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Whole and peak physical characteristics of elite youth female soccer match-play
Alice Harkness-Armstrong a, Kevin Till a, Naomi Datson b and Stacey Emmonds a

aInstitute for Sport, Physical Activity and Leisure, Leeds Beckett University, Leeds, UK; bInstitute of Sport, University of Chichester, Chichester, UK

ABSTRACT
This study quantified whole and peak physical characteristics of Under (U)14 and U16 elite youth female 
soccer, and compared by position and age-group. Data was collected using 10 Hz GPS units from 
431 match observations, during 50 matches involving 201 players (U14 n = 93; U16 n = 108) representing 
Regional Talent Centres in The Football Association’s Girl’s England Talent Pathway League. Whole match 
data were reported as absolute and relative; total (TD), high-speed running (HSR; ≥3.46 m·s−1), very high- 
speed running (VHSR; ≥5.29 m·s−1), and sprinting (SPR; ≥6.26 m·s−1) distance, and maximum velocity. 
Moving average analysis determined peak data (1–10 minute durations). Linear mixed models estab
lished position-specific differences. U16s covered greater; absolute distance at all speeds (small-moderate 
ESs; p < 0.001); relative VHSR and SPR m·min−1 (small-moderate ESs; p < 0.001); peak TD and HSR m·min−1 

(small ESs) across several peak-durations, and VHSR m·min−1 (small ESs; p < 0.001) across all peak- 
durations compared to U14s. Position-specific differences were observed across all positions between 
and within both age-groups, identifying whole and peak physical characteristics are age- and position- 
dependent within elite youth female soccer match-play. Findings may facilitate informed coaching 
practices and training programme design, talent identification and development processes.
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Introduction

Over recent years, there has been substantial growth and 
development within elite female soccer. This has included the 
establishment of professional leagues and teams, investment 
within youth and senior environments, and, provision for 
improving support and pathways for the development of 
talented youth players. Furthermore, recent research has 
observed improvements in physical performance of elite senior 
female soccer match-play (FIFA, 2020; D. Scott et al., 2020), 
suggesting the increased professionalism of the game has 
translated to improvements on the pitch. Despite this growth, 
there is still a lack of scientific literature associated with elite 
female soccer, which in turn makes it challenging to develop an 
evidence informed approach to practice.

To date, the available scientific research predominantly quan
tifies the physical characteristics of match-play involving senior 
players (Datson et al., 2017; Mohr et al., 2008; D. Scott et al., 2020). 
Physical match characteristics (e.g., total distance, high-speed run
ning or sprinting) have been reported to differ between positions 
(Datson et al., 2019, 2017). Situational variables such as; match 
outcome, standard of opposition, and environmental factors, have 
also been shown to influence physical outputs within elite senior 
female soccer (Trewin et al., 2018a). Knowledge of the physical 
characteristics of match-play and understanding how physical 
performances may differ between players is important for provid
ing practitioners with an evidence-base to inform their practices, 
such as; preparing training programmes, monitoring training 
loads, or designing coaching practices to optimize players’ physi
cal readiness for match-play.

Whilst there is a growing body of research on the physical 
match characteristics of elite senior female players, to date, the 
understanding of physical match characteristics of elite youth 
female players is particularly limited. Such information is impor
tant for practitioners, to help inform age-specific practices, talent 
identification and talent development processes. To the best of 
the authors knowledge, only three known studies have quantified 
the physical characteristics of elite youth female match-play 
(Ramos, Nakamura et al., 2019; Ramos et al., 2017; Vescovi, 2014). 
However, these studies mostly involved youth age-groups of 
Under (U)16 to U20, and consequently the physical match char
acteristics of younger age-groups are currently unknown. 
Furthermore, due to the methods adopted by these studies, it is 
difficult for practitioners working with elite youth female players 
to implement age-specific practices based on their results or 
findings. For example, Ramos et al. (2019) and Ramos et al. 
(2017) involved players from a single team with a low number of 
match observations, and consequently the results may not be 
generalizable to the population. Vescovi (2014) also had a low 
number of match observations and did not quantify position- 
specific characteristics at each age-group, which in senior elite 
female players has shown to influence physical characteristics 
(Datson et al., 2017). Additionally, these studies primarily quanti
fied whole match characteristics with only one study quantifying 
the peak characteristics (at 5 minute durations) with U20 players 
(Ramos et al., 2017). Therefore, in addition to the limited knowl
edge of whole match physical characteristics, there is also pre
sently no knowledge of the current peak characteristics 
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experienced during elite youth female soccer match-play for 
younger age-groups. This is problematic, as whole match charac
teristics provide limited information regarding the intermittent 
nature of match-play, and likely underrepresent the true demands 
of match-play, particularly during the most intense periods. 
Whereas peak physical characteristics provide insight to these 
most demanding periods of match-play. Increasing knowledge 
and understanding of how peak characteristics may differ across 
varying durations, playing position, or age-group, will help practi
tioners; physically prepare players for these specific “worst case 
scenarios” experienced during match-play through evidence- 
informed training programme design and coaching practice 
design (Doncaster et al., 2020; Fereday et al., 2020).

Consequential of the growth and increased professionalism of 
elite female soccer, there has been increased provision within elite 
youth female populations (e.g., Regional Talent Clubs (RTCs) in 
England). These RTCs follow a similar structure to the Elite Player 
Performance Plan (EPPP) in male youth soccer in England, and aim 
to improve the standard of future senior players by improving the 
standard of youth players and providing greater support and 
focussed development of youth players across age-groups (U10 
to U16 age-groups). However, the lack of research regarding 
match-play with elite youth female soccer players is problematic 
for practitioners working with the population. Currently practi
tioners are reliant on using literature involving male youth players 
or senior female players to inform their practice. The assumption 
that match performance, and particularly physical match charac
teristics, are similar between male and female youth players is 
inappropriate due to gender-differences in physical and physiolo
gical characteristics, particularly during maturation (Emmonds 
et al., 2018). Therefore, there is an importance and need for 
female-specific data to ensure coaches and practitioners can uti
lize population-specific research to inform their practice. Thus, the 
aims of the current study were to: (1) quantify the physical char
acteristics of match-play for U14 and U16 elite youth female soccer 
in RTCs in England, (2) compare whole match physical character
istics by positions and age-group, and (3) compare peak physical 
characteristics by positions and age-group.

Materials and methods

Participants

A total of 201 elite youth female soccer players from 6 different 
RTCs participated in the study. Players participated at either U14 
(n = 93; age: 12.9 ± 0.7 years, height: 158.7 ± 6.4 cm body mass: 
48.5 ± 8.9 kg) or U16 (n = 108; age: 15.0 ± 0.6 years, height: 
162.4 ± 5.9 cm; body mass: 56.1 ± 6.4 kg) age-groups. Both U14 
and U16 age-groups are standard competitive age-groups within 
RTCs, determined by players’ chronological age. Participants were 
considered elite, as RTCs are the highest standard of domestic 
youth female soccer in England. The study received institutional 
ethical approval, and all players (and parents/guardians) provided 
informed consent prior to participation.

Procedures

Data was collected from 50 matches (U14 n = 26; U16 n = 24) 
during the 2018–19 and 2019–20 seasons of The Football 

Association’s Girl’s England Talent Pathway league. Match dura
tion differed between U14 and U16 age-groups (U14: 35-minute 
halves; U16: 40-minutue halves), and subsequent observed match 
duration was; 77:03 ± 5:02 min and 82:56 ± 3:16 min, respectively. 
Pitch dimensions also varied between U14 and U16 age-groups 
(75 m x 45 vs. 91 m x 56 m). Match location included; home (U14 
n = 14; U16 n = 14) and away (U14 n = 12; U16 n = 10), playing 
surface was either; artificial turf (U14 n = 11; U16 n = 15) or grass 
(U14 n = 15; U16 n = 9), and match outcomes included; wins (U14 
n = 10; U16 n = 6), draws (U14 n = 7; U16 n = 5) and losses (U14 
n = 9; U16 n = 12).

A total of 641 (U14: n = 305; mean per player = 3.2 ± 1.5; 
range = 1–8; U16: n = 336; mean = 3.2 ± 1.9; range = 1–8) 
individual player observations were obtained. Players were not 
allocated to specific playing positions as predominantly observed 
in the literature, as limited full match observations (U14 n = 63; 
U16 n = 68) occurred due to; rolling substitutions, return substitu
tions, and players rotating positions within matches, all of which 
are common practice within the RTC league. Instead, participants’ 
respective playing time at each playing position contributed to 
respective positions’ overall match observation. For example, 
within a match two participants play as a team’s right back; 
participant A’s data in the first half and participant B’s data in 
the second half would both contribute to one overall right-back 
positional-observation. This approach has previously been 
adopted by research quantifying technical characteristics within 
this population (Harkness-Armstrong et al., 2020), however has yet 
to be adopted when quantifying physical data. Therefore, sub- 
analyses were conducted on a dataset adopting the positional 
approach (n = 431) or involving whole match player observations 
only (n = 131). No significant differences (p > 0.05) occurred in 
physical match characteristics for all variables quantified in this 
study, across all playing positions and in both age groups. As 
whole and peak physical characteristics variables did not differ 
dependent upon whether observations were derived by player or 
playing position, the positional approach was adopted to max
imize the available dataset. Thus, a total of 431 positional observa
tions (U14 n = 227; U16 n = 204) were derived from player 
observations; central defenders (CD; U14 n = 40; U16 n = 42), 
wide defenders (WD; U14 n = 49; U16 n = 41), central midfielders 
(CM; U14 n = 61; U16 n = 53), wide midfielders (WM; U14 n = 41; 
U16 n = 42) and forwards (FWD; U14 n = 36; U16 n = 26).

Physical match characteristics were quantified using 10 Hz 
global positioning units (GPS; Optimeye S5, Catapult Sports, 
Melbourne, Australia). The validity and reliability of these 
devices for quantifying physical characteristics in team sports 
have previously been described elsewhere (M. T. Scott et al., 
2016). Prior to match warm-up routines, GPS units were 
switched on to facilitate sufficient satellite connection 
(11.9 ± 0.1 satellites; 0.71 ± 0.06 horizontal dilution of precision) 
and placed into a bespoke harness worn beneath the playing 
shirt, fitting the GPS unit to the upper back of each player. Data 
was downloaded post-match using Openfield software 
(Catapult Sports, Melbourne, Australia), then exported for sub
sequent analyses. The variables chosen for the current study 
were; total distance (TD), high-speed running (HSR; 
≥3.46 m·s−1), very high-speed running (VHSR; ≥5.29 m·s−1), 
sprinting (SPR; ≥6.26 m·s−1), and maximum velocity, which 
were reflective of the velocity thresholds recently adopted by 
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D. Scott et al. (2020) for elite female soccer players. These 
thresholds had been established by a previous methodological 
paper based on match-data of elite senior female soccer players 
(Park et al., 2019). Additionally, relative distances (m·min−1) 
were also included to facilitate comparisons between age- 
groups whilst accounting for differences in match durations.

To establish the peak data for each match observation, raw GPS 
data files of player observations were exported, and positional 
observations created from the relevant player observations. 
Subsequently, files were imported to R Studio (v1.2.1335; 
RStudio Team, 2018) for analysis. Peak data were calculated for 
TD, HSR and VHSR (including SPR) variables, using a moving aver
age for 1–10 minute durations. The maximum value recorded for 
each duration during each match observation was determined as 
the peak for each variable. Peak data was expressed as relative 
distance (m·min−1) to facilitate practical application.

Statistical analysis

All statistical analyses were conducted using RStudio (RStudio 
Team, 2018). Linear mixed models (lme4 package) were devel
oped to quantify differences for each physical variable (depen
dent variable), between age-group and playing position (fixed 
effects). Repeated measures were accounted for within random 
effects, including; fixture, and position nested within team. The 
assumptions of linearity and normality of distributions of the 
model were verified visually, and homogeneity of variance was 
assessed using Levene’s Test (p > 0.05). Estimated means for 
each variable were derived from the models using the 
emmeans package, and reported as mean ± SE. To identify 
position-specific differences between age-groups and posi
tions, Tukey’s pairwise comparisons were conducted. 
Statistical significance was set at p < 0.05. Effect size (ES) was 
also calculated to determine the magnitude of the difference 
(effsize package). ES was classified as trivial (<0.2), small (0.2–
0.59), moderate (0.6–1.19), large (1.2–1.99) or very large (>2.0) 
(Batterham & Hopkins, 2006). Effects were considered unclear if 
the 90% confidence intervals included both substantial (<0.2) 
positive and negative values (Hopkins et al., 2009).

Results
Whole match characteristics

Table 1 presents the whole match physical characteristics by 
playing position for U14 and U16 age-groups and presents the 
comparisons between age-groups. Small to moderate differ
ences were identified between U14 and U16 age-groups, with 
U14s performing less TD, HSR, VHSR, SPR, VHSR m·min−1, and 
SPR m·min−1, and had a lower maximum velocity.

Within position, there were no clear differences in relative whole 
match characteristics between U14 and U16 CDs, and U14 and U16 
CMs. U14 WDs covered less TD m·min−1, HSR m·min−1, 
VHSR m·min−1, and SPR m·min−1 than U16 WDs. U14 WMs covered 
less HSR m·min−1, VHSR m·min−1, and SPR m·min−1 than U16 WMs. 
U14 FWDs performed less VHSR m·min−1, and SPR m·min−1 than 
U16 FWDs.

Figure 1 presents the position-specific differences in relative 
whole match physical characteristics within U14 and U16 age- 
groups.

Peak match characteristics

The position-specific peak relative distances for elite youth 
female soccer match-play, for duration-specific periods of 
1-min to 10-min for TD m·min−1, HSR m·min−1and 
VHSR m·min−1 are presented in Figures 2–4, respectively, along
side position-specific differences within age-groups.

U16s covered more TD m·min−1 at all durations except 10-min 
(small ESs: 0.21–0.54), and HSR m·min−1 at 1-min to 4-min durations 
(small ESs: 0.23–0.35) than U14s. U16s also performed more 
VHSR m·min−1 (p < 0.001, small ES:0.40–0.52) at all durations. 
Position-specific differences compared peak characteristics 
between age-groups. The only clear differences between CDs 
were that U16s performed more VHSR m·min−1 (small ES: 0.25–0.51) 
than U14s at 1-min to 6-min durations. U16 WDs covered more 
TD m·min−1 (small-moderate ES: 0.36–0.88) at all durations, 
HSR m·min−1 (small ES: 0.27–0.47) at 1-min (small ES: 0.58 ± 0.37), 
2-min (small ES: 0.39 ± 0.42), 3-min (small ES: 0.40 ± 0.46) and 6-min 
(small ES: 0.29 ± 0.46) durations, and VHSR m·min−1 (small- 
moderate ES: 0.58–0.82) at all durations compared to U14 WDs. 
U16 CMs covered more TD m·min−1 (small ES: 0.22–0.30) at 1-min to 
3-min durations. However, U14 CMs covered more HSR m·min−1 at 
6-min (small ES: 0.25 ± 0.44), 7-min (small ES: 0.23 ± 0.42) and 10- 
min (small ES: 0.22 ± 0.42) durations. U16 WMs covered more 
TD m·min−1 at 1-min (moderate ES: 0.61 ± 0.44), 2-min (small 
ES:0.59 ± 0.47), 4-min (small ES: 0.40 ± 0.47) and 5-min (small ES: 
0.34 ± 0.47) durations, and more HSR m·min−1 (small-moderate ES: 
0.41–0.64) and VHSR m·min−1 (p < 0.05; moderate ES: 0.76–0.98) at 
all durations compared to U14 WMs. U16 FWDs covered more 
TD m·min−1 (small-moderate ES: 0.37–0.78) at all durations, 
HSR m·min−1 at 1-min to 4-min, and 6-min durations (small- 
moderate ES: 0.31–0.61), and VHSR m·min−1 (small-moderate 
ES:0.41–0.76) at all durations, compared to U14 FWDs.

Discussion

The aim of the current study was to quantify the physical char
acteristics of U14 and U16 elite youth female soccer match-play 
and compare position-specific differences between and within 
these age-groups for whole and peak match characteristics. This 
was the first known study to (a) quantify physical performances of 
U14 youth female soccer players during match-play, (b) provide 
position-specific characteristics for U14 and U16 female soccer 
players, (c) provide relative distances at different velocity zones in 
female youth soccer players, and (d) provide peak characteristics 
at differing durations in female soccer match-play. This study also 
utilized the largest dataset to date quantifying elite youth female 
soccer match characteristics, involving 201 players from six dif
ferent RTCs.

The physical characteristics of U16 match-play were greater 
than U14 match-play; whole match results showed that U16s 
covered greater TD, HSR, VHSR and SPR (p < 0.001; small- 
moderate ESs: 0.53–1.06), achieved higher maximum velocity 
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(p < 0.001; small ES: 0.59), and performed more VHSR m·min−1 

and SPR m·min−1 (p < 0.001; small-moderate ES: 0.53–0.67) than 
U14s. Additionally, peak characteristics identified that U16s per
formed greater TD (small ESs: 0.21–0.54) at all durations except 
10-min, HSR m·min−1 (small ESs: 0.23–0.35) during 1-min to 
4-min peak durations, and VHSR m·min−1 (p < 0.001; small ESs: 
0.40–0.52) across all peak durations compared to U14s. 
Furthermore, there were position-specific differences observed 
between age-groups for all metrics, further evidencing that 
physical characteristics of elite youth female soccer match-play 
are age-group dependent. Findings also identified that physical 

match characteristics are position-dependent, with differences 
observed between all positions within both age-groups for both 
whole and peak physical characteristics. The current study con
tributes to the limited body of literature regarding elite youth 
female soccer match-play, and the results and findings from this 
study can be used by practitioners to inform age- and position- 
specific practices for the physical development of elite youth 
female soccer players.

When comparing the absolute TD covered by U14 and U16 
players to elite senior female soccer players, all positions cov
ered notably less than their respective senior players 

Figure 1. Effect sizes of differences in estimated mean and statistical significance of relative whole match physical characteristics between A) U14 and B) U16 players by 
position. *Significant difference (p < 0.05*, p < 0.01**, p < 0.001***).
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Figure 2. Estimated mean and ±SE of peak relative total distance of U14 and U16 elite youth female soccer match-play at 1–10 minute durations according to playing 
position. All: all players; CD: central defenders; WD: wide defenders; CM: central midfielders; WM: wide midfielders; FWD: forwards. Position-specific statistical 
significance (p < 0.05*, p < 0.01**, p < 0.001***) between a) U14 and U16 age-groups, and within age-group difference between b) CD, c) WD, d) CM, e) WM, and f) 
FWD. Clear effect sizes are shown; S) small ES (0.2–0.59); M) moderate ES (0.6–1.19); L: large ES (1.2–2.0); VL: very large ES (>2.0).

Figure 3. Estimated mean and ±SE of peak relative high-speed running distance of U14 and U16 elite youth female soccer match-play at 1–10 minute durations 
according to playing position. CD: central defenders; WD: wide defenders; CM: central midfielders; WM: wide midfielders; FWD: forwards. Position-specific statistical 
significance (p < 0.05*, p < 0.01**, p < 0.001***) between a) U14 and U16 age-groups, and within age-group difference between b) CD, c) WD, d) CM, e) WM, and f) 
FWD. Clear effect sizes are shown; S) small ES (0.2–0.59); M) moderate ES (0.6–1.19); and L: large ES (1.2–2.0).
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(U14 = 6602–7798 m; U16 = 6954–8385 m; vs. 
senior = 9398–10,644 m; D. Scott et al., 2020). This will partially 
be due to the differences in match durations between youth 
and seniors. However, it may also be due to senior players 
having increased physical capacity and match-specific fitness 
(Emmonds et al., 2018; Ramos, Nakamura et al., 2019) or that 
senior match-play generally occurs at greater intensities than 
youth match-play, as the differences between youth and senior 
players seem more apparent when considering the absolute 
HSR (U14 = 1245–1742 m; U16 = 1308–2023 m; vs. 
senior = 1936–2749 m), VHSR (U14 = 116–249 m; 
U16 = 124–326 m; vs. senior = 316–666 m) and SPR 
(U14 = 13–43 m; U16 = 17–75 m; vs. senior = 59–248 m) dis
tances (D. Scott et al., 2020). Conversely, it is also likely that 
given that the youth maximum velocity is notably lower than 
seniors for all positions (U14 = 23.0–24.6 km·h−1; 
U16 = 23.8–25.3 km·h−1; vs. senior = 28.7–30.6 km·h−1), the 
velocity thresholds used for this study, which were established 
from senior elite female match-data (Park et al., 2019), may be 
too high for the youth players to achieve (VHSR >19.0 km·h−1; 
SPR >22.5 km·h−1) as consistently as senior players, or poten
tially at all. This is particularly notable at the U14 age-group as 
players covered less absolute and relative VHSR and SPR than 
U16 players, with a velocity maximum of only 0.57 m·s−1 

(2.05 km∙h−1) above the SPR threshold. Consequently, as velo
city thresholds created for senior players are not proportionate 
to the physical capacities of youth players, adopting these 
velocity thresholds in research or practice will likely lead to an 
underestimation of distance and m·min−1 within the VHSR and 

SPR zones, and therefore not accurately reflect the true physical 
characteristics of elite youth female soccer match-play. Future 
research should therefore aim to establish age-specific velocity 
thresholds for the appropriate quantification of physical char
acteristics within match-play at youth age-groups. However, it 
is important to note that adopting either senior or age-specific 
velocity thresholds should be dependent upon the research 
aim or practitioner’s intended use. For example, the use of 
senior-derived velocity thresholds as adopted within this 
study is necessary for the comparison of physical characteristics 
across the talent pathway, which may provide valuable insight 
for practitioners preparing players transitioning from youth to 
senior playing levels. Whilst, for example, the use of youth 
velocity thresholds when analysing youth players’ physical per
formance or monitoring load throughout a season, may be the 
most appropriate approach. Ultimately, researchers and practi
tioners should make an informed decision regarding the most 
appropriate approach for their context and the intended use of 
data.

The relative data showed some position-specific similarities 
between age-groups for TD and HSR m·min−1, yet players in 
both age-groups covered considerably less TD m·min−1 than 
elite senior female players (U14 = 85.4–100.9 m·min−1; 
U16 = 83.8–100.5 m·min−1; vs. senior = 101.3–110.3 m·min−1; 
Ramos, Datson et al., 2019), further suggesting that match 
demands increase between youth and senior levels (Ramos, 
Nakamura et al., 2019). The relative data shows an increase in 
VHSR and SPR m·min−1 from U14 to U16 age-groups, which 
further suggests that; players’ ability to perform more higher 

Figure 4. Estimated mean and ±SE of peak relative very high-speed running distance of U14 and U16 elite youth female soccer match-play at 1–10 minute durations 
according to playing position. CD: central defenders; WD: wide defenders; CM: central midfielders; WM: wide midfielders; FWD: forwards. Position-specific statistical 
significance (p < 0.05*, p < 0.01**, p < 0.001***) between a) U14 and U16 age-groups, and within age-group difference between b) CD, c) WD, d) CM, e) WM, and f) 
FWD. Clear effect sizes are shown; S) small ES (0.2–0.59); M) moderate ES (0.6–1.19); and L: large ES (1.2–2.0).
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speed distances increase, match intensities increase with age, 
or that the velocity thresholds adopted are too excessive for 
accurately capturing the true physical characteristics of these 
U14 players. Comparisons of HSR, VHSR and SPR m·min−1 with 
existing senior and male youth literature were not possible as 
studies reporting relative variables utilized different velocity 
boundaries. Coaches and practitioners should consider how 
to prepare players transitioning from U16 to senior environ
ments for the notable increase in absolute and relative external 
load players experience during match-play. Furthermore, coa
ches within senior environments who may have players transi
tioning from an U16 age-group, should consider how players’ 
physical capacities and usual external loads may impact train
ing and match performances, load monitoring and injury pre
vention. Additionally, future research should aim to quantify 
the match-play characteristics of The FA’s recently established 
Women’s Super League Academy (16–19 years) league, to help 
practitioners inform further specific practices for RTC players 
progressing into this elite youth environment prior to transi
tioning into senior environments. In addition, future research 
should aim to explore whether Women’s Super League 
Academy match-play helps bridge the gap between youth 
(specifically RTCs) and senior match-play.

Findings identified differences in both absolute and relative 
whole match data between positions within each age-group. 
When considering the relative data, several position-specific 
similarities were observed between age-groups which were 
consistent with previous senior female research (Datson et al., 
2017; Mara et al., 2017; D. Scott et al., 2020); CD performed the 
least TD and HSR m·min−1, whilst CMs performed the least VHSR 
and SPR m·min−1. CMs covered the most TD m·min−1, WMs 
performed the greatest HSR m·min−1, and FWDs performed 
the most SPR m·min−1. Both age-groups highlighted that 
wide players covered greater distances than their central coun
terparts (i.e. CD v WD; CM v WM), which is likely influenced by 
the differing technical-tactical aspects associated with their 
positional roles. To provide greater insight into the match 
characteristics of elite youth female soccer match-play, future 
research should aim to incorporate capturing technical data 
alongside physical data, to provide further context to the spe
cific situations which players from different playing positions 
experience during match-play. Coaches and practitioners may 
use the findings from this study to inform position-specific 
coaching practices at each age-group, to prepare players for 
match-play and assist players transitioning between youth age- 
groups for the increase in external loads experienced during 
match-play.

Due to the intermittent nature of soccer match-play, considera
tion of only whole match physical characteristics to inform prac
tices, may not adequately prepare players for the most intense 
periods of match-play. Therefore, the peak characteristics of 
match-play were further explored in this study. Furthermore, this 
study is the first in female soccer literature to quantify peak char
acteristics across differing time-periods, i.e. 1-min to 10-min, which 
may be useful for informing prescription of duration-specific prac
tices to ensure optimal preparation for the most intense periods of 
match-play. The peak results showed the 1-min duration resulted 
in the highest distances for all positions in both age-groups (TD: 
U14 = 156.6–165.6 m∙min−1; U16 = 159.1–172.6 m∙min−1; HSR: 

U14 = 74.6–89.5 m∙min−1; U16 = 77.0–99.1 m∙min−1; VHSR: 
U14 = 28.6–34.4 m∙min−1; U16 = 28.6–42.6 m∙min−1), and as the 
peak duration increased, relative distances decreased. This is simi
lar to previous findings within male soccer (Doncaster et al., 2020; 
Fereday et al., 2020) and other team sports (Whitehead et al., 2019). 
The position-specific peak 5-min duration TD m·min−1 results were 
notably less than previously observed in elite senior female players 
(U14 = 112.2–126.1 m·min−1; U16 = 112.6–127.7 m·min−1 vs. 
senior = 132–146 m·min−1; Trewin et al., 2018b). Comparisons of 
HSR and VHSR m·min−1 with existing senior female literature were 
not possible as studies reporting peak variables utilized different 
velocity boundaries. Additionally, comparisons of different dura
tions were also not possible, as no other known research has 
quantified peak characteristics of elite female soccer match-play 
across differing peak-durations.

Similar to the whole match data, peak match characteristics 
were dependent upon age-group and playing position, and 
also vary between durations. Wide players and FWDs had 
more differences between age-groups across all durations com
pared to CDs and CMs. U16 positions consistently performed 
more distance in these observed differences, however U14 CMs 
covered more HSR m·min−1 at three different durations, which 
were the only observations where any U14 position had higher 
peak distances than their U16 counterparts. This discrepancy 
suggests potential differentiation in CM demands at both age- 
groups, however it is not possible to identify the contributing 
reasons for the observed discrepancies with the available data. 
Future research should include technical characteristics along
side the peak characteristics, to provide further context to the 
specific situations in which players are performing peak physi
cal characteristics, and explore how these vary between age- 
groups and positions.

The peak results suggest that research which only includes 
TD m·min−1 may not capture the true position-specific peak 
characteristics of match-play, and consequently the differences 
in age- and position-specific peak characteristics. In addition to 
the discrepancies in peak distances at differing speeds pre
viously discussed between U14 and U16 CMs; CMs performed 
the highest TD m·min−1, yet covered the least VHSR m·min−1of 
all positions. Therefore, the inclusion of relative distances at 
differing speed zones, enables further differentiation in posi
tion-specific characteristics. The peak results provide valuable 
insight into the worst case scenarios players experience during 
match-play at differing durations (e.g., TD m·min−1 1-min: 
U14 = 156.5–165.5 m·min−1; U16 = 159.1–170.6 m·min−1; to 10- 
min: U14 = 103.5–118.1 m·min−1; U16 = 103.5–118.9 m·min−1) 
within U14 and U16 elite youth female soccer. The findings can 
help assist practitioners when designing coaching practice and 
conditioning programmes for replicating match characteristics 
to prepare players for the worst case scenarios during match- 
play.

There are some limitations to the current study which 
should be acknowledged. As this is only the second study 
to adopt the velocity thresholds established by Park et al. 
(2019), there is limited literature to directly compare results. 
However, this is common within elite female soccer literature, 
as different velocity thresholds have been utilized due to 
a lack of consensus regarding the most appropriate velocity 
thresholds to adopt (Lovell et al., 2019; Vescovi, 2019). As 

8 A. HARKNESS-ARMSTRONG ET AL.



previously discussed, the velocity thresholds used in this 
study may be too high for the physical capacities of youth 
players and so may not accurately reflect the true physical 
characteristics of elite youth female soccer match-play. Thus, 
whilst the Park et al. (2019) velocity thresholds may be the 
most statistically valid to date for quantifying senior female 
match-play, future research should aim to establish specific 
velocity thresholds for the quantification of physical match- 
play characteristics of youth players. Additionally, future 
research may consider not using qualitative descriptors 
alongside velocity thresholds to avoid misinterpretation of 
data. A further limitation to the current study, is that whilst 
match contextual and situational variables were detailed, 
these were not accounted for within the linear mixed 
model. Future research should explore the effect of contex
tual or situational variables, such as match outcome, on 
physical characteristics within elite youth female soccer. 
Another limitation is that it only includes U14 and U16 age- 
groups. However, this study utilizes the largest dataset to 
date in literature quantifying female youth soccer match- 
play, and includes multiple RTCs whilst the majority of litera
ture only involves a single team. Additionally, collecting the 
physical characteristics of match-play with younger age- 
groups would not have been appropriate comparisons, as 
U10 and U12 RTC age-groups compete predominantly in 
mixed-gender competitions.

In conclusion, this study is the first to quantify the physical 
characteristics of U14 and U16 elite youth female soccer match- 
play, included players from multiple teams and identified posi
tion-specific differences between and within these age-groups. 
Additionally, this study presents both absolute and relative 
physical characteristics, and peak characteristics at differing 
durations of U14 and U16 elite youth female soccer match- 
play. The results provide insight into the total external loads 
experienced by players for whole match and at the most phy
sically demanding periods of match-play, but also facilitate 
relative comparisons between U14 and U16 players, specific 
to each position. Coaches and practitioners may use both the 
absolute and relative whole match, and peak data in this study 
to inform age-specific training programme design and coach
ing practices to prepare youth female players for match-play, 
aid player development, and to prepare or support transition
ing players from U14 to U16 age-groups, or from U16 into 
senior environments. Future research is required to establish 
age-specific velocity thresholds for the appropriate quantifica
tion and description of physical characteristics involving youth 
players alongside exploring the technical characteristics asso
ciated with specific physical characteristics of match-play to 
add further context to the data.
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