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ABSTRACT

This study quantified and compared session and drill-specific physical characteristics between U10,
U12, U14 and U16 youth women's footballers. Data were collected during 80 training sessions
using 10 Hz GPS, totalling 825 training observations and 2298 drill-specific observations from 116
players representing two of the English Football Association’s Emerging Talent Centres. Linear
mixed modelling estimated session and drill-specific; total distance (TD), high-speed running (HSR;
>3.00m - s7"), very high-speed running (VHSR; >4.83m - s™') and sprinting (SPR; >5.76 m - s™")
distances (m), maximum velocity (m - s') and number of accelerations and decelerations (>1 m -
572, >2m-s 2 >3m-s 2). During sessions, U16s covered more TD than U14s, whilst both U14s and
U16s covered greater HSR, VHSR and SPR distances compared to U10s and U12s, and U10s
performed more accelerations (>1 m - s72) than U12s and U14s and more decelerations (>1 m -
s72) than all other age groups. All age groups had higher physical outputs during SSGs compared
to possession and technical drills. Differences in session physical characteristics observed between
age groups and between and within age groups for drill-specific physical characteristics, highlight
that physical characteristics during training are age- and drill-dependent within youth women'’s
football. These findings have practical implications for informing coaching and talent development
practices within youth women's football.
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performed by players (e.g., total distance covered; number
of accelerations), and/or internal load representing the

Introduction

The purpose of training is typically to expose players to
sufficient and appropriate stimuli to facilitate adaptations
which adequately prepare them for the demands of
match-play (Morgans et al., 2014). However, depending
upon the population (e.g., youth), the primary intention
may instead be for long-term athletic or talent develop-
ment. Regardless of the specific purpose of training,
a critical understanding of current training demands and
how to manipulate training environments to achieve
desired performance outcomes is required to underpin
the design and delivery of training sessions or coaching
practice. Therefore, developing an evidence-base examin-
ing training is of applied importance. However, in compar-
ison to the evidence base involving men’s football
populations (Miguel et al., 2021; Silva et al., 2023; Teixeira
et al, 2021), relatively limited research has investigated
women's football training (Costa et al., 2022).

Research has previously quantified the physical char-
acteristics (i.e., external load representing the work

psychophysiological response to the work performed
(e.g., mean heart rate; rate of perceived exertion)) of senior
women’s football training in international (Doyle et al.,
2022; Passos Ramos et al., 2019), domestic (Karlsson
et al., 2023; Romero-Moraleda et al.,, 2021) and collegiate
(Gentles et al.,, 2018; McFadden et al., 2020) competitive
standards. Higher training demands (e.g., volume and
intensities) are typically reported for players competing
at higher playing standards (e.g., top-tier domestic
vs second-tier domestic (Myhill et al., 2022); first-team vs
reserve team (Casamichana et al., 2025)). Variations in
training characteristics have been observed between and
within training microcycles in both domestic (e.g., pre-
season (Casamichana et al., 2025); pre-season vs in-
season (Mara et al., 2015); in-season (Karlsson et al., 2023;
Myhill et al.,, 2022)) and international (e.g.,, camps and
fixtures (Doyle et al.,, 2022)) playing standards, demon-
strating the implementation of periodisation strategies
for informing the design and delivery of training within
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senior women'’s football populations. However, training
characteristics have also been reported to differ depend-
ing upon starting status (Doyle et al.,, 2022) and playing
position (Doyle et al., 2022; Ishida et al.,, 2022; Romero-
Moraleda et al., 2021) of players. Previous research has
found training characteristics of more successful teams
to be more reflective of match-play characteristics when
compared to less successful teams (top vs bottom half
league rankings) (Savolainen et al., 2024), suggesting
that training in more successful teams may better prepare
players for the physical demands of match-play.

Within training sessions, coaches and practitioners
can implement a variety of training activities to expose
players to differing physical, technical, tactical or psy-
chosocial characteristics. Consistent with the literature
quantifying training-level characteristics, there is
a greater body of research investigating drill-specific
characteristics in men’s football populations (Barrett
et al., 2020; Marris et al., 2022) as opposed to women'’s
football populations (Emmonds et al., 2023; Romero-
Moraleda et al.,, 2021). Romero-Moraleda et al. (2021)
quantified drill-specific physical characteristics of senior
international players and observed differences between
match-play physical characteristics and drill-specific phy-
sical characteristics (e.g., distance covered, number of
accelerations and decelerations) for warm-up activities,
small-sided games (SSGs) and technical-tactical training
activities. Furthermore, friendly matches (or match simu-
lations) were the only training activity which consistently
replicated or exceeded match-play characteristics.
Emmonds et al. (2023) observed similar drill-specific
physical characteristics across training activities (i.e., pos-
session, position-specific training, SSGs, tactical and
technical) of senior domestic women'’s football compe-
titive standards. Furthermore, coaches can manipulate
the constraints of training activities to elicit different
characteristics (Ibanez et al., 2020), for example, number
of players, playing area and numerical balance (i.e.,
teammates vs opposition). Understanding how training
characteristics may differ at both the session-level and
training activity-level, and how to manipulate activities
to elicit specific characteristics, can help inform the
structure, design and delivery of coaching practice and
training environments.

Whilst there is a limited but growing body of research
quantifying training characteristics of women'’s football
players, this predominantly focuses upon senior popula-
tions. The few studies involving youth women'’s football
players have investigated research questions in isolation
(e.g., training load of U19s during domestic vs interna-
tional playing periods (Andersen et al., 2023); starters vs
substitutes’ training load of U16s during an international
tournament (Gonzalez-Garcia & Romero-Moraleda,

2024); seasonal training load of U17 domestic players
(Lesinski et al., 2017)), and adopted differing methodo-
logical approaches to quantify training load (i.e., number
of hours of training (Lesinski et al., 2017); session rate of
perceived exertion (RPE) (Gonzalez-Garcia & Romero-
Moraleda, 2024; Wright et al., 2020); global positioning
system (GPS)-derived variables (Gonzélez-Garcia &
Romero-Moraleda, 2024)). As such, it is both challenging
to compare findings and to draw conclusions from the
existing research, and importantly, only one known
study has quantified the external load of youth women'’s
football players during training (Gonzalez-Garcia &
Romero-Moraleda, 2024). This is problematic, as coaches
and practitioners working within youth women'’s foot-
ball may inappropriately draw on evidence derived from
other populations (e.g., senior women's football) to
inform the design and delivery of training due to the
population-specific (e.g., physiological (Datson et al.,
2022; Poehling et al.,, 2021; Ramos et al.,, 2021), biome-
chanical (Butcher et al., 2024; Ramachandran et al.,
2024)) and contextual (e.g., training and competition
structures, sport science and medicine provision/sup-
port) differences which exist between senior and youth
women's football. Therefore, research which investigates
the training characteristics of youth women'’s football is
warranted. Furthermore, research has yet to examine
whether age group differences exist in youth women'’s
training characteristics (Adams et al., 2026). Therefore,
this study aimed to quantify and compare session and
drill-specific physical characteristics of U10, U12, U14
and U16 youth women'’s football training.

Methods
Participants

A total of 116 outfield youth women'’s footballers from
U10 (n=15; height: 1.42+0.11 m; body mass: 34.8 +
11.8 kg), U12 (n=40; height: 1.51 +£0.12 m; body mass:
429+ 17.0kg), U14 (n=39; height: 1.61 +0.10 m; body
mass: 54.1 + 20.6 kg) and U16 (n = 22; height: 1.68 + 0.17
m; body mass: 60.3 + 12.4 kg) age groups were recruited
from two of The English Football Association’s Emerging
Talent Centres (ETCs). ETCs (n=73) (The Football
Association, 2025) are an entry point into the Women'’s
and Girls’ England Talent Pathway, aiming to identify
and develop future potential players by providing high-
quality training environments (The Football Association,
2024). ETCs must deliver a minimum of one training
session per week including 90 min of pitch-based tech-
nical training, strength and conditioning/physical lit-
eracy provision and exposure to a variety of match
formats (e.g., full-sided, small-sided and futsal) with



a minimum of one competitive fixture every six-weeks
(The Football Association, 2024). Players within ETCs also
train and compete with a grassroots club. The provision
of weekly training sessions differed between participat-
ing ETCs (ETC 1: 1x 90-min pitch-based session; ETC 2: 2x
90-min pitch-based sessions). The study received ethics
approval from the University of Essex Research Ethics
Committee (ETH2324-0051) and all players (and par-
ents/guardians) provided written informed assent (and
consent for parents/guardians) before participation.

Sample size estimation and justification

No formal sample size calculation was performed for this
study, rather sample size justification was based upon
resource limitations and time constraints (e.g., location
of ETCs in relation to research institution, conflicting ETC
training schedules and number of GPS units) (Lakens,
2022). A post-hoc sensitivity analysis was conducted to
facilitate appropriate interpretation of statistical analysis
outputs (Lakens, 2022).

Procedures

An observational study design was conducted, in which
data were collected from 80 training sessions (U10 n =
12; U12 n=23;U14 n=24; U16 n=21) across three four-
week periods during the 2023-24 season (January to
May 2024). All training sessions were scheduled for a 90-
min duration (mean = 88.6 + 7.2 min) and were delivered
on artificial turf. Both ETCs delivered multiple training
sessions simultaneously on the same pitch and therefore
had restricted pitch dimensions (ETC 1: four age groups
with pitch dimensions not exceeding a quarter of the
pitch (37 x 27 m); ETC 2: three age groups with pitch
dimensions not exceeding half of the pitch (55 x 37 m)).
A total of 885 player observations were obtained (U10: n
= 148; mean per player=9.3 +£2.8; range=1-12; U12: n
= 338; mean per player=8.7 £ 2.5; range =1-12; U14: n
=314; mean per player=8.5+3.0; range=1-12; U16: n
= 85; mean per player=4.5 +3.7; range = 1-12).

Data were collected using 10 Hz global positioning
system units (GPS; Apex Pro, STATSports, Newry,
Northern Ireland). These GPS units have previously
been found to be valid and reliable in quantifying phy-
sical characteristics within team sports (Beato & de
Keijzer, 2019; Beato et al.,, 2018). Players were assigned
a specific GPS unit for the duration of the study and thus
wore the same unit across all respective observations.
The GPS units were activated before being inserted into
a pouch located on the upper back of a bespoke vest.
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Data were downloaded post-training via Sonra software
(v2.1.4, STATSports, Newry, Northern Ireland). The start
and end of the training session and individual drills were
identified, and raw GPS data files of player observations
for the training session and each individual drill were
exported for subsequent data analysis in RStudio (v4.4.1;
R Foundation for Statistical Computing, Vienna, Austria).

The categorisation of individual drills was informed
by previous research (Cushion et al., 2012; Emmonds
et al., 2023; Ford et al., 2010), and conducted in-situ by
one researcher (TA). Only warm-up drills, technical drills
(i.e., individual or group drills isolating technical skills in
a limited or no-pressure environment), possession drills
(i.e, no goals/targets in which retention of possession
rather than scoring is the primary objective), small-sided
games (SSGs, i.e., a game with a reduced number of
players, pitch size and specific rules with both teams
scoring) and match simulations (i.e., game played realis-
tic to regulation match-rules) were observed. However,
match simulations (due to the low number of drill obser-
vations), phase of play drills (due to a single observation)
and warm-up drills were excluded from subsequent
analysis. A total of 2373 drill observations were obtained
(U10: n=351; mean per player =23.4 +5.7; range = 10—
30; U12: n=984; mean per player =25.9+6.9; range =
4-35; U14: n = 854; mean per player =23.7 + 8.5; range =
1-38; U16: n = 184; mean per player=12.3 + 8.2; range
=2-26).

Physical variables for individual player session and
drill observations were quantified: total distance (TD),
high-speed running (HSR; >3.00m - s™'), very high-
speed running (VHSR; >4.83m - s, sprinting (SPR;
>5.76m - s~') distances (m) (Harkness-Armstrong, Till,
Datson, & Emmonds, 2022) and maximum velocity (m -
s7"). Frequency of accelerations (n) and decelerations (n)
in three different zones were also quantified; accelera-
tion (deceleration) was defined as an increase (decrease)
in velocity that exceeds Tm-s™2(or2m-s2or3m-s ?)
for a minimum duration of 0.5 s. Variables were also
presented relative to the duration of the session or drill
(i.e, m - min~"; n - min~") to facilitate comparisons
between observations with differing durations.

Prior to data analysis, a data filtering process identi-
fied and removed session and drill observations which
consisted of greater than 3% of missing or erroneous
data (Harkness-Armstrong, Till, Datson, & Emmonds,
2022), which included raw data with; insufficient satellite
connection (<8 satellites), low HDOP quality (=2.0), or
velocity data which exceeded the realistic capabilities of
youth women's football players (8.26 m - s' (Harkness-
Armstrong, Till, Datson, & Emmonds, 2022)). Thus, a total
of 7% of the individual session observations (U10 = 9.5%;
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U12=8.3%; U14=3.8%; U16=7.1%) and 3.2% of drill
observations (U10=2.3%; U12=2.8%; U14=3.6%; U16
=4.4%) were excluded. This resulted in a total of 825
player session observations and 2298 drill observations
included for data analysis (Table 1).

Statistical analysis

Statistical analyses were conducted using RStudio. Two
linear mixed models (Ime4 package) were developed to
quantify differences in physical variables during training
sessions and drills. For both linear mixed models, the
assumptions of linearity and normality of distributions
were checked visually. Homogeneity of variance was
assessed using Levene’s Test (p = 0.05). The first model
quantified physical characteristics for training sessions
and included a physical variable (e.g., TD, HSR) as the
dependent variable, age group (U10, U12, U14 or U16) as
a fixed effect, with club, player and session IDs as ran-
dom effects. The second model quantified physical char-
acteristics for drills and included a physical variable as
the dependent variable, age group and drill category
(possession, SSG or technical) as fixed effects, and club,
player and drill IDs as random effects. Estimated means
(£SE) were derived from the respective model for each
physical variable (emmeans package). Tukey’s pairwise
comparisons were conducted to determine differences
between levels of fixed effects within respective models.
Statistical significance was set at p <0.05 for pairwise
comparisons. The minimum detectable effect (MDE)
was determined for all pairwise comparisons across
both linear mixed models (Supplementary Material
Tables 1-3). The MDE represents the smallest effect
that could be detected as statistically significant given
the observed variability and alpha (0.05). Effects below
the MDE should be interpreted with caution, due to
limited sensitivity to reliably detect statistically signifi-
cant effects of this magnitude. Effect size (ES) was calcu-
lated (effsize package) and categorised as trivial (<0.2),
small (0.2-0.59), moderate (0.6-1.19), large (1.2-1.99) or
very large (=2.0). If 90% confidence intervals included
substantial (<0.2) positive and negative values, the
effects were considered unclear.

Results
Training sessions

Training sessions: Absolute data

The absolute physical variables for each age group are
presented in Table 2. The age group comparisons (sta-
tistical significance and ES) are presented in Figure 1.

U16s covered more TDs compared to U14s (420 m;
moderate ES: 0.95+0.49). U16s covered greater HSR
distance than U10s (149 m; moderate ES: 1.01 +0.61)
and U12s (214 m; p <0.05; large ES: 1.46+£0.51), and
U14s covered more than U12s (160 m; moderate ES:
1.09 £ 0.43). U16s covered greater VHSR distance than
U10s (36 m; p < 0.05; large ES: 1.36 = 0.48) and U12s (46
m; p <0.001; large ES: 1.71 £0.40), and U14s covered
more than U10s (40 m; p <0.01; large ES: 1.52 +0.45)
and U12s (50 m; p <0.001; large ES: 1.88 +0.33). U14s
and U16s covered greater SPR distance than U10s (U14:
13 m; moderate ES: 1.14 + 0.48; U16: 16 m; p < 0.05; large
ES: 1.42+£0.51) and U12s (U14: 9m; p < 0.001; large ES:
1.69 £ 0.36; U16: 22 m; p < 0.001; large ES: 1.97 + 0.43).

U16s achieved a higher maximum velocity than all
other age groups (U10: 0.89 m - s™'; p < 0.001; very large
ES:2.16 £0.45;: U12: 0.88 m - s~ "; p <0.001; very large ES:
2.12+0.37; U14: 0.25m - s~'; moderate ES: 0.6 +0.37).
U14s also achieved a higher maximum velocity than
U10s (0.64m - s ; large ES: 1.56 £ 0.41) and U12s (0.63
m-s™'; large ES: 1.52 +0.31).

U10s performed more accelerations (=1 m - s72) than
U12s (n=6.0; moderate ES: 0.62 +£0.41) and U14s (n=
5.9; moderate ES: 0.61+£0.41). U16s performed more
accelerations (=2m - s72) than all other age groups
(U10: n=1.0; small ES: 0.39+0.30; U12: n=1.4; small
ES: 0.55+0.26; U14: n=1.1; small ES: 0.43 £ 0.26). There
were no differences observed between the age groups
in the number of accelerations (=3 m - s7%). U10s per-
formed more decelerations (=1 m - s72) than all other age
groups (U12: n=13.3; p < 0.05; large ES: 1.31 £ 0.43; U14:
n=12.2; p <0.05; large ES: 1.20 £ 0.43; U16: n = 8.5; mod-
erate ES: 0.84 £0.48). U10s also performed more decel-
erations than U12s at =2 m - 52 (n =0.2; small ES: 0.22 +
0.16) and =3 m - s72 (n = 0.2; small ES: 0.22 + 0.16).

Training sessions: Relative data

Table 3 presents the estimated mean for relative physical
variables of all age groups across whole training ses-
sions. The age group comparisons (statistical signifi-
cance and ES) are presented in Figure 2.

U16s covered more TD than U10s (5.1 m - min™'; mod-
erate ES: 0.98 + 0.58) and U14s (3.6 m - min~'; moderate
ES: 0.68 +£0.49). U14s and U16s covered more HSR dis-
tance compared to U10s (U14: 1.9 m - min~"; moderate
ES: 1.06 +0.58; U16: 2.4 m - min™"; large ES: 1.31+£0.62)
and U12s (U14: 2.1 m - min~"; p < 0.05; moderate ES: 1.15
+0.44; U16: 2.5m - min~'; p < 0.05; large ES: 1.40 + 0.52).
U14s and U16s covered more VHSR distance compared
toU10 (U14: 0.6 m - min™"; p <0.01; large ES: 1.63 £ 0.44;
U16: 0.5m - min~'; p <0.05; large ES: 1.42 +0.48) and
U12s (U14: 0.6 m - min~"; p <0.001; large ES: 1.81 £0.33;

1
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Table 2. Estimated mean + SE of absolute physical training characteristics of U10, U12, U14 and U16 youth female

football players.

Variable u10 u12 u14 ule
(mean + SE) (n=134) (n=310) (n=302) (n=79)
TD (m) 3639.9 + 255.5 3594.1 +202.4 3429.9 +201.5 3849.6 + 227.6
HSR Distance (m) 543.7+97.5 478.7 £ 81.1 639.4+81.0 692.9 +90.1
VHSR Distance (m) 37.7+£19.6 28.2+18.1 78.0+£18.1 73.7£18.9
SPR Distance (m) 10.7 £ 8.5 46+78 233+7.8 26.4+8.2
Maximum Velocity (m - s 5.56 £0.26 5.58 £0.24 6.20 £0.24 6.45 £0.26
Accelerations = 1m - s2 (n) 483 +3.2 423+2.2 42.4+2.2 46.4+3.0
Decelerations = 1 m - s72 (n) 55136 418+24 429+25 46.6+34
Accelerations =2 m - s2 (n) 5.55+0.59 5.15+0.41 5.45+0.41 6.54 +£0.58
Decelerations > 2 m - s72 (n) 0.70 +£0.10 0.53 +£0.07 0.59 +0.07 0.67 £0.11
Accelerations =3 m - s2 (n) 0.41 +0.06 0.36 +0.04 0.43 +0.04 0.46 = 0.08
Decelerations =3 m - s72 (n) 0.70+0.10 0.53 +0.07 0.59 £0.07 0.67 £0.11

U16: 0.6 m - min~"; p <0.001; large ES: 1.60 £+ 0.40). U14s
and U16s covered greater SPR distance compared to
U10s (U14: 0.2 m - min~'; moderate ES: 1.19 + 0.46; U16:
0.2m - min~'; p<0.05; large ES: 1.47 +0.50) and U12s
(U14: 0.2 m - min™"; p <0.001; large ES: 1.69 = 0.35; U16:
0.3m - min~'; p <0.001; large ES: 1.97 +0.41).

U16s performed more accelerations (=2 m - s72) than
all other age groups (U10: 0.02 n - min™"; small ES: 0.56 +
0.28; U12: 0.02 n - min~"; small ES: 0.55 + 0.24; U14: 0.01
n - min~"; small ES: 0.38 +0.24). U10s performed more
decelerations (=1 m - s72) than all other age groups (U12:
0.12 n - min~" p <0.05; moderate ES: 1.04 £0.38; U14:
0.11n- min‘1; moderate ES: 0.90 + 0.39; U16:0.07 n - min-
~!. moderate ES: 0.63 +0.44). No differences between
the age groups were observed in the number of accel-
erations (=1 m - s% >3 m - s~2) or decelerations (=2 m -
5% >3 m - s7?) performed.

Training drills

The distribution of drill types, mean (+SD) and range of
durations and are presented in Table 4.

The relative physical characteristics for each age
group according to the training drill are presented in
Table 5. The comparisons within age groups are pre-
sented in Figure 3A (U10s and U12s) and Figure 3B
(U14s and U16s), and comparisons between age groups
are presented in Figure 4.

Training drills: Within age groups

During possession drills, U10s covered more TD (13.1
m-min~"; large ES: 1.43 £ 0.61), HSR distance (3.7 m - min-
~1. moderate ES: 0.96 +0.59), achieved a higher maxi-
mum velocity (0.71m - s large ES: 1.30+0.42) and
performed more accelerations (=1 m-s%0.13n-min"";
small ES: 0.48 + 0.29) and decelerations (=1 m - s™%; 0.22
n - min~'; moderate ES: 0.79 + 0.30) compared to during
technical drills. Further, U10s performed more decelera-
tions (=1 m - s during possession drills compared to
SSGs (0.07 n - min~"; small ES: 0.24 + 0.26). During SSGs,

U10s covered more TD (183 m - min™"; very large ES:

2.00 + 0.63) and HSR distance (4.5 m - min~'; moderate
ES: 1.17 £ 0.60), achieved higher maximum velocity (0.88
m - s7'; p<0.05; large ES: 1.62 +0.43) and performed
more accelerations (=1 m - s™% 0.16 n - min™'; small ES:
0.49 + 0.30) and decelerations (=1 m-s%0.16 n - min~;
small ES: 0.55 = 0.31) compared to technical drills.

U12s covered a greater TD (11.5m - min~"; p < 0.05;
large ES: 1.25 + 0.35) and performed more accelerations
(=1m . s% 0.09 n - min~'; small ES: 0.35+0.17) and
decelerations (=1m . s7% 0.09 n - min™"; small ES: 0.32
+0.17) during possession drills compared to technical
drills. Similarly, U12s covered more TD (159 m - min~"; p
<0.01; large ES: 1.74 + 0.41) and performed more accel-
erations (=1 m - s 0.09 n - min~"; small ES: 0.33 + 0.20)
and decelerations (=1 m - s™% 0.07 n - min~"; small ES:
0.24 £ 0.20) during SSGs compared to technical drills.
There were no differences observed in physical charac-
teristics between possession drills and SSGs for U12
players.

During possession drills, U14s performed more accel-
erations (=1 m - s 0.08 n - min~"; small ES: 0.28 + 0.19)
and decelerations (=1m - s7% 0.11 n - min~"; small ES:
0.38 + 0.20) but less VHSR distance (0.3 m - min~"; small
ES: —0.38 £ 0.25) compared to technical drills. U14s cov-
ered more TD (22.2m - min™'; p <0.001; very large ES:
242 +0.41), HSR distance (6.3m - min~"; p <0.01; large
ES: 1.67 +0.39) and VHSR distance (0.4 m - min~'; mod-
erate ES: 0.61 £ 0.25) achieved higher maximum velocity
(0.55m - s°'; p<0.05; moderate ES: 1.01 +0.28) and
performed a greater number of accelerations (=1 m -
s7% 0.12 n - min~"; small ES: 0.45 + 0.20) and decelera-
tions (=1 m-s%0.18 n- min~'; moderate ES: 0.62 + 0.20)
during SSGs in comparison to technical drills.
Furthermore, U14s covered greater TD (19.2m - min~";
p < 0.001; very large ES: 2.10 +0.37), HSR (6.2 m - min™";
p <0.001; large ES: 1.63 + 0.35) and VHSR distances (0.7
m - min~"; p <0.01; moderate ES: 1.00 = 0.23) achieved
a higher maximum velocity (0.53m - s™'; p <0.01; mod-
erate ES: 0.98 + 0.25) and decelerations performed (=1
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Figure 1. Effect size of differences in estimated mean and statistical significance of total distance (TD), high-speed running (HSR), very
high-speed running (VHSR), sprinting distances covered, maximum velocity (Vmax) and number of accelerations (ACC) and decelera-
tions (DEC) performed during training sessions between U10, U12, U14 and U16 youth female footballers. *Statistically significant
difference (p < 0.05% p < 0.01*%, p < 0.007**¥).
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Table 3. Estimated mean = SE of relative physical training characteristics of U10, U12, U14 and U16 youth female

football players.

u10 u12 u14 u16

Variable (n=134) (n=310) (n=302) (n=79)

TD (m - min™") 39.79+2.30 4244 +1.62 4132+ 1.60 44,88 +2.02
HSR Distance (m - min_l) 5.86+1.03 5.69+£0.78 7.77 £0.78 8.22+£091
VHSR Distance (m - min™") 0.39+£0.21 0.33+0.19 0.95+0.19 0.88+£0.20
SPR Distance (m - min_1) 0.12+0.09 0.05 £0.09 0.27 £0.09 0.31+£0.09
Accelerations=>1m - s72 (n - min™") 0.52 +0.04 0.50 +0.03 0.51+0.03 0.54 +0.04
Decelerations = 1m -s~2 (n - min~") 0.62 +0.04 0.49 +0.03 0.51+0.03 0.54 +0.04
Accelerations =2m - s (n - min™") 0.06 +0.01 0.06 +0.01 0.07 £0.01 0.08 +0.01
Decelerations =2 m - s 72 (n- min'1) 0.01+0.00 0.01 £0.00 0.01 £0.00 0.01 +£0.00
Accelerations >3 m - s72 (n - min™") 0.01 +0.00 0.00 +0.00 0.01 +£0.00 0.01 +0.00
Decelerations =3 m -s~2 (n - min~") 0.01 +0.00 0.01+0.01 0.01+0.00 0.01 +0.00

m - s 0.07 n-min~"; small ES: 0.24 + 0.18) during SSGs
in comparison to possession drills.

U16s covered more HSR distance (4.1 m - min™'; mod-
erate ES: 1.07 = 0.68) and performed more decelerations
(=1 m-5%0.19 n. min~'; moderate ES: 0.67 + 0.42) dur-
ing technical drills compared to possession drills. During
SSGs, U16s covered more TD (8.5 m - min~'; moderate ES:
0.93 £ 0.49), achieved a higher maximum velocity (0.46
m - s~': moderate ES: 0.85 +0.34) and performed more
decelerations (=1 m -s7%0.10 n - min~"; small ES: 0.36 +
0.27) compared to technical drills. U16s covered greater
TD (10.5m - min~'; moderate ES: 1.15 + 0.65), HSR dis-
tance (4.4 m - min~'; moderate ES: 1.16 + 0.63) and VHSR
distance (0.5m - min~'; moderate ES: 0.76 +0.45)
achieved greater maximum velocity (0.70m - s™'; large
ES: 1.28 + 0.48), but performed fewer accelerations (=1 m
. s7% 0.14 n. min™"; small ES: 0.51 +0.39) during SSGs
compared to possession drills.

1

Training drills: Between age groups

During SSGs, U14s covered more TD than U10s (11.9m - -
min~"; large ES: 1.30 + 0.63) and U12s (7.6 m - min™"; mod-
erate ES: 0.83 +£0.48), and U16s covered more than U10s
(82m - min~'; moderate ES: 0.89 + 0.63). Both U14s and
U16s covered more HSR distance than U10s (U14:8.2m - -
min~"; p < 0.05; very large ES: 2.17 +0.62; U16:6.6 m - min™";
large ES: 1.73 £ 0.64) and U12s (U14:6.9m - min~"; p<0.01;
large ES: 1.83+0.47; U16: 53 m - min™"; large ES: 139 +
0.52). U14s covered greater VHSR distance compared to
U10s (0.9m - min~"; p<0.05; large ES: 1.28 +£0.35), U12s
(10m - min™"; p <0.001; large ES: 1.36 +0.29) and U16s
(0.3 m - min~"; small ES: 0.37 £ 0.30), whilst U16s covered
more than U10s (0.6 m - min~'; moderate ES: 0.91 +0.37)
and U12s (0.7 m - min~'; moderate ES: 0.99 +0.32). Both
U14s and U16s achieved a higher maximum velocity than
U10s (U14: 068 m - s~ '; large ES: 1.24+0.39; U16: 0.82 m -
s'; p < 0.05; large ES: 1.51 +0.41) and U12s (U14: 0.54 m -
s"; moderate ES: 0.99+0.32; U16: 0.69m - s™'; p < 0.05;
large ES: 1.26 £0.35). U14s performed more accelerations
than U12s (=1 m - s% 0.07 n - min~"; small ES: 0.27 + 0.24).

U10s and U14s performed more decelerations (=1 m - s2)
than U12s (U10: 0.15 n - min™"; small ES: 0.54 +0.35: U14:
0.11 n - min™"; small ES: 0.40 +0.25).

In technical drills, U16s covered more TD than all
other age groups (U10s: 11.3m - min~"; large ES: 1.97 +
0.73;U12s:18.0 m - min~"; large ES: 1.24 + 0.52; U14s: 9.9
m - min~'; moderate ES: 1.09 +0.55). All age groups
covered more HSR distance compared to U10s (U12s:
54m - min~'; large ES: 1.43+0.66; U14s: 6.4m - min~";
large ES: 1.67 +0.70; U16s: 10.7 m - min™'; p < 0.01; very
large ES: 2.82 +0.72), whilst U16s covered more than
U12s (5.3 m - min~'; large ES: 1.38 +0.53) and U14s (4.3
m - min~'; moderate ES: 1.14 + 0.55). Both U14s and U16s
covered more VHSR distance than U10s (U14: 0.7 m - min-
~1. moderate ES: 0.93 +0.40; U16: 0.7 m - min~'; moder-
ate ES: 0.95 + 0.44) and U12s (U14 vs U12: 0.5m - min™";
moderate ES: 0.65+0.27; U16: 0.5m - min~'; moderate
ES: 0.68 £ 0.33). All age groups achieved a higher max-
imum velocity than U10s during technical drills (U12s:
0.89m-s"; p <0.05; large ES: 1.62 +0.43; U14s: 1.01 m -
s p<0.01; large ES: 1.85+0.45; U16s: 1.24m - s '; p<
0.001; very large ES: 2.27 + 0.48), and U16s also achieved
a higher maximum velocity than U12s (0.36 m - s
moderate ES: 0.65 + 0.36). U16s completed more accel-
erations (=1 m - s compared to U12s (0.13 n - min~";
small ES: 0.49 +0.29) and U14s (0.09 n - min~"; small ES:
0.34 +0.30).

During possession drills, U12s covered more TD
than U14s (Z.1m - min~'; moderate ES: 0.78 +0.42).
There were no differences in HSR distance between
age groups; however, U14s covered more VHSR dis-
tance than U10s (0.3 m - min~"; small ES: 0.45 +0.33)
and U12s (0.2m - min~"; small ES: 0.33+0.25). Ul4s
achieved a higher maximum velocity than U10s (0.32
m - s'; small ES: 0.58+0.37). U16s performed more
accelerations (=1m - s than U12s (0.14 n - min™";
small ES: 0.52+0.42), whilst U10s performed more
decelerations (=1 m - s™) than U12s (0.20 n - min™;
moderate ES: 0.69+0.32) and U14s (0.17 n - min™";
moderate ES: 0.61 +0.32).
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0.05% p < 0.01*% p < 0.007**%).
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Table 4. Distribution of drills during training for U10, U12, U14 and U16 age groups.

Drill u10 U12 u14 U16
Proportion of session duration (%) Possession 13.4 19.9 18.0 9.1
SSG 12.8 16.0 20.7 31.7
Technical 6.8 21.8 14.1 14.0
Mean + SD duration (mins) Possession 11.7+£5.6 15.2+89 13.8+8.38 224+13.8
SSG 123 %58 18.7+9.2 18.7 £10.0 23.7+£13.0
Technical 103+35 16.7 £ 9.5 154+98 16.0+10.8
Range duration (mins) Possession 4.0-21.0 4.0-44.0 5.5-46.6 7.9-46.6
SSG 6.0-25.0 5.0-36.0 3.0-41.7 6.9-52.5
Technical 5.0-16.0 4.0-42.0 3.0-40.6 4.0-40.6

Discussion

The aim of this study was to quantify and compare session
and drill-specific physical characteristics between U10,
U12, U14 and U16 age groups of youth women'’s footbal-
lers during training. Differences in session physical char-
acteristics were observed between age groups and
between and within age groups for drill-specific physical
characteristics, suggesting session and drill-specific physi-
cal training characteristics of youth women'’s footballers
are age- and drill-dependent. During sessions, U16s cov-
ered greater TD than U14s, and U14s and U16s covered
more HSR, VHSR and SPR distances compared to U10s and
U12s, whilst U10s performed more accelerations (>1m -
s72) than U12s and U14s, and more decelerations (>1m -
s72) than all other age groups. The highest physical out-
puts were typically observed during SSGs, regardless of
age group; however, U16s had the lowest physical out-
puts during possession drills whilst the lowest physical
outputs were observed during technical drills for all other
age groups. This study provides novel insights into train-
ing demands in youth women's football, contributing to
our currently limited understanding in this population,
and the findings have practical implications for the design
and delivery of training, talent development and identifi-
cation practices and coach development within youth
women'’s football.

During training sessions, U16s covered a greater
(moderate ES) TD than U10s (m - min~') and U14s
(m; m - min™"), and U14s and U16s covered more (mod-
erate—large) HSR, VHSR and SPR distances (m; m - min~")
and achieved a higher (moderate—very large ES) max-
imum velocity than U10s and U12s. The observed
increases in session physical characteristics, which pre-
dominantly exist between U12 and U14 age groups as
opposed to between consecutive age groups could be
consequential of increased physical capabilities asso-
ciated with growth and maturation, with more mature
players demonstrating improved aerobic capacity, sprint
speed, change of direction (Emmonds, Scantlebury,
et al.,, 2020) and strength (Emmonds et al., 2017). As

the age of young women'’s footballers PHV is typically
~12 years (Emmonds et al., 2017; Emmonds, Scantlebury,
et al, 2020; Malina et al., 2021), this period of rapid
change in growth and maturation may have implications
for increases in external load between these age groups.
Future research should incorporate maturity assessment
(e.g., maturity offset, percentage of predicted adult
height) to disentangle maturational from chronological
age effects on training characteristics. However, the age-
related increases in HSR, VHSR and SPR distances may
also be reflective of the application of velocity thresh-
olds which may be too excessive to fully capture HSR,
VHSR or SPR of U10 and U12 players (Harkness-
Armstrong, Till, Datson, & Emmonds, 2022). The adop-
tion of fixed population-specific velocity thresholds
(albeit established for U14s and U16 youth women's
footballers) was to facilitate age group comparisons of
physical characteristics. However, within applied con-
texts, application without the qualitative descriptors of
movement (e.g., HSR or SPR) or adoption of individua-
lised velocity thresholds may be a more appropriate
approach depending upon the intended application of
data (Harkness-Armstrong, Till, Datson, & Emmonds,
2022). Regardless, there are practical implications for
coaches working with youth women'’s football players
given the increased physical characteristics between
U12s and U14s, including; long-term talent development
practices, or utilising dual-banding age groups (U10s
and U12s, U14s and U16s) for training given the similar
physical characteristics. Additionally, future research
should aim to explore the influence of contextual factors
on training characteristics of youth women'’s football
players, for example, seasonal variation (e.g., pre-
season vs in-season) (Lesinski et al., 2017), periodisation
strategies (Karlsson et al., 2023; Myhill et al., 2022), dual-
banding approaches or youth players ‘playing up’ an age
group (Kelly et al., 2021).

In contrast to the distance covered, fewer age group
differences were observed for the number of accelera-
tions and decelerations performed. U10s performed
more (moderate ES) accelerations (n; >1m - s72) than
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Figure 3A. Effect size of differences in estimated mean and statistical significance of relative total distance (TD), high-speed running
(HSR), very high-speed running (VHSR) distances covered, maximum velocity (Vmax) and number of accelerations (ACC; >1m - s™")
and decelerations (DEC; >1m - s™') between possession drills, small-sided games (SSG) and technical drills by U10 and U12 youth
female footballers. *statistically significant difference (p < 0.05% p < 0.01**, p < 0.007%**¥),

U12s and U14s, U16s performed more (small ES) accel-
erations (n; n - min™"; >2m - s7%) than all other age
groups, whilst U10s performed more (moderate ES)
decelerations (n; n - min™'; >1m - s72) than all other
age groups. Further, no differences between age groups
were observed in the relative number of accelerations
(z1m-s2%>3m-s2) or decelerations (22 m-s% >3 m-
s%) performed. The lack of progressive exposure to
accelerations and decelerations in youth women'’s foot-
ball training sessions may have implications for increas-
ing injury risks (Griffin et al., 2022), as observed within
other women's football populations (i.e., inadequate
progressive exposure and increased injury risk in senior
women’s football) (Moreno-Perez et al., 2025). These
movement patterns occur frequently in elite female
football due to the need to change direction over short
distances, often less than 10 m after a bout of HSR or
SPR. These rapid increases and decreases in velocity
require the application and absorption of high forces in
joints and soft tissue structures (Griffin et al., 2020).
Deceleration can place players at greater risk of injury
due to eccentric muscle actions and a decrease in joint
stiffness (Hewit et al., 2011). Previous research highlights
that performance characteristics develop with age, with
a change of direction ability demonstrating the greatest

changes between U12 and U14 age groups (Emmonds
et al,, 2018). Growth-related changes will affect muscle
strength and co-ordination with improvements in motor
control patterns as players mature. Therefore, coaches
and practitioners should aim to prepare players with
a progressive programme to improve acceleration and
deceleration actions with anticipated and unanticipated
tasks to work on technique and force distribution as well
as decision making related to the sport (Griffin et al,
2022). These tasks can be a component in warm-ups
but should also be implemented under fatigue to
improve ability and capacity in an effort to reduce inju-
ries (Griffin et al., 2022). Furthermore, coaches and prac-
titioners should consider how to maximise player
adherence through implementation of such injury pre-
vention programmes (e.g., FIFA 11+) within their envir-
onment to not only reduce overall injury risk (Crossley
etal,, 2020; Hagglund et al., 2013) but also of ACL-related
injuries, where the risk for youth women’s football
players is greater than their male counterparts (Bram
et al.,, 2021; Childers et al., 2025; Waldén et al., 2011).
Youth women’s football players covered a TD
between 3594 and 3850 m during training sessions,
which is lower than typically covered by senior women'’s
players during training sessions (excluding MD-1:
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4556-7336 m) (Myhill et al, 2022). However, when
accounting for the duration of training, the discrepancy
in relative TD covered during training sessions between
youth and senior players reduced (youth: 39.8-44.8 m - -
min~' vs senior: 44.5-61.48m - min~') (Myhill et al.,
2022). Acknowledging the greater number of training
sessions (senior: 3-5 vs youth: 1-2) and longer duration
of training sessions (youth: 89 min vs senior:
99-127 mins) (Myhill et al., 2022), there appears to be
both a notable increase in the weekly volume of training
load between youth and seniors. Therefore, preparing
players for the increase in training volume and intensi-
ties between youth and senior environments should be
a priority for coaches working with older youth age
groups, whilst practitioners involved within senior envir-
onments should consider effective load management
strategies for players transitioning from youth environ-
ments (Lundqvist et al.,, 2024), to minimise potential
injury risks associated with such increases in training
load (Martin-Garetxana et al., 2023, 2024).

Regardless of the population (i.e., youth or senior
football), training environments should expose players
to sufficient and appropriate stimuli to facilitate adapta-
tions which adequately prepare them for the demands
of match-play (Morgans et al.,, 2014). However, the

absolute and relative session characteristics (U14 TD:
3430m vs 7248 m; 413 m - min~' vs 924m - min~";
U16 TD: 3850 vs 7679 m; 44.8 m - min~' vs 92.6 m - min™")
(Harkness-Armstrong et al., 2021) were notably less than
previously reported data for youth women’s football
match-play characteristics (Harkness-Armstrong et al.,
2023), suggesting the demands of training in youth
women’s football may not be sufficient to prepare
players for the demands of match-play. Within the cur-
rent population, limited training sessions (e.g., one ses-
sion per week) may be a key challenge for appropriate
training prescription and ensuring sessions provide suf-
ficient stimuli to facilitate adaptation to adequately pre-
pare players for the demands of match-play. Therefore,
coaches and practitioners should critically reflect upon
the required number and/or hours of training sessions or
alternative approaches to elicit appropriate stimulus for
adaptation. For example, no drill-specific characteristics
were reflective of the demands of match-play (e.g., SSG;
U14 TD: 643 m - min~' vs 924 m - min~'; U16 TD 60.6
m - min~' vs 92.6 m - min~') (Harkness-Armstrong et al.,
2021); therefore, coaches and practitioners may need to
include conditioning drills which are explicitly designed
to expose players to high-intensity movements (e.g.,
distances, speeds and accelerations). Lastly, future
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research which quantifies and compares the match-play
characteristics of the various match-formats (e.g., full-
sided, small-sided and futsal) within this population is
warranted to understand how match-play characteristics
may differ, how representative training characteristics
are to each match-format, and to understand the poten-
tial comparison to other youth competitive standards
(e.g., older youth, international) and senior football
environments which these players may progress into.
Consistent with session physical characteristics, the
drill-specific physical characteristics of youth women'’s
football players were both age-dependent and drill-
dependent. The physical characteristics during technical
drills typically increased progressively between age
groups (i.e.,, UT0 > U12 > U14 >U16). During SSGs, similar
physical characteristics were observed for U10s and
U12s, whilst U14s and U16s had higher physical charac-
teristics than both age groups, except for the number of
accelerations and decelerations. Age-related increases
may be reflective of the increased physical capabilities
between age groups in youth women’s football
(Emmonds et al., 2018; Emmonds, Sawczuk, et al., 2020;
Emmonds, Scantlebury, et al., 2020). In comparison to
senior women's players, all youth age groups covered

less TD during possession drills (45.1-52.2m - min~' vs

57.3m - min~"), technical drills (34.1-52.1m - min~" vs
69.2m - min~') and SSGs (52.4-643m - min~' vs
66.5-67.4m - min~') (Emmonds et al., 2023). Increases
between youth and senior players may be consequential
of increased physical capabilities (Datson et al.,, 2022),
but likely also due to larger playing areas for drills than
observed in youth environments (i.e.,, simultaneous
training sessions for multiple age groups on one pitch).
Furthermore, due to greater technical expertise, senior
players may have a higher proportion of ball-in-play
time during training drills, which may increase the phy-
sical characteristics during training drills as previously
observed in match-play research (Harkness-Armstrong
et al, 2023). Future research should quantify drill-
specific training physical characteristics relative to ball-
in-play time and investigate the influence of possession
status (i.e., in possession, out of possession, ball-out-of-
play data) on physical characteristics during playing for-
mat training activities (i.e., SSGs, possession drills).
Understanding the proportion of ball-out-of-play time
and therefore work:rest periods and the respective phy-
sical characteristics during training activities may pro-
vide more appropriate benchmarks for informing



training drills than the whole-drill data reported in the
current study.

The highest physical outputs in senior women'’s foot-
ball training occur during technical drills, whilst the low-
est physical outputs occur during possession drills
(Emmonds et al., 2023). In contrast, SSGs typically eli-
cited the greatest physical outputs across youth all-
groups, and the lowest physical outputs were observed
during technical drills for U10s, U12s and U14s, and
possession drills for U16s. Therefore, in youth women'’s
football environments, SSGs may be a more beneficial
stimulus than possession or technical drills for develop-
ing physical characteristics. However, future research is
warranted which investigates the influence of task con-
straints (e.g., number of players, playing area) on drill-
specific physical characteristics (Ibédfez et al., 2020), to
gain an understanding of how manipulation of different
constraints may impact specific physical characteristics.
Given the limited training opportunities within youth
women’s football environments (i.e., one to two training
sessions per week), understanding how to maximise
training activities as talent development opportunities
are important for the planning, delivery and review of
coaching practices and coaching curriculum within this
population. Furthermore, technical, tactical and psycho-
social characteristics were not quantified in this study.
Therefore, future research is warranted which quantifies
and compares technical, tactical and psychosocial char-
acteristics between drill types in youth women'’s football,
and the influence of task constraints on such character-
istics (Clemente & Sarmento, 2020; Ometto et al., 2018),
to inform the design and delivery of holistic coaching
practices.

A further novelty of the current study is that it is the
first to describe training drill distribution in youth
women’s football (Mulvenna et al., 2025), and as such,
there are key findings (peripheral to the study aims) to
highlight. Firstly, acknowledging the exclusion of warm-
up activities and the limited observations of other drill
types (match simulations, phase of play drills), training
activities only contributed to between 33 and 57.7% of
training session durations (U10: 33.0%; U12: 57.7%; U14:
52.8%; U16: 54.8%), which is lower than the previous
research in youth men’s football (63.2% (O'Connor
et al., 2018); 81.5% (Ahmad et al,, 2021)). Consequently,
women’s youth footballers, particularly those in the
youngest age group, appear to be spending large pro-
portions of training sessions in periods of inactivity (e.g.,
interaction with coaches, transitioning between drills,
drink breaks) which may have implications for physical,
technical and psychosocial talent development.
Secondly, the distribution of training activities appeared
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to be dependent upon age group. Whilst U10s had the
lowest proportion of time spent on training activities,
they spent more time on playing formats (i.e., SSG, pos-
session; 26.2%) than technical drills (6.8%). In contrast,
U12s spent most time in technical drills (21.8%), followed
by possession drills (19.9%) and SSGs (16.0%). Both U14s
and U16s spent most time in SSGs (20.7%; 31.7%), but
U14s spent more time within possession drills than the
technical drills (18.0 vs 14.1%), and vice-versa for U16s
(14.0 vs 9.1%). There are some consistencies with wider
women's football research, with Emmonds et al., 2023
reporting that older youth (U21; The Football
Association’s Women’s Super League Academies) and
senior players (second domestic tier; The Football
Association’s Women’s Championship) predominantly
performed SSGs, technical drills and possession drills
during training, but that these also differed between
competitive standards. However, in contrast to older
youth and senior women'’s football (first domestic tier;
The Football Association’s Women'’s Super League), no
position-specific, tactical or conditioning drills were
observed across any age group (Emmonds et al., 2023),
with only limited instances of match simulations and
phase of play drills occurring. This may be consequential
of a shorter data collection period, ETCs delivering ses-
sions within a more structured pre-defined coaching
curriculum (The Football Association, 2024) or due to
the limited training opportunities provided to youth
players (e.g., one to two training sessions per week), in
comparison to semi-professional older youth age groups
(e.g., three to four training sessions per week) or profes-
sional senior players (e.g., five or more training sessions
per week) (Myhill et al., 2022). Regardless, coaches and
practitioners should reflect on the diversities of playing
opportunities provided to youth players, and consider
the implications for talent development and identifica-
tion, and supporting their progression/transition into
older youth and senior playing environments. Further,
to better understand the playing opportunities available
in training, future research is warranted which investi-
gates the structure of training sessions (e.g., frequency,
duration, percentage and sequence of training activities)
and supporting coaching behaviours and their potential
influence on training characteristics. Such evidence
would help inform the design and delivery of coaching
practice, talent development practices and coach educa-
tion and development opportunities within youth
women's football.

Whilst the current study provides novel insights into
the training demands of youth women'’s football, there
are limitations of the current study which should be
considered. Firstly, only two ETCs participated in this
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study due to the practical challenges associated with
data collection in this population (e.g., location of/dis-
tance from research institution to training venues, lim-
ited number of GPS units, conflicting ETC training
schedules). Consequently, there was a limited number
of potential participating players. Further, only one of
the ETCs had a U10 age group (n = 15), whilst fewer U16
players (n=22) agreed to participate in comparison to
other age groups (U12: n=40; Ul4: n=39).
Consequently, a smaller number of training and drill
observations were obtained for these age groups.
Future research should aim to adopt a larger multi-club
sample and to increase the number of participants
within respective age groups to both increase the sensi-
tivity of analyses to reliably detect statistically significant
differences in effects of smaller magnitudes, and to
ensure findings are representative of the wider popula-
tion (Harkness-Armstrong, Till, Datson, Myhill, et al.,
2022). Secondly, the maturity status of players was not
assessed within this study. More mature youth women'’s
football players have been shown to have improved
physical capabilities (e.g., aerobic capacity, sprint speed
and change of direction) (Emmonds, Scantlebury, et al.,
2020). Therefore, individual differences in maturity tim-
ing between players may have contributed to within and
between age group variability of external load. Future
research quantifying external load within youth
women's football should incorporate maturity assess-
ment. Thirdly, player positions were not accounted for
in the analysis nor potential position-specific differences
explored. Whole squads participated (except U16s) and
therefore a variety of playing positions will have con-
tributed to observations; however, the representation of
playing positions within each age group was not
obtained. Future research should report the positional
contribution for samples (player and observations) and
given that position-specific differences exist in match-
play characteristics (Harkness-Armstrong et al., 2020,
2021), explore whether position-specific differences
may also exist in training characteristics (Passos Ramos
et al, 2019). Lastly, as the categorisation of training drills
was recorded in-situ by one researcher (TA), recording
information relating to session design and activity struc-
tures (e.g., task constraints used across different drills;
number of players, obstacles, scoring rules or touch
limitations) was not possible due to simultaneous age
group sessions. Given that different task constraints
influence the physical characteristics of other football
populations (Gongalves et al.,, 2017; Ibafez et al., 2020;
Ponce-Borddn et al.,, 2022), it is therefore important that
future research, at a minimum, describes task-
constraints for drill observations, but also aims to

explore the potential influence on drill-specific physical
characteristics of youth female footballers.

Practical implications

There are key recommendations for different stakeholders
working with youth women'’s football players. Firstly, train-
ing curricula within youth women'’s football environments
should be age-specific, structured and progressive to
expose players to sufficient and appropriate stimuli which
facilitate adaptations that adequately prepare them for the
demands of match-play and reduce the risk of injury.
Further, coaches and practitioners should implement train-
ing activities which represent the demands of match-play
(i.e, train as you play) and ensure these are increasingly
progressive between age groups. In environments where
facilities are limited and thus pitch space is restricted,
additional conditioning-based activities should be
embedded into training which are explicitly designed to
elicit high-speed movements not possible within training
activities conducted in a restricted space (i.e., SSGs).
Secondly, coaches and practitioners within senior environ-
ments should implement load management strategies
which support players transitioning from youth environ-
ments, to minimise the potential injury risk associated with
increases in training load (i.e., frequency, volume and inten-
sity). Lastly, coaches and coach developers should reflect
on desired activity structure and supporting coach beha-
viours, considering how to implement a variety of training
activities and manipulate training characteristics (i.e., phy-
sical, technical, tactical and psychosocial) to provide
a diversity of learning and developmental opportunities
which facilitate holistic talent development within youth
women'’s football environments.

Conclusion

This is the first study to quantify session and drill-specific
physical characteristics of youth female football players
during training. Differences were observed between age
groups for session physical characteristics and between
and within age groups for drill-specific physical charac-
teristics. Typically, session and drill-specific physical
characteristics increase between younger and older
age groups for sessions and across drill types. Coaches
and practitioners may use the session and drill-specific
data to inform the design and delivery of age-specific
and progressive training curriculum for talent develop-
ment, prepare youth players for the demands of match-
play, and to support progression between youth age
groups and into senior environments. Future research
should aim to investigate the influence of different task



constraints on drill-specific physical characteristics,
quantify position-specific physical characteristics for
training, and compare training and competition
demands to understand the representativeness of train-
ing activities. Such insights would provide further con-
textualised understanding to aid the design and delivery
of training practices within youth women'’s football
populations.
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