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Abstract

Objective

Quantify between-match, -player and -team variability and compare whole- and peak-
match locomotor characteristics between positions in elite female academy soccer.

Method

Foot-mounted inertial measurement unit data were collected from 11 Women’s Super
League Academy teams (n = 257 players; 171 matches). Differences between positions
and variability were analysed using partial least squares correlation analysis (PLSCA) and
linear mixed effects. Two latent variables were computed as composite scores of either
whole match or peak intensity variables from the PLSCA.

Results

Between-match variability of whole- and peak-match locomotor characteristics were sim-
ilar (2 to 24% vs 0.2 to 22%). Between-team and -player variability was higher for whole-
than peak-match locomotor characteristics (1 to 20% vs 0.1 to 3%, 8 to 112% vs 0.3 to
77%). From 30 pairwise comparisons, there were two large effect size (ES) differences
(p<0.001), WM had greater whole and peak match composite intensity than CDM. There
were 10 moderate ES differences (p <0.05), with WM greater than CD and CAM, F greater
than CD and CDM and WD greater than CDM. All other comparisons were non-significant,
trivial or small.

Conclusion

Whole- and peak- match locomotor characteristics are similar across all outfield positions
in elite female academy soccer. Between-match variability was greater for sprint distance
than all other locomotor characteristics. Low variability between teams for peak locomotor
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characteristics means practitioners can be confident using peak reference values from this
study and use them to evaluate training drill intensities of tactical-technical drills.

Introduction

Progressing players from the youth to senior team is often a criterion for success for clubs and
national governing bodies in soccer. Quantifying physical performance during matches can
assist the development of youth players by identifying the determinants of performance in the
sport and how their importance might differ across positions or levels of competition. Equally,
understanding sources of variation in physical performance can be used to determine whether
a change in physical performance can be considered normal or unusual to inform subsequent
training prescription. However, despite the increase in professionalism and investment in the
youth pathways in female soccer, there is currently a lack of research associated with high level
female youth soccer players, particularly those close to the transition to first team football
(e.g., U21).

Physical performance in soccer is a latent construct that is broadly conceptualised as either
the amount (e.g., distance covered [m]) or the rate (e.g., average speed [m-min™']) in which
activity is completed. Multiple measurements are often used to represent the different sub
dimensions of the physical performance construct (e.g., total distance, high speed running
[HSR], acceleration, deceleration, sprinting) due to their different physiological effects. It is
generally accepted that when representing the amount of activity, data collected across the
whole match is used. For example, studies have reported whole match total distance (8202-
9056 m), HSR (509-859 m) and sprint distance (SpD) (113-331 m) in U20 international
matches [1] and whole match average speed (93 + 21 m-min'), HSR (3 + 1.4 m'min™") and
sprinting (0.6 + 1.4 m-min!) in U16 domestic matches [2].

However, while an average rate across the whole match is useful for understanding aver-
age rates completed over a prolonged duration (i.e., 90 min), this data is likely less useful for
evaluating tactical-technical training drill prescription, which is often much shorter dura-
tion (e.g., 4 min per set). Identifying the peak rates for varying durations using a moving
average approach is accepted as a better method to support the understanding of the rates
of physical performance and assist training prescription [3-8]. One study investigated
the peak physical performance of U14 and U16 female soccer matches, reporting average
speed 1 min: Ul4 = 156.6-165.6 m - min™"; U16 = 159.1-170.6 m - min~'; to 10-min: U14
=103.5-118.1 m-min~; Ul6 = 103.5-118.9 m-min~! [2]. In senior female soccer, studies
have recently explored peak match physical performance (average speed 1-min: 174 to
192 m-min~'; HSR 1-min: 71 to 93 m-min™'; SpD 1-min: 37 to 54 m-min™'; average speed
5-min: 127 to 142 m-min'; HSR 5-min: 24.6 to 42 m-min}; SpD 5-min: 11 to 18 m-min™)
[7,9,10]. Although the peak running speeds of senior female soccer and youth U14-U16
soccer have been quantified [2,7,9,10], a key omission is the academy age group (U21s),
which is an important level to ensure players are exposed to appropriate running speeds
(peak locomotor characteristics) to support preparing players to successfully progress to
elite senior (Women’s Super League) soccer.

Player physical performances (e.g., HSR) are affected by contextual (e.g., ball possession
and season phase) and internal factors (e.g., physiological capacity) which cause variation
between matches [11]. Partitioning sources of variability such as between-match, between-
player, within-player and in studies with multiple teams, between-team variability can help to
determine whether a change in demands can be considered normal or unusual by establishing
reference values for meaningful change. Previous research in female soccer has reported HSR
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and sprinting to have the most variability between matches (34 - 56%), with acceleration
and deceleration having lower variability (0.3 - 17%) [7,9]. Although studies have reported
sources of variability (between-match, between-player, between-team) in senior female soccer
for whole match [7] and peak locomotor characteristics [9,12], most are either single team
cohorts [7,12] or represent less than half of the teams in their respective league [9]. There-
fore, findings may not be generalisable due to influences of individual club strategies, tactics
or playing styles. Future research using multi-club data collection can overcome this. Fur-
thermore, no study has reported sources of variability in elite academy female soccer. This
is important as the magnitude of variability may be different in female academy than senior
cohorts due to continual changes in physical development, which could lead to under- or
overestimation of changes in performance and by proxy, internal load.

As such, there is a need for further research to quantify the peak locomotor characteristics
of elite academy female soccer and sources of variability using a multi club approach. There-
fore, the aims of the current study were to 1.) quantify the variability of whole- and peak-
match physical performance of youth (U21) matches in England (WSL-A) and 2.) compare
these physical performances between playing positions.

Methods
Experimental overview

An observational study design was conducted in which foot-mounted inertial measurement
unit (IMU) data were collected during competitive league matches for 11 Women’s Super
League Academy (WSL-A) clubs competing in the FA WSL Academy League (2021 to 2022
season). The amount (m) and rate (m- min™" of activity across the whole match for total-,
high-speed- (HSR; 5.29 - 6.26 m-s™') sprint- (SpD; >6.26 m-s™'), acceleration- (>3 m--s?) and
deceleration-distance (<-3 m-s™) were quantified. Peak average running speeds, HSR, SpD,
acceleration and deceleration (expressed as m-min™) of specific positions were quantified using
a moving average approach. Speed thresholds align with recent studies in female soccer
[2,13-17], however there are currently no standardised velocity thresholds used in female soccer.

Participants

Two hundred and fifty-seven players participated (age = 18 + 1 years, mass = 62.6 + 7.5kg, height
=165.1 £ 12.2cm) from 11 WSL-A teams across 171 competitive league matches. The study
recruitment period ran from 01/05/2021 to 01/09/2021. Players were categorised into one of six
outfield positions; central defender (CD; players per positional group [n] = 42), wide defender
(WD; n = 52), central defensive midfielder (CDM; n = 18), central attacking midfielder (CAM;

n = 71), wide midfielder (WM; n = 32) and forward (F; n = 41), aligning with previous research
[12-14,16,18]. Goalkeepers were excluded from analysis (n = 22) and player observations of

<90 min duration for whole match and peak data were excluded (whole match [n = 1630], peak
[n = 3178]), resulting in 1672 individual whole match observations and 3812 individual peak-
match observations. This study was conducted according to the requirements of the Declaration
of Helsinki and was approved by the university ethics committee of Leeds Beckett University (ref
73543). Parent or guardian consent was obtained by each club for players <18 years.

Procedures

Each player wore two 10 Hz foot-mounted IMUs (one for each foot; Playermaker, Tel Aviv,
Israel) [13,14]. Concurrent agreement (mean difference: —0.05 + 0.58 m-s™', root mean
squared error: 0.58 m-s™') with 3D motion capture and between-device reliability (intra-
class correlation: 0.84 to 1) has been reported [19]. All devices were activated via a Bluetooth
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connection to an iPad (Apple Inc, California) prior to each match. Data was uploaded to the
manufacturer’s cloud-based software (v.3.22.0.02) post-match by club practitioners.

Data analysis

Instantaneous speed data were exported from the manufacturer software and analysed in R
Studio (v4.1.2; R Foundation for Statistical Computing, Vienna, Austria). Warm-up data were
excluded. A custom-built script computed moving averages of speed (m-min™), HSR (5.29

- 6.26 m-s™; m-min™), sprinting (> 6.26 m-s™'; m-min™'), average acceleration (m-min™")
and average deceleration (m-min™), over 1-10 min. The maximum value for each player and
duration per match was determined. 1-, 3- and 5-min were selected for statistical analysis to
represent common drill prescription durations. The power-law relationship was calculated
for each variable (average speed, HSR, SpD, acceleration and deceleration) by calculating the
intercept and slope using the 1 to 10-min peak durations (Delaney, Thornton (4)).

Statistical analysis

Descriptive data are presented as mean + SD. To estimate sources of variability (between-team,
between-player, between-match, within-player), log transformed dependent variables of each
individual whole match or peak intensity variable were modelled using linear mixed effects
(Ime4 package in R Studio [version 4.1.2]). Fixed effects of position (CD, WD, CDM, CAM,
WM, F) and random effects of player-, team- and match-identity were specified. Model assump-
tions of normality and homoscedasticity of residuals, multicollinearity, and autocorrelation
were assessed, and were unviolated. Standard deviation of each random effect was expressed in
percentage units (coefficient of variation % [CV%]) by back-transforming each estimate.

To compare positional groups, minimise pairwise comparisons, a twostep modelling
approach was taken. First, partial least squares correlation analysis (PLSCA) models were
produced as per previous methods [20,21]. Data (either whole match or peak intensity vari-
ables) were mean centred and standardised and divided into two matrices, X containing either
whole match or peak variables for each player observation and Y containing binary variables
to represent position (CD, WD, CDM, CAM, WM, F). Saliences (weights) for matrix X from
PLSCA were produced for the 1 dimension for each set of variables. These saliences were
multiplied by each player’s original mean centred and standardised data to provide a single
composite value for each player and match observation [22]. The saliences (weights) are the
linear weighted contribution of the original variables for X (e.g., whole match or peak match)
to each dimension of the PLSCA model. By multiplying the saliences with the original mean
centred and standardised data for each original variable - a latent variable score can be created
for each observation. Therefore, the latent variables are a composite score of either whole
match or peak intensity variables from the PLSCA. Secondly, this latent variable was inputted
as a dependent variable into a mixed effect model with the same model structure (fixed and
random effects). This twostep process was repeated for both whole match and peak intensity
variables. Tukey’s pairwise comparisons between positions were conducted using the least
squares mean test (ImerTest package). Cohen’s d effect size (ES) statistics were calculated (ratio
of pooled SDs) with 90% confidence intervals (CI). ES was classified as trivial (< 0.2), small
(0.2 to 0.59), moderate (0.6 to 1.19), large (1.2 to 2), very large (> 2) [23].

Results
Variability of whole match and peak match locomotor characteristics

The variability of peak and whole match physical performances are presented in Tables 1 and
2 respectively. CV values of whole match physical performance ranged from 1% to 112%, with
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Table 1. Sources of variability for peak locomotor characteristics in academy match play.

Epoch length Between-match | Between-team | Between-player | Within-player
CV% CV% CV% CV%
Average speed 1 5% 1% 5% 27%
3 6% 3% 6% 30%
5 7% 4% 6% 31%
HSR 1 17% 3% 29% 54%
3 16% 2% 31% 47%
5 16% 0% 33% 44%
SpD 1 22% 3% 77% 95%
3 16% 1% 55% 67%
5 14% 0% 48% 56%
Acceleration 1 10% 0% 23% 35%
3 6% 0% 15% 22%
5 5% 0% 13% 18%
Deceleration 1 10% 5% 16% 32%
3 7% 4% 14% 24%
5 6% 3% 13% 20%

https://doi.org/10.1371/journal.pone.0318642.t001

Table 2. Sources of variability of whole match characteristics for academy match play.

Between-match | Between-team Between-player | Within-player

CV% CV% CV% CV%
Distance covered 3% 6% 26% 37%
Average speed 11% 2% 8% 26%
HSR covered 16% 16% 63% 56%
HSR per min 14% 6% 30% 27%
Sprint distance 24% 20% 112% 99%
Sprint distance per min 6% 4% 23% 18%
Acceleration distance (>3 m-s72) 16% 3% 52% 54%
Acceleration distance per min 2% 1% 6% 6%
Deceleration distance (<-3 m-s2) 17% 12% 48% 51%
Deceleration distance per min 3% 2% 9% 9%

https://doi.org/10.1371/journal.pone.0318642.t002

the lowest CV's associated with between-team variability for acceleration distance per min
(1%) and the highest with between-player variability of SpD (112%). All sources of variability
for whole match variables were greater for SpD (20-112%) than all other variables. Between-
player and within-player variation was higher in the whole match variables, except average
speed, than other sources of variation. CV values for 1-, 3- and 5-min peak variables ranged
from 0% to 95%, with the lowest CV's associated with between-team variability for peak 1-, 3-
and 5- min acceleration (0%), and the highest with within-player variability of peak 1-, 3- and
5- min SpD (56% - 95%).

Whole match locomotor characteristics

The average whole match physical performance variables for each position are presented

in Table 3. There was no overall difference between positions in whole match intensity for
WSL-A matches. Fig 1 presents the ES differences between positions for the composite whole
match intensity score. From this there was one significant (p <0.001) large ES difference with
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Table 3. Average whole match running characteristics (mean + SD).

Overall CD WD CDM CAM WM F
Total distance (m) 8940 + 1094 8529 + 846 9016 + 1048 9003 + 1139 9258 + 1179 9183 £ 992 8644 + 1192
Average speed (m-min™') 92 +11 88+9 93+11 93 +11 96 £ 13 95+11 90 £ 12
HSR (m; >5.29 m-s™!) 262 + 137 225+ 109 294 + 130 210+ 110 219 £ 130 352 + 145 324+ 143
HSR per min (m-min™") 3+1 2+1 3x1 2+1 2+1 4+2 3x1
SpD (m; >6.26 m-s™) 39+ 39 36 + 34 41 + 38 31+33 26 +33 59 + 44 57 £ 54
SpD per min (m-min™") 04+04 04+0.3 04+04 0.3+0.3 0.3+0.3 0.6+0.5 0.6 £0.6
Acceleration Distance (m; >3 m-s7?) 12+8 11+7 12+8 10+6 10+ 8 16 + 10 14+ 9
Acceleration per min (m-min™'; >3 m-s7) 0.12 +0.08 0.12 +£0.07 0.12 +0.08 0.10 = 0.06 0.11 +£0.08 0.17 £0.10 0.15 £ 0.09
Deceleration Distance (m; <-3 m-s7) 28 +15 22+13 30+ 16 23+13 26+ 14 35+ 16 35+ 17
Deceleration per min (m-min™'; <-3 m-s7?) 0.29 +0.16 0.23 +£0.13 0.31 +£0.17 0.23 £0.13 0.27 £0.14 0.36 £ 0.16 0.36 £ 0.18
https://doi.org/10.1371/journal.pone.0318642.t003
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Fig 1. Effect size differences for whole match and peak match composite intensity by position.

https://doi.org/10.1371/journal.pone.0318642.9g001

a greater whole match intensity for WM than CDM, and five significant (p <0.05) moderate
ES differences, with WM greater than CD and CAM, F greater than CD and CDM and WD
greater than CDM. All other comparisons were non-significant, trivial or small. S1 Table
reports the individual variable contribution (saliences [weights]) to the construction of the
latent whole match intensity variable from PLSCA (1* dimension).
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Peak match characteristics

The average 1-, 3- and 5-min peak physical performances per position are presented in Table
4. Intercepts and slopes and power-law relationship for peak physical performances are pre-
sented in Table 5 and Fig 2.

Fig 1 presents the ES differences between positions for the composite peak match intensity.
There is no overall difference between positions in peak match intensity for WSL-A matches.
There was one significant (p <0.001) large ES difference with greater peak match intensity for
WM than CDM and five significant (p <0.05) moderate ES differences with WM greater than
CD and CAM, F greater than CD and CDM and WD greater than CDM. All other compari-
sons were non-significant, trivial or small. S1 Table highlights the latent variable (peak-match
composite intensity) created from the partial least squares model showing the saliences
(weights) of each of the external intensity measures (1* dimension).

Table 4. Peak 1-, 3-, 5-min values for each position for full match players (Mean + SD).

Locomotor characteristic Epoch length Overall CD WD CDM CAM WM F
(n=3812) (n=844) (n=1716) (n =338) (n = 860) (n =560) (n=494)

Average Speed (m-min™") 1 166 + 20 159 £ 15 168 + 20 163 + 21 170 £ 21 170 £ 23 164 + 22

3 131 +£17 125 13+4¢ 132 £17 130 £ 19 136 + 18*¢ 133+ 19 129 £ 18

5 12117 116 + 12 122+ 16 121+ 19 125+ 17 123+ 18 120+ 17
High Speed Running (m-min™) 1 30+ 14 27+ 12 32+13 26+ 13 29+ 14 36+ 15 31+ 14

3 13+6 11+5 14 £ 6°% 11 £ 6 12 £7¢% 16 £ 7 14 £ 7<%

5 9+5 8 +4¢ 10£5 7 £ 4¢¢ 9 £ 5¢¢ 12+5c¢d* | 10£5
Sprint Distance (m-min™") 1 10 + 10 9+9 11+9 8+9 9+10 16+ 11 11+12

3 4+4 3+3 4+3 3+3 3+4 6+4 4+£5

5 2+£3 2+3 3+£2 212 2+3 4+3 3+£3
Average Acceleration (m-min™) 1 2+1.1 19+1 2+1 1.6 £ 0.9 19+1.3 24+1.2 2.1+1.2

3 0.8+0.5 0.7+0.4 0.8+0.5 0.6 0.4 0.7 0.6 1£0.6 0.9+0.6

5 0.5+04 0.5 +0.3¢* 0.5+0.3 0.4 +0.3¢* 0.5+04 0.7+04 0.6 +0.4*
Average Deceleration 1 3+1.3 2.7+1.3 31+13 24+1.1 28+1.3 34+14 32+14
(m-min™) 3 13407 L1£06% 13+06cd® | 1£05% 12407€%  [15+£074% | 14+08

5 0.9+0.5 0.8 + 0.4 1+0.5¢ 0.7 + 0.4 0.9 +0.5¢* 1.1+£0.6 1+£0.5

N.B. Significantly different to ‘a’ CD, ‘b’ WD, ' CDM, ‘d’ CAM, ‘e’ WM, f’ E Significance level 0.05 ‘*’, 0.01 ¥, 0.001 ‘¢’

https://doi.org/10.1371/journal.pone.0318642.t004

Table 5. Intercept and slopes from the power-law relationship for estimating match intensity by duration for
academy female soccer players.

Locomotor characteristic Overall
Average speed Intercept 326
Slope -0.17
HSR Intercept 445
Slope -0.67
Sprint Distance Intercept 316.7
Slope -0.85
Acceleration Distance Intercept 45
Slope -0.77
Deceleration Distance Intercept 48
Slope -0.69

https://doi.org/10.1371/journal.pone.0318642.t005
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https://doi.org/10.1371/journal.pone.0318642.9g002

Discussion

This study aimed to quantify the variability of whole match and peak match physical perfor-
mance variables in WSL-A matches and compare these between positions using a multi-club
analysis. The between-match and within-player variability of whole match and peak match
physical performances were similar (between-match: 2 to 24% vs 5 to 22%; within-player: 6 to
99% vs 18 to 95%), whereas between-team and between-player variability was higher for whole
match than peak variables. However, all sources of variability were greatest for SpD than for
other locomotor characteristics in whole match and peak 1-, 3-, 5-min durations, except for
between-team variability for peak 1-, 3- and 5-min deceleration. Overall, there was a lack of
substantial differences between positions for whole match and peak match intensity.

The between-match variability of whole match and peak match physical performance in
the current study were similar, which contrasts with the higher variability for peak 1-min than
whole match for TD (6.5% vs 4.6%), HSR (18.7% vs 15.9%) and acceleration and deceleration
(12.9% vs 11.7%) reported in elite senior female soccer [9]. This is an interesting finding as
peak physical performances have been suggested to be more variable than whole match [24],
and while the current findings report there is variability (5% to 22%), the similarity between
peak and whole match suggests that the variability is intrinsic to any match-to-match analy-
sis approach. Variability (within-player and between-match, team and player) appears to be
higher in the current study (0% to 99%) than previous analysis of an elite senior female soccer
cohort (0.3% to 37.2%) [9]. This could be explained by a larger player and team sample size in
the current study (11 out of a total of 14 WSL-A teams) which has likely increased data het-
erogeneity and reduced the risk of bias caused by a specific style of play [25]. Furthermore, the
speed thresholds used in the current study are higher (HSR: 5.29 - 6.26 m-s™" vs 4.44 - 5.55
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m-s SpD >6.26 m-s™' vs > 5.55 m-s™') and variability tends to increase with running speed
[26]. However, between-match variability for peak 1-, 3- and 5- min physical performance

in the current study (CV < 22%) is lower than recent research in senior female soccer (CV >
28.5%; [12]) and another study reports greater peak 5-min HSR variability (31%) than the cur-
rent study (16%). This may be explained by the fact the authors used lower speed thresholds
(HSR: >4.58 m-s7', SpD: > 5.55 m-s™") [7]. Between match, between-player and within-player
variability are greater for SpD than for other variables across both whole match and peak
approaches, similar to previous research in female and male soccer [9,11,26], as variability
tends to increase with running speed [26]. This suggests that exposures to TD, HSR, SpD
volume and intensity from match-to-match will be inconsistent. There was little variability
between teams for peak 1-, 3-, 5- min variables (CV <5%), this means academy practitioners
and coaches can be confident in using the presented reference values for their team. However,
the variability between teams for whole match variables were higher (CV <21%), suggesting
that the differences in physical performance between teams may be captured across 90-min.
This is likely due to the interaction with tactical instruction and stoppages in play, as previ-
ously reported [8,27].

Generally, the specific positional differences (i.e., large and moderate ES differences), show
WM perform higher intensities than CDM across whole match and peak match composite
intensities. However, the wide confidence intervals for all positional comparisons suggest
uncertainty in the estimate. As such, the findings suggest that overall, there are no positional
differences in the whole match and peak locomotor match characteristics of elite female
academy soccer players. This contrasts with previous research in senior female soccer which
reported lower whole match locomotor characteristics for central players than other outfield
positions [10,18,28-30] and the same for peak locomotor characteristics [10,12]. For example,
Winther, Baptista (10) reported significant differences in SpDsp between wide players (whole
match: WD =413 + 53, WM = 530 + 59 m, peak 1-min: WD =53 + 4, WM =54 + 5m) and
central players (whole match: CD = 227 + 54, centre midfield = 293 + 47 m, peak 1-min: CD =
37 + 4, centre midfield: 40 + 4 m), the difference in peak 1-min SpD between WM and centre
midfield is 0.4 m-s™ however the ES differences and CIs between position were not reported
in the study therefore it is difficult to determine the certainty of the estimate. Furthermore,
methods need to be developed to be able to assess the physical match characteristics for fluid
positional transitions in soccer in attack and defence, which is an evolving tactical element of
current match play. A major finding of this study indicates that WSL-A outfield players have
similar physical performances during a match, regardless of their position. Coaches could use
this information to support tactical and player development decisions.

Overall TD was 8831 + 1398 m, which is similar to previously reported in international U20
match play (8674.9 + 663.1 m) [31]. TD was slightly lower than (9274 - 10,572 m [28], 9275 -
10,797 m [29], 10,025 + 775 m [30]) and similar (8934 - 10,131 m [10]) to previously reported
in senior female soccer. Overall the largest differences between academy and senior female
soccer are found in HSR (271 + 156 m) and SpD (43 + 50 m), which are lower in this study
than previously reported in elite senior female soccer using similar speed thresholds (HSR
[5.27 - 6.38 m+s7'] = 215 - 445 m; SpD [> 6.38 m-s™'] =45 - 136 m) [29], and identical speed
thresholds (HSR = 316 - 585 m; SpD =59 - 187 m) [16]. This finding is supported by previous
studies which suggest that the amount of high intensity running, e.g., HSR or SpD, increases
with competition level [13,32-34] and HSR has been shown to be closely related to fitness
and training status [35]. Preparation for the most intense periods of match play is critical as
these periods are often linked to key moments such as goal scoring [36]. Our findings indicate
that the most demanding overall external intensities for WSL-A players during matches were
166 +20m-min™, 30+ 14 m-min™!, 10 £ 10 m-min}, 2+ 1.l m+min™, 3 + 1.3 m-min}, for
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average speed, HSR, SpD, acceleration and deceleration distance respectively. While recent
studies have started to quantify the peak locomotor characteristics in senior female soccer
[7,10,12], it is difficult to compare peak- HSR, SpD, acceleration and deceleration distance due
to the varied speed and acceleration thresholds used. Yet, our study reports similar peak 1-,

3- and 5-min average speeds (166 + 20, 131 + 17, 121 £ 17 m-min ") in academy players to that
reported in senior female soccer players in the Spanish 1+ league (168 + 16, 133 + 13, 124 + 12
m-min') [12]. Conversely, peak 5-min average speed for WSL-A players (121 + 17 m-min™)
is lower than previously reported for a senior international cohort (141 + 12 m-min™) [7].
When compared to U14 and U16 elite female soccer players (average speed peak 1-min: U14
=156.6-165.6 m-min~'; U16 = 159.1-170.6 m- min~}; HSR peak 1-min: U14 = 28.6 - 34.4
m-min'; UL6 = 28.6 - 42.6 m-min™') [2], the peak 1-min average speed and HSR observed in
the current study are similar. However, match duration was less than the current study (70 min
for U14 and 80 min for U16), which is likely to affect intensity of the matches. Despite a higher
HSR threshold (5.29 - 6.26 m-s™) the reported peak 1-min HSR distance in the current study
(30 + 14 m-min™) is similar to previously reported in elite senior female soccer using a lower
HSR speed threshold (>5 m-s™; peak 1-min HSR = 30 m-min™) [12]. Peak 1-min locomotor
characteristics appear far greater than the relative mean values from the whole match. It is pos-
sible that for HSR and SpD measures, 1 min periods are likely to be completed within a single
effort and shorter durations might better capture this [37].

Practical applications

Practitioners can use the variability findings (Tables 1 and 2) to identify meaningful changes
in the amount (i.e., volume) and rate (i.e., intensity) of activity between matches. For instance,
a difference of 18% in whole-match HSR from the previous match would indicate a move to

a meaningful change in HSR volume. This can inform training programming. The power-law
relationship of peak physical performances reported in the study can act as reference values to
evaluate tactical-technical drill intensity in female youth academy players. For example, when
prescribing a 270 sec (4.5 min) tactical-technical drill aimed at replicating the peak average
speed of WSL-A matches, using the intercept and slope values in Table 5, match intensity can
be calculated as a function of time, where (t) is drill time in seconds and (i) is peak intensity:

i=326t""" (1)

i=326x270"""

i=126

This results in an estimated target speed of ~126 m-min™ for the 4.5-min drill, which can
then be compared to an individual player’s output during training. These calculations can be
integrated into a team’s monitoring system, to allow the intensity of tactical-technical drills
to be assessed over time and enabling coaches to periodise exposure to peak match physical
performances when appropriate.

Conclusion

Between-match variability was greatest for sprint distance than all other physical performance
variables. Whole match and peak match locomotor characteristics are similar across all out-
field positions in elite academy female soccer. There was little variability between teams for

PLOS ONE | https://doi.org/10.1371/journal.pone.0318642 February 12, 2025 10/13




PLOS ONE

Variability of whole and peak match physical performance in highly trained female academy soccer players

peak physical performance variables so academy practitioners can be confident using the peak
reference values from this study to evaluate tactical-technical drill intensities. Findings and
reference values can provide coaches and practitioners with insight into the physical perfor-
mances of elite youth female soccer players and their variation.
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from the partial least squares correlation model. N.B. Values represent the saliences (weights;
I dimension).

(DOCX)

Acknowledgments

The authors would like to thank all the teams, coaches and practitioners from the WSL-A who
took part in the study.

Author contributions

Conceptualization: Naomi Myhill, Dan Weaving, Andy Hudson, Steve Barrett, Stacey Emmonds.
Formal analysis: Naomi Myhill, Nick Dalton Barron.

Investigation: Naomi Myhill.

Methodology: Naomi Myhill.

Resources: Steve Barrett.

Supervision: Dan Weaving, Stacey Emmonds.

Writing - original draft: Naomi Myhill.

Writing - review & editing: Naomi Myhill, Dan Weaving, Stacey Emmonds.

References

1. Ramos GP, Nakamura FY, Pereira LA, Junior WB, Mahseredjian F, Wilke CF, et al. Movement
patterns of a U-20 national women’s soccer team during competitive matches: influence of play-
ing position and performance in the first half. Int J Sports Med. 2017;38(10):747-54. https://doi.
org/10.1055/s-0043-110767 PMID: 28783847

2. Harkness-Armstrong A, Till K, Datson N, Emmonds S. Whole and peak physical characteristics of elite
youth female soccer match-play. J Sports Sci. 2021;39(12):1320-9. https://doi.org/10.1080/02640414.2
020.1868669 PMID: 33377422

3. Whitehead S, Till K, Weaving D, Jones B. The use of microtechnology to quantify the peak match
demands of the football codes: a systematic review. Sports Med. 2018;48(11):2549-75. https://doi.
org/10.1007/s40279-018-0965-6 PMID: 30088218

4. Delaney JA, Thornton HR, Rowell AE, Dascombe BJ, Aughey RJ, Duthie GM. Modelling the decrement
in running intensity within professional soccer players. Sci Med Footb. 2017;2(2):86-92. https://doi.org/1
0.1080/24733938.2017.1383623

5. Cunningham DJ, Shearer DA, Carter N, Drawer S, Pollard B, Bennett M, et al. Assessing worst case
scenarios in movement demands derived from global positioning systems during international rugby
union matches: Rolling averages versus fixed length epochs. PLoS One. 2018;13(4):e0195197. https://
doi.org/10.1371/journal.pone.0195197 PMID: 29621279

6. Oliva-Lozano JM, Gémez-Carmona CD, Rojas-Valverde D, Fortes V, Pino-Ortega J. Effect of training
day, match, and length of the microcycle on the worst-case scenarios in professional soccer players.
Res Sports Med. 2022;30(4):425-38. hitps://doi.org/10.1080/15438627.2021.1895786 PMID: 33657955

7. Trewin J, Meylan C, Varley MC, Cronin J. The match-to-match variation of match-running in elite

female soccer. J Sci Med Sport. 2018;21(2):196—201. hitps://doi.org/10.1016/j.jsams.2017.05.009 PMID:
28595867

PLOS ONE | https://doi.org/10.1371/journal.pone.0318642 February 12, 2025 11/13



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0318642.s001
https://doi.org/10.1055/s-0043-110767
https://doi.org/10.1055/s-0043-110767
http://www.ncbi.nlm.nih.gov/pubmed/28783847
https://doi.org/10.1080/02640414.2020.1868669
https://doi.org/10.1080/02640414.2020.1868669
http://www.ncbi.nlm.nih.gov/pubmed/33377422
https://doi.org/10.1007/s40279-018-0965-6
https://doi.org/10.1007/s40279-018-0965-6
http://www.ncbi.nlm.nih.gov/pubmed/30088218
https://doi.org/10.1080/24733938.2017.1383623
https://doi.org/10.1080/24733938.2017.1383623
https://doi.org/10.1371/journal.pone.0195197
https://doi.org/10.1371/journal.pone.0195197
http://www.ncbi.nlm.nih.gov/pubmed/29621279
https://doi.org/10.1080/15438627.2021.1895786
http://www.ncbi.nlm.nih.gov/pubmed/33657955
https://doi.org/10.1016/j.jsams.2017.05.009
http://www.ncbi.nlm.nih.gov/pubmed/28595867

PLOS ONE Variability of whole and peak match physical performance in highly trained female academy soccer players

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Varley MC, Elias GP, Aughey RJ. Current match-analysis techniques’ underestimation of intense peri-
ods of high-velocity running. Int J Sports Physiol Perform. 2012;7(2):183-5. https://doi.org/10.1123/
ijspp.7.2.183 PMID: 22634968

Baptista I, Winther AK, Johansen D, Randers MB, Pedersen S, Pettersen SA. The variability of physi-
cal match demands in elite women’s football. Sci Med Footb. 2022;6(5):559-65. hitps://doi.org/10.108
0/24733938.2022.2027999 PMID: 35060844

Winther AK, Baptista |, Pedersen S, Randers MB, Johansen D, Krustrup P, et al. Position specific
physical performance and running intensity fluctuations in elite women’s football. Scand J Med Sci
Sports. 2022;32 Suppl 1:105-14. hitps://doi.org/10.1111/sms.14105 PMID: 34825736

Gregson W, Drust B, Atkinson G, Salvo VD. Match-to-match variability of high-speed activities in
premier league soccer. Int J Sports Med. 2010;31(4):237-42. https://doi.org/10.1055/s-0030-1247546
PMID: 20157871

Gonzalez-Garcia J, Giradldez-Costas V, Ramirez-Campillo R, Drust B, Romero-Moraleda B. Assess-
ment of peak physical demands in elite women soccer players: can contextual variables play a role?.
Res Q Exerc Sport. 2023;94(2):435-43. https://doi.org/10.1080/02701367.2021.2004297 PMID:
35025719

Myhill N, Weaving D, Barrett S, King R, Emmonds S. A multi-club analysis of the locomotor training
characteristics of elite female soccer players. Sci Med Footb. 2022;6(5):572—80. https://doi.org/10.108
0/24733938.2022.2114603 PMID: 35980373

Emmonds S, Dalton Barron N, Myhill N, Barrett S, King R, Weaving D. Locomotor and technical
characteristics of female soccer players training: exploration of differences between competition
standards. Sci Med Footb. 2023;7(3):189-97. hitps://doi.org/10.1080/24733938.2022.2089723 PMID:
35703123

Park LAF, Scott D, Lovell R. Velocity zone classification in elite women’s football: where do we draw
the lines?. Sci Med Footb. 2018;3(1):21-8. https://doi.org/10.1080/24733938.2018.1517947

Scott D, Haigh J, Lovell R. Physical characteristics and match performances in women’s international
versus domestic-level football players: a 2-year, league-wide study. Sci Med Footb. 2020;4(3):211-5.
https://doi.org/10.1080/24733938.2020.1745265

Doyle B, Browne D, Horan D. Quantification of internal and external training load during a training
camp in senior international female footballers. Sci Med Footb. 2022;6(1):7—14. https://doi.org/10.1080
/24733938.2021.1886320 PMID: 35236219

Datson N, Drust B, Weston M, Jarman IH, Lisboa PJ, Gregson W. Match physical performance of elite
female soccer players during international competition. J Strength Cond Res. 2017;31(9):2379-87.
https://doi.org/10.1519/JSC.0000000000001575 PMID: 27467514

Myhill N, Weaving D, Robinson M, Barrett S, Emmonds S. Concurrent validity and between-unit reli-
ability of a foot-mounted inertial measurement unit to measure velocity during team sport activity. Sci
Med Footb. 2024;8(4):308—16. hitps://doi.org/10.1080/24733938.2023.2237493 PMID: 37464797

Weaving D, Jones B, Ireton M, Whitehead S, Till K, Beggs CB. Overcoming the problem of multicol-
linearity in sports performance data: a novel application of partial least squares correlation analysis.
PLoS One. 2019;14(2):e0211776. https://doi.org/10.1371/journal.pone.0211776 PMID: 30763328

Emmonds S, Weaving D, Dalton-Barron N, Rennie G, Hunwicks R, Tee J, et al. Locomotor character-
istics of the women’s inaugural super league competition and the rugby league world cup. J Sports
Sci. 2020;38(21):2454-61. https://doi.org/10.1080/02640414.2020.1790815 PMID: 32701387

Ramirez-Lépez C, Till K, Weaving D, Boyd A, Peeters A, Beasley G, et al. Does perceived wellness
influence technical-tactical match performance? a study in youth international rugby using partial
least squares correlation analysis. Eur J Sport Sci. 2022;22(7):1085-93. https://doi.org/10.1080/17461
391.2021.1936195 PMID: 34075847

Batterham AM, Hopkins WG. Making meaningful inferences about magnitudes. Int J Sports Physiol
Perform. 2006;1(1):50—7. https://doi.org/10.1123/ijspp.1.1.50

Novak AR, Impellizzeri FM, Trivedi A, Coutts AJ, McCall A. Analysis of the worst-case scenarios in an
elite football team: Towards a better understanding and application. J Sports Sci. 2021;39(16):1850-9.
https://doi.org/10.1080/02640414.2021.1902138 PMID: 33840362

Paul DJ, Bradley PS, Nassis GP. Factors affecting match running performance of elite soccer players:
shedding some light on the complexity. Int J Sports Physiol Perform. 2015;10(4):516-9. https://doi.
org/10.1123/IJSPP.2015-0029 PMID: 25928752

Carling C, Bradley P, McCall A, Dupont G. Match-to-match variability in high-speed running activity in
a professional soccer team. J Sports Sci. 2016;34(24):2215-23. https://doi.org/10.1080/02640414.201
6.1176228 PMID: 27144879

PLOS ONE | https://doi.org/10.1371/journal.pone.0318642 February 12, 2025 12/13



https://doi.org/10.1123/ijspp.7.2.183
https://doi.org/10.1123/ijspp.7.2.183
http://www.ncbi.nlm.nih.gov/pubmed/22634968
https://doi.org/10.1080/24733938.2022.2027999
https://doi.org/10.1080/24733938.2022.2027999
http://www.ncbi.nlm.nih.gov/pubmed/35060844
https://doi.org/10.1111/sms.14105
http://www.ncbi.nlm.nih.gov/pubmed/34825736
https://doi.org/10.1055/s-0030-1247546
http://www.ncbi.nlm.nih.gov/pubmed/20157871
https://doi.org/10.1080/02701367.2021.2004297
http://www.ncbi.nlm.nih.gov/pubmed/35025719
https://doi.org/10.1080/24733938.2022.2114603
https://doi.org/10.1080/24733938.2022.2114603
http://www.ncbi.nlm.nih.gov/pubmed/35980373
https://doi.org/10.1080/24733938.2022.2089723
http://www.ncbi.nlm.nih.gov/pubmed/35703123
https://doi.org/10.1080/24733938.2018.1517947
https://doi.org/10.1080/24733938.2020.1745265
https://doi.org/10.1080/24733938.2021.1886320
https://doi.org/10.1080/24733938.2021.1886320
http://www.ncbi.nlm.nih.gov/pubmed/35236219
https://doi.org/10.1519/JSC.0000000000001575
http://www.ncbi.nlm.nih.gov/pubmed/27467514
https://doi.org/10.1080/24733938.2023.2237493
http://www.ncbi.nlm.nih.gov/pubmed/37464797
https://doi.org/10.1371/journal.pone.0211776
http://www.ncbi.nlm.nih.gov/pubmed/30763328
https://doi.org/10.1080/02640414.2020.1790815
http://www.ncbi.nlm.nih.gov/pubmed/32701387
https://doi.org/10.1080/17461391.2021.1936195
https://doi.org/10.1080/17461391.2021.1936195
http://www.ncbi.nlm.nih.gov/pubmed/34075847
https://doi.org/10.1123/ijspp.1.1.50
https://doi.org/10.1080/02640414.2021.1902138
http://www.ncbi.nlm.nih.gov/pubmed/33840362
https://doi.org/10.1123/IJSPP.2015-0029
https://doi.org/10.1123/IJSPP.2015-0029
http://www.ncbi.nlm.nih.gov/pubmed/25928752
https://doi.org/10.1080/02640414.2016.1176228
https://doi.org/10.1080/02640414.2016.1176228
http://www.ncbi.nlm.nih.gov/pubmed/27144879

PLOS ONE Variability of whole and peak match physical performance in highly trained female academy soccer players

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

Riboli A, Semeria M, Coratella G, Esposito F. Effect of formation, ball in play and ball possession
on peak demands in elite soccer. Biol Sport. 2021;38(2):195-205. https://doi.org/10.5114/biol-
sport.2020.98450 PMID: 34079164

Panduro J, Ermidis G, Reddik L, Vigh-Larsen JF, Madsen EE, Larsen MN, et al. Physical performance
and loading for six playing positions in elite female football: full-game, end-game, and peak periods.
Scand J Med Sci Sports. 2022;32 Suppl 1115-26. https://doi.org/10.1111/sms.13877 PMID: 33749045

Makiniemi JK, Savolainen EH, Finni T, lhalainen JK. Position specific physical demands in different
phases of competitive matches in national level women’s football. Biol Sport. 2023;40(3):629-37.
https://doi.org/10.5114/biolsport.2023.118337 PMID: 37398954

Mara JK, Thompson KG, Pumpa KL, Morgan S. Quantifying the high-speed running and sprinting
profiles of elite female soccer players during competitive matches using an optical player tracking
system. J Strength Cond Res. 2017;31(6):1500-8. https://doi.org/10.1519/JSC.0000000000001629
PMID: 28538298

Passos Ramos G, Yuzo Nakamura F, Pereira LA, Brilhante Junior W, Mahseredjian F, Wilke CF, et al.
Movement patterns of a U-20 national women’s soccer team during competitive matches: influence
of playing position and performance in the first half. Int J Sports Med. 2017;38(10):747-54. PubMed
PMID: 125016967.

Vescovi JD, Fernandes E, Klas A. Physical demands of women’s soccer matches: a perspective
across the developmental spectrum. Front Sports Act Living. 2021;3:634696. https://doi.org/10.3389/
fspor.2021.634696 PMID: 33937752

Andersson HA, Randers MB, Heiner-Maller A, Krustrup P, Mohr M. Elite female soccer players per-
form more high-intensity running when playing in international games compared with domestic league
games. J Strength Cond Res. 2010;24(4):912-9. https://doi.org/10.1519/JSC.0b013e3181d09f21
PMID: 20300037

Mohr M, Krustrup P, Andersson H, Kirkendal D, Bangsbo J. Match activities of elite women soc-
cer players at different performance levels. J Strength Cond Res. 2008;22(2):341-9. hitps://doi.
0rg/10.1519/JSC.0b013e318165fef6 PMID: 18550946

Krustrup P, Mohr M, Ellingsgaard H, Bangsbo J. Physical demands during an elite female soc-
cer game: importance of training status. Med Sci Sports Exerc. 2005;37(7):1242-8. https://doi.
0rg/10.1249/01.mss.0000170062.73981.94 PMID: 16015145

Faude O, Koch T, Meyer T. Straight sprinting is the most frequent action in goal situations in profes-
sional football. J Sports Sci. 2012;30(7):625-31. https://doi.org/10.1080/02640414.2012.665940 PMID:
22394328

Baptista |, Winther AK, Johansen D, Pettersen SA. Analysis of peak locomotor demands in wom-

en’s football-the influence of different epoch lengths. PLoS One. 2024;19(5):e0303759. https://doi.
org/10.1371/journal.pone.0303759 PMID: 38781276

PLOS ONE | https://doi.org/10.1371/journal.pone.0318642 February 12, 2025 13/13



https://doi.org/10.5114/biolsport.2020.98450
https://doi.org/10.5114/biolsport.2020.98450
http://www.ncbi.nlm.nih.gov/pubmed/34079164
https://doi.org/10.1111/sms.13877
http://www.ncbi.nlm.nih.gov/pubmed/33749045
https://doi.org/10.5114/biolsport.2023.118337
http://www.ncbi.nlm.nih.gov/pubmed/37398954
https://doi.org/10.1519/JSC.0000000000001629
http://www.ncbi.nlm.nih.gov/pubmed/28538298
http://www.ncbi.nlm.nih.gov/pubmed/125016967
https://doi.org/10.3389/fspor.2021.634696
https://doi.org/10.3389/fspor.2021.634696
http://www.ncbi.nlm.nih.gov/pubmed/33937752
https://doi.org/10.1519/JSC.0b013e3181d09f21
http://www.ncbi.nlm.nih.gov/pubmed/20300037
https://doi.org/10.1519/JSC.0b013e318165fef6
https://doi.org/10.1519/JSC.0b013e318165fef6
http://www.ncbi.nlm.nih.gov/pubmed/18550946
https://doi.org/10.1249/01.mss.0000170062.73981.94
https://doi.org/10.1249/01.mss.0000170062.73981.94
http://www.ncbi.nlm.nih.gov/pubmed/16015145
https://doi.org/10.1080/02640414.2012.665940
http://www.ncbi.nlm.nih.gov/pubmed/22394328
https://doi.org/10.1371/journal.pone.0303759
https://doi.org/10.1371/journal.pone.0303759
http://www.ncbi.nlm.nih.gov/pubmed/38781276

