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Abstract

It has recently been identified that the assessment of peak periods of activity better considers the stochastic nature of
match-play and the influence that contextual factors have on these peak periods. Limited research exists attempting
to link the tactical and physical aspects of performance, especially in female players. Therefore, the current study
aimed to assess post-goal locomotor patterns and positional differences on peak match demands in elite female soccer
players. Using 10 Hz global positioning system units, a total of 133 player match observations were recorded from 14
matches played by an elite Scottish women’s professional soccer team. The total distance (TD), high-speed running dis-
tance (>18 km/h) (HSRD) and PlayerLoad " (PL) were assessed for |, 3 and 5-minute peak periods using a rolling epoch
approach. Playing position and post-goal activity were used as modulating factors. Linear mixed models established a main
effect for playing position for the HSRD at peak |-minute (p<.001), 3-minute (p <.001) and 5-minute (p <.001) epochs.
There were also main effects for the playing position for TD at peak |-minute (p=.001) and PL at peak-3minute (p =
.002). Team-level data showed a main effect for condition (score vs. concede) for 3-minute TD data and main effects
for time (pre vs. post) for 1,3 and 5-minute epochs for PL data. The average and peak values were shown to differ across
playing positions for all variables. Likewise, potentially indicative of tactical adjustments significant differences were
observed at both a team and player level following scoring or conceding a goal.
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a global representation of the volume of activity, with
elite senior players typically covering a TD of 9-11 km,
which equates to a movement rate of 100-120 m/

Introduction

There has been an exponential increase in the popularity
and professionalism of women’s soccer in recent years;
however, there remains a lack of scientific evidence regard-
ing elite female players, with the demand for knowledge
outpacing the empirical evidence base.! An improved
understanding of the intermittent physical demands of
elite female match-play is fundamental for practitioners
and coaches to aid the development of appropriate and spe-
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cific training strategies, consistent with the ever-changing
physical requirements of the match.>* To date, physical
match-play research within women’s soccer has largely
focused on describing the volume, intensity and activity
patterns of players primarily via a number of external
load metrics.* Arguably the most frequently cited physical
performance metric, total distance (TD) covered, provides

3Department of Sport and Physical Activity, Edge Hill University,
Ormskirk, UK
“Celtic FC Women, Glasgow, UK

Corresponding author:

Naomi Datson, Institute of Sport Nursing and Allied Health, University of
Chichester, West Sussex, United Kingdom.

Email: N.Datson@chi.ac.uk


https://orcid.org/0000-0002-5507-9540
https://orcid.org/0000-0002-3771-4619
mailto:N.Datson@chi.ac.uk
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/spo
http://crossmark.crossref.org/dialog/?doi=10.1177%2F17479541231189240&domain=pdf&date_stamp=2023-07-25

1000

International Journal of Sports Science & Coaching 19(3)

minute.” Although TD provides a broad estimation of
overall movement demands, the ability to perform, repeat
and maintain high-intensity activity is deemed to be of
greater importance, i.e. the volume of high-speed and/or
maximal speed running.! High-speed running distance
(HSRD) typically accounts for ~7.5% of total match activ-
ity® and was positively correlated with team success at the
2019 FIFA Women’s World Cup.’

Match physical performance has traditionally been eval-
uated in terms of whole match or segmental analyses (i.e.
90, 45 or 15 minutes). However, whilst this approach pro-
vides a holistic overview of the physical match demands,
it fails to capture the stochastic nature of match-play and
may underestimate the true match-play demands.® The
now widespread use of contemporary technologies such
as global positioning system (GPS) and micro-electrical
mechanical system (MEMS) devices has enabled research-
ers and practitioners to more easily analyse short-duration
epochs (i.e. <10 minutes) to identify the peak periods of
match-play activity.® Peak periods represent the most phys-
ically demanding period of a match, for a given variable,
across a pre-determined time period. Initially, peak
periods were identified using a fixed epoch approach,
using discrete pre-determined time periods (e.g. 0-3, 3-6,
6-9 minutes). Recently, however, research has identified
a rolling epoch approach (e.g. 0-3, 1-4, 2—5 minutes) pro-
vides a more accurate representation of physical perform-
ance characteristics.>”'° Identifying these peak periods
may provide informative data for load monitoring, training
prescription and training periodisation® as well as talent iden-
tification and development. Indeed, peak periods are typically
considered in epochs of 1-10 minutes, which promotes the
translational value for practitioners as these durations align
with those commonly used in conditioning-based drills."'
However, it is worth noting that when identifying these
intense bouts of physical activity, both locomotor variable(s)
and accelerometry data should be considered alongside con-
textual factors in an attempt to estimate the true peak
demand."?

The physical activity profiles of players during match-
play are undoubtedly influenced by the surrounding and
ever-changing contextual factors. As such, the analysis
and evaluation of physical match data should seek to
accommodate and develop an improved understanding of
the extent to which these contextual factors impact upon
high-intensity phases of play,'? especially in relation to
key events, such as goal-scoring.'* Preliminary research
in women’s soccer has found the contextual factors of
playing position and match half (i.e. 1st versus 2nd half)
have an influence on peak match-play demands.'*
However, findings relating to match outcome in both men
and women’s soccer are unclear.'*'> This could be a
result of the match outcome not always being reflective of
the whole game, in which the evolving match status (e.g.
score line) is likely to influence players’ physical match-

play demands. Ultimately, scoring or conceding a goal is
a defining moment in a game and therefore identifying
the locomotor patterns around this event will provide a
more granular depiction of the match.'® Research using
overall match performance data has suggested teams who
are winning may reduce their work-rate; however, losing
teams may initially increase their work-rate but are then
unable to sustain this increase.'” As yet, post-goal activity
has not been considered within the peak match demands lit-
erature in either male or female players. To date, few studies
have considered peak periods in female match-play and
only one study'* has considered contextual factors
beyond that of playing position. Data cannot simply be
extrapolated from male soccer and applied to the
women’s game,'® due to the unique demands of women’s
match-play. Therefore, the need for contemporary match-
play research among the elite female population is neces-
sary. Consequently, the aims of the study were to investi-
gate: (a) the positional demands and (b) post-goal
locomotor patterns, on peak match demands in elite
female soccer players.

Materials and methods

Participants

A total of 19 professional female soccer players (age: 23 +2
years; stature: 1.66 + 0.3 m, body mass: 61.3 + 3.6 kg) partici-
pated in the study. All participants played for a Scottish profes-
sional soccer team, which competed in the UEFA Women’s
Champions League and the Scottish Women’s Premier
League 1 (SWPL1). The team played a 3-4-3 system and par-
ticipating outfield players were categorised according to
playing position: central defenders (CD), central defensive
midfielders (CDM), central attacking midfielders (CAM),
wide midfielders (WM) and forwards (F). Goalkeepers were
excluded from the study due to their differing match-play
activity profile. The study received institutional ethical
approval, and player and gatekeeper consent was given for
the data to be used for research purposes. All data were anon-
ymised prior to analysis to ensure player confidentiality.

Study design

A cohort observational study design was adopted. Physical
match-play characteristics were collected using 10 Hz GPS
devices with incorporated MEMS technology via 100 Hz
triaxial ~ accelerometers (Vector, Catapult Sports,
Melbourne, Australia). Data were collected from 14
matches during the 2021-22 domestic SWPL1 season.
Match location included home (n=7) and away (n="7),
match outcomes included wins (n=11), draws (n=2) and
losses (n=1). A total of 133 full-match (i.e. 90-minute)
player observations were obtained (mean full-match obser-
vations per player =7.4 +2.7; range =3 to 13).
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Procedures

According to recommended procedures,19 GPS devices
were harnessed between the scapulae in tight-fitting neo-
prene garments and each player was assigned their own
individual device for the duration of the study. Devices
were activated at least 30 minutes prior to commencement
of the match to provide sufficient time for satellite connect-
ivity. All matches were preceded by a 30-minute standar-
dised warm-up consisting of dynamic stretching,
straight-line and multidirectional running, and technical,
possession-based ball-work.

The external load metrics chosen for analysis were rela-
tive TD, HSRD (>18 km/h), and PlayerLoad " (PL). These
metrics were chosen to provide a global appreciation of
volume, intensity and whole-body mechanical load,
respectively.” Furthermore, TD and HSRD are two of the
most common metrics utilised by practitioners®’ and are
commonly conveyed in technical reports from major inter-
national competitions.

Thresholds were set in accordance with recent research
in elite female soccer players.”* The minimum effort dur-
ation, i.e. the ‘dwell time’ was set at 0.4 seconds.

Despite the known between-game™ variance in the
physical demands of female soccer match-play, the GPS
and MEMS technology (Vector, Catapult Sports) have
been shown to be reliable and valid when measuring dis-
tance, peak velocity and average acceleration during stan-
dardised team sport activities.”* To ensure quality
assurance, data were visually inspected to confirm a com-
plete datafile and there were no irregularities (i.e. data
spikes) generated from the device itself."”

Data was downloaded post-match using Openfield soft-
ware (Catapult Sports, Melbourne, Australia) and then
exported to Microsoft Excel for subsequent analysis. For
each of the given variables, 1-, 3- and 5-minute peak
periods were calculated using a rolling epoch approach.
Rolling epochs were calculated using rolling averages
from the minute-by-minute 90-minute physical match pro-
files (e.g. 3-minute splits: 1-3, 2—4, 2-5, etc.).2 In addition,
following the scoring or conceding of a goal, 1-, 3- and
S5-minute epochs were also calculated for each variable,
with the post-goal epoch starting from the subsequent
minute after which the goal was scored. If a goal was
scored within 5 minutes of the first goal being scored, the
data were removed from the sample.

The contextual factors of interest were playing position
and post-goal activity pattern. The data were classified
accordingly to allow each contextual factor to be examined
separately. Outfield players were categorised according to
playing position and in total there were 37 full-match obser-
vations for CD, 28 for CDM, 26 for CAM, 28 for WM and
14 for F. For the post-goal analysis, there were 48 instances
of a goal being scored and 11 instances of a goal being
conceded.

Statistical analysis

To examine the effects of playing position and context of
first goal on each dependent variable (DV) across three
time epochs, we used the following linear mixed-effects
model:

DVi = bOin + blposition * bZCpoch * b3time * b4goal + g

In this model, the peak or average external load values (i.e.
DV) represent repeated measures for subject i and served as
outcome measures whereas playing positions (categorical
variable with five levels (CD, CDM, WM, CAM, WM
and F)), epochs (categorical variables with three levels
(1 -minute, 3-minute, and S5-minute)), time (categorical
variable with two levels (pre, post)) and the context of
goal (categorical variable with two levels (scored and con-
ceded)) and their interactions were modelled as predictor
variables and treated as fixed effects. Moreover, random
factors of subject were considered to determine if this
factor contributed significant variance. Given the large
sample sizes, Wald-Z statistics were utilised to test the
null hypothesis that the population variance is zero, if
rejected the proposed random factors were included in sub-
sequent larger models. Subject was considered a random
factor for the epoch position comparisons, but it did not
contribute significant variance for the larger score vs. con-
ceded comparisons for any of the DVs.?> All models esti-
mated parameters using the maximum likelihood method.
Estimated marginal means and 95% confidence intervals
were calculated alongside comparisons made using
post-hoc Holm—Bonferroni adjustments. Visual inspection
of residual plots was used to confirm the assumptions of
homoscedasticity or normality, which was also assessed
through the Shapiro—Wilk test. Moreover, since regression
models can be sensitive to multicollinearity, we computed
the variance inflation factors for all predictor parameters
used in the linear mixed-effects model to inspect the pres-
ence of autocorrelation between pairs of predictors. All stat-
istical procedures were carried out using IBM SPSS
Statistics (Version 25, Chicago, IL, USA), with two-tailed
significance being accepted at p <.05.

Results

Positional differences: peak values

The time-distribution frequencies for peak values are
reported in Figure 1. There was a main effect for position
for peak 1-minute HSRD (p<.001) and TD (p=.001)
values; however, there was no significant main effect for
position for the peak 1-minute PL (p=.05) values
(Table 1). Post-hoc analysis revealed that WM and F
peak 1-minute HSRD values were significantly greater
than CD values, while CAM, WM and F peak 1-minute
values were significantly greater than CDM values. In



1002

International Journal of Sports Science & Coaching 19(3)

>

7
6
<5
T4
5
33
2
o
B I I III
]
T T a7 R T R T e T o T D R B B e T B B BB I m R T BB DN Bl T R BT B BT B Do B G SR B T TR T o Ta T o o o0 B R B0 h B 0e 37 0 300
Minute
B
6
s
34
5
33
2
14
2 I
]
T T e T R T T T e T T D R B B e T B B BB B T BB DI B B T B R B B BT BN BT G R RO T T o oo B B0 00 37 0 300
Minute
c 7
6
=5
g4
g
33
2
1
2 I
0
T T E T R T T T T T R B A B e T B B T R B B B T BB DI B B BT R T B R T AR OGS RT O T T T oo s RO B oe 37 0 300
Minute
Figure |. Time-distribution frequencies for the peak occurrences of (a) TD, (b) HSRD and (c) PL.

TD: total distance; HSRD: high-speed running distance; PL: PlayerLoad™"

Table 1. Position-specific values for TD, HSRD and PL across |-, 3- and 5-minute epochs: peak values.
Peak TD (m) Peak HSRD (m) Peak PL (a/u)
| minute 3 minutes 5 minutes | minute 3 minutes 5 minutes | minute 3 minutes 5 minutes
Team 161 403 636 40.0 59.7 78.4 17.8 423 65.8
(158 to 163) (398 to 408) (628 to 644) (37.3 to 42.6)  (55.3 to 64.1) (723 to 64.5) (173 to 18.3) (41.3t0 43.3) (64.2 to 67.4)
CD 155 395 623 33.1 46.3 67.9 16.9 40.4 64.0
(150 to 161) (381 to 410) (600 to 646) (27.5 to 38.8)  (36.6 to 56.0) (52.2t0 83.5) (155t0 18.3) (37.6 to 43.5) (58.9 to 69.1)
CDM 158 403 643 314 43.8 61.7 17.8 42.1 65.8
(152 to 164) (389 to 417) (621 to 665) (25.6 to 37.2)  (33.9 to 53.6) (46.5t076.9) (165t019.2) (39.2to 45.1) (60.9 to 70.8)
CAM 166 409 643 423 68.2 85.2 18.6 43.9 67.6
(159 to 172) (393 to 425) (618to 668) (36.0 to 48.5)* (57.4 to 78.9)*" (68.2 to 102.2)* (17.1 t0 20.2) (40.6 to 47.2) (62.2 to 73.0)
WM 172 416 655 50.8 76.6 96.3 19.0 453 70.2
(166 to 178)*" (400 to 431) (630 to 679) (44.5 to 57.0)* (65.9 to 87.3)*" (79.4to | 13.1)** (17.5 to 20.5) (42.0 to 48.5) (64.8 to 75.6)
F 154 396 642 545 774 110.5 19.2 44.1 68.2
(143 to 165) (366 to 425) (617 to 668) (42.9 to 66.2)*" (57.6 to 97.2)» (78.5 to 142.5)* (16.3 to 22.0) (38.2 to 50.1)* (58.5 to 77.8)

Note: Data display the mean estimates and 95% confidence intervals from the linear mixed models

(LMMs). TD: total distance; HSRD: high-speed running distance; PL: PlayerLoad

(Central Defender), CDM

(Central Defensive Midfielder), CAM
(Central Attacking Midfielder), WM
(Wide Midfielder), F

(Forward).

*indicates significantly greater than CD; A indicates significantly greater than CDM

(p<.05).

addition, only WM peak 1-minute TD values were signifi-
cantly greater than both CD and CDM values (Table 1).
There was a main effect for position for peak 3-minute
HSRD (p<.001) and PL (p=.002) values;
there was no significant main effect for position for the

however,

.CD

peak 3-minute TD (p =.124) values (Table 1). Post-hoc
analysis revealed that WM and CAM peak 3-minute
HSRD values were significantly greater than CD values,
while CAM, WM and F peak 3-minute values were signifi-
cantly greater than CDM values. Post-hoc analysis also
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revealed that only F peak 3-minute PL values were signifi-
cantly greater than CD values (Table 1).

There was a main effect for position for peak 5-minute
HSRD (p<.001), but there was no significant main effect for
position for peak 5-minute TD (p=.095) or PL (p=.091)
values (Table 1). Post-hoc analysis revealed that only WM
peak S-minute HSRD values were significantly greater than
CD values, while CAM, WM and F peak 5-minute values
were significantly greater than CDM values (Table 1).

Positional differences: match average values

There was a main effect for position for match average
I-minute HSRD (p<.001), TD (p=.005) and PL (p=
.001) values (Table 2). Post-hoc analysis revealed that
WM and CAM match average 1-minute HSRD values
were significantly greater than both CD and CDM values,
while only WM match average I-minute TD and PL
values were significantly greater than CD values (Table 2)

There was a main effect for position for match average
3-minute HSRD (p<.001), TD (p<.001) and PL (p=
.002) values (Table 2). Post-hoc analysis revealed that
WM match average 3-minute HSRD values were signifi-
cantly greater than CD values and that both CAM and
WM match average 3-minute values were significantly
greater than CDM values. Post-hoc analysis of match
average 3-minute TD revealed CDM, CAM and WM
values to be significantly greater than CD values. In add-
ition, WM match average 3-minute PL values were signifi-
cantly greater than CD values (Table 2).

There was a main effect for position for match average
S5-minute HSRD (p<.001), TD (p=.008) and PL (p=

.001) values (Table 2). Post-hoc analysis revealed that
WM match average 5-minute HSRD values were signifi-
cantly greater than CD values, and that both CAM and
WM match average 5-minute values were significantly
greater than CDM values. In addition, WM match
average 5-minute TD and PL values were revealed to be
significantly greater than CD values (Table 2).

Post-goal locomotor patterns

The time distribution frequencies for goals scored and con-
ceded are reported in Figure 2. There was a significant pos-
ition by time (pre vs. post first goal) interaction for the
HSRD 1-minute (p=.001) and S5-minute (p=.006)
epochs, irrespective of whether a goal was scored or con-
ceded. In addition, team-level data revealed no main
effects for time (Tables 3 and 5 and Figure 3(a)).
Analysis by position revealed a significant increase, from
pre to post, in 1-minute HSRD values for CAM after
scoring the first goal, whereas F revealed a significant
decrease, from pre to post, for both 1- and 5-minute
HSRD values when either scoring or conceding the first
goal (Tables 3-5). No significant interactions for the
1-minute, 3-minute or 5-minute TD data were identified
(Tables 3-5). Team-level data, however, revealed a main
effect for condition (score vs. concede) for 3-minute TD
data, with higher TD values recorded after a goal was con-
ceded (Figure 3(b)). Finally, there was a significant position
by time (pre vs. post) interaction for the PL 1-minute (p =
.036), 3-minute (p =.032) and 5-minute (p =.028) epochs
(Tables 3 — 5). In addition, team-level data revealed a
main effect for time (pre vs. post) for 1-, 3- and 5-minute

Table 2. Position-specific values for TD, HSRD and PL across |-, 3- and 5-minute epochs: match average values.

Average TD (m) Average HSR (m)

Average PL (a/u)

| minute 3 minutes 5 minutes | minute 3 minutes 5 minutes | minute 3 minutes 5 minutes
Team 106 316 527 6.5 19.9 323 10.4 311 51.7
(104 to 107) (312 to 320) (520 to 534) (59to7.1) (180t021.8) (292t0353) (10.1to10.7) (30.3t031.9) (50.4to 53.0)
CcD 102 300 508 5.0 15.7 255 9.8 29.5 49.0
(98 to 105) (290 to 310) (490 to 526) (3.5 to 6.5) (11.0t020.3) (18.0 to 33.0) (9.1 to 10.6) (27210 31.8)  (45.1 to 52.9)
CDM 107 323 534 49 15.0 242 10.4 31.0 51.5
(104to 110) (314t0333)* (516 to 551) (3.5 to 6.4) (10.5t0 19.5) (17.0 to 31.4) (9.6 to 11.1) (287 t0 33.3) (478 to 55.3)
CAM 108 323 535 7.7 229 372 10.7 320 53.1
(104to0 112) (313to334)* (516to555) (6.1 t09.3)*A (179 to 28.0)* (29.1 to 45.2)* (9.9 to 11.5) (29.6 to 34.5) (49.0 to 57.2)
WM 109 324 543 9.2 26.2 45.5 1.1 332 55.1
(105to 113)* (313t0334).* (524 to 563) * (7.6 to 10.8)** (21.2t031.2)*} (37.5t053.6)** (10.3 to [1.9) * (30.7 to 35.6) * (51.0 to 59.2) *
F 106 320 543 75 23.0 37.8 11.4 345 57.9
(99 to 113) (300 to 340) (524 to 563) (4.6 to 10.5) (13.61t0324) (23.1t0526) (10.0to 12.8) (30.3t038.7) (50.9 to 64.9)

Note: Data display the mean estimates and 95% confidence intervals from the linear mixed models

(LMMes). TD: total distance; HSRD: high-speed running distance; PL: PlayerLoad" .
Central Defender), CDM

Central Defensive Midfielder), CAM

Central Attacking Midfielder), WM

Wide Midfielder), F

Forward).

“indicates significantly greater than CD; A indicates significantly greater than CDM
(p<.05).
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Figure 2. Time-distribution frequencies for the goals scored and conceded.

epochs, with a significant decrease after the instance of a goal,
irrespective of whether they scored or conceded (Tables 3-5).
Analysis by position revealed a significant decrease for F,
from pre to post, for 1-, 3- and 5-minute PL values, irrespect-
ive of scoring or conceding the first goal (Tables 3-5). Overall,
for all epochs (1, 3 and 5 minutes) and metrics (TD, HSRD
and PL), linear mixed model analysis revealed no interactions
for position and time, dependent on whether a goal was scored
or conceded.

Discussion

The primary purpose of this study was to describe the peak
and average periods of activity for elite female soccer
players in three different time epochs during match-play,
whilst also considering the contextual factors of playing
position and post-goal activity. One of the primary findings
of the current study was the observation of positional differ-
ences for peak HSRD across all three time epochs. Some
positional differences were also observed for TD (peak
1-minute) and PL (peak 3-minute). Conversely, when con-
sidering match average values, playing position differences
were noted for all metrics (HSRD, TD and PL) across all
time epochs (1-, 3- and 5-minute epochs). Uniquely, this
research aimed to consider post-goal locomotor activity,
with current results suggesting potential differences in loco-
motor activity at both a team and playing position-level fol-
lowing a goal (conceded and scored). This finding may
have key technical and tactical implications for coaches,
players and practitioners when monitoring, observing and
seeking to affect competitive match-play in elite female
soccer players. Interestingly, peak TD and PL values
occurred more frequently during the first 5 minutes of

match-play, possibly highlighting the team’s strategic
attempt to establish superiority.”®

Positional differences were observed for peak HSRD
across each epoch (1, 3 and 5-minute epochs) with WM,
F and CAM typically covering more HSRD than CD and
CDM (Table 1). These findings are comparable to the
limited previous research on peak periods in female
soccer and are likely a reflection of the differing tactical
requirements of each positional role.'**> WM and CAM
have both attacking and defensive responsibilities which
ensure they operate across large areas of the pitch and there-
fore frequently exceed the speed thresholds for HSR.
Relatedly, Fs are required to make high-speed decisive
movements to evade the opposition and these actions
have been shown to be common in goal sequences.”’
Previous research in this area has often grouped CDM
and CAM into an overall central midfield (CM) group
and to the authors’ knowledge, the present study is the
first to further subdivide into CDM and CAM to analyse
peak periods. The importance of distinguishing between
the differing tactical roles of the CM group was first consid-
ered by Dellal and colleagues in 2011,%® yet this approach
has seldom been adopted in female soccer research,
despite the observed differences in locomotor activity
between positions. This additional classification of the
CM group can provide practitioners with more granular
information to help inform position-specific training prac-
tices. Due to differing methodologies and speed thresholds
adopted, it can be challenging to make direct comparisons
between studies; however, the current findings are similar
to a study in the Danish women’s league** where the
peak 5-minute HSRD ranged from 74 to 110 m, which is
similar to the current findings (62—111 m).
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Figure 3. Team values for (a) TD, (b) HSRD and (c) PL when scoring or conceding the first goal during competitive match-play during
| minute, 3 minute and 5 minute epochs. * denotes significantly less than pre-values; A denotes significantly less than the conceded

values.

TD: total distance; HSRD: high-speed running distance; PL: PlayerLoad™".

The peak TD was generally similar between playing
positions across each time epoch (Table 1). The only excep-
tion was a higher peak 1-minute TD in WM (172 m) com-
pared to both CD and CDM (155m and 158 m,
respectively). This similarity between the playing positions
for peak TD is fairly consistent with previous research,'*
although other studies have noted differences in peak
5-minute TD between CD and other playing positions.?**°
This divergence between the current study and other
research may be a result of the narrow team shape
adopted by the current team whereby they utilised three
CD and no wide defenders. Indeed, previous research has
shown physical match performance to be higher in team
formations with three defenders, as opposed to four defen-
ders.’® The peak TD values observed in our study were
broadly similar to other studies undertaken on elite domes-
tic female match-play in Spain,'* Norway®® and
Denmark,?* but slightly lower than those reported in inter-
national match-play.> Similar to the findings for peak TD,
there were limited positional differences across the different
time epochs for peak PL (Table 1). Indeed, the only signifi-
cant difference was between F and CD for peak 3-minute
PL. This finding corroborates previous research which has

noted a strong relationship between PL and TD.? The
peak 5-minute PL observed in our study (64.0-70.2 AU)
was broadly similar to previous investigations in U20
(68.4-64.5 AU)*' and senior international match-play
(68.4-74.5 AU).>* Despite examining peak 5-minute PL,
the previous studies did not investigate playing position dif-
ferences so we are not able to compare this aspect of our
research.

Investigating peak periods in match-play activity is an
increasingly popular approach to further understand the most
physically demanding periods of match-play. It is recognised
that being cognisant of these peak periods is useful for training
drill design, development and monitoring purposes.” However,
the focus of training sessions is not always about working at
maximum intensity and consequently, an appreciation of the
average values for various load metrics is also warranted. For
the average match data reported in this study, positional differ-
ences were observed for average HSRD, TD and PL across
each epoch (1, 3 and 5-minute epochs) (Table 1). Significant
differences were noted between WM and CD for each variable
and for all time epochs. There were also significant differences
between CDM and CAM for average HSRD across all time
epochs, with CAM completing more HSRD than CDM. As
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discussed previously, these positional differences are not unex-
pected due to the differing tactical role of each playing pos-
ition."*** Accordingly, this study not only reiterates the need
for position-specific training but also highlights the awareness
that further subdividing playing positions (i.e. CM divided
into CAM and CDM) can be enlightening, enhancing our
understanding of position-specific match demands.

Despite the known importance of goal scoring within elite
soccer, there is a paucity of research examining the influence
of scoring on locomotor patterns. Previously, research has
considered the association between match outcome' (ie.
win, lose or draw) and locomotor activity; however, such an
approach fails to appreciate the ever evolving nature of com-
petitive soccer match-play. To the authors’ knowledge,
however, this is the first study to consider the locomotor activ-
ity undertaken following instances in which a goal is conceded
or scored. Post-goal activity patterns intuitively seem import-
ant as they represent a significant point in the game and
combine physical, technical, tactical and psychological
aspects of performance. Furthermore, post-goal activity
better represents the stochastic nature of match-play compared
to match outcome which encompasses 90 minutes of activity.

From a team perspective, no significant differences in
HSRD or TD activity were observed, between pre- and post-
goal activity. However, specifically after conceding a goal,
there was a significant increase in TD values during the
3-minute epoch. PL values were lower post-goal across all
time epochs, regardless of scoring or conceding (Figure 3
(a) to (c)). These findings in part corroborate the findings of
Castellano and colleagues,” who suggest that losing teams
may initially increase their work rate in an attempt to score;
however, it may not be possible to maintain this increased
work rate.!”” The post-goal reduction in PL was a novel
finding as this metric has not readily been cited in similar
prior work. This significant finding indicates a change in activ-
ity pattern post-goal, possibly implying fewer changes of
speed and/or direction; however further investigation, includ-
ing the combination of tactical and technical information, is
warranted to further understand this change. Indeed, the
playing position analysis highlighted some key differences
in post-goal locomotor patterns; for CAM, there were large
increases (457%) in 1-minute HSRD distance after scoring,
and for F there were decreases in most epochs for both
HSRD and PL when scoring and conceding (Tables 3-5).
The rationale for these changes in post-goal HSRD and PL
activity cannot be confirmed by the current study; however,
it is interesting to consider whether these were proactive or
reactive tactical responses. Future research needs to combine
physical, tactical and technical performance measures to
further understand these complex interactions.

This study is not without limitation, firstly, this was a
small dataset collected from a single club team and conse-
quently the findings may not be transferrable to wider popu-
lations due to the differences in style of play and tactical
considerations. Connectedly, there was an imbalance in

the team’s results, with matches won accounting for 79%
of those analysed, which may have influenced the findings.
Also, as the investigated team play a system without wide
defenders, this playing position was not reported in the
current study. Secondly, each of the external load metrics
were expressed separately; however, recent narratives
suggest that peak periods should be considered as multivari-
ate and complex constructs.'? Thirdly, incorporating more
technical and tactical aspects of performance through
optical data, alongside the physical metrics, would have
allowed a deeper and more holistic understanding of the
peak periods of match-play.

In summary, this study provides a comprehensive overview
of average and peak periods of match-play activity in elite
female soccer players and secondly offers some novel findings
on post-goal locomotor patterns. The reference values obtained
in this study may be a useful guide for practitioners to inform
training drill design, while also aiding training monitoring pro-
cesses. More generally, profiling and benchmarking positional-
specific physical demands whereby informing training load strat-
egies to compensate the disparity between the prescribed (i.e.
expected) training dose and the actual (i.e. observed) response.
The current study observed that both peak and match average
values were influenced by playing position which further high-
lights the need for position-specific training protocols. For
example, a possible training drill for a CAM could be a pitch
run from 6-yard line to 6-yard line (~103 yards), followed by
a pitch run from 18-yard line to 18-yard line (~79 yards). The
distance covered during this drill would be ~182 yards
(166 m), which is representative of the peak 1-minute TD for
CAM (Table 1). Practitioners, however, must also be cognisant
of the reality that a combination of external load metrics and con-
textual factors must combine to create a true peak period.'* The
current study seeks to extend and develop upon the existing
research which has examined the impact of match outcome on
locomotor activity, by considering the evolving match status
(i.e. goal-scoring events) and the influence on players’ locomotor
activity. Consequently, post-goal locomotor patterns highlighted
differences in the TD covered by teams after conceding a goal,
as well as positional differences for HSRD and PL. Further
research should focus on combining tactical and physical perfor-
mances to better understand these complex interactions.
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