, particularly within the context of the 5-0-5 test. Firstly, our
findings suggest that ACC and DEC capacities exhibited during the best repetition of
5-0-5 test at the onset of the pre-season may be comparable to the respective maximum val-
ues recorded throughout the season. Moreover, the study demonstrates good repeatability
for the normalized variables (expressed as a percentage of the maximum values obtained
during the season). Therefore, coaches could use these variables for benchmarking and a
tailored approach to external load monitoring and training prescription. The present study
demonstrated that football players exhibited a higher value of ACC following the DEC and
turning phase than the ACC magnitude achieved during the initial linear ACC phase of
the test.
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Abbreviations

The following abbreviations are used in this manuscript:

ACC Acceleration

ACC_COD The highest acceleration value achieved immediately following a deceleration phase.
In the context of the test, this corresponds to the re-acceleration action performed
immediately after the 180° turn at the 15 m mark.

ACChax The average of the three highest acceleration values recorded during the season
(whether in training sessions or matches)
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ACC_S Highest acceleration value achieved when initiating the effort from a standing
start position (i.e., at the beginning of the test) until the player begins the
deceleration phase.

COD Change of direction

DEC_COD The highest deceleration value recorded between the onset of deceleration following
the initial standing-start acceleration and the subsequent re-acceleration required
to execute the 180° turn.

DECmax The average of the three highest deceleration values recorded during the season
(whether in training sessions or matches).

GPS Global Positioning System

ICC Intraclass Correlation Coefficient

95% CI 95% Confidence Interval

Maximum(%) Ratio between the maximum value observed in the respective condition and the
average of the three highest values recorded throughout the season
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