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Abstract
In many youth sports, selection into elite training academies is dominated by athletes born earlier in the year. Previous

research suggests this is partly due to these athletes being more physically developed than their younger peers. How ath-

letes born later in the year survive in elite academies is less understood. Here, we tested the hypothesis that players born

later in the year are more technically skilled than their peers born earlier in the same year. Using 150 youth players (10–
19 years of age) from an elite Brazilian soccer academy, we measured each player’s date of birth, height, and mass; sprint-

ing ability; dribbling ability; and kicking accuracy and speed. We found most players in this academy were born in the first

half of the year, and those born earlier in the year (relatively older) tended to be taller and heavier than those born later in

the same year (relatively younger). In addition, relatively older players were faster when sprinting and dribbling the ball in

a straight line. Conversely, relatively younger players were more accurate when passing the ball with their nondominant

foot, providing some evidence these players were more technically skilled than their older peers of the same age. We

suggest skill tests with youth players need to consider relative age and physical size in order to best assess a player’s
potential.
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Introduction
For many sports, youth participation is organised into annual
age-groups defined by a cut-off date (e.g. commonly January
1 for soccer). Although this system aims to promote competi-
tive fairness – a “level playing field” – this is not guaranteed.
Those athletes born earlier in the selection year may be more
experienced, and motivated,1–3 providing a competitive
advantage. Perhaps more obvious, the relatively older
players have had longer to grow and physically develop
and are likely larger than their younger peers.4–7 This size
advantage is beneficial in most sports, increasing physical
performance,8–10 and can be exacerbated during adolescents
due to large variation in biological maturation among indivi-
duals of the same age.2,11,12 Unsurprisingly, participation in
youth sport at the elite level is dominated by athletes born
earlier in the selection year, with this age bias (relative age
effect) ubiquitous across many sports.13–16

The relative age effect in sports can have long-term con-
sequences for talent identification and participation. For
those born earlier in the selection year (relatively older)
and preferentially selected into elite academies, these

athletes gain access to higher levels of competition, train-
ing, and coaching compared to their non-selected peers.17

This disparity in opportunity increases the chance relatively
older athletes continue to be selected, with the bias towards
relatively older athletes increasing as youth athletes
age.18,19 Conversely, talented (but likely smaller) athletes
born late in the year (relatively younger) may be
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overlooked, potentially leading to negative experiences,
self-perceptions of low competence, and ultimately
drop-out from the sport.17,20–22 This is unfortunate as the
bias towards relatively older players dominating selection
decreases in adult sport.18 Thus, improving the identifica-
tion and support of talented individuals born late in the
year should be an important goal for any talent identifica-
tion and development program in sport, not just for produ-
cing elite athletes, but for increased participation and
equity.

A first step towards better identifying talented athletes
born late in the year is determining if, and how, they
differ to talented athletes born early in the year. One possi-
bility is that they do not differ. The athletes born late in the
year who get selected into elite academies may have similar
physical statures to those born early in the year, creating a
reasonably homogeneous group that persists through future
years of selection. Evidence for this is contradictory.5,6,23,24

Alternatively, if athletes born later in the year are, on
average, less physically developed than their older peers,
they may need to develop superior psychological, tactical,
or technical skills to compete successfully against larger,
faster, more powerful opponents.25 This “under-dog
hypothesis”26 suggests being relatively younger during
adolescents may be advantageous in the long-term when
these athletes eventually catch-up physically by the time
they are adults, but only if one is able to survive in the
system. Evidence supporting this has been found in rugby
union,27 cricket,28 ice hockey,26,29 and soccer.30,31 For
example, compared to athletes born early in the year,
those born late in the year have been shown more likely
to achieve professional status,30 and earn higher wages in
professional soccer,32 and ice hockey.29 Despite this, previ-
ous research does not support the notion that relatively
younger, or less physically developed athletes are more
skilled than their older, larger peers of the same age.24,33–
35 However, these studies typically involved subjects
within a limited age range, and/or some skill metrics may
have favoured more physically developed individuals. For
example, when testing young soccer players’ dribbling
speed, players dribbled the ball through a slalom course
of five cones as quickly as possible, with a 10-m linear dis-
tance between consecutive cones.33,35 However, it is pos-
sible that performance in such a test is equally reliant on
both dribbling skill, and sprinting speed, with older, more
physically developed players likely faster runners.9,36,37

Thus, the hypothesis that youth athletes born late in the
year may be more skilled than their relatively older peers
warrants further investigation.

In this study, we tested if youth soccer players born later
in the year were more technically skilled than their older
peers within the same age cohort using analyses of 150
players between 10 and 19 years old from an elite
Brazilian junior academy. First, we examined the extent
of the relative age effect in this academy. Second, for

each player, we measured their height and mass to
confirm relatively younger players were smaller than their
older peers of the same age. Third, we measured (ii) sprint-
ing and dribbling speed through a series of straight and
curved paths, (iii) dribbling ability with directed tasks
using both feet, just the dominant foot, and just the nondo-
minant foot, (iv) maximum kick speed with the dominant
and nondominant foot, (v) passing accuracy with the dom-
inant and nondominant foot, and (vi) pass and control
ability using both feet. With this suite of tests, we could
explore the differences between relatively older and rela-
tively younger players within age cohorts across tasks
which differed in the relative contributions of physical
and technical ability. We predicted players born earlier in
the year (relatively older) would be taller and heavier than
those born later in the same year (relatively younger).
Further, we predicted relatively older players would outper-
form relatively younger players on the tasks where physical
stature may convey an advantage (sprinting, maximum kick
speed).9,37 Conversely, we predicted relatively younger
players would outperform relatively older players on the
tasks that focus on technical skill (directed dribbling,
passing accuracy).

Methods

Subjects
We recorded the performance of 150 outfield soccer players
from an elite junior academy in Brazil, whose senior profes-
sional team competes in the top national competition (Serie
A). All players and guardians gave consent to be involved
in the study, which was in accordance with ethical protocols
for the University of Queensland, Australia (# -
2019001398), and University of Sao Paulo, Brazil (# -
3822.287/2020). On the first day of testing each player’s
age (M= 14.79, SD= 2.45, range= 10.34–19.83 years),
height (M= 166.55, SD= 13.80, range= 135.5–195.6 cm),
and mass (M= 57.39, SD= 14.22, range= 31.70–
88.75 kg) were recorded.

Study design
We measured the sprinting, dribbling, and kicking perform-
ance of seven teams (U12, U13, U14, U15, U16, U17, and
U20), with each team attending two 2-hour sessions with a
day break between sessions. For each session, players were
split into groups of three or four, then randomly assigned a
starting station. Groups then progressed through each
assessment station in the same sequence. On day one we
measured sprinting and dribbling along straight and
curved paths, and directed dribbling performance in the fol-
lowing sequence: dribble path 1, sprint path 1, dribble path
4, sprint path 4, dribble path 3, sprint path 3, dribble path 2,
sprint path 2, left foot dribble 1, right foot dribble 1, right
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foot dribble 2, left foot dribble 2, both feet dribble 1, and
both feet dribble 2. On day two we measured maximum
kick speed, passing accuracy, and pass/control in the fol-
lowing sequence: passing accuracy (left and right foot),
pass/control 1, pass/control 3, pass/control 5, kick speed
(left and right foot), pass/control 2, pass/control 4, and
pass/control 6 (more details below). Players were given a
brief period to familiarise themselves with each task
before completing multiple trials with rests between each
trial. Prior to each session, all players completed their
normal 15-min warm-up routine with coaches. No kick
speed data were collected with the U13 team.

Sprinting and dribbling along with curved paths
The sprinting and dribbling performance of each player was
measured using four 30 m long paths that differed in curva-
ture, as in Refs.38–40 (Supplementary Figure 1). On the
ground, two lengths of 6 mm plastic chain (Kateli, Brazil)
defined the outer boundaries of each path, creating a 1-m
wide channel between them. Each path was comprised of
straight sections interspersed with turns that were 45° (1/8
of a circle), 90° (1/4 of a circle), 135° (3/8 of a circle), or
180° (1/2 a circle). For each path, there was a designated
entrance and exit, with all players completing each path
in the same direction.

For both the sprinting and dribbling tasks along each
path, players were instructed to start 0.5 m outside the
entrance, then either sprint or dribble a size 5 soccer ball
along the path as quickly as possible. When sprinting,
players were instructed to keep their entire body within
the boundaries of the chains. When dribbling, they were
instructed the ball must remain within the boundaries of
the chains, but their body could be inside or outside the
chains. If players cut corners with their body (sprinting)
or the ball (dribbling), the trial was repeated after a
minimum rest of 30 s. To measure the time taken for
players to navigate along each path two light gates
(fusion sport, SMARTSPEED PT 2 Gate System), with
the beam positioned at waist height, were placed at the
entrance, and exit to each path. On each path, players com-
pleted three dribbling trials followed by two sprinting trials.
For each trial, we calculated the average speed by dividing
the distance travelled (30 m) by the time taken to complete.
Then, for each path, the average of the three dribbling trials
was the measure of dribbling, and the average of the two
sprint trials was the measure of sprinting. Thus, each
player had a measure of sprinting and dribbling along
each of the four paths.

For both the sprinting and dribbling tasks, separate prin-
cipal components analyses (PCA) were used to characterise
variation among the correlated measures. Prior to analysis,
the left skewed data for sprinting along Path 1 were cor-
rected with a square transformation. Then, data for each
path were standardised to a mean of zero and standard

deviation of one before PCA. This rescaling or variables
was used for all PCA below. The first principal component
of sprinting (PCS1) accounted for 75.6% of the variance,
and the first principal component of dribbling (PCD1)
accounted for 79.7% of the variance (Supplementary
Tables 1 and 2). For both sprinting and dribbling PCA,
all vectors loaded in the same direction, with larger positive
values indicating higher speeds. The sprinting and dribbling
measures along Path 1 (straight) and Path 4 (most curvy)
were also included as separate trait measures for analysis.
Last, dribbling along Path 2 was also analysed separately,
as it was similar to the dribbling task used in previous
studies.33,35

Directed dribbling
Each player’s ability to execute specific dribbling skills was
assessed with six directed dribbling tasks – two tasks using
the left foot only, two tasks using the right foot only, and
two tasks that used both feet. Players reported which was
their dominant and nondominant foot. For each task, 15
small cones were placed 0.8 m apart in a straight line
(total linear distance= 12 m). Players were required to
dribble through all 15 cones, executing a specific skill
between each cone, with the instruction to complete the
task as quickly as possible without making a mistake. In
brief, when using only one foot, one of the tasks required
players to alternately use the lateral and medial parts of
the foot to dribble through the cones, while the other task
required players to alternately use the lateral and underside
parts of the foot. When using both feet, one task used the
lateral and medial sides of both feet, and the other tasks
used only the lateral side of each foot but also included a
step-over (see Supplementary Material for a description of
each skill). The total time to complete the task was mea-
sured with two light gates (fusion sport, SMARTSPEED
PT 2 Gate System). The total number of errors was also
recorded for each trial. An error was counted when a
player touched the ball too many, or too few, times
between two cones, or if they used the wrong foot, or part
of the foot to execute the skill. Regardless of the magnitude
of a mistake, only one error could be attributed between any
two cones. During testing, we observed errors could help or
hinder completing the task quickly. Thus, to penalise errors
consistently, the total time to complete each trial was cor-
rected with adjusted time (s) = raw time+ (0.1 ∗ errors).
The adjusted time was then used to calculate the average
dribbling speed (m.s−1= 12 / adjusted time) for each trial.
Depending on the time allowed for sessions, each player
completed two or three trials on each dribbling task. For
each dribbling task, the average speed across trials was cal-
culated as the metric of performance.

Principal components analysis (PCA) was used to char-
acterise variation among the correlated measures of directed
dribbling. Prior to analysis dribbling tasks with just the right
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foot and just the left foot were converted to dominant or
nondominant for each player. The left skewed data for
“dominant foot #2” were corrected with a square transform-
ation. Including all directed dribbling tasks in the PCA the
first principal component (PCDD1) accounted for 69.48% of
the variation (Supplementary Table 3). Including only one-
footed tasks with the dominant foot, the first principal com-
ponent (PCDDD1) accounted for 86.01% of the variation
(Supplementary Table 4), while the first principal compo-
nent of the nondominant foot tasks (PCDDN1) accounted
for 87.28% of the variation (Supplementary Table 5). For
each PCA of directed dribbling, all vectors loaded in the
same direction with larger positive values indicating
greater speeds.

Maximum kick speed
Using a size 5 soccer ball, players were instructed to kick
the ball as fast as possible into a goal placed 4 m away
from the ball’s designated starting position
(Supplementary Figure 2). Players were not given a target
to aim at and executed three kicks each with both feet. To
measure ball speed, we used two high speed cameras
(Nikon Coolpix B500), both filming at 120 fps, and the
DLTcal5 and DLTdv5 packages of MATLAB.41 This
protocol has been used previously40,42 and exhibits high
inter and intra-rater reliability43 (see Supplementary
Material for more details).

Passing accuracy
To measure passing accuracy players were required to
pass (side of the foot) a size 5 ball and hit a wooden
target (1.1 m× 0.5 m) from a distance of 15 metres.
Two cones, 4 m apart, were placed 15 m from the target

indicating where the ball should be kicked from. Two
additional cones, also 4 m apart, were placed 10 m from
the target (Supplementary Figure 3). To score one point,
players were instructed the ball must hit the target and
rebound back between the two cones 10 m from the
target. This ensured players kicked the ball at a game rele-
vant speed. If the ball hit the target but did not rebound
between the 10 m cones that attempt received half a
point. Zero points were allocated to passes that missed
the target. On each foot, players executed three rounds
of 10 passes, resting between each round (total of 30
passes with each foot). The metric of accuracy for each
foot was calculated as a proportion: accuracy= total
number of points/30.

Pass/control
The passing and control ability of each player was assessed
on six different tasks using specially designed wooden
rebound boards (1.1 m× 0.5 m). Each task utilised a pair
of rebound boards oriented 45°, 90°, or 135° from each
other. Players were required to pass the ball alternately to
each board and execute a specific control technique
between each pass. A single trial was 45 s duration and
players were instructed to complete as many passes as pos-
sible in that time while correctly executing the designated
control technique. To commence each trial, players
started with the ball equidistant between the two boards
(Supplementary Figure 4). Four additional balls were
placed behind them within close reach, but not impeding
their actions. During the trial, if a player missed one of
the boards with a pass, they quickly retrieved another ball
and continued. The trial automatically ended if a player
missed a board five times. The number of passes hitting
either board was counted, along with mistakes. Any devi-
ation from the designated pass and control technique for a
task (see Supplementary Material) was considered an
error. For example, taking an added touch, using the incor-
rect foot or part of the foot to control the ball, or passing
with the incorrect foot. Regardless of the magnitude of
the mistake, only one error was attributed between any
two passes. To account for mistakes the passing metric
for each trial was calculated as passes= total number of
passes – (0.5 * number of errors). Players were given two
trials on each of the six tasks, with the average of the two
trials calculated as the score for that task.

Principal components analysis (PCA) was used to char-
acterise variation among the measures of pass/control. Prior
to analysis, the left skewed data for tasks one, two, and three
were corrected with a square transformation. The first prin-
cipal component (PCP1) accounted for 58.15% of the vari-
ance (Supplementary Table 6). All vectors loaded in the
same direction with greater positive values indicating
more passes (better performance).

Figure 1. Frequency distribution of birth month for 150 athletes

from an elite Brazilian Soccer Academy.
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Statistical analysis
The statistical programR44 was used for all analyses. A
common approach in studies of the relative age effect is
to group athletes into birth month quartiles.7,24 For
example, in Q1 are those athletes born in the first three
months of the selection year, commonly January–March.
As we had such a small sample size of athletes in Q4 (N
= 10), it was more appropriate to categorise athletes by
which half of the year they were born in (H1= January–
March, H2= July–December). We first used a one-way
Chi-square test to confirm if more players were born in
the first half of the year than the second half of the year.

As most players were born in the first half of the year
(Figure 1) subsequent analyses to identify relationships
between relative age and our measured traits were run treat-
ing age as categorical (H1 v H2), and separate analyses
treating age as a continuous variable. For the continuous
measure of age, each player’s date of birth (day and
month) was converted to a decimal proportion of the calen-
dar year, with 0 denoting the first day of January through to
1 denoting the 31st day of December of the same year. We
also used two different methods of quantifying each mea-
sured trait, one using standardised raw scores, and the
other using raw scores corrected for age and size40 (see
below) . Thus, these data were analysed four different
ways: traits (standardised) ∼ age (categorical)
(ANOVAs); traits (standardised) ∼ age (continuous)
(linear regression models); traits (corrected) ∼ age (categor-
ical) (ANOVAs); and traits (corrected) ∼ age (continuous)
(linear regression models). We chose to present these differ-
ent methods of analysing the same data as it highlights the
difficulties researchers face in identifying trends in elite
academies, where relative age effects exist (this is outlined
further in the Discussion section).

To allow raw performance scores on each trait to be ana-
lysed across all ages in the same model, raw scores were
standardised. First, all players were grouped by the calendar
year of their birth, consistent with Brazilian age categories.
Then, within age groups, all measured traits, including
height and mass, were standardised to a mean of zero and
standard deviation of one. This preserves how players
would be ranked on each trait within their age group,
based simply on their observed performance. The standar-
dised scores for each trait were checked for normality
with the following traits corrected with transformations:
height (log), mass (log), dribbling (PCD1) (square), drib-
bling Path 2 (square), and sprinting Path 4 (log). Then, sep-
arately for each trait, the relationship between relative age
and the standardised trait score was determined with both
an ANOVA (age as categorical) and a linear regression
model (age as continuous).

To correct measures of each trait for physical develop-
ment, each player’s age, height, and mass were first con-
verted to an age and size index (ASI) (see below for more

details). Then, separate linear regression models determined
the effect of ASI on each measured trait, except for height
and mass (Supplementary Table 7). Prior to analysis, the
following non-Guassian trait measures were corrected
with transformations; kick speed dominant foot (square),
kick speed nondominant foot (square), passing/control
(PCP1) (square), and directed dribbling (PCDD1) (square).
For all players, residuals were calculated from each liner
regression model, providing a measure of each performance
trait, corrected for age and size. Then, separately for each
trait, the relationship between relative age and the corrected
trait score was determined with both an ANOVA (age as
categorical) and a linear regression model (age as
continuous).

Age and Size Index (ASI)
To characterise patterns of variance among the correlated
measures of age, height, and mass, we used principal com-
ponent analysis (PCA) to create an age and size index
(ASI), as developed by Hunter and colleagues.40 Decimal
age was calculated as at the first day of testing, and these
right skewed data were corrected with a log transformation
prior to PCA. The first component (PCASI1) accounted for
90.1% of the variation (Supplementary Table 8). All
vectors loaded in the same direction with larger positive
values indicating greater ASI. Assessing biological matur-
ity (e.g. percentage of adult height, skeletal age vs. chrono-
logical age, age at peak height velocity) is often invasive or
require longitudinal data and often define an individual’s
maturity status relative to themselves, not against their
peers. Conversely, with easily measured traits, the ASI
allows comparison among athletes’ current age and size,
as it is differences in these that convey advantages to
some athletes over others. As an athlete’s, stature influences
coaches’ perceptions of their talent45 and is more intuitively
observable than maturity status, the ASI provides a practical
method to alleviate age and size biases when assessing
performance.

Results
As expected, most players in this soccer academy were born
in the first half of the year (χ2(1, N= 150)= 56.42, p≤ .001)
(Figure 1). A summary of players’ height and mass is
shown in Table 1. The following results are grouped by
the four methods of analysis used, with only significant
results presented, or results approaching significance. A
summary of all analyses is provided in Table 2.

Standardised trait scores ~ decimal age (continuous)
When raw trait measures were standardised within calendar
year of birth, players born earlier in the year were taller (β=
−0.16, p= .004, R2= 0.05) and heavier (β=−0.21, p=
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Table 1. Summary statistics for players’ height (cm) and mass (kg), by age group (as at the end of the current year).

Height (cm) Mass (kg)

1st Half 2nd Half 1st Half 2nd Half

Age N M SD N M SD N M SD N M SD

10 3 140.93 4.32 2 145.85 6.58 3 37.63 5.30 2 37.60 2.55

11 14 149.21 4.73 3 140.87 3.86 14 38.10 3.66 3 38.93 5.78

12 16 154.72 10.83 3 148.30 10.19 16 43.39 8.74 3 38.10 8.12

13 16 162.44 8.21 5 157.38 6.14 16 52.00 10.44 5 46.24 7.73

14 18 169.98 7.31 4 176.85 6.19 18 61.67 8.12 4 63.73 4.56

15 14 176.31 6.04 2 171.60 1.13 14 65.78 3.99 2 63.65 5.44

16 13 177.25 6.16 5 170.80 6.52 13 68.21 5.52 5 62.74 3.55

17 12 179.28 7.40 1 184.00 NA 12 70.16 5.74 1 79.80 NA

18 9 178.63 7.80 2 179.50 6.36 9 72.98 8.04 2 75.60 10.18

19 6 178.23 3.77 1 175.50 NA 6 71.90 6.97 1 66.45 NA

Data were further split into two groups, those born in the first half of the year and those born in the second half of the year. Presented for each category

are the number of players (N ), mean (M ), and standard deviation (SD).

Table 2. Results of models of measured traits predicted by relative age, determined with four methods of analysis: standardised

performance scores ∼ birth date (decimal); standardised performance scores ∼ birth date (1st half of year v 2nd half of year); corrected

performance scores ∼ birth date (decimal); corrected performance scores ∼ birth date (1st half of year vs 2nd half of year).

Standardised ∼ Decimal

Birth

Standardised ∼ Half

of Year

Corrected ∼ Decimal

Birth

Corrected ∼ Half

of Year

Height t=−2.95, p= .004** F(1147)= 3.56, p= .06

Mass t=−2.49, p= .014* F(1147)= 1.39, p= .240

Kick Speed Dominant Foot t=−1.55, p= .123 F(1123)= 0.88, p= .349 t= 0.21, p= .838 F(1122)= 0.25, p=
0.617

Kick Speed Nondominant Foot t=−1.35, p= .180 F(1122)= 0.12, p= .732 t=−0.34, p= .735 F(1121)= 0.44, p=
.507

Passing Accuracy Dominant

Foot

t=−1.56, p= .121 F(1142)= 1.32, p= .252 t=−1.07, p= .286 F(1141)= 0.49, p=
.481

Passing Accuracy Nondominant

Foot

t= 0.373, p= .710 F(1142)= 4.23, p=
.041*

t= 1.83, p= .067 F(1141)= 8.61, p=
.004**

Sprinting (all paths) t=−1.89, p= .060 F(1142)= 0.22, p= .640 t=−1.28, p= .201 F(1141)= 0.03, p=
.867

Sprinting Path 1 t=−2.44, p= .016* F(1141)= 3.49, p= .064 t=−0.86, p= .391 F(1140)= 0.39, p=
.531

Sprinting Path 4 t=−0.082, p= .935 F(1119)= 0.46, p= .499 t= 0.14, p= .888 F(1119)= 0.40, p=
.527

Dribbling (all paths) t=−0.84, p= .402 F(1148)= 0.02, p= .891 t= 0.11, p= .909 F(1147)= 0.25, p=
.620

Dribbling Path 1 t=−2.41, p= .017* F(1132)= 1.41, p= .237 t=−1.29, p= .199 F(1131)= 0.36, p=
.551

Dribbling Path 2 t=−0.94, p= .348 F(1138)= 0.85, p= .358 t=−0.55, p= .580 F(1137)= 0.51, p=
.476

Dribbling Path 4 t=−0.38, p= .706 F(1119)= 0.29, p= .594 t= 1.03, p= .306 F(1118)= 1.73, p=
.191

Pass/Control t=−0.52, p= .604 F(1139)= 0.10, p= .753 t= 0.84, p= .403 F(1138)= 0.32, p=
.572

Directed Dribbling (all) t=−0.383, p= .702 F(1141)= 0.07, p= .787 t= 0.75, p= .453 F(1140)= 0.57, p=
.453

Directed Dribbling Dominant

Foot

t=−0.939, p= .349 F(1136)= 1.57, p= .213 t=−0.61, p= .542 F(1135)= 0.56, p=
.456

Directed Dribbling

Nondominant Foot

t= 0.38, p= .705 F(1124)= 0.28, p= .601 t= 0.70, p= .485 F(1123)= 1.35, p=
.248

Note. *p < 0.05, **p < 0.01.
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.014, R2= 0.03) than those born later in the year (Figure 2).
Those born earlier in the year were faster sprinters (β=
−0.87, p= .016, R2= 0.03) and dribblers of the ball (β=
−0.90, p= .017, R2= 0.03) along the straight path (Path
1). There was a trend approaching significance for relatively
older players to be faster sprinters across all paths combined
(PCS1) (β=−0.68, p= .060, R2= 0.02).

Standardised trait scores ~ half of year born
(categorical)
When raw trait measures were standardised within calendar
year of birth, there was a trend approaching significance for
players born in the first half of the year to be taller than
those born in the second half of the year (F(1147)= 3.56, p
= .060) (Figure 2) When using the nondominant foot,
players born in the second half of the year (relatively
younger) performed better on the measure of passing accur-
acy (F(1142)= 4.23, p= .041). There was a trend approach-
ing significance for players born in the first half of the
year to be faster sprinters along the straight path (Path 1)
(F(1141)= 3.49, p= .064).

Corrected trait scores ~ decimal age (continuous)
When trait measures were corrected for age and size (ASI),
birth date as a continuous variable had no effect on any
traits. However, there was a trend approaching significance
for those born later in the year (relatively younger) to be
more accurate passes of the ball with the nondominant
foot (β= 0.07, p= .07, R2= 0.02).

Corrected trait scores ~ half of year born
(categorical)
When trait measures were corrected for age and size (ASI),
players born in the second half of the year were more accur-
ate when passing the ball with their nondominant foot
(F(1141)= 8.61, p= .004).

Discussion
The aim of this study was to explore whether relatively
younger soccer players were technically more skilled than
their older peers. We found relatively older players were
taller and heavier, giving them a physical advantage over
relatively younger players of the same age. This physical
advantage likely contributed to relatively older players
being able to sprint and dribble the ball faster in a straight
line. On only one of the measured traits, passing accuracy
with the nondominant foot, did relatively younger players
outperform older players, providing some evidence, albeit
weak, that players born in the latter part of the year were
more technically skilled than those born earlier in the year.

Most players in this elite soccer academy were born
earlier in the year (Figure 1). Unsurprisingly, players born
earlier in the year were more physically developed than
those born later in the year (Figure 2). Consistent with pre-
vious findings,15,20,46 these results suggest this soccer
academy preferentially selected players within an age
cohort that were older, taller, and heavier.

Supporting previous research, players born earlier in the
year (relatively older) were faster sprinters than those born
later in the year (relatively younger), likely due to their
larger stature.9,36,37 Although most evident when running
in a straight line, this relationship disappeared when
players ran through the curviest path, suggesting greater
physical development did not confer an advantage when
greater agility was required. Similarly, relatively older
players were faster dribblers of the ball, but only along
the straight path. Previous research33 found older players
within an age cohort were faster dribblers on a task with
a similar layout to path 2 used in this study, where no
effect was found. However, Figueirdeo and colleagues
used 10 m straight sections interspersed with turns, while
our straight sections were much shorter (3–4 m).
Intuitively, the longer straight sections benefit faster sprin-
ters (relatively older) as they have more opportunity to
reach higher running/dribbling speeds unattainable by
their slower running peers. We suggest the relationships
between relative age and dribbling speed identified previ-
ously,33 and here when dribbling in a straight line, were
confounded by sprint speed. Although dribbling quickly
with the ball in a straight line is a desirable ability in
soccer, and worth evaluating (eg. for wide playing posi-
tions), coaches, and researchers should consider our find-
ings when designing tasks to measure dribbling ability.
For example, fast, in close dribbling may help retain posses-
sion and create scoring chances in confined areas in the
attacking 18-yard box, a desirable ability for strikers. If
wanting to remove the effect of sprint ability to assess
such skill, we suggest dribbling tasks do not include drib-
bling the ball in a straight line more than 3 or 4 m.

Relatively younger players were more accurate when passing
the ball with the nondominant foot. Passing accurately is a tech-
nical skill, with increased proficiency associated with motor
control, not muscular power.40 Thus, more physically developed
players are unlikely to gain an advantage for passing accurately.
Our finding that relatively younger players weremore accurate is
evidence these players were more technically skilled than their
relatively older peers. It is unclear why younger players were
more accurate on the nondominant foot, but not the dominant
foot. Possibly, they used their nondominant foot more than
their older peers during training and games, increasing profi-
ciency. If so, wewould expect to see a similar effect on the direc-
ted dribbling tasks with the nondominant foot, whichwas not the
case. However, it is unsurprising we found a relationship
between relative age and passing accuracy on one foot and
not the other as Hunter and colleagues40 reported a weak
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association between dominant foot accuracy and nondominant
foot accuracy.

For youth soccer players, relative age and physical size
can influence performance in games and in assessments
of skill or physical conditioning – making it difficult to
fairly rank players and predict future potential. This is the
basis of the relative age effect in youth sport. To determine
the effect of relative age on various performance traits, we
first analysed raw performance scores standardised within
players’ birth year. This method ranks players’ observed
ability within their age cohort, while also preserving how
much better or worse an individual’s performance was com-
pared to their peers. We also corrected performance scores
based on each player’s age, height, and mass (age and size
index (ASI)). For each trait, this method attributes a score
(residual) to each player relative to an expected benchmark
for someone of similar development. Players with a positive
residual are performing better than expected for their ASI,
while players with a negative residual are performing
worse than expected. With that in mind, relatively older
players outperformed relatively younger players only
when standardised raw scores were analysed. When
scores were corrected for ASI, all such effects disappeared.
This suggests that were those relatively younger players
given time to “catch-up” physically, they would likely

perform equally well on those performance traits (sprinting
and dribbling in a straight line). Conversely, on the trait that
relatively younger players outperformed older players, non-
dominant foot passing accuracy, this effect was evident for
both standardised scores and ASI corrected scores. This
suggests that when the younger players “catch-up” physic-
ally to their older peers, their better passing accuracy should
persist. This strengthens the evidence that these relatively
younger players, on this performance trait, were more tech-
nically skilled than their older peers.

Lastly, we analysed these data using relative age as con-
tinuous and categorical variables. Because we found an
effect of age on some performance traits using one
version of age, but not the other (e.g. height, mass,
passing accuracy, sprinting), this reduces confidence in
our findings. It also highlights the difficulty in researching
age effects in elite academies. The structure and culture of
selection/deselection in academies provide an attractive
study environment. However, with so few players selected
into academies born late in the year, confidently identifying
trends is inherently difficult. We have shown here that dif-
ferent results can be found depending on how such data are
analysed. Even collecting longitudinal data in such acad-
emies does not alleviate this bias towards greater numbers
of players born early in the year. Recent reviews of talent

Figure 2. Relationships between date of birth and height (panels A and B), and date of birth and mass (panels C and D). Data for

height and mass were first standardised (mean= 0, SD= 1) within birth year, then log transformed. For panels A and C, date of birth is

treated as a proportion of the calendar year. For panels B and D, date of birth is treated as categorical, grouped by which half of the year

players were born in. Solid red lines indicate mean. Dotted red lines indicate± standard deviation.
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identification research in soccer suggest that most studies
have limited range in who they sample, with performance
on any measured trait likely to be relatively homogenous
compared to the general population of athletes.47,48 Here,
we tried to identify differences between players born
early in the year and players born later in the year who
had already been selected into the academy. To better
understand the pathway for relatively younger athletes, a
better approach may be to identify how the relatively
younger players who were selected differ from the rela-
tively younger players who were not selected. Such an
approach would help reveal the traits that allow these
players to overcome the bias towards selecting relatively
older athletes into elite academies.

Conclusions
In our study, we found limited evidence that relatively
younger soccer players were more technically skilled than
their older peers of the same age. Relatively younger
players performed better only on a test assessing passing
the ball with their nondominant foot. Although two-footed
players are highly sought after at the professional level,49 it
is unclear how this skill contributes to selection at the youth
level, or if the effect found here would be observable during
a selection process without rigorous testing. Regardless,
increased proficiency on such a technical skill likely helps
relatively younger, smaller players compete against larger,
faster opponents. We also found relatively older players
gain an advantage when sprinting and dribbling the ball,
particularly in a straight line. However, by controlling for
age and size, we showed the relatively younger players
would likely perform equally well when given time to
develop physically. From this, we suggest for coaches
wishing to assess skill and physical performance within
an age cohort in youth athletes, using a similar approach
could alleviate the bias of the relative age effect, providing
a more accurate estimate of an athlete’s potential. Such an
approach could be used when selecting players to enter an
elite academy, not just with those players already selected.
This would likely help identify a greater number of rela-
tively young players with future potential.
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