'." frontiers ‘ Frontiers in Sports and Active Living

") Check for updates

OPEN ACCESS

EDITED BY
Adam Leigh Kelly,
Birmingham City University, United Kingdom

REVIEWED BY

Matthew Andrew,

Manchester Metropolitan University,
United Kingdom

Thomas Hauser,

BSP Business School Berlin, Germany

*CORRESPONDENCE
Florian Heilmann
florian.heilmann@sport.uni-halle.de

RECEIVED 14 May 2024
ACCEPTED 26 June 2024
PUBLISHED 11 July 2024

CITATION

Heilmann F, Kuhlig A and Stoll O (2024)
Relative age effects in German youth A and B
men's soccer teams: survival of the fittest?
Front. Sports Act. Living 6:1432605.

doi: 10.3389/fspor.2024.1432605

COPYRIGHT

© 2024 Heilmann, Kuhlig and Stoll. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in

accordance with accepted academic practice.

No use, distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in Sports and Active Living

Original Research
11 July 2024
10.3389/fspor.2024.1432605

Relative age effects in German
youth A and B men’s soccer
teams: survival of the fittest?

Florian Heilmann®, Alexander Kuhlig and Oliver Stoll

Movement Science Lab, Institute for Sport Science, Martin-Luther University Halle-Wittenberg,
Halle (Saale), Germany

The study investigates relative age effects (RAE) in German youth soccer (Youth
Bundesliga A: January 2004 to December 2005 and B: January 2006 to
December 2007; highest league in German youth soccer) and its persistence in
third-division players. Data from the 2022-2023 season (120 teams, 3,174
players) were analyzed using chi-square tests. Significant RAE was found in the
A-series (p<.001), B-series (p<.001), and third-division professionals (p <.001).
Notably, RAE was prominent among younger players but less evident in older
third-division players (p = .116), indicating a diminishing selection effect with age
and professional tenure. Coaches and talent managers are advised to consider
RAE and additional factors like player maturity in talent selection for more
efficient talent management strategies, especially in youth academies.
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1 Introduction

In a sports context, calendar age, and birthdates are essential for grouping athletes for
competitive comparison. In general, there has been a tendency to select athletes for teams
born early in the year or a particular selection period (close to the cut-off date of selection).
Recent studies have demonstrated that relative age effects (RAE) in sports is a global
phenomenon that affects a wide range of competitive sports (1). The impact could be
demonstrated for individual sports (2, 3) and team sports such as basketball (4, 5), ice
hockey (6, 7) or especially for soccer (8, 9). Children and adolescents born early in the
year enjoy considerable advantages over those born later in the year in terms of
academic achievements (10, 11), emotional and social life (12, 13). There are various
reasons for this effect and its continued existence through the older age groups in the
context of sports: the Matthew effect (14), the Pygmalion effect (15), and the Galatea
effect (14, 16). For example, a contrary hypothesis is postulated by Kelly et al. (17) and
describes the advantages of later-born athletes (the underdog hypothesis). The Matthew
effect (14), also known as the “rich get richer” effect, refers to the phenomenon where
individuals or groups already successful in a particular field tend to become even more
successful over time. This can happen for various reasons, such as access to resources,
support, or opportunities unavailable to others. In sports, the Matthew effect can
manifest as the RAE. Athletes born early are often physically more mature and
developed than those born later in the year (14). As a result, they may be selected for
the more advanced teams and programs and receive more coaching and training
opportunities (18). Over time, this can create a self-reinforcing cycle where early-born
athletes continue to dominate in their sport while late-born athletes may struggle to
keep up. This can lead to a skewed distribution of success and opportunities in the
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sport, with the “richest” (i.e., early-born) athletes becoming even
more successful. In contrast, the “poorest” (i.e., late-born)
athletes fall behind (see Figure 1).

The Pygmalion effect (15), also known as the Rosenthal effect,
refers to the phenomenon in which higher expectations of
individuals lead to increased performance. With the RAE,
athletes born early in the year are more likely to be selected for
professional teams and programs (ie., youth academies). This
results in higher expectations of the coaches and scouts. As a
result, the abovementioned Matthew effect is supported. This can
the
expectations lead to improved performance, leading to even

contribute to a self-fulfilling prophecy, as increased
higher expectations. The Galatea effect (14, 16) is a phenomenon

where individuals who are given positive feedback and
encouragement tend to perform better than those who do not
receive such feedback. In the context of RAE, early-born athletes
are more likely to receive positive feedback and encouragement
from coaches and surroundings due to the abovementioned
advantages. This could again lead to a self-fulfilling prophecy,
where these athletes continue to receive positive feedback and
encouragement, leading to better performance and more
opportunities to advance in their sport. As a result of RAE, the
late-born players may be labeled as “underdogs” in the context of
the underdog hypothesis (17). They may have to work harder to
prove themselves and earn opportunities to advance in their
soccer careers (see Figure 2). According to review studies and
meta-analyses, numerous factors moderate the RAE in sport
(19, 20). These include playing position, gender, age, level of
competition, and setting of the sport.

In professional soccer, the RAE significantly impacts the talent
selection and development process. For example, a multi-country
study by (21) found an over-representation of players born in the
first birth quartile (BQ) in national and professional youth
selections across all age groups. The statements apply primarily

to male footballers, because for female players the development
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FIGURE 1

A conceptual model showing the influences on athletes’ development,
highlighting the Pygmalion effect, self-fulfilling prophecy, Galatea
effect, Matthew effect, and talent identification. Parents and coaches
shape athletes’ perceptions and performance, impacting the Relative
Age Effect (RAE).
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stage and the composition of the squad still play a key role.
Massa et al. (22) discovered a comparable effect in professional
football in Brazil. As evidenced by the strong RAE in youth
football that has been found in America, Australia, Brazil,
Germany, and Japan, among other places, there may be a
consistent worldwide effect at play here that is not influenced by
national variations in the dates used to determine the start and
end of the sporting year (23). A remarkable reduction in RAE
effects (24) has not been achieved in the last decades. Recent
research shows that maturation has got a higher impact on
performance than RAE (25). Nevertheless, Hill et al. (26) argue
that RAE and maturation are independent constructs. Thus,
different strategies to prevent RAE and selection bias regarding
the maturation of players are needed (20, 27). Coaches and
scouts should consider RAE in their decisions. RAE could cause
individual differences in up to one year.

In German soccer, the findings of Votteler et al. (28) reveal
RAEs physiologically
demanding tests and almost no effects for technically demanding
tests. The study of Helsen et al. (29) shows that relative age

significant direct and indirect for

effects exist in German youth soccer. However, no advantage in

anthropometric or performance-related characteristics can
account for it. A player’s chances of becoming a professional
later in their career are higher for younger players chosen for
national teams (30). Gotze et al. (31) could identify the influence
of gender and competition level on the RAE in German soccer.
Their data indicates a RAE in German adult soccer for both
males and females, which may be coupled with a loss of great
players who were once highly valued during their childhood
years. As a result, fewer skilled players would be available for the

adult division. The effect sizes for the RAE are large in the U19

/ Boeaty \
Greater Further
Experience [\ /| developed
Better
performance

Development
programme

Positive
Feedback

Selected as
talent

FIGURE 2

A modelillustrating how being born early in the selection period can
lead to greater experience and further development, resulting in
better performance. This improved performance leads to positive
feedback and selection into development programs, reinforcing
the athlete’'s recognition as talent

frontiersin.org


https://doi.org/10.3389/fspor.2024.1432605
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Heilmann et al.

and small to medium from U20 to the first league (including the
national team and first and second Bundesliga). The German
youth soccer system (before 2023), particularly through the B-
Junioren Bundesliga (U17) and A-Junioren Bundesliga (U19),
provides a structured and competitive environment for young
talents. These leagues are pivotal in the development of players,
many of whom progress to professional careers in Germany’s top
leagues or internationally. The system is supported by rigorous
scouting, professional club academies, and a clear pathway from
youth to senior professional soccer. The pressure on the youth
soccer players, especially for academy players is very high. There
are high expectations, intense competitions and they have to
balance education and soccer. In this case, it is important to
examine single soccer nations, because they potentially differ
from others and it allows to compare the different pathways and
contextual factors of RAE.

The position on the field plays an important role when
analyzing the RAE in athletes (32-34). For example, Schorer
et al. (34) could show no significant RAE for circle players and
goalkeepers in handball. Professional U-20 South American
soccer players were the subject of an investigation by (35), who
noted RAE at all positions played except for goalkeepers. Hurley
and colleagues (2019) could not find RAE for forwards and
goaltenders. There is evidence that goaltenders generally do not
show significant RAE. Schorer et al. (34) explain this with
different demands for these playing positions, especially for
goaltenders. Further studies have indicated that central defenders
and midfielders have indicated greater RAE prevalence compared
to other positions on the field (36) (Finnegan et al., 2024).

Doyle et al. (18) analyzed the data of the 1,000 best professional
footballers (by market value on transfermarkt.de) and found that
these players were born earlier than could be expected by chance.
The level of competition seems to be a moderation factor for
RAE. Furthermore, admission to youth academies plays an
essential role in the occurrence of RAE (37). The study of
Grossmann and Lames (37) shows that a strength RAE is even
more present in youth academy players than in amateur Ul7 and
U19 players. There is significantly less evidence concerning the
longitudinal progression of RAE in youth soccer. The only
research that indicates a longitudinal analysis of talent selection
processes reveals an increase in RAE for players who are newly
selected for higher competition levels and no change in RAE
extent for players who are retained at the same competition level
across successive age categories is the work by Votteler and
Honer (23). According to Cobley et al. (1) and Szwarc et al. (38),
it is plausible that the elimination of disparities in physical
maturity is a contributing factor, meaning that athletes who are
relatively younger no longer face any disadvantages (underdog
hypothesis). According to Cobley et al. (1), elder athletes
switching to different sports may also contribute. Due to
overtraining, burnout, or other issues, older athletes who trained
hard to reach a high-performance level in their junior years may
also decide not to compete in sports. Evidence suggests that
specialized training environments are associated with shorter
playing careers and higher adult dropout rates in sports,
including ice hockey and soccer (1). Moreover, the studies of
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Dugdale et al. (39) show that RAE does not always translate into
senior or adult level, and Andrew et al. (40) show that it does
not always lead to success.

Nevertheless, the current findings regarding the RAE often neglect
the effect of the level of competition and the transition between age
groups, youth academies, and professional soccer leagues.
Furthermore, the research often lacks information on the prevalence
of RAE in different regions of the examined countries. These
findings could help to find sufficient strategies to prevent RAE
selection bias. The present study aimed to describe the prevalence of
RAE in German soccer and explain it by different explanatory
variables such as age group, playing position, performance in the

league (by top clubs) and the region of the country.

2 Methods
2.1 Participants

The players of the German Youth Bundesliga A (January 2004 to
December 2005) and B (January 2006 to December 2007; the highest
league) and the players in the 3. Liga in Germany (third division)
were analyzed in this study. One hundred twenty teams and a total
of 3,174 players were included (extracted from valid database
transfermarkt.de). The twelve months of the year were divided into
four birth quartiles (BQs). January, February, and March were
classified as “BQ1”, April, May and June were classified as “BQ2”,
July, August and September were classified as “BQ3”, and October,
November, and December as “BQ4”. Birth quartiles were
compared with the general population data from 2010 because
there were no detailed birth distribution datasets from other years.
The distributions did not significantly differ compared with the
2010 data (statista.de). An overview of the characteristics of the
three series (Youth A and B Bundesliga and third division in
Germany) is displayed in Table 1. The cut-off date for the German
youth soccer leagues is the 1st of January. Furthermore, the region
(north/north-east, west, south/south-west), the position on the
field [goaltender (1), defender (2-6), midfielder (8), offender (7, 9,
10, 11)], and the top teams (top 5 and last 5) were analyzed as
covariates. The database often not identify the exact position on
the field but one of the above-mentioned category.

2.2 Statistical analysis

The data were first checked for plausibility. No outliers had to
be excluded, but for a total of 36 players, an exact birth date could

TABLE 1 Composition of the sample by leagues (U17/19) in season 2022/
2023.

Age group = North/north- | West | South/south- | Total (n)
east WESS
u17 394 389 391

1,174
U19 443 424 480 1,347
3. division 571
Total (n) 3,092
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not be evaluated. Chi-square (y2) analysis was used to compare
quartile distributions in the sample and against population
values, following procedures outlined by Kelly et al. (17). This
test does not reveal the magnitude of difference between quartile
distributions for significant chi-square outputs, so Cramer’s V
was used. According to accepted correlation standards, the
Cramer’s V was read as follows: a value of 0.06 or higher would
suggest a small impact size, a value of 0.17 or higher would
indicate a medium effect size, and a value of 0.29 or higher
would indicate a big effect size (41). Since the results are always
undirected due to the squaring in chi-square analyses, a
subsequent graphical inspection of the data is necessary to make
substantive statements about the RAE in the sample.

3 Results

Table 2 shows that the distribution of the month of birth
differed significantly (p <.05) from the distribution of births in
Germany in 2010 in all scales of the Ul7. A significant effect
size (V>0.30) and, thus, a large RAE could be demonstrated
in all regions.

The most substantial effect was found in the south/south-west
region (;(2= 144.39, p<.001, V=0.35), in which around 73% of
players were born in the first half of the year (BQl and BQ2).
When investigating the differences between the two age groups
in the U17, players born in 2007 (;(2:45.92, p<.001, V=0.39)
showed a higher effect size for RAE than players born in 2006
(*=303.71, p<.001, V=0.31). The absolute number of players
per quartile decreases significantly with decreasing age. While
most players were born in Q1 of 2006 (n=461), Q4 of 2007 had
the fewest players in the Ul7 teams (n=13; see Figure 3).
Overall (n=1,174), the players in the Ul7 national league shows
a large effect size (y*=344.01, p<.001, V=0.31) concerning the
differences in the distribution of birth quartiles to the reference
population (RAE). Around 71% of all Ul7 Bundesliga players
were born in the first half of the year (BQl and BQ2).

10.3389/fspor.2024.1432605

The effect sizes of the chi-square test in the U19 age group were
not as large as in the U17 age group. Nevertheless, RAEs were also
found in this age group. All squadrons showed a significantly
different distribution from the reference population and a
medium effect size. The south/south-west region shows the
strongest effect size for RAE (y>=118.33, p<.001, V=0.29). In
the individual age groups, the 2005 players (¥ =175.27, p <.001,
V=0.29) had a higher RAE than the 2004 players (y*=114.68,
p<.001, V=0.24). In the U19, most players were born in BQl
and the fewest in BQ4 in both birth years (2004: n = 649; 2005:
n=682). There is a consistent drop in players from BQ1 to BQ4
(see Figure 4). As a result, from BQl to BQ4 of 2004, the
number of players decreases steadily, then increases in QI of
2005 before declining again until Q4 of 2005. For all UI9
national leagues combined, a medium effect size was seen for the
RAE (;(2:294, p<.001, V=027). 69.56% of the players were
born in the first half of the year (BQl and BQ2). For all U19
national leagues combined, a medium effect size was seen for the
RAE (y*=294, p<.001, V=0.27). A significant RAE could also
be demonstrated for the professional sector in the 3rd division.
However, the effect size was smaller (y>=29.69, p<.001,
V=0.13) than for the Ul7 and U19. Overall, 57.44% of all
players in the 3rd division were born in the first half of the year
(BQ1 and BQ2), which is closer to the reference population
compared to the juniors, in which 71.29% (U17) and 69.56%
(U19) were born in the first half of the year. Within the 3rd
division, only players born after 1998 showed an RAE (y*=
28.05, p<.001, V=0.17). For players born before 1998, the
deviation of the birth data from the reference population was
insignificant (p=.116). The 3rd division group (n=571) also
included some young players registered for the U19 junior team
of the respective club in the U19 Bundesliga (n=14). These
players were included in the data analysis for both the juniors
and the 3rd division.

The distribution of birth quartiles, considering the position
on the field, shows larger effect sizes for goaltenders and
defenders and offenders

compared with midfielders (see

TABLE 2 Distribution of birth quartiles (%) in the analyzed age groups in the 2022/2023 season compared to the German birth statistics from 2010
(available, comparable age group).

Ve

Age group Classification BQ4 (%)

U17 North/north-east 394 42.12 25.89 24.11 7.87 103.20 <.001 0.30 Large
West 389 42.16 31.11 15.17 11.57 110.22 <.001 0.31 Large
South/south-west 391 47.57 25.06 18.67 8.70 144.39 <.001 0.35 Large
Young (2007) 100 52.00 21.00 14.00 13.00 45.93 <.001 0.39 Large
Old (2006) 1068 43.16 28.00 19.94 8.90 303.71 <.001 0.31 Large
Total 1,174 43.95 27.34 19.34 9.37 344.01 <.001 0.31 Large

U19 North/noth-east 443 38.37 3047 16.25 14.90 82.96 <.001 0.25 Interm
West 424 40.33 29.95 19.34 10.38 99.17 <.001 0.28 Interm
South/south-west 480 42.92 26.67 17.29 13.13 118.33 <.001 0.29 Interm
Young (2,005) 682 41.94 29.33 17.60 11.14 175.27 <.001 0.29 Interm
Old (2004) 649 39.14 28.20 17.87 14.79 114.68 <.001 0.24 Interm
Total 1,347 40.61 28.95 17.59 12.84 294 <.001 0.27 Interm

third division Young (born after 1998) 307 32,57 28.01 26.06 13.36 28.05 <.001 0.17 Small
Old (born before 1998) 264 29.55 24.24 25.76 20.45 591 116 0.09 Small
Total 571 31.17 26.27 25.92 16.64 29.69 <.001 0.13 Small

German birth statistics (2010) 677,947 23.76 2443 26.98 24.84
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Supplementary Table S3 and Figure 5). In theory, significant
RAEs field.
Regarding the distribution’s deviation, only the third division’s

were discovered for every position on the

goalkeeper position group (y*=2.63, p=.45, V=0.12) shows no
significant RAE.

The results of the deviation in the birth distribution based
on performance in the respective league are displayed in
Supplementary Table S4. Generally speaking, every group shows
a modest RAE; however, the last five teams in the third league
table show non-significant chi-square tests for RAE (y*=2.81,
p=.422, V=0.08). The effect size is always larger for teams
ranked among the top teams in the leagues. The effect size
decreases with increasing age.

In general, all age groups showed relative age effects. A
consistent gradient in the distribution of the quartiles in the
birth dates (BQ1 to BQ4) for all age groups is also revealed by
the graphical inspection, as shown in Figure 5.

The ratios of BQ2 and BQ3 were nearly identical in the third
division. Most players across all age categories were born in Ql,
the fewest in Q4, and the third division had the highest
percentages in Q3 and Q4. When comparing the age groups,
there is a decline in the RAE as age increases. The U17 national
leagues exhibited the highest RAE, and the third league displayed
a comparatively smaller RAE.

4 Discussion

The study aimed to analyze relative age effects among German
juniors A and B as well as the players of the third division (German

FIGURE 5

Comparsion of RAE for different playing positions

200

150

Frequency of players

SRR
AR

R

SRR

e

goaltender

%

forward

0
midfield

U1

defense

A R R

SRR

¢

goaltender

mBQl #BQ2 mBQ3 wBQ4

Comparison of RAE for different playing positions on the field of U19 (Youth A), U17 (Youth B) and third division.

|

defense

midfield
u17

Y
R Y
SRRRIRRTRN..

ANRUTRIHNY
ESSNSSY

§

defense

:

midfield

%

7z
/I
Ié g

forward | goaltender forward

3rd division

Frontiers in Sports and Active Living

05

frontiersin.org


https://doi.org/10.3389/fspor.2024.1432605
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Heilmann et al.

Bundesliga and 3. Liga) in the 2022/2023 season. Therefore, the
2,521 birth dates of junior players and 571 birthdates of players
in the 3rd division were analyzed. The 3,092 birth dates were
divided into four quartiles, and the birth date distributions were
birth 2010.
Furthermore, the effects of position on the field and the rank of

compared with Germany’s statistics ~ from
the associated team in season 2022/23 were calculated. Generally,
it could be shown that an RAE exists in every age group despite
the older players of the third division.

The findings are in line with the general evidence that players
born in the first birth quarter (BQ) are overrepresented in
professional youth soccer across different age groups (21-23).
Only the older players competing in the third division of the
German Bundesliga do not show a significant deviation
compared with the average population. This aspect could
underpin the “underdog hypothesis”. It could be speculated that
the players reaching older ages in the professional league had to
overcome challenges arising from the initial disadvantages of
being born late in the year. The non-translation in senior soccer
leagues is in line with the findings, for example, of Andrew
et al. (40) and Dugdale et al. (39). The hypothesis would claim
that these players worked harder, and because of that, they
could stay at this level. G6tze and Hoppe (31) also show the
influence of the competition level on the RAE in German
professional soccer. The current findings show the same
phenomenon. The RAE decreases with the age group and the
competition level [ie., Ul19>U21>first division; (31)]. The
results of Doyle and Bottomley (18), which state that players
with a higher value were born earlier than could be expected by
chance, could not be confirmed or disproven because the
younger players in our study do not have a value on the market
and it was not the aim of the current study. The results of
Votteler and Honer (23) longitudinal analysis of talent selection
procedures, which indicate that players newly selected for
higher competition levels have a higher RAE and that players
retained across consecutive age categories at the same
competition level do not have a different RAE, are not
consistent with the current findings.

As already described, no data was collected for this study that
would allow measurable conclusions to be drawn about the causes
of RAEs based on the models presented by Hancock et al. (16)
and Wattie et al. (42). We can only make assumptions in this
regard. It is possible that relatively older people experienced
advantages within the system of social actors through Matthew
effects, Pygmalion effects or Galatea effects (6), entered the
“vicious circle” of the dynamic model through an initial
advantage, with two self-reinforcing processes increasing their lead,
or were best adapted to the interactions of their constraints with
environmental and task-related constraints in the constraint-based
model (42), resulting in their overrepresentation in the sample.

Given their positions on the field, goaltenders and defenders
have bigger effect sizes in the birth quartile distribution (RAE)
than midfielders and offenders. Nevertheless, significant RAEs
were discovered for every field position except for the third
division’s goalkeeper position group. Our results align with the
findings of Campos et al. (35) regarding the lack of RAE for
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goaltenders in the professional league examined in the study
(third division). Still, the current results show a significant RAE
for younger goaltenders (Ul9 and Ul7). It seems that the
distribution is oriented on the overall distribution of RAE
(U17 < U19 < third division) also for goaltenders. It is plausible
that the different demands on goalkeepers lead to the difference
in RAE. The “underdog hypothesis” can be cited as an
explanation for the generally decreasing relevance of the RAE
with the age of the athletes in the current study.

Nevertheless, the level of competition seems to be a moderation
factor for RAE. Each group generally displays a moderate RAE, yet
the last five clubs in the third league table see non-significant chi-
square tests for RAE ()(2 =281, p=.422, V=0.08). When a team is
ranked among the best teams in the league, the effect size for RAE
is always bigger. The findings align with Grossmann and Lames
(37) and Augste and Lames (8). They could show significant
correlations between the final rank of the teams and the median.
Thus, the older the team is (BQ1 <BQ4), the better the rank. We
could not explain the differences in effect sizes between the
different regions (north/north- east; west; south/south-west) because
the compilation of the clubs leaves no room for speculation
regarding performance of the different clubs and the prevalance of
RAE. The only plausible reason for the higher effect sizes in the
south/south-west group could be the high population numbers in
these regions, which can lead to a high selection pressure overall.

Several limitations should be considered when interpreting
the results of this study. First, the division of birth dates into
quartiles is associated with a certain degree of arbitrariness, and
it could result in a difference of one month (or even one day)
having a more significant effect in one case and no effect at all
in another, such as March 31 compared to January 31.
Furthermore, the quartiles may contain different numbers of
days, which can affect comparability (42). Secondly, the date of
birth alone cannot reliably determine how mature a player is
compared to other players his age. However, it was impossible
to consider player maturity in the study. Only year of birth,
birth quartile, position, and team ranking could be analyzed.
Thirdly, in this study, the A and B junior national leagues were
examined for the occurrence of an RAE. In addition, the birth
dates of the 3rd division were analyzed because it was assumed
that a certain number of players in the A and B junior national
leagues initially switched to the 3rd division. It is also possible
that many players trained at the youth academy and in the
youth leagues move directly to the first or second division
(German Bundesliga). However, the statistics, which show a
sharp decline in the use of domestic U21 players in the first
division (German Bundesliga) between 2017/2018 and 2019/
2020, tend to suggest the opposite. A certain degree of
inaccuracy must also be assumed concerning the data collected.
The playing positions listed on the internet may not always
correspond to reality. Positions are often swapped or changed
for training, particularly at the junior level. In addition, players
can interpret soccer positions differently, making distinguishing
between offensive and defensive positions difficult. They may
also make inaccurate assumptions about the cause of the birth
distribution for certain positions. Furthermore, only the detailed
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birth distribution of 2010 was available because this was a year of
the census.

The current study shows an RAE for the highest German youth
league could be identified. Furthermore, the youngest players are
born earlier in the year than the older players in the third division of
the German Bundesliga. Although, in contrast to maturity, relative
age appears to be far less significant for physical performance in most
cases (27), the selection process in the early years of talent
development could impact the athletes’ careers. At a high selection
level, however, the realization remains that even relatively younger
players show particularly high performance in motor performance
diagnostics as well as for game intelligence, tactical, and psychological
skills (Williams et al. (43) despite their age-related disadvantages
(28). This makes their motor skills all the more important than those
of relatively older players, which they must demonstrate to be
accepted into the DFB talent development program (23). They must
develop special physical, tactical and technical skills to be competitive
(24). The problem is that young players who are not as physically
developed could give up due to the constant disadvantage, which
leads to high dropout rates in adolescence (1, 30).

Further research should focus on measures to reduce the RAE.
For example, Sierra-Diaz et al. (20) recommend different strategies,
such as altering or rotating the annual cut-off date, to create
alternative ways to group athletes for competition (i.e.,
anthropometric attributes) or to develop internal reforms in
soccer academies and enhance some competitive regulations.
Further strategies could be to assess the biological maturity or
stage of development oft he players.

A follow-up study seems rewarding because the German
Football Federation revised the competition mode for the highest
youth league (U19 and Ul7). The A and B Junior Bundesliga
have been divided into three leagues. At the start of the 2024/
2025 season, the U19 and U17 DFB Junior League will replace
this tier system. There will be two phases: first, a regional
preliminary round, and then, a main round in the second half of
the season, which will be divided into League A and League
B. The German champion is determined from the teams that
qualify for League A. In the U 19 and U 17 DFB Junior League,
Bundesliga and amateur clubs play in the same league from the
outset. All clubs with a performance center are permanently
qualified for the DFB Junior League. This change in competition
mode could reduce RAE selection bias because the coaches could
use their players more independently of their current
performance and substitute seven players per game in the new
mode. The follow-up study could show if the prevalence of RAE
changes over time. Nevertheless, the decisive role of the coaches
must be mentioned at this point. They have to be aware of the
prevalance of RAE and have to take the findings into account in

order to select or develop talents in German soccer.

Data availability statement
The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Frontiers in Sports and Active Living

10.3389/fspor.2024.1432605

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this
study was not required from the participants or the participants’
legal guardians/mext of kin in accordance with the national
legislation and the institutional requirements.

Author contributions

FH: Conceptualization, Data Curation, Investigation,
Methodology, Resources, Visualization, Writing — original draft.
AK: Formal Analysis, Methodology, Software, Writing - review
& editing. OS: Conceptualization, Data Curation, Resources,

Supervision, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We acknowledge the financial support within the funding
program Open Access Publishing by the German Research
Foundation (DFG).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fspor.2024.
1432605/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fspor.2024.1432605/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fspor.2024.1432605/full#supplementary-material
https://doi.org/10.3389/fspor.2024.1432605
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Heilmann et al.

References

1. Cobley S, Baker J, Wattie N, McKenna J. Annual age-grouping and athlete
development: a meta-analytical review of relative age effects in sport. Sports Med.
(2009) 39:235-56. doi: 10.2165/00007256-200939030-00005

2. Baker J, Janning C, Wong H, Cobley S, Schorer J. Variations in relative age effects
in individual sports: skiing, figure skating and gymnastics. Eur J Sport Sci. (2014) 14:
$183-90. doi: 10.1080/17461391.2012.671369

3. Raschner C, Miiller L, Hildebrandt C. The role of a relative age effect in the first
winter youth Olympic games in 2012. Br J Sports Med. (2012) 46:1038-43. doi: 10.
1136/bjsports-2012-091535

4. Delorme N, Raspaud M. The relative age effect in young French basketball
players: a study on the whole population. Scand ] Med Sci Sports. (2009) 19:235-42.
doi: 10.1111/j.1600-0838.2008.00781.x

5. Arrieta H, Torres-Unda J, Gil SM, Irazusta J. Relative age effect and performance
in the U16, U18 and U20 European basketball championships. J Sports Sci. (2016)
34:1530-4. doi: 10.1080/02640414.2015.1122204

6. Hancock DJ, Ste-Marie DM, Young BW. Coach selections and the relative age
effect in male youth ice hockey. Res Q Exerc Sport. (2013) 84:126-30. doi: 10.1080/
02701367.2013.762325

7. Addona V, Yates PA. A closer Look at the relative age effect in the national
hockey league. ] Quant Anal Sports. (2010) 6. doi: 10.2202/1559-0410.1227

8. Augste C, Lames M. The relative age effect and success in German elite U-17
soccer teams. J Sports Sci. (2011) 29:983-7. doi: 10.1080/02640414.2011.574719

9. Lovell R, Towlson C, Parkin G, Portas M, Vaeyens R, Cobley S. Soccer player
characteristics in English lower-league development programmes: the relationships
between relative age, maturation, anthropometry and physical fitness. PLoS One.
(2015) 10:¢0137238. doi: 10.1371/journal.pone.0137238

10. Crawford C, Dearden L, Greaves E. The drivers of month-of-birth differences in
children’s cognitive and non-cognitive skills. J R Stat Soc. Ser A Stat Soc. (2014)
177:829. doi: 10.1111/rssa.12071

11. Navarro J-J, Garcia-Rubio J, Olivares PR. The relative age effect and its influence
on academic performance. PLoS One. (2015) 10:e0141895. doi: 10.1371/journal.pone.
0141895

12. Goodman R, Gledhill J, Ford T. Child psychiatric disorder and relative age
within school year: cross sectional survey of large population sample. Br Med .
(2003) 327:472. doi: 10.1136/bmj.327.7413.472

13. Thompson AH, Barnsley RH, Battle J. The relative age effect and the
development of self-esteem. Educ Res. (2004) 46:313-20. doi: 10.1080/
0013188042000277368

14. Merton RK. The matthew effect in science: the reward and communication
systems of science are considered. Science. (1968) 159:56-63. doi: 10.1126/science.
159.3810.56

15. Rejeski W, Darracott C, Hutslar S. Pygmalion in youth sport: a field study.
J Sport Psychol. (1979) 1:311-9. doi: 10.1123/jsp.1.4.311

16. Hancock DJ, Adler AL, C6té J. A proposed theoretical model to explain relative
age effects in sport. Eur J Sport Sci. (2013) 13:630-7. doi: 10.1080/17461391.2013.
775352

17. Kelly AL, Wilson MR, Gough LA, Knapman H, Morgan P, Cole M, et al. A
longitudinal investigation into the relative age effect in an English professional
football club: exploring the ‘underdog hypothesis’. Sci Med Football. (2020) 4:111-8.
doi: 10.1080/24733938.2019.1694169

18. Doyle JR, Bottomley PA. Relative age effect in elite soccer: more early-born
players, but no better valued, and no paragon clubs or countries. PLoS One. (2018)
13:€0192209. doi: 10.1371/journal.pone.0192209

19. Smith KL, Weir PL, Till K, Romann M, Cobley S. Relative age effects across and
within female sport contexts: a systematic review and meta-analysis. Sports Med.
(2018) 48:1451-78. doi: 10.1007/540279-018-0890-8

20. Sierra-Diaz MJ, Gonzalez-Villora S, Pastor-Vicedo JC, Serra-Olivares J. Soccer
and relative age effect: a walk among elite players and young players. Sports (Basel).
(2017) 5. doi: 10.3390/sports5010005

21. Helsen WF, van Winckel J, Williams AM. The relative age effect in youth soccer
across Europe. J Sports Sci. (2005) 23:629-36. doi: 10.1080/02640410400021310

22. Massa M, Costa EC, Moreira A, Thiengo CR, de Lima MR, Marquez WQ, et al.
The relative age effect in soccer: a case study of the Sdo Paulo football club. Revista
Brasileira de Cineantropometria ¢ Desempenho Humano. (2014) 16:399-405.
doi: 10.5007/1980-0037.2014v16n4p399

Frontiers in Sports and Active Living

08

10.3389/fspor.2024.1432605

23. Votteler A, Honer O. Cross-sectional and longitudinal analyses of the relative
age effect in German youth football. German ] Exerc Sport Res. (2017) 47:194-204.
doi: 10.1007/s12662-017-0457-0

24. Figueiredo AJ, Coelho-e-Silva MJ, Cumming SP, Malina RM. Relative age effect:
characteristics of youth soccer players by birth quarter and subsequent playing status.
J Sports Sci. (2019) 37:677-84. doi: 10.1080/02640414.2018.1522703

25. Cumming SP, Searle C, Hemsley JK, Haswell F, Edwards H, Scott S, et al.
Biological maturation, relative age and self-regulation in male professional academy
soccer players: a test of the underdog hypothesis. Psychol Sport Exerc. (2018)
39:147-53. doi: 10.1016/j.psychsport.2018.08.007

26. Hill M, Scott S, Malina RM, McGee D, Cumming SP. Relative age and
maturation selection biases in academy football. J Sports Sci. (2020) 38:1359-67.
doi: 10.1080/02640414.2019.1649524

27. Parr ], Winwood K, Hodson-Tole E, Deconinck FJ, Hill JP, Teunissen JW, et al.
The main and interactive effects of biological maturity and relative age on physical
performance in elite youth soccer players. J Sports Med. (2020) 2020:1957636.
doi: 10.1155/2020/1957636

28. Votteler A, Honer O. The relative age effect in the German football TID
programme: biases in motor performance diagnostics and effects on single motor
abilities and skills in groups of selected players. Eur J Sport Sci. (2014) 14:433-42.
doi: 10.1080/17461391.2013.837510

29. Helsen WF, Baker J, Michiels S, Schorer ], van Winckel ], Williams AM. The
relative age effect in European professional soccer: did ten years of research make
any difference? J Sports Sci. (2012) 30:1665-71. doi: 10.1080/02640414.2012.721929

30. Skorski S, Skorski S, Faude O, Hammes D, Meyer T. The relative age effect in
elite German youth soccer: implications for a successful career. Int J Sports Physiol
Perform. (2016) 11:370-6. doi: 10.1123/ijspp.2015-0071

31. Gotze M, Hoppe MW. Relative age effect in elite German soccer: influence of
gender and competition level. Front Psychol. (2020) 11:587023. doi: 10.3389/fpsyg.
2020.587023

32. Figueiredo L, Gomes L, Silva D, Gantois P, Fialho J, Fortes L, et al. The relative
age effect in Brazilian elite soccer depending on age category, playing position, and
competitive level. Hum Move. (2022) 23:112-20. doi: 10.5114/hm.2022.109070

33. Hurley E, Comstock BA, Haile L, Beyer KS. Relative age effect in collegiate
soccer: influence of nationality, playing position, and class. J Strength Cond Res.
(2019) 33:3295-301. doi: 10.1519/JSC.0000000000003356

34. Schorer J, Cobley S, Biisch D, Brautigam H, Baker J. Influences of competition
level, gender, player nationality, career stage and playing position on relative age
effects. Scand ] Med Sci Sports. (2009) 19:720-30. doi: 10.1111/j.1600-0838.2008.
00838.x

35. Campos FA, Campos LC, Pellegrinotti IL, Gomez MA. The relative age effect in
soccer: an analysis of the U20 Libertadores cup. Int J Exerc Sci. (2017) 10:1157-64.

36. Finnegan L, van Rijbroek M, Oliva-Lozano JM, Cost R, Andrew M. Relative age
effect across the talent identification process of youth female soccer players in the
United States: influence of birth year, position, biological maturation, and skill level.
Biol Sport. (2024) 41:241-51.

37. Grossmann B, Lames M. Relative age effect (RAE) in football talents—the role of
youth academies in transition to professional Status in Germany. Int ] Perform Analys
Sport. (2013) 13:120-34. doi: 10.1080/24748668.2013.11868636

38. Szwarc A, Dolanski B, Rompa P, Sitek M. Relative age effect in Polish national
football teams. Baltic ] Health Phys Act. (2019) 11:3. doi: 10.29359/BJHPA.11.3.03

39. Dugdale JH, McRobert AP, Unnithan VB. He’s just a wee laddie": the relative age
effect in male Scottish soccer. Front Psychol. (2021) 12:633469. doi: 10.3389/fpsyg.
2021.633469

40. Andrew M, Finnegan L, Datson N, Dugdale JH. Men are from quartile one,
women are from? Relative age effect in European soccer and the influence of age,
success, and playing Status. Children (Basel). (2022) 9. doi: 10.3390/children9111747

41. Cohen J. Statistical Power Analysis for the Behavioral Sciences. New York:
Routledge (2013).

42. Wattie N, Schorer J, Baker J. The relative age effect in sport: a
developmental systems model. Sports Med. (2015) 45:83-94. doi: 10.1007/
540279-014-0248-9

43. Williams AM, Ford PR, Drust B. Talent identification and development in soccer
since the millennium. J Sports Sci. (2020) 38:1199-210. doi: 10.1080/02640414.2020.
1766647

frontiersin.org


https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.1080/17461391.2012.671369
https://doi.org/10.1136/bjsports-2012-091535
https://doi.org/10.1136/bjsports-2012-091535
https://doi.org/10.1111/j.1600-0838.2008.00781.x
https://doi.org/10.1080/02640414.2015.1122204
https://doi.org/10.1080/02701367.2013.762325
https://doi.org/10.1080/02701367.2013.762325
https://doi.org/10.2202/1559-0410.1227
https://doi.org/10.1080/02640414.2011.574719
https://doi.org/10.1371/journal.pone.0137238
https://doi.org/10.1111/rssa.12071
https://doi.org/10.1371/journal.pone.0141895
https://doi.org/10.1371/journal.pone.0141895
https://doi.org/10.1136/bmj.327.7413.472
https://doi.org/10.1080/0013188042000277368
https://doi.org/10.1080/0013188042000277368
https://doi.org/10.1126/science.159.3810.56
https://doi.org/10.1126/science.159.3810.56
https://doi.org/10.1123/jsp.1.4.311
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/17461391.2013.775352
https://doi.org/10.1080/24733938.2019.1694169
https://doi.org/10.1371/journal.pone.0192209
https://doi.org/10.1007/s40279-018-0890-8
https://doi.org/10.3390/sports5010005
https://doi.org/10.1080/02640410400021310
https://doi.org/10.5007/1980-0037.2014v16n4p399
https://doi.org/10.1007/s12662-017-0457-0
https://doi.org/10.1080/02640414.2018.1522703
https://doi.org/10.1016/j.psychsport.2018.08.007
https://doi.org/10.1080/02640414.2019.1649524
https://doi.org/10.1155/2020/1957636
https://doi.org/10.1080/17461391.2013.837510
https://doi.org/10.1080/02640414.2012.721929
https://doi.org/10.1123/ijspp.2015-0071
https://doi.org/10.3389/fpsyg.2020.587023
https://doi.org/10.3389/fpsyg.2020.587023
https://doi.org/10.5114/hm.2022.109070
https://doi.org/10.1519/JSC.0000000000003356
https://doi.org/10.1111/j.1600-0838.2008.00838.x
https://doi.org/10.1111/j.1600-0838.2008.00838.x
https://doi.org/10.1080/24748668.2013.11868636
https://doi.org/10.29359/BJHPA.11.3.03
https://doi.org/10.3389/fpsyg.2021.633469
https://doi.org/10.3389/fpsyg.2021.633469
https://doi.org/10.3390/children9111747
https://doi.org/10.1007/s40279-014-0248-9
https://doi.org/10.1007/s40279-014-0248-9
https://doi.org/10.1080/02640414.2020.1766647
https://doi.org/10.1080/02640414.2020.1766647
https://doi.org/10.3389/fspor.2024.1432605
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Relative age effects in German youth A and B men's soccer teams: survival of the fittest?
	Introduction
	Methods
	Participants
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


