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Abstract

The purpose of this study was to investigate the prevalence of relative age effects (RAEs) within and between U18, U21 and
professional senior squads, that compete in the highest (respective) leagues within England. Birthdate, playing position and
age (years) of U18 (n=487), U21 (n=350), and senior (n=396) players from squads competing in the highest divisions of
their respective age groups were obtained. Moreover, nationality (UK or Non-UK) was recorded for U21 and senior players,
with estimated market value also obtained for senior players. Chi-square tests, Cramer’s V and odds ratios with 95% confi-
dence intervals were used to compare observed and expected birthdate distributions. A selection bias toward relatively older
players was evident within U18 and U21 squads, across all positions. Furthermore, analysis of age bands within each age
group also revealed an increase in the prevalence of RAEs throughout each age group. In contrast, analysis of senior squads
revealed no significant deviations in birthdate distributions when considered as a whole sample, as separate age bands or
by position. However, although non-significant, Q4 players were found to have the highest estimated market value. Results
demonstrate RAEs are prevalent across U18 and U21 age groups at the highest level of competitive football within England,
yet this is not representative of the birthdate distributions within senior squads. Ongoing research is needed to highlight the
prevalence of RAEs within academies, particularly when these RAEs are not representative of birthdate distributions within
professional senior squads.

Keywords Talent development - Talent identification - Team sports - Competition - Underdog hypothesis

Introduction

Football academies are responsible for identifying and
developing young players to reach their potential, with the
ultimate aim of achieving professional status to provide both
sporting and financial success for their respective club [31].
In England, under the guise of the Elite Player Performance
plan (EPPP, Premier [29]), professional football academies
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can sign individuals as young as aged 8 years—although
many clubs are recruiting players much younger than this as
part of their pre-academy programmes [15]. Early identifi-
cation of talented youth football players can help maximize
the possibility of providing (long-term) expert support to
the most talented players. However, the complex nature of
identifying those who have the talent to achieve expertise
often results in a preference for current performance capa-
bilities rather than long-term potential, which manifests in
the prevalence of relative age effects (RAEs) (see [15] for
an overview in football).

Relative age effects are a well-known phenomenon that
refers to a distinct over-representation of players born earlier
in the selection year (e.g., individuals born in September in
England where the cut-off dates are September to August)
for a given cohort [7]. The existence of a selection-bias
toward players born earlier in the selection year is commonly
reported within younger age groups across Europe [6, 18,
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27] and international (FIFA World Cups) football [26]. The
ongoing impact of RAEs were highlighted by Helsen et al.
[13], who observed no change in the prevalence (i.e., over-
representation of relatively older players) over a 10-year
period (from 2000-01 to 2010-11) across ten European
countries. In addition, research has shown that RAEs vary
across playing positions, with some studies displaying more
pronounced RAEs in defensive and midfield positions [25,
32, 35] whilst others display an over-representation of rela-
tively older players within attacking positions [28]. As such,
research investigating RAEs should continue to give consid-
eration toward playing position, allowing for an improved
understanding and appreciation of the extent to which selec-
tion biases are prevalent across positions.

More specifically to England, RAEs were recognised in
the development of the Premier Leagues EPPP in 2011 [29]
as a specific issue (p. 59) and a proposed area of research
within the future provision of the EPPP. Furthermore, coach
education programmes (e.g. the FA Youth Award) have
sought to include content regarding RAEs. Yet, since the
introduction of the EPPP, developments in coach education
programmes, and reformatting of the competitive leagues
within the professional development phase (i.e., U18 North
and South Premier Leagues and Premier League 2 competi-
tions), there has been little insight into whether these have
impacted upon the presence of RAEs, and to what extent
any RAEs identified within youth age groups are indica-
tive of birth-date distributions within elite senior teams.
Therefore, the degree to which RAEs persist into older age
groups (U18, U21 and senior squads) and the likelihood of
being selected requires further investigation [17]. Indeed,
while RAEs may already be present leading into U18 foot-
ball, whether this remains both within (e.g., <17 years
old, 17-18 years old and > 18 years old, within the U18
squads) and across (U18, U21 and senior) age groups could
help to inform future research and practice within football
academies.

Previously, longitudinal research [17] examining the prev-
alence of RAEs across twelve seasons within the U18 squad
of an English professional (Category 3, Tier 4) football acad-
emy reported that birthdate distributions were significantly
skewed to those born earlier in the year (1st Quartile n=224
[40.3%], 2nd Quartile n=168 [30.2%], 3rd Quartile n =88
[15.8%], 4th Quartile n=76 [13.7%]). Although, Kelly
et al. [17] also reported that of the 27 (7.4%) players who
received a professional contract, there was a significantly
greater proportion of those born later in the selection year
relative to the pool of players available within each birth
quartile (1st Quartile n=>5, 2nd Quartile n=38, 3rd Quartile
n=~6, 4th Quartile n=38). As such, this has led to the sug-
gestion of an ‘underdog hypothesis’, whereby being born
later in the selection year (4th quartile) potentially facili-
tates an individual’s long-term development, as these players
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seek to overcome the odds of RAEs by competing with and
challenging their older and ‘more advanced’ peers [11, 23].
As such, previous research has sought to measure players’
long-term development via the examination of the wages of
professional German football players [2] and the estimated
market value of U18-U23 professional football players [30],
in relation to birthdate distributions. Findings from these
studies provide support for the underdog hypothesis, in
which those born later in the year (i.e. Q4) earned system-
atically higher wages [2] and an undervaluing of Q4 play-
ers in younger age groups, with an increase in their market
value over time. An examination of monetary values (e.g.
estimated market value) provide a viable means by which
the (perceived) value of professional players and their long-
term development can be examined. This approach can be
extended to other European leagues, including England, thus
providing an improved insight and understanding into the
extent of the proposed ‘underdog hypothesis’.

The aim of this research was to examine the prevalence
of RAEs within U18, U21 and professional senior squads
that compete within the highest (respective) leagues within
England. Moreover, this research sought to examine RAEs
in relation to position (GK, Def, Mid and Att), age (between
age groups and across age bands within each age group),
and estimated market value within senior players. In doing
so this study makes a significant and original contribution
to the existing RAESs research, providing an overview of the
extent to which the birthdate distribution of U18 and U21
squads is representative of the birthdate distribution within
professional senior squads that compete within the highest
(respective) leagues within England. Continued exami-
nation and analysis of RAEs acts as a useful resource for
those working within youth football academies, aiding in
the development and promotion of an improved understand-
ing and recognition of these RAEs in U18, U21 and senior
squads, particularly when compared to senior professional
squads. Moreover, the innovative use of estimated market
value as a proxy for long-term development provides a novel
means by which the existence of the underdog hypothesis
can be monitored. This may then help to minimise the preva-
lence of any selection biases within younger age groups,
whilst also supporting and facilitating the implementation
of potential solutions (to combat and minimise the poten-
tial effects of RAEs) to aid (long-term) talent development
processes.

Methods

Consistent with the approach taken by Romann et al. [30],
data were obtained from publicly available sources (https://
www.transfermarkt.co.uk/) for squads competing in the
U18s Premier League North (13 clubs, n=271) and South
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(12 clubs, n=216) leagues, Premier League 2 (14 clubs,
n=350) and the corresponding senior squads, who com-
peted in either the Premier League (13 clubs, n=371) or
Championship (1 club, n=25) during the 2022-23 season.
All data related to 2022-23 season and were obtained at
the end of the season in June 2023. For each player, Club,
Date of Birth, Birth Month, Playing Position (Goalkeeper,
Defender, Midfielder or Attacker), Birth Quartile and Age
(years.) were recorded. In addition, whether players were
‘UK’ nationals or ‘Non-UK’ nationals were also recorded
for players competing in Premier League 2 (U21 players)
and Premier League senior squads, with estimated market
value also recorded for senior players. All relevant data
were extracted and inputted into specially designed Excel
spreadsheets for further analysis. Individuals’ birthdates
were categorised into relative birth quartiles (BQ) in accord-
ance with the selection year (Q1 =Sept—Nov; Q2 =Dec—Feb;
Q3 =Mar—May; Q4 =Jun—Aug), which is employed through-
out competitive youth football within England. Ethical
approval was granted by the respective University’s Depart-
mental Research and Ethics Committee (ETH2223-0349).

Data Analysis

Following procedures outlined by McHugh [22], Chi-square
(+*) analysis was employed to compare quartile distribu-
tions in the sample and against population values [24] and
expected birthdate distributions for within (youngest age
band within each squad) and across (U18 data) age group
analysis. As the Chi-square test does not reveal the magni-
tude of difference between quartile distributions for signifi-
cant chi square outputs, Cramer’s V and Odds Ratios (OR)
with 95% confidence intervals (CI) were also calculated to
examine the bias of birth-date distributions within groups
(Q1, Q2, Q3 and Q4). The Cramer’s V was interpreted
as per conventional thresholds (i.e., >0.06 =small effect
size, > 0.17 =medium effect size, and > 0.29 =large effect
size) [8]. The OR was calculated to compare the birth-date
distribution of a particular quartile (Q1, Q2 or Q3) with the
reference group, which consisted of the relatively young-
est players (Q4) for the representative group. A higher OR
indicates an increased representation of players who were
born in that quartile compared to the reference quartile Q4.
These will be considered significant when the CI range did
not include a value <1.00. Finally, where appropriate the
alpha level was set at P <0.05.

Results

The frequency and percentage distributions of players’ birth
quartiles within each age group are presented in Table 1. In
addition, Table 1 also provides the frequency and percentage

Table 1 Birthdate distribution and analysis across and within U18, U21 and Senior squads

Chi?
XZ

Odds Ratios (95% CI)

Q1 vs. Q4

Birthdate Distribution n(%)

Q1

Age

Competition

P Value \%

Q3 vs. Q4 3

Q2vs. Q4

Q3 Q4

Q2

0.42
0.20
0.24
0.12
0.26
0.38
0.22
0.16
0.05
0.07
0.07
0.02

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

35.6%

0.1 (0.07-0.2)

0.4 (0.2-0.7)

0.5 (0.3-0.9)
4.3 (2.5-7.5)

32 (48.5)
27 (10.9)
14 (8.1)

46.1)
41 (16.5)
34 (19.7)
79 (16.2)

13 (19.7)
64 (25.8)
46 (26.6)

123 (25.3)

17 (25.8)
116 (46.8)

66

248

years

<17

U18

29.5%

1.5 (0.9-2.6)
2.4 (1.4-4.2)
1.1 (0.6-1.9)

0.7 (0.4-1.2)

2.4 (1.4-4.1)
3.3(1.9-5.7)
1.7 (1.0-2.9)
1.4 (0.8-2.4)
2.6 (1.5-4.5)
3.0 (1.7-5.2)
2.2(1.2-3.8)
1.2 (0.7-2.0)
1.4 (0.8-2.5)
1.1 (0.6-1.9)
1.2 (0.7-2.0)

17-18 years

29.5%

5.6 (3.2-9.8)
2.9 (1.7-5.1)

79 (45.7)
212 (43.5)
41 (42.7)

173

487

> 18 years

All

20.4%

73 (15.0)

19.9

2.3 (1.3-4.0)
7.0 (4.0-12.2)

4.8 (2.7-8.3)

18 (18.8)
9(7.8)
12 (8.6)

39 (11.1)

12 (12.5)
20 (17.4)
34 (24.5)
66 (18.9)
31 (22.5)
32 (24.1)
37 (29.6)

101 (25.5)

25 (26.0)
23 (20.0)
36 (25.9)
84 (24.0)
36 (26.1)
39 (29.3)
32 (25.6)

102 (25.8)

96
115
139
350
138
133
125
396

<19 years

Premier League 2

50.2

2.2(1.3-3.9)
2.8 (1.6-4.9)
1.7 (1.0-3.0)

1.0 (0.6-1.7)

63 (54.8)
57 (41.0)
161 (46.0)
40 (29.0)

19-20 years
>20 years

All

21.1

26.5

4.1 (2.4-72)
1.3 (0.7-2.3)
1.3 (0.7-2.3)

0.9 (0.5-1.5)

0.74
0.54
0.59
0.88

1.2
2.2

31 (22.5)
27 (20.3)
30 (24.0)

<24 years
24-28 years

Senior Squads

1.2 (0.7-2.1)

35(26.3)
26 (20.8)
106 (26.8)

1.9
0.7

1.2 (0.7-2.1)

>28years

All

1.2 (0.7-2.0)

1.2 (0.7-2.1)

87 (22.0)

Q1 Sep—Nov, Q2 Dec-Feb, 03 Mar-May, 04 Jun—Aug

s

Significant effect at an alpha level of P <0.05
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distributions of birth quartiles for distinct age bands within
each cohort. The Chi-square test showed significant devia-
tions across birth quartiles for U18 [y? (df =3)=120.4,
P <0.001, V=0.12] and U21 [;? (df=3)=26.5, P<0.001,
V=0.16] age groups, and for all age bands within the U18
and U21 age groups. However, the significant deviation [
(df=3)=35.6, P<0.001, V=0.42] for those aged < 17 years
old, within the U18 age group, was due to an over-repre-
sentation of players born within Q4 (48.5%), which is sup-
ported by the OR analysis. Indeed, in both U18 and U21 age
groups analysis revealed a greater proportion of relatively
younger players within the youngest age bands (<17 years
old & <19 years old, respectively). The RAEs were more
prevalent within the older age bands in both the U18
(> 18 years old; [;(2 (df=3)=29.5, P<0.001, V=0.24] and
U21 [>20 years old; * (df=3)=21.1, P<0.001, V=0.22)
age groups, with a stratified over-representation of those
born earlier within the selection year clearly displayed (i.e.
Q1>Q2>Q3>Q4). In further support of this, the frequency
of birthdate distributions according to birth month are dis-
played in Fig. 1, providing additional evidence of RAEs
within U18 (Fig. 1a) and U21 (Fig. 1b) age groups, for

Count (n)

players competing at the highest level of competition within
their respective ages. In contrast, there were no significant
deviations across birth quartiles within senior squads [y?
(df=3)=4.0, P=0.26, V=0.06], which was also supported
by the lower OR values, demonstrating a more equal birth-
date distribution (Fig. 1c).

Analysis comparing birthdate distributions between
age groups, where expected birthdate distributions were
based on U18 data and compared to birthdate distribu-
tions of senior squads and U21 squads, revealed no sig-
nificant difference between U18 and U21 squads [y°
(df=3)=1.67, P=0.64, V=0.04] but a significant differ-
ence between U18 and senior squads [y? (df=3)=15.0,
P<0.001, V=0.11]. Similarly, there was a significant dif-
ference between U21 and senior squads [y* (df =3)=21.2,
P <0.001, V=0.13] when expected birthdate distributions
were based on U21 data. Moreover, analysis of birthdate
distributions across age bands within each age group,
where expected birthdate distributions were based on
the youngest age band within each age group, revealed
a significant difference between <17 years old and
17-18 years old [3* (df=3)=65.9, P<0.001, V=0.30],

Count (n)

naunaadliln;

girth Month

Fig. 1 The frequency of birthdate distributions according to birth month for U18 (a), U21 (b) and Senior (c) age groups
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and between < 17 years old and those aged > 18 years old
[¥* (df=3)=81.7, P<0.001, V=0.40] in the U18 squads.
Analysis of age bands within U21 squads also revealed
a significant difference between <19 years old and
19-20 years old y* (df =3)=13.2, P <0.001, V=0.20],
as well as between < 19 years old nd > 20 years old [y?
(df=3)=17.1, P<0.001, V=0.20]. There were no sig-
nificant differences in birthdate distributions between age
bands within senior squads.

The frequency and percentage distributions of players’
birth quartiles within each age group according to position
are presented in Table 2. The Chi-square test showed sig-
nificant deviations across birth quartiles for U18 and U21
age groups, and for all positions (GK, Def, Mid and Att)
within the U18 and U21 age groups (P <0.01). Moreover,
OR analysis revealed a distinct over-representation of play-
ers born in Q1 for all positions within U18 and U21 age
groups. In contrast, there were no significant deviations
across birth quartiles according to position within senior
squads. Although, OR analysis still suggested a small (but
non-significant) number of players born in Q1, Q2 and Q3,
in comparison to those born in Q4 in senior squads. Analysis
also revealed a substantial change in the relative contribution
of ‘UK’ nationals and ‘Non-UK’ nationals to teams within
U21 (277 [79.1%] UK nationals and 73 [20.9%] Non-UK
nationals) and senior (167 [42.2%] UK nationals and 229
[57.8%] Non-UK nationals) squads. Despite the increased
contribution of ‘Non-UK’ nationals within senior squads,
there were no significant deviations across birth quartiles
for both UK [)(2 (df=3)=3.3, P=0.35, V=0.08] and Non-
UK [4* (df=3)=1.2, P=0.75, V=0.04] nationals (Fig. 2).
Finally, although not statistically significant, analysis of sen-
ior players’ estimated market value revealed a higher average

estimated market value for players born in Q4 in comparison
to those born in Q1, Q2 and Q3 (Fig. 3).

Discussion

The current study sought to examine the prevalence of RAEs
within U18, U21 and professional adult squads that compete
within the highest (respective) leagues within England, as
well as considering playing position (GK, Def, Mid and Att)
and market value. Analysis revealed significant RAEs within
U18 and U21 age groups, whereby more relatively older
players were selected than their relatively younger counter-
parts. Further analysis of age bands within each age group
also revealed an increase in the prevalence of RAEs through-
out each age group, with the youngest age bands within the
U18 (<17 years) and U21 (<19 years) displaying smaller
OR than those reported for the older age bands within each
age group. This selection bias was evident across all posi-
tions (GK, Def, Mid and Att) within U18 and U21 age
groups. In contrast, analysis of senior squads revealed no
significant deviations in birthdate distributions when consid-
ered as a whole sample, as separate age bands or by position.
However, analysis of senior players’ estimated market value
found the average estimated market value of Q4 players to
be the highest (Fig. 3), providing possible support for the
proposed ‘underdog hypothesis’.

The reported bias towards selecting players born early
in the selection year and subsequent over-representation of
relatively older players, within younger (U18 and U21) age
groups, is consistent with the findings of previous research
within youth male football [1, 3, 18, 21, 23]. As an example,
Andrew et al. [1] reported significant RAEs within U17 and

Table 2 Birthdate distribution and analysis across positions, within U18, U21 and Senior squads

Competition Age n Birthdate Distribution n(%) Odds Ratios (95% CI) Chi> P Value V
Ql Q2 Q3 Q4 Qlvs.Q4 Q2vs.Q4 Q3vs.Q4 X2

Ul18 GK 51 28(549) 15(294) 3(5.9) 50.8) 5.6(32-9.8) 3.0(1.7-5.2) 0.6 (0.3-1.0) 59.7* <0.001 0.48
Def 160 69 (43.1) 44 (27.5) 22(13.8) 25(15.6) 2.8(1.64.8) 1.8(1.0-3.1) 0.9 (0.5-1.5) 21.6* <0.001 0.25
Mid 156 70(44.9) 31(19.9) 32(20.5) 23(14.7) 3.0(1.8-5.3) 1.4(0.8-2.4) 1.4(0.8-2.4) 21.3* <0.001 0.25
Att 120 45(37.5) 33(27.5) 22(18.3) 20(16.7) 2.3(1.3-39) 1.7(1.0-2.9) 1.1(0.6-1.9) 11.0* =0.01 0.24

Premier League 2 GK 46 20(43.5) 11(23.9) 8(174) 7(52) 29(1.6-5.0) 1.6(0.9-2.7) 1.1 (0.7-2.0) 23.4* <0.001 0.38
Def 118 48(40.7) 37 (31.4) 21(17.8) 12(10.2) 4.0(2.3-7.0) 3.1(1.8-5.4) 1.8(1.0-3.1) 22.6* <0.001 0.38
Mid 103 53 (51.5) 16(15.5) 22(21.4) 12(11.7) 4.4 2.5-7.7) 1.3(0.8-2.3) 1.8(1.1-3.2) 38.2* <0.001 0.26
Att 83 40(48.2) 20(24.1) 15(18.1) 8(9.6) 5.0(2.9-8.7) 25(1.444) 19(1.1-3.3) 324* <0.001 0.33

Senior Squads GK 48 12(25.00 10(20.8) 17(354) 9(18.8) 1.3(0.8-2.3) 1.1(0.6-1.9) 1.9 (1.1-3.3) 6.8 =0.08 0.09
Def 137 38(27.7) 35(25.5) 37(27) 27(19.7) 14(0.8-2.5) 1.3(0.7-2.3) 1.4(0.8-2.4) 1.8 =0.61 0.07
Mid 111 31(27.9) 32(28.8) 23(20.7) 25(22.5) 1.2(0.7-2.2) 1.3(0.7-2.2) 0.9 (0.5-1.6) 2.1 =0.55 0.08
Att 100 25(25.0) 25(25.0) 24 (24.0) 26(26.0) 1.0(0.6-1.7) 1.0(0.6-1.7) 0.9 (0.5-1.6) 0.1 =1.00 0.05

Q1 Sep—Nov, 02 Dec-Feb, 03 Mar—-May, 04 Jun—Aug

“Significant effect at an alpha level of P <0.05
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Fig. 2 Birthdate distribution 35%
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U19 male European football players that competed in Euro-
pean Championship qualification campaigns, but not at sen-
ior level. Moreover, Andrew et al. [1] found that RAEs were
more prevalent within male U17 and U19 age groups for
those that played for teams which qualified, in comparison
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2nd 3rd 4th

Birth Quartile

to those who did not qualify. This supports previous research
that suggests there is a possible link between the level of
‘competition’ and the prevalence of the RAEs, whereby
increased levels of competition (i.e., competing for selec-
tion) results in larger RAEs and a greater over-representation
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of players born in earlier in the selection year [5, 7, 10, 27].
As the current findings are from those competing at the
highest levels of competitive football in England, within
their respective age groups, the enhanced levels of ‘com-
petitiveness’ may exacerbate the prevalence of RAEs within
male youth football. Indeed, the increased competition for
selection as players progress throughout each age group
(i.e. age bands within each age group) appears to result
in an increased prevalence of the RAEs, as evidenced by
the increased OR between quartiles in the older age bands,
within the U18 and U21 age groups. This prompts questions
regarding the processes and procedures in relation to talent
identification and talent development within high-level male
youth football, not only across age groups but within age
groups too, which is an area that has received limited atten-
tion within the literature.

Findings also revealed that RAEs were prevalent in both
U18 and U21 age groups in accordance with on-field posi-
tion (GK, Def, Mid and Att), corresponding with previous
research in youth male football [28, 32, 33]. Specifically,
current findings show that, within the U18 age group, RAEs
were most pronounced for goalkeepers, whereas it was great-
est for attackers within the U21 age group. Moreover, in
contrast to goalkeepers, all out-field positions (Def, Mid and
Att) revealed more pronounced RAEs in U21 age groups, in
comparison to their U18 counterparts. The over-representa-
tion of attackers within the U21 age group is supported by
Pefla-Gonzalez et al. [28], who also reported an over-repre-
sentation of relatively older players in attacking positions
within similar age groups, at the U19/U21 Championship,
South American U20 Championship, and U20 World Cup
in 2019. In contrast, recent research by McAuley et al. [21]
reported that a greater number of relatively younger attack-
ers were selected, when examining RAEs across playing
levels and positions in Northern Ireland (recognised as an
emerging nation) international male football. This provides
further support for the complex and multifaceted nature of
RAE:s [7, 34], and the extent to which RAEs appear to be
influenced by various socio-cultural and contextual fac-
tors. Indeed, research by Doncaster et al. [10] provisionally
hypothesized that based on FC Barcelona’s talent identifi-
cation model, RAEs would be less prevalent than has been
previously reported within the literature. Yet, results found
that RAEs were prevalent throughout all male football age
groups, from U10 to senior levels [10]. This contrasts with
current findings, which show a less pronounced (non-signif-
icant) RAEs at senior level. Consequently, future research
should seek to provide greater recognition and attention to
the broader socio-cultural and contextual factors in relation
to RAEs. Here, the proposed theoretical models of Hancock
et al. [12] and Wattie et al. [34] to better explain RAEs in
sport should be investigated and applied to empirical studies
to a greater extent.

In contrast to the U18 and U21 age groups, and in line
with previous research [1, 21], RAEs were less pronounced
at senior level. However, while McAuley et al. [21] revealed
a progressive decline in the prevalence of RAEs from U17
through to senior level within Northern Irish international
male football players, present findings display an increase
in the prevalence of RAEs between U18 and U21 age
groups, before substantially reduced RAEs at senior level.
The specific mechanisms underpinning the variations in
reported RAEs across the literature are unknown but are
likely a combination of various factors relating to the physi-
cal characteristics, specific sociocultural context and play-
ing styles across (and within) clubs. In addition, the pre-
sent study offers consideration to the national status (UK or
Non-UK) of players, demonstrating a substantial increase
in the relative contribution of Non-UK players from U21 to
senior squads (20.9%-57.8%, respectively). Given the dif-
ferences in the age group selection cut-off dates between UK
(Sept—Aug) and Non-UK (Jan—Dec) it could be argued that
the diminished RAEs at senior level within the current study
is a result of the increased relative contribution of Non-UK
players. Further analysis of present data, however, found that
Non-UK players within senior age groups, utilising January
to December cut-off dates, corroborated results that demon-
strated diminished RAE:s at senior level (1st Quartile n=59
[25.8%], 2nd Quartile n=58 [25.3%], 3rd Quartile n=54
[23.6%], 4th Quartile n =58 [25.3%]).

The higher average estimated market value for senior
players who are born later in the selection year (Q4), pro-
vides further support for the underdog hypothesis [11, 17]
and adds to the existing literature which has explored esti-
mated market value as a proxy for success within senior
football [30]. In support of the present results, Romann et al.
[30] reported an undervaluing of Q4 players in younger age
groups, but then an increase in estimated market value as
players aged. In contrast, players born earlier in the selec-
tion year (Q1) suggested an initial over-estimation of mar-
ket value within younger age groups, which then decreased
as players aged, and progressed into senior level football.
Previously, research has proposed that the reduced preva-
lence of RAEs in older age groups (i.e., senior level) may
be explained by the underdog hypothesis [9, 11, 17]. The
underdog hypothesis proposes that the advantages associated
with an older relative age become attenuated near adult-
hood, perhaps because the improved psychological, social,
technical and tactical skills developed by relatively younger
players during adolescence become more salient [11]. In
addition, relatively younger individuals who remain in the
talent development system may experience a comparatively
greater challenge than their relatively older peers, which
could facilitate the improvement of psychological, social,
technical and tactical skills, manifesting in superior perfor-
mance capabilities within adulthood. Finally, at older ages,
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the difference between relatively older and younger players
in terms of experience and opportunities to practice are also
reduced (i.e., an 11-month difference in age at 10-years-
old represents a 10% difference, whereas at 20-years-old an
11-month difference only represents a 5% difference).

In support of the multifaceted and contextual nature of
RAE:s it may be argued that the occurrence and impact of
the underdog hypothesis is similarly affected by contextual
factors. Indeed, as in the present study, the highest levels
of competition (with large talent pools) may result in a
delayed impact of the underdog hypothesis, resulting in a
prolonged (and potentially increased) prevalence of RAEs.
Whereas lower levels of competition (with smaller talent
pools) may result in an early onset and influence of the
underdog hypothesis, reducing the prevalence of the RAEs
from a younger age. As such, the use and application of
longer-term outcome measures (i.e., estimated market value,
appearances and wages) in conjunction with birth-date dis-
tribution data may provide an improved understanding of the
extent to which RAEs within senior football are representa-
tive of youth football.

As noted by McAuley et al. [21], it is important athlete
development systems and pathways are organised with
an equitable framework to ensure they: (a) are efficient
and effective, (b) reduce talent wastage by promoting tal-
ent inclusion, and (c) prioritise future potential over cur-
rent performance [4]. To date, however, particularly within
high-performance youth male football environments, the
processes and strategies commonly employed are unable to
mitigate factors that confound the identification, develop-
ment, and selection processes in youth male football, thus
resulting in the continued identification of RAEs [1, 3, 18,
23]. This is despite the instigation of the Premier League’s
EPPP [29] and the formal recognition (and subsequent
research) of RAEs within youth male football. Whilst there
is a growing appreciation of the varying mechanisms that
affect the prevalence of RAEs, including, physical (e.g.,
anthropometric and physiological characteristics), psy-
chological and sociocultural, continued research is needed
to acknowledge the ever-changing and specific contexts
across high-performance youth football settings. Here,
there should be continued efforts to monitor and track the
prevalence and persistence of RAEs throughout the talent
development pathway within youth male football, but also
improved attempts to investigate, analyse and evaluate the
various processes involved in talent identification processes
in which explanations and justifications for (de)selection by
key stakeholders (e.g., coaches, scouts, sports practitioners)
are sought. Indeed, like Ludin et al. [19], future research
should seek to better understand the talent identification
and selection processes employed by key stakeholders and
whether an appropriate level of appreciation is given to play-
ers’ relative age and long-term potential. Here, education for
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practitioners regarding RAEs and the associated implica-
tions for player development and talent identification should
also be considered.

It is recognised that the absence of individual teams and
performance outcomes (e.g. league position) are a limita-
tion of the current study. Such data would be beneficial
as it would enable the prevalence of RAEs to be analysed
alongside performance-based metrics. In this regard, how-
ever, the purpose of the current study was to investigate the
prevalence of relative age effects (RAEs) within and between
U18, U21 and professional senior squads, that compete in
the highest (respective) leagues within England, irrespec-
tive of performance outcomes. Nevertheless, future research
should seek to consider the RAEs alongside various per-
formance metrics. Furthermore, whilst the current study
provides an indication of the RAEs within and across age
groups, the cross-sectional design resulted in an inability
to accurately assess the prevalence of RAEs between age
groups (i.e. the key transitional periods from one age group
to another). As such, future research should seek to adopt
a longitudinal research design in which cohorts are tracked
over numerous seasons and age groups (e.g. U14 through to
senior football). Here, consideration should also be given
towards the retained, released (including their destinations)
and recruited players (including their previous club) in
respect of the RAEs. Ultimately, an improved tracking of the
movement of players during their development will provide
greater insights into the underdog hypothesis. Finally, future
research should be conducted within and across various
European domestic leagues, thus allowing for an improved
understanding of the RAEs during key developmental stages
within highly trained youth football players.

Practical Implications

Despite the growing acknowledgement, wide array of
research and formal recognition (by the Premier League) of
RAEs, further work is still required to help combat the prev-
alence of RAEs and provide organised and equitable athlete
identification systems and development pathways. Indeed,
if not already available, the provision of a national database
which provides an ongoing record and analysis of player
birthdate-distributions within and across (EPPP) youth
football academies should be feasible. The development
of such a database would require clubs to provide the Pre-
mier League with an up-to-date record of players registered
(signed) within their academy, which can be anonymised to
ensure only the relative birthdate distribution of players (i.e.,
percentage of players born in September) is accessible. This
would allow for the longitudinal tracking of RAEs and the
opportunity for further research to be undertaken in relation
to age groups, positions as well as (de)selection of players.
Furthermore, a national database would likely provide an
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improved recognition and understanding of RAEs, in rela-
tion to key performance indicators, thus supplementing and
complimenting coach development programmes.

To aid in-competition talent identification processes, the
implementation of age-ordered shirt numbers should be con-
sidered [20]. This should support talent scouts and identi-
fication processes with the knowledge that the numbers on
the playing shirts corresponded with the relative age of the
players, helping those involved in the selection process to
consciously consider current and potential talent of play-
ers in consideration of their relative age within the players
being observed. Consistent with previous research, however,
RAEs are not the only variable to consider in practice, and
other variables such as growth and maturation need to be
accounted for and appreciated within the complex operations
of talent identification and development. Helsen et al. [14]
propose a novel method in which players’ maturity-status
and relative age are both considered to minimise or nullify
inequalities resulting from relative-age and maturity-related
biases. Following the reallocation of players, Helsen et al.
[14] reported a more even distribution of birthdates (i.e. a
reduction in RAEs) throughout a selection year, alongside
a reduction in stature and body mass differences within a
‘reallocated’ cohort.

Conclusion

This study supplements the existing literature exploring
RAE:s by providing original insights regarding the preva-
lence of RAEs in U18, U21 and senior squads that compete
in the highest (respective) leagues within England, in con-
sideration of position and age. Moreover, the novel applica-
tion and analysis of senior players’ estimated market value
offers an innovative means by which the existence and extent
of the proposed underdog hypothesis could be examined.
This, in turn, may provide useful evidence concerning the
long-term development of players and an improved apprecia-
tion for long-term potential rather than current performance.
Nevertheless, RAEs continue to manifest across academies
in England, this is despite the ongoing research to high-
light its prevalence from stakeholders (i.e., researchers,
policy makers, practitioners), including calls to action from
its own governing body (Premier League [29]). This sug-
gests that despite the increasing awareness of the existence
of RAEs in academies, practitioners continue to engage in
activities that are inherently biased. A greater appreciation
of practitioners knowledge, understanding and practices in
relation to RAEs are required to inform future educational
strategies. Therefore, those responsible for the organisational
structures should place an emphasis on strategies to moder-
ate RAEs, whilst also considering strategies to stretch and
challenge all young players (e.g., ‘playing-up’) [16]. Further

consideration toward the design, implementation, and evalu-
ation of these relative age strategies is required, ensuring
that they support the development of every young player to
maximise their long-term development.
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