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ABSTRACT

Training and assessment of agility is often prioritised by soccer coaches and practitioners aiming to develop
multi-directional speed. Although the importance of agility is advocated throughout childhood and
adolescence, limited data evidence agility performance at different stages of adolescence. The purpose of
this study was to examine differences in multi-directional speed performance in youth soccer players
spanning an entire soccer academy. A total of 86 male junior-elite soccer players volunteered to participate.
Anthropometric data were collected, alongside performance data from a battery of physical tests including
sprinting, jumping, change of direction, reaction time, and agility. Bayesian models using log-likelihoods
from posterior simulations of parameter values displayed linear or curvilinear relationships between both
chronological and biological age and performance in all tests other than agility and reaction time. For agility
and reaction time tests, performance improved until ~14 years of age or the estimated age of peak height
velocity whereby arrested development in performance was observed. Our results demonstrate that while
most performance skills improve as chronological or biological age increases, measures of agility and
reaction time may not. These findings support the notion that agility performance is complex and multi-
faceted, eliciting unique, challenging physical demands and non-linear development.
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Introduction time-period, long-term athlete development models promote
advancement of various physical qualities and education of
fundamental movement skills (P. Ford et al., 2011; Lloyd et al.,
2013). These models are often integrated into the National
Federation and governing body talent development pro-
grammes such as the Elite Player Performance Plan (The
Premier League, 2011), whereby physical qualities (e.g., agility)
are assessed and monitored across developmental phases in
male youth soccer. As male youth soccer players age and
mature, improvements in physical qualities such as linear sprint
speed (McCunn et al., 2016; Murtagh et al., 2018), jump height

The ability to evade opponents is a critical element of team sport
performance (Nimphius et al,, 2018; Paul et al.,, 2016; Wright et al.,
2014). In soccer, evasion is challenged during both attacking and
defensive possessions as players attempt to gain positional advan-
tage on the opposition (Palucci Vieira et al., 2019; Pettersen &
Brenn, 2019). Supporting this need for multi-directional and multi-
velocity competency, Martinez-Hernandez et al. (2022) reported
that linear sprints followed by decelerations and turns are the
most common movements preceding goals in the English

Premier League. These changes in mode or direction of move-
ment typically occur in response to external stimuli within soccer,
such as random and unpredictable postural changes or move-
ments from an opposing player (Nimphius et al., 2018; W. B. Young
et al., 2015), or following a deceptive body movement (i.e., step-
over) by the athlete to evade an opposing player (Jackson et al,
2018; Wright et al., 2014). This combination of physical change of
direction (COD) and perceptual-cognitive components (visual
search; decision-making) factors is typically referred to as “agility
performance” (Nimphius, 2014; Sheppard & Young, 2006).

Agility skills are vital in the professional (i.e., senior) game
(Williams et al., 2020) and, therefore, the development of agility,
particularly in youth academy soccer, is advocated throughout
childhood and adolescence (Lloyd et al., 2013). During this

(Dugdale et al., 2019; Murtagh et al., 2018), and COD perfor-
mance (Dugdale et al., 2020; Taylor et al., 2019), are commonly
observed. Morphological factors such as body stature and mass
also increase throughout adolescence (Malina et al., 2004).
While there is a lack of research examining the association
between growth, maturation, and perceptual-cognitive quali-
ties (Schumacher et al., 2018; Vanttinen et al., 2010; Williams
etal, 2012), physical and biological growth typically aligns with
developments in skills such as anticipation and decision-
making (Machado et al., 2020; Roca et al.,, 2012). Considering
that both perceptual-cognitive and physical COD factors con-
tribute to agility performance, it is logical to speculate that this
quality may improve comparably. However, limited data exist
evidencing this claim.
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A variety of factors including growth, maturation, and phy-
sical competency may influence the development of agility
performance within samples of youth athletes. While physical
qualities typically develop throughout adolescence, improve-
ments may be non-linear in nature. For example, differences in
both linear sprint and COD performance are not always
reported across age groups of adolescent male soccer players
(Loturco et al., 2018, 2020; Trecroci et al., 2020). These authors
report that speed and acceleration performances were better in
U15/U16 compared to players in older age groups (i.e., U18)
and that a plateau or increase in COD deficit (the time taken to
change direction in comparison to the same distance covered
linearly) across the same age ranges is observed. Compared to
adult and senior-academy male players, reduced inter-session
reliability of COD and agility performance has also been
observed in youth soccer players during early- to mid-
adolescence (Dugdale et al., 2019, 2020; Taylor et al,, 2019).
These authors propose that task complexity, factors germane to
growth and maturation, and insufficient movement compe-
tency may explain this inconsistency of task performance in
these groups. Supporting this, a recent review by Thieschafer
and Bisch (2022) report discrepancies and ambiguity of
observed improvements in agility performance across adoles-
cent years. Considering these findings and acknowledging the
emphasis of multidirectional speed development during talent
development in soccer, an increased understanding of agility
performance and associated physical and perceptual-cognitive
qualities, across adolescence, would be of interest to coaches
and practitioners to help inform training and developmental
strategies in this population.

When developing and assessing agility performance,
a variety of methods have been utilised within applied environ-
ments (Inglis & Bird, 2016; Nimphius et al., 2018; Paul et al.,
2016). Selecting training drills or assessments is typically
dependent on sport-specific factors, such as activity profiles
during competition (Dos'Santos et al., 2019; Liefeith et al.,
2018; Paul et al,, 2016). Moreover, different measures of agility
elicit varied physiological demands dependent on the con-
straints of the drill or test (McBurnie et al., 2022). A common
approach adopted in soccer is to assess and develop “cut
agility” performance; typically performing a COD in response
to a stimulus across an angle of ~45° while maintaining a high
running velocity (Chaalali et al., 2016; Dos'Santos et al., 2019;
Dugdale et al., 2020; Fiorilli et al., 2017; Morral-Yepes et al.,
2022; Pojskic et al., 2018). This approach stems from early
multidirectional speed data from soccer match play
(Bloomfield et al., 2007) and is supported by recent observa-
tions (Dos'Santos et al., 2022). Therefore, training and assessing
agility utilising this movement should be considered by soccer
coaches and practitioners to elicit locomotive demands com-
parable to those experienced during competition.

Accordingly, the purpose of this study was to examine dif-
ferences in agility performance, along with related physical and
perceptual-cognitive qualities, in a sample of junior-elite male
youth soccer players ranging from U11-U17 age groups.
Acknowledging the potential disparities between age and
maturity due to disparities in timing and tempo of the matura-
tion process between individuals (Malina et al., 2005), the effect
of both chronological and biological age on the rate of

performance development was considered. It is hypothesised
improvements in performance will be observed as players
became chronologically and biologically older. Yet, these
changes would not improve in a linear fashion due to the
individual nature and non-linear process of growth and
maturation.

Materials and methods
Participants

We employed an approach that combined Bayesian calibration
(Betancourt, 2018) and decision-driven sample size planning
(Kruschke, 2015) to ensure robust and reliable results. Model
selection and validation were conducted using both prior and
posterior predictive checks. To identify the effects of age and
maturity on performance, we aimed for a precision level of 0.06
for our parameter estimates. Using a simulation-based
approach with Bayesian regression, we iteratively increased
the sample size until the desired precision was attained. The
recruited sample met this criterion. The resulting models, even
when more complex than the simulation model, produced
appropriately precise credible intervals.

In total, 86 male youth soccer players (mean + SD [rangel:
age 13.6+2.0 [10.6-17.3] years; stature 160.8 + 13.7 [134.2-
193.9] cm; mass 50.1 £ 13.0 [27.5-78.7] kg) volunteered to par-
ticipate in this study. Participants were signed to a junior-elite
soccer academy playing at the top competitive level of the
Scottish Football Association (SFA) youth soccer structure and
all received the same training exposure within their respective
age groups (ranging from U11: 4.5 h/week to U17: 10 h/week).
Participants were categorised within the following age groups
as specified by the SFA: U11/U12 (n =31), U13/U14 (n = 23), and
U15-U17 (n=32). Before conducting any trials, we obtained
assent from all participants, consent from parents/guardians
and gatekeeper consent from the Academy Head of Sport
Science. The study received institutional ethical approval from
the local university ethics panel (NICR16/17_45_v2).

Procedures

Participants completed a single testing session as part of their
routine, end-of-season fitness testing. The testing session was
conducted indoors (~22 °C) on a synthetic 4 G pitch, completed
a minimum of 48 h following competition, in the absence of
strenuous exercise within 24 h prior, and during regular train-
ing hours. Anthropometric data including body mass, standing
stature, and sitting height were collected alongside perfor-
mance data from the countermovement jump (CMJ), 10 m
linear sprint, modified 505 COD test (m505COD), a Y-sprint
drill in both pre-planned (Y-SprintPRE) and reactive
(Y-SprintREACT) conditions, and a lower body reaction time
test (LBRTT). Assessments utilised in this study have previously
been reported to achieve acceptable reliability in comparable
samples (ICC=0.81-0.97; Dugdale et al, 2019, 2020).
Performance tests were completed in ascending order from
least to most demanding and in an identical order for all
participants. Before conducting any tests, participants con-
ducted a standardised warm-up routine consisting of light



aerobic activity, dynamic stretching, progressive sprinting, sub-
maximal jumping, and sub-maximal pre-planned and reac-
tive COD.

Following the standardised warm-up, participants received
verbal instructions and demonstrations from the research
team immediately before conducting 3 familiarisation
attempts for each test in the order stated above. Electronic
timing gates were adjusted to an appropriate hip height as
per the mean stature of the sample group, and start posi-
tions were standardised as self-selected crouch starts from
0.7 m behind the start gate (Haugen & Buchheit, 2016). Data
were collected using the Witty Dual Beam Timing System
(Microgate, Bolzano, Italy) with time being reported to the
nearest 0.01 s. For the CMJ and linear sprint tests, partici-
pants completed 3 attempts of each test with the best
attempt being selected for analysis (Al Haddad et al.,, 2015).
For the m505COD and Y-SprintPRE tests, participants com-
pleted 3 attempts in each direction, alternating between
right and left attempts. Best attempts from each direction
were selected, and a mean time from the two directions was
calculated and used for analysis. To account for the perfor-
mance variance, the average of all four and all ten attempts
was used for the analysis of the Y-SprintREACT (Al Haddad
et al, 2015; Oliver & Meyers, 2009) and LBRTT (Spiteri et al.,
2013), respectively. Recovery intervals between trials were
standardised at 3 min for all tests, with the exception of
LBRTT due to the low-fatigue nature of the procedure.

Anthropometrics/Maturity status

Body mass was assessed using digital floor scales (Seca,
Birmingham, UK) and reported to the nearest 0.1 kg. Standing
stature and sitting height were assessed using a free-standing
stadiometer (Seca, Birmingham, UK) and reported to the nearest
0.1 cm. Leg length was estimated as standing height minus sitting
height. Birth dates of players were also provided to calculate
chronological age on the date of assessment. The Mirwald equa-
tion for boys (Mirwald et al., 2002) was implemented as the routine
assessment of somatic maturity estimation at the academy due to
its non-invasive nature, ease of application, and available norma-
tive data within comparable populations. A regression equation
was used to estimate age at peak height velocity (PHV) and,
subsequently, calculate age from PHV - maturity offset (see
Equation 1, maturity offset equation for boys; Mirwald et al.,
2002). Participants were then categorised as pre-PHV (> -0.5
years PHV), circa-PHV (-0.5-0.5 years PHV), or post-PHV (>0.5
years PHV) as per classifications used by the academy.

Maturity offset(years) = — 9.236
+ ((0.0002708 x (leg length x sitting height))
+ (—0.001663 x (age x leg length))
+ (0.007216 x (age x sitting height))
+ (0.02292x(mass by stature ratio x 100))

(M

Countermovement jump

CMJ data were collected using the Justjump mat (Probiotics,
Huntsville, AL) (Dugdale et al., 2019). Attempts were conducted
with participants placing their hands on their hips and utilising
a self-selected countermovement depth. Attempts were

JOURNAL OF SPORTS SCIENCES (&) 3

disqualified if participants abandoned the hands on hip posi-
tion or actively flexed at the knee or hip during flight.
Participants who completed one additional jump per disquali-
fied attempt, however, received no score for that attempt if the
additional jump was also disqualified. Data were reported to
the nearest 0.1 cm.

10 m sprint

Linear sprint performance was assessed over a distance of 10
m as per previously reported match-based observations of
youth soccer players (Buchheit et al, 2010; Mendez-
Villanueva et al.,, 2011). Participants were provided verbal
encouragement and were instructed to sprint maximally
throughout the duration of the test to a set of cones 2m
beyond the final timing gate.

Modified 505 change of direction test

Pre-planned COD ability through the horizontal plane was
assessed via the m505COD test (Dugdale et al., 2020; Gabbett
et al,, 2008). The methodology for the m505COD was as per
originally established methods (Draper & Lancaster, 1985);
however, shortening the initial linear sprint by 5 m in distance.
Therefore, this involved a 10 m linear sprint from a static start,
a 180° turn on the nominated leg ensuring contact with a turn
line, and a 5m return sprint through an identified finish line.
The combined duration of the final 5m of the 10 m linear
sprint, turn, and 5 m return sprint were recorded.

Y-SprintPRE

COD performance was also assessed using a pre-planned
version of the Y-Sprint drill (Y-SprintPRE) (Figure 1).
Participants completed two maximal attempts changing
direction to the left and two attempts changing direction
to the right. Best attempts from each direction were selected
and mean times from these two attempts were calculated
and used for analysis.

Y-SprintREACT

Agility performance was assessed using the Y-SprintREACT
test. The protocol for the Y-SprintREACT was identical to
Y-SprintPRE trials; however, with the addition of a Witty
SEM light stimulus (Microgate, Bolzano, Italy), 10 m from the
start position (Figure 1). Stimuli were displayed following
a 0.5 sec delay after crossing the “stimulus received” timing
gate and received in a randomised order. All participants
completed the Y-SprintREACT trials following completion of
the Y-SprintPRE trials to allow for further familiarisation with
the test before including a reactive component. Timings for
the Y-SprintREACT were provided for phase 1 (the initial 4 m
linear sprint), phase 2 (the subsequent 2m linear sprint
followed by the change of direction and 4 m sprint to either
the left or right finish gates) and a combination of both
phases (total time).

Lower body reaction time test

The “complex” version of the LBRTT established by Spiteri et al.,
(2013) was selected as a measure of reaction time (Figure 2).
Attempts for this test required participants to stand on
a custom-made force platform in an athletic “ready” position
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Finish Left

Total

Figure 1. Set up of Y-SprintPRE and Y-SprintREACT tests.

with feet shoulder width apart. Participants were instructed to
remain as still as possible and focus on a visual LED display
positioned 1.5 m away from the force platform at a height of 1

m. Two contact mats (PM2/PK, Defender Security, Leeds, UK)
were used in conjunction with the force platform to test the
foot reaction times of participants during the test. Contact mats
were placed at 45° angles to the left and right, 70 cm in front of
the force platform. The visual stimulus was presented as an
arrow on the LED display facing left or right, in a random order,
appearing between 3 and 5 sec following the beginning of
each attempt. Participants were instructed to leap from the
force platform as fast as possible, landing with one foot in the
centre of the corresponding contact mat in response to the
visual stimulus, landing on the left foot when responding to the
left-facing arrow and right foot when responding to the right-
facing arrow. Participants completed a total of 10 attempts,
with each attempt starting automatically on a timed loop
within the software. The directions of attempts were generated
randomly to avoid anticipation by participants. Attempts were
collected over a period of 10 s with 10 s delay intervals. Data for
LBRTT were analysed using AcgKnowledge v4.4 (Biopac
Systems Inc, CA, USA). The total reaction time for each attempt
of the LBRTT was identified as the time taken from the presen-
tation of the stimulus to closing the switch on the appropriate
contact mat.
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Statistical analysis

Descriptive statistics are presented as means and their
associated standard deviations. To offer flexibility in mod-
elling, avoid common issues with misinterpretation of
p-values and confidence intervals, and the possibility of
calculating direct probabilities of non-random samples -
something not possible with standard frequentist analysis
methods (Greenland et al., 2016; Wasserstein et al., 2019),
a Bayesian approach was used. We fitted a range of
Bayesian regression models including standard linear mod-
els (see Equation 2), polynomials (see Equation 3), and
non-linear models (see Equation 4) (Wood, 2003; Zhou &
Shen, 2001) with chronological age and age adjusted using
PHV. The prior used for the intercept (a) was
a t-distribution with 3 degrees of freedom (v), the location
parameter (u) the median of the response variable, and the
scale parameter (0) the median absolute deviation of the
response variable. As a prior for sigma, we used a half
t-distribution with 3 degrees of freedom (v), with the loca-
tion parameter (U) set at zero and the scale parameter (o)
the median absolute deviation of the response variable.
For B coefficients, we applied a flat prior.

Y = By + B;(age £ PHV) + ¢ (2)



Figure 2. Set up of the LBRTT test (Spiteri et al., 2013).

Y = By + B, (age £ PHV) + B, (age & PHWX) +- ¢ (3)

Y = B, + f(age = PHV) + A (4)

We determined the best models using Leave-One-Out cross-
validation (LOO), a method for estimating pointwise out-of-
sample prediction accuracy from fitted Bayesian models using
log-likelihoods from posterior simulations of the parameter
values (Vehtari et al., 2017). All models were checked for con-
vergence (f = 1), and posterior predictive checks were used to
check how closely data simulated from the models compared
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to the empirical data (Gabry et al., 2019). For the best-fitted
models, there were no systematic discrepancies between simu-
lated and observed data. All models were fitted using R (R Core
Team, 2022), and with the Bayesian Regression Models using
“Stan” (brms) package (Burkner, 2017).

Results

Descriptive statistics for body mass, stature, CMJ, 10 m sprint
time, m505COD, LBRTT, Y-SprintPRE, and Y-SprintREACT are
presented across chronological age groups (Table 1) and
maturity offset years (Table 2).

When the best models are referred to in each of the sections
below, they refer to the best models according to our criteria as
described in the statistical analysis section, above.

Body mass

The best model that describes the relationship between body
mass and chronological age, and the relationship between
mass and maturity offset is linear with Gaussian distributed
errors (Figures 3a and 4a). Predictions from modelling mass
and chronological age suggest that mass increases by approxi-
mately 5.6 kg (5.5-5.7 kg) per year from 10 to 17 years of age.
Similarly, predictions from the relationship modelled between
body mass and maturity offset suggest that mass increases by
just under 7 kg (6.7-6.9 kg) with each offset year.

Stature

The best model that describes the relationship between stature
and chronological age is linear with Gaussian distributed errors
(Figure 3b). Predictions from the model suggest that stature
increases by approximately 5.6 cm (5.5-5.7 cm) per year from
10 to 17 years of age. The best model that describes the rela-
tionship between stature and maturity offset is quadratic with
Gaussian distributed errors (Figure 4b). This results in
a curvilinear relationship where stature is predicted to increase
in a gradually reducing manner, reducing from increases of
10.2cm per year from 4years pre-PHV to 3.8cm per year
between 2 and 3 years post-PHV.

Table 1. Descriptive statistics for anthropometric and performance measurements across

chronological age groups.

U11/U12 U13/U14 U15-U17

(n=31) (n=23) (n=32)
Age (years) 11.5+0.5 13.6+0.6 158+0.7
Maturity offset (years) -2.7+05 -0.9+0.7 1.1+£1.0
Body mass (kg) 38.2+6.1 495+8.5 62.1+9.1
Stature (cm) 1480+ 7.6 162.2+9.4 1723 +£9.5
CMJ (cm) 393+50 453+5.8 503+54
10 m sprint (s) 1.99+0.10 1.85+0.09 1.76 +£0.07
m505COD (s) 2.61+0.14 243 +£0.06 2.33+0.08
LBRTT(TRT) (s) 0.87 £0.09 0.78 £0.07 0.78 +0.06
Y-SprintPRE (s) 1.98 +£0.09 1.84 £0.07 1.75+0.07
Y-SprintREACT (s) 2.54+0.16 2.29+0.12 2.35+0.15
Y-SprintREACT(1) (s) 1.01 £ 0.06 0.92 £0.04 0.86 = 0.04
Y-SprintREACT(2) (s) 1.53+0.12 1.37 £0.09 1.49+£0.10

Data are presented as mean * standard deviation; n = sample size.
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Table 2. Descriptive statistics for anthropometric and performance measurements pre-, circa-,

and post-peak height velocity.

Pre-PHV Circa-PHV Post-PHV

(n=42) (n=24) (n=20)
Age (years) 120+1.0 145+0.8 16.1+0.6
Maturity offset (years) -24+07 -0.1+£0.6 1.6+0.8
Body mass (kg) 39.3+59 54.8+6.5 67.2+5.8
Stature (cm) 1502+7.5 168.4+7.3 1753+83
CMJ (cm) 403 +5.5 46.8+4.5 529+4.1
10 m sprint (s) 1.96 +0.10 1.81+0.07 1.72+£0.05
m505COD (s) 257+0.14 2.40 £0.08 2.30+0.07
LBRTT (s) 0.82 +0.07 0.75+0.06 0.86+0.11
Y-SprintPRE (s) 1.95+0.10 1.80 = 0.05 1.72+0.13
Y-SprintREACT (s) 248+0.18 2.33+0.16 233+0.13
Y-SprintREACT(1) (s) 0.99 £ 0.07 0.92 £0.05 0.90 = 0.04
Y-SprintREACT(2) (s) 1.49+0.13 1.41+0.12 143+0.12

Data are presented as mean + standard deviation; n = sample size.

Countermovement jump (CMJ)

The best model that describes the relationship between counter
movement jump height (CMJ) and chronological age is linear
with Gaussian-distributed errors (Figure 3c). Predictions from the
model suggest that jump height improves by just under 3 cm
(2.7-2.8 cm) per year from 10 to 17 years of age. Similarly, the
relationship between counter movement jump height (CMJ) and
maturity offset was also modelled best as a linear relationship
with Gaussian errors (Figure 4c). Predictions from the maturity
offset model suggest that the jump height improves by approxi-
mately 3 cm with each offset year.

10 m sprint time

The best model that describes the relationship between 10 m
Sprint Time and chronological age data is quadratic with
Gaussian distributed errors (Figure 3d). This results in
a curvilinear relationship where 10 m sprint time is predicted
to reduce by ~0.8 sec each year from 10 to 12 years of age and
the difference reduces by ~0.01 sec from 13 to 17 years of age,
resulting in a flattening of the downward trajectory of the
curve. Conversely, the relationship between 10 m sprint time
and maturity offset was best modelled as a linear model with
Gaussian distributed errors (Figure 4d) with 10 m sprint time
predicted to reduce by 0.06 with each offset year.

Modified 505 change of direction test (m505COD)

The best model that describes the relationship between the
m505COD test and chronological age and m505COD and maturity
offset is quadratic with Gaussian distributed errors (Figures 3e and
4e). Predictions from the model show that players’ time reduces
across years with differences between year categories reducing
from 0.1 sec to 0.03 sec in 0.01 sec increments and between
maturation categories from 0.12sec to 0.01sec in 0.02 sec
increments.

Lower body reaction time test (LBRTT)

The best model that describes the relationship between the
lower body reaction time test (LRRTT) and chronological age
LBRTT and maturity offset, is quadratic with Gaussian-

distributed errors (Figures 3f and 4f) producing a parabola-like
curve. Predictions from the model show that players’ lower
body reaction time decreases from 10 to 14 years of age before
increasing again from 14 to 17 years of age.

Pre-planned Y-Sprint change of direction test
(Y-SprintPRE)

The best model that describes the relationship between perfor-
mance on the Y-SprintPRE test and chronological age is quad-
ratic relationship with Gaussian distributed errors (Figure 3g).
Forming a curvilinear relationship, Y-SprintPRE time is predicted
to reduce each year with an initial 0.1 sec difference between 10
and 11 years of age and reducing by 0.01 sec from 11 to 17 years
of age, resulting in a flattening of the downward trajectory of
the curve. A similar relationship is shown between Y-SprintPRE
time and maturity offset (Figure 4q).

Reactive Y-Sprint change of direction test (Y-SprintREACT)

The best model that describes the relationship between per-
formance on the Y-SprintREACT test and chronological age is
non-linear (Figure 3h). An initial decrease in performance time
is observed across age groups until 14 years of age, when the
relationship undulates — increasing at 15 years of age, before
decreasing again more gradually up to 17 years of age. The
relationship between Y-SprintREACT performance and maturity
offset was best modelled as a quadratic relationship with
Gaussian distributed errors (Figure 4h), decreasing until the
estimated onset of peak height velocity (maturity offset=0
years) and then increasing gradually.

Discussion

The aim of the present study was to examine agility perfor-
mance, along with physical and perceptual-cognitive perfor-
mance related to agility, in youth soccer players considering
the effect of both chronological and biological age. We
hypothesised that improvements in performance would occur
as players increase in chronological and biological age. Yet,
these changes would not improve in a linear fashion. Our
findings demonstrate that while most of the physical
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performance measures adopted within this study improved as
chronological or biological age increased, measures of agility
and reaction time did not, displaying arrested performance
development at around 14 years of age, or circa-PHV for our
sample. We also observed both linear and non-linear increases
in physical performance for our sample, dependent on the
measure.

The primary finding from this investigation, and contrary to
our hypothesis, was the observation that agility performance
and reaction time did not continue to improve as chronological
age increased past 14 years of age and following the onset of
PHV. This was particularly of note, as this disagreed with
improvements made across the other measures of physical
performance conducted within this study. Agility performance
is a complex and multifaceted skill requiring individuals to
execute a rapid, whole-body movement, with a change of
velocity or direction in response to a stimulus (Sheppard &
Young, 2006). Consequently, several factors may explain this
observation for our sample. Our results show that linear sprint
performance improved across adolescence, alongside increases
in body mass. Therefore, for the chronologically and biologi-
cally older players within our sample, momentum (i.e., the
product of mass and velocity) will likely have increased in the
locomotor performance tests included within our study.
Previous reports suggest that momentum may explain dispa-
rities observed between increases in linear sprint and COD
performance (Fernandes et al., 2021; Freitas et al., 2022).
While we did not observe impairments in COD performance
as linear sprint performance and body mass increased across
adolescence, previous authors isolated COD performance
within their respective studies by analysing COD deficit, as
well as reporting time taken to complete the COD test
(Fernandes et al., 2021; Freitas et al., 2022; Loturco et al.,
2020). We used a modified version of the original 505 COD
test (Gabbett et al., 2008) and a 10 m linear sprint which were
both included in the soccer academy’s routine testing battery.
Unfortunately, this prevented us from calculating the COD
deficit in line with previous studies. Nevertheless, comparisons
between Y-SprintPRE and Y-SprintREACT allow us to make
similar interpretations regarding the influence of a reactive
stimulus on performance of this test. We propose that the
additional momentum exhibited by the chronologically and
biologically older players within our study impairs their agility
performance due to their inability to decelerate and change
direction efficiently when receiving the COD stimulus. This
observation further supports the notion that agility is an inde-
pendent and distinct performance characteristic (W. B. Young
et al., 2015). From an applied perspective, we suggest that
practitioners prioritise the development of deceleration and
braking performance alongside acceleration and sprinting in
the pursuit of improved agility performance (Clarke et al., 2022;
Harper et al., 2022). Moreover, considering the faster times
achieved during phase 1, yet slower times achieved during
phase 2 of the Y-SprintREACT test for older and more mature
players, it is probable that these players within our study were
approaching the COD of the Y-SprintREACT “too fast” relative to
their braking and COD ability. To combat this, we recommend
that explicit technical coaching of agility performance should
be delivered as part of a comprehensive physical development
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programme to help players who are post-PHV become more
attuned to their current physical attributes (Dos'Santos et al.,
2019; McBurnie et al., 2022). Given our findings, these sugges-
tions may be beneficial for all ages and stages of development.
However, this may be particularly important for players from
older age groups as training specialises to prioritise technical
and tactical developments (Jeffreys et al., 2018; Loturco et al,,
2020).

We observed similar results for LBRTT (our measure of per-
ceptual-cognitive performance) with players demonstrating
a decrease in performance from ~13.5 years of age to circa-
PHV. This finding was also in contrast to our hypothesis as it has
previously been reported that perceptual-cognitive ability
develops throughout childhood and adolescence (Malina
et al.,, 2004; Schumacher et al.,, 2018). We suggest that com-
parative to our explanations for the impairments in agility
performance observed, morphological factors related to
growth and maturation may explain this finding within our
sample. Dimensionality scaling across adolescence represents
the development of physiological performance correlated to
increases in body size (Malina et al., 2004). Across adolescence,
increases in body size are commonly accompanied by relative
improvements in performance (Philippaerts et al., 2006), as we
observed for most of the performance tests within our study.
However, as evidenced by our results for Y-SprintREACT and
LBRTT, this may not always be the case. One phenomenon that
may explain these findings is that of “adolescent awkwardness”
observed circa-PHV (Quatman-Yates et al., 2012). This period of
development has been described to exhibit delays or regres-
sions in sensorimotor function relative to rapid growth spurts
(Quatman-Yates et al., 2012; Ryan et al., 2018). Acknowledging
the rapid growth (particularly of the lower limbs) experienced
circa-PHV (Malina et al., 2004), theories of adolescent awkward-
ness and inadequate dimensionality scaling potentially explain
our observations for these measures in our study.
Consequently, practitioners may continue to emphasise the
development of movement skills and competencies through-
out adolescence in an effort to counteract the potential effects
of adolescent awkwardness.

Aligning to our hypothesis, we observed increases in
countermovement jump, linear sprint and pre-planned COD
performance for chronologically and biologically older
players. Increases in countermovement jump performance
were observed in a linear fashion, while decreases in perfor-
mance time for both pre-planned COD tests (m505COD &
Y-SprintPRE) were observed to be curvilinear in nature when
modelled against both chronological and biological age.
Aligned with the concept of dimensionality scaling, briefly
discussed above, developments in physical and neuromuscu-
lar performances are often observed across adolescence
(Malina et al., 2004). These developments in performance
are likely supported by the impact of growth on speed,
strength, and power qualities (Oliver et al, 2013).
Adolescent growth and maturation are typically associated
with increases in limb length, increased muscle mass,
changes in intrinsic muscle tendon properties, and develop-
ment of anaerobic metabolism (P. Ford et al., 2011; Oliver
et al., 2013). Peak gains in speed qualities have also been
shown to occur circa-PHV (Philippaerts et al., 2006). These
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biological advancements, combined with the influence of
immersion within a professional talent development system,
likely explain these performance increases for our sample.
However, decreases in linear sprint time were observed to
be curvilinear when modelled against chronological age and
linear when modelled against biological age. We suggest that
this discrepancy potentially reflects the impact of factors
associated with biological maturity, briefly mentioned
above, on linear sprint performance, specifically.

Finally, our findings suggest that while body mass increases
in a linear fashion as players become chronologically and bio-
logically older, stature may increase in a curvilinear fashion,
with the rate of development gradually slowing as players
navigated through (circa-) and beyond (post-)PHV. Estimates
of maturity offset typically rely on variations in standing stature
when predicting proximity from PHV (Mirwald et al., 2002),
potentially explaining this trajectory. Considering that rapid
increases in standing stature are observed up to the onset of
PHV, these increases slow from this point and, in males, typi-
cally cease at~18-19years of age (Malina et al., 2004).
Furthermore, body mass has the capacity to increase for several
years following the adolescent years in athletic populations due
to continued exposure to systematic training and the contin-
ued influence of biological growth and maturation (Malina
et al., 2004). We suggest that while modelling body mass
against both chronological and biological age may provide
comparable outputs, inclusion of maturity offset or predicted
age of PHV may be more accurate when modelling trajectories
of development of stature in youth athletes.

This study is not without limitations. First, we sought to
examine agility performance, along with physical and per-
ceptual-cognitive performance related to agility, in youth
soccer players considering the effect of both chronological
and biological age. However, we did not assess training age,
training phase, and participation history of the players
recruited within this study. Given the influence that training
adaptations have upon improvements in physiological and
perceptual-cognitive performance in youth soccer players
(P. R. Ford & Williams, 2012), this factor may have contrib-
uted to the performance differences that we observed in
addition to changes resultant from advanced chronological
and biological age. Future research should incorporate this
assessment when examining similar research questions to
ours to consider this influence. We also implemented
a generic light stimulus for both our measure of agility and
reaction time. Acknowledging the physical and conditional
differences between light and human stimuli (Nimphius,
2014; W. Young & Farrow, 2013), the employment of this
type of stimuli may explain the arrested development of
these qualities in older, more mature participants within
our study. We also adopted a cross-sectional approach to
our research question. While our results include
a comprehensive sample of youth soccer players across all
age groups from a junior-elite soccer academy,
a longitudinal approach may have provided more specific
information on intra-individual development of these quali-
ties across adolescence. Finally, we use a predictive equation
to estimate the maturity status of our sample (Mirwald et al.,
2002). While this approach is commonly used in applied

settings due to its logistical and non-invasive nature, the
accuracy of this method has been questioned in recent
years (Teunissen et al., 2020). Nevertheless, these methods
boast the ability to easily assess many participants within
a single data collection session without the requirement of
costly equipment or clinical training. We suggest that read-
ers acknowledge these potential limitations when interpret-
ing our results.

Practical recommendations and future research
directions

To facilitate the development of agility throughout maturation,
coaches should appreciate and apply a multi-system approach to
agility skill development. This may be achieved through physical
development in actions which require braking and deceleration,
and perceptual-motor development in situations which require
a response to a stimulus. Tasks such as decelerations and changes
of direction from various angles and various approach distances
will allow athletes to develop the required braking qualities
considering both morphology and coordinative skill, given the
appropriate dose and learning conditions. Furthermore, varia-
tions in the angle and approach distance will facilitate the devel-
opment of affordances for the athlete of what is “too fast” of an
approach relative to their braking and COD ability, helping opti-
mise their agility outcomes. The addition of reactive tasks pro-
gressed systematically to increase time constraints and task
complexity will then allow the athlete to express these skills in
increasingly shorter time windows and more difficult perceptual
circumstances, increasing the perceptual-motor link and subse-
quent agility performance. Future research should consider eval-
uating the effectiveness of varied training approaches to
developing agility performance considering the impact of chron-
ological and biological age adopting a longitudinal study design.

Conclusion

Our results demonstrate that while most physical skills improve as
chronological or biological age increases, measures of agility and
reaction time may not. Agility and reaction time may display
arrested performance development during adolescence, poten-
tially due to delays or regressions in sensorimotor function relative
to rapid growth spurts. Our findings further support the notion
that agility performance is a complex and multifaceted skill elicit-
ing unique and challenging physical demands. Moreover, we
encourage coaches and practitioners to continue to emphasise
the development of multi-directional movement skills and com-
petencies throughout adolescence, particularly as training specia-
lises to prioritise technical and tactical developments.
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