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Introduction

The prediction of future world class ath-
letes is very complex and has therefore
been almost impossible until today. Mul-
tiple direct (primary) and indirect (sec-
ondary) influential factors impact or fa-
cilitate successful pathways of athletes
(Baker & Horton, 2004). The relative age
effect (RAE) appears to be a consistent,
pervasive secondary factor influencing
outcome of success (Wattie, Schorer, &
Baker, 2015). Where the distribution of
births in common settings like the school
system is equally spread, in the sport set-
ting there appears tobe a general gradient
of about 40% for athletes born in the first
three months after a certain cut-off date,
30% for the second quarter, 20% for the
third quarter and only 10% for the fourth
quartile (Helsen, 2018).

Researchers have conceded the preva-
lenceofaRAEacrossamultitudeofsports
(Cobley, Baker, Wattie, & McKenna,
2009; Musch & Grodin, 2001). The
effect has shown to be predominant in
male team sports (Barnsley, Thompson,
& Legault, 1992; Schorer, Cobley, Büsch,
Bräutigam, & Baker, 2009; Till et al.,
2010) as well as physically demand-
ing individual sports (Baker, Janning,
Wong, Cobley, & Schorer, 2014; Edgar &
O’Donoghue, 2005; Romann & Cobley,
2015). However, no RAE was found in
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sports with more emphasis on techni-
cal skills and categorisation in weight
classes (Côté, Macdonald, Baker, &
Abernethy, 2006), such as taekwondo
(Albuquerque et al., 2012), judo (Albu-
querque et al., 2013), basketball (Daniel
& Janssen, 1987), gymnastics (Baxter-
Jones, Helms, Maffulli, Baines-Preece,
& Preece, 1995) and American football
(Daniel & Janssen, 1987; Stanaway &
Hines, 1995). In swimming the RAEwas
shown to be highly prevalent and with
a transient effect over time (Cobley et al.,
2017; Ferreira, Coelho, de Morais, Wer-
neck, Tucher, & Lisboa, 2017; Hancock,
Starkes, & Ste-Marie, 2015; Schorer et al.,
2009).

It is suggested that a mixture of phys-
ical, cognitive, emotional, and motiva-
tional causes work together producing
the RAE (Musch & Grodin, 2001). Fur-
thermore, up to one-year difference by
chronological age and potentially greater
biological age differences are found dur-
ing the years of rapid maturation. The
concept of “sport giftedness” seems to
be partly grounded in the perception
of physical and physiological capacities
(greater height, weight, power, speed,
etc.) resulting from greater maturation,
being associated with chronologically
older participants, regardless of whether
coaches and scouts believe that talent
is predominantly the result of inherent
abilities and acquirable skill (Furley &
Memmert, 2016; Lemez, Baker, Horton,
Wattie,&Weir, 2014; Pearson,Naughton,
& Torode, 2006). This phenomenon is
called thematuration-selection hypothe-

sis. It is one of the individual constraints
in connection with the concept of the
RAE (Baker, Cobley, Montelpare, Wat-
tie, & Faught, 2010; Raschner, Müller, &
Hildebrandt, 2012; Sherar, Baxter-Jones,
Faulkner, & Russell, 2007). Differences
in psychological variables are also related
to chronological age, showingdifferences
up to one year (Musch & Grodin, 2001;
Sherar et al., 2007).

Research on different levels of per-
formance as well as comparisons of the
past decades underline the role of se-
lection in the context of long-term ath-
lete development. These selection pro-
cesses may be likely to errors because
chronically older athletesmay seem to be
more gifted only because they are more
mature than their younger counterparts.
It has been shown a significant differ-
ence of pervasiveness between compet-
itive and recreational tiers of participa-
tion, where selection processes have less
influence (Cobley et al., 2009; Hancock,
Ste-Marie, & Young, 2013; Schorer et al.,
2009; Till et al., 2010). In a historical
perspective the magnitude of the RAE
has increased. This has been shown in
German as well as Brazilian soccer play-
ers. It can be assumed that the influence
of selection processes due to increasing
popularity over time (Cobley, Schorer, &
Baker, 2008; Costa, Albuquerque, &Gar-
ganta, 2012). Relatively older athletes, as
a consequence, have an increased proba-
bility of being selected and subsequently
exposed to a higher level of coaching,
training and other talent-promoting fac-
tors (Baker & Logan, 2007; Cobley et al.,

German Journal of Exercise and Sport Research 4 · 2020 453

https://doi.org/10.1007/s12662-020-00677-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s12662-020-00677-4&domain=pdf
http://orcid.org/0000-0003-4420-7129


Main Article

Fig. 19Distribution of
male swimmers listed in
national top-100 rankings
in 100m Fly between 2004
and 2013 according to
age-group andquartile. yrs
years

2009; Delorme,Boiché,&Raspaud, 2010;
Wattie et al., 2015).

There are a few indications of a higher
likelihood of dropping out for late-born
athletes inmale ice-hockey (Lemez et al.,
2014) and female artistic as well as in-
dividual sports (Wattie et al., 2014). In
contrast to that other research reported
that theRAEispersistent throughadoles-
cence and there are indications of a tran-
sience effect over time, as shown in swim-
ming at the adult elite level (Cobley et al.,
2017; Ferreira et al., 2017). The propor-
tion of late-born children seems to bal-
ance out in some sports, including swim-
ming. Thereare indicationsthatrelatively
younger athletes have more continuous
careers and, somehow, benefit by more
competitive play with their older coun-
terparts. This is called the ‘underdog’ hy-
pothesis (Gibbs, Jarvis, & Dufur, 2012).

Grouping by chronological age is,
therefore, considered to be one of the
weaknesses in the process of talent
identification (Wattie & Baker, 2017).
Although the problem has been known
for over 20 years, a solution still seems
to be lacking. Therefore, this study aims
to provide recent data in the individual

sport of swimming. Furthermore, data
for female athletes are still rare. This
investigation aims to quantify the preva-
lence, magnitude and transient pattern
of RAE across a German cohort of age-
group swimmers according to sex and
events.

Materials andmethods

Samples and data preparation

Annualagegroupingsarecommonlybro-
ken down into quartiles when dealing
with the relative age effect (RAE; Cob-
ley et al., 2009; first meta-analytical re-
view). The cut-off date for age-group-
ing in Germany is the 31st of December.
For this investigation annual top-100 age
grouprankings(longcourse) for theyears
2004–2013 were used. Repeated years of
cross-sectionaldatawereused to increase
thenumberof athletes and set a represen-
tativesampleofparticipants. Annualtop-
100 rankings (names, events, times)were
obtained from the data base of the Ger-
man Swimming Federation (Deutscher
Schwimm-Verband e.V. [DSV]). In total,
a dataset of 62,400 samples was analyzed.

Within these rankings 3630 unique age
group swimmers (male n= 1765, female
n= 1865) representing the cohorts born
in 1993, 1994 and 1995 between the
ages 11–18 were examined. Following
institutional ethical approval, the DSV
provided additionally birth months of
each swimmer in the dataset. The dataset
was screened systematically for doubles.
Multiple cases of persons that have the
same name where identified and marked
as different. According to a previous
study (Cobley et al., 2017) the dataset
contained swimmer’smonthofbirth, sex,
year of ranking, age-group, swimming
stroke anddistance (event). In this inves-
tigation data covered events considering
stroke and within stroke factors.

Procedures

The pattern of birth quartiles was com-
pared to actual distribution of births in
theGermanpopulation in the years 1993,
1994 and 1995 to judge prevalence, mag-
nitude and transience of the RAE and
to confirm that they were not associ-
ated with broader population birth pat-
terns. Birth data were accessed from the
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GermanBureau of Statistics ([DSTATIS],
2019). Across the years of births of the
observed cohort, 2,333,271 live births oc-
curred and were evenly distributed (i.e.,
quarter 1 [Q1]: Jan–Mar= 24.8%; Q2:
Apr–Jun= 24.8%; Q3: Jul–Sep= 26.5%;
Q4: Oct–Dec= 23.9%). The study was
conducted in consultation with the local
ethics committee.

Statistical analysis

Descriptive data calculated for the sam-
ples included frequency distribution, rel-
ative frequencies (%), mean value and
standard deviation (M± SD).

Prevalence,magnitude and transience
of the RAE were determined using X2

tests. Post hoc tests, using Cramer’s V
estimated the magnitude of effect size
between Q1 and Q4 frequency counts.
Magnitude estimates ranging between
0.06<V< 0.17 indicated a small effect
size, 0.17< V< 0.29 a medium effect,
and, V≥ 0.29 a large effect size (Cramér,
1999).

Odds ratios (OR) and 95% confidence
intervals (CI) examined relative quartile
discrepancies (i.e., Q1 vs. Q4; Q2 vs. Q4;
Q3 vs. Q4). These steps were applied
across age groups and according to sex
and event.

Analyses were performed using SPSS
version 25 (IBM, Amarok, NY, USA).

Results

. Table 1 presents relative age (quartile)
distributions, X2, effect size estimation
and categorization, as well as odds ratio
analyses for male swimmers, ranked in
the top-100 lists between 11 and 18 years
of age. The relative age effect (RAE) was
prevalent for both Breaststroke events
(50 and 200m) between 11 and 16 years
of age, 50m Freestyle, 200m Individual
Medley as well as 100m Fly between 11
and 17 years of age. In the longest of all
events, 400m Freestyle the unequal birth
distribution was significant from 11 until
18 years of age. The RAE remains, but
with reduced effect sizes in all events until
17/18, afterwhich it dissipates. Relatively
olderathletes (borninthefirstandsecond
quartile) were up to 5.9 times more likely
to be among the top-100 in the respective

events (i.e., 50m Freestyle, age 13—Q1
vs. Q4= 5.928, range= 3.33–10.56).

. Figures 1 and 2 visualize the sum-
mary for RAEs transiency across age-
groups in male 100m Fly and 200m
Individual Medley. The 100m Fly was
chosen because the stroke of Butterfly
requires a high resistance to strength en-
durance load requirement and, therefore,
involves ahigh level of training at a young
age. Individual Medley is an event which
contains of all four strokes and hence
should be swum frequently in the sense
of the multisport approach (Staub, Zin-
ner, Bieder, & Vogt, 2020a).

. Table 2 presents relative age (quar-
tile) distributions, X2, effect size esti-
mation and categorization, as well as
odds ratio analyses for female swimmers,
ranked in the top-100 lists between 11
and 18 years of age. The RAE was preva-
lent for 50m Freestyle and 200m Breast-
stroke between 11 and 13 years of age,
for 50mBreaststroke and400mFreestyle
between 11 and 14 years of age. The RAE
was still significant, but with a small ef-
fect in 200m Breaststroke at age 13 years
of age. The 200m Individual Medley
and 100 Fly the unequal birth distri-
bution were significant between 11 and
15 years of age. The effect sizes reduced
in all events until 14/15, after which it
dissipates. Highest odds ratio showed
a 5.3 times overrepresentation in favor
of quartile 1 compared to quartile 4 for
12-year-olds in 50m Freestyle (Q1 vs.
Q4= 5.302, range= 3.07–9.18).

Discussion

The purpose of this study was to quan-
tify the prevalence, magnitude and
transience pattern of the relative age
effect (RAE) across a German cohort of
age-group swimmers according to sex
and events. The study presents a new
dataset and confirms the prevalence of
RAE in swimming. RAE was visible in
our investigations among male swim-
mers until 16/18 and female swimmers
until 13–15 years of age. The magnitude
ofRAEdecreases in the older age-groups,
and the uneven distribution disappeared
afterwards. There was no inverted effect
in the observed data verifiable. With
a closer examination of the swimming
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Abstract
Relatively older athletes have a greater
probability of being selected and
subsequently exposed to a higher
level of coaching, training and other
talent-promoting factors. Grouping by
chronological age is, therefore, considered
to be one of the weaknesses in talent
identification. A large number of studies
have confirmed the prevalence of the relative
age effect (RAE) across various sports,
including swimming. This investigation aims
to quantify the prevalence, magnitude and
transient pattern of the RAE according to
sex and events across German swimmers.
The RAE was examined top-100 ranked
swimmers (2004–2013) according to birth
month, of three cohorts (born 1993–1995;
n= 3630) for the age groups 11–18. The
X2 tests and Cramer’s V estimated effect
sizes; odd’s ratios and confidence intervals
calculated relative discrepancies between
the quartiles. The RAE is significantly present
over all events for female swimmers until
13–15 and formales until 16–18 years of age.
Effect sizes were moderate until 12/13 years
of age for females and 14/15 years of age
for males. No inverted effects were visible.
Compared to previous reports on Australian
as well as Portuguese cohorts, the RAE
was prevalent over a longer time period.
Therefore, the impact of negative outcomes
from RAE appears to be greater among
German age group swimmers.

Keywords
Long-term athlete development · Talent
identification · Youth sport · Children ·
Athletic performance

strokes, there is a delayed effect in the
males with the 400m Freestyle. For
females, the effects are delayed in 200m
Individual Medley as well as 100m Fly.
It can be assumed that differences in the
pattern of birth quartiles in our cohort
are associated with processes within the
swimming system.

The present study’s findings are in line
with previous investigations in swim-
ming. The magnitude was higher for
the German cohort, than the Australian
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and Portuguese. Cobley et al. (2017)
investigated a cohort of participants
in Australian Age Swimming Champi-
onships between 12 and 18 years of age
(n= 6.014). They found RAE in male
swimmers 12–15 and female swimmers
12–14 years of age. This effect disap-
peared earlier in their study compared
to the present study’s German cohort.
Furthermore, Cobley et al. reported
the effect to invert a year later among
their Australian swimmers, whereas the
present findings revealed no inversion
until 18 years of age among German
swimmers. In another study, Costa,
Marques, Louro, Ferreira, and Marinho
(2013) investigated a Portuguese cohort
of top-50 ranked athletes between 12
and 18 years of age (n= 7.813). The
disproportionately high distribution of
relatively older swimmers was consistent
for male swimmers from 12–15 years of
age. In contrast to our findings the effect
for female swimmers was only present
at age 12.

Taking into account research in long-
term athlete development, it is well doc-
umented that the younger the athlete
and the further away from peak perfor-
mance, the more uncertainty of subse-
quent international success may be ex-
pected (Allen, Vandenbogaerde, & Hop-
kins, 2014; Costa, Marinho, Bragada,
Silva, & Barbosa, 2011). There is also
evidence that only one third of the 11-
year-old high-performance athletes still
appear in the system at 18 years of age
(Staub, Zinner, Stallman & Vogt, 2020b),
whereas early entry age was correlated
negatively to success among 18 year old
swimmers (Staub et al., 2020a). One
mechanism that is considered to be sen-
sitive to errors in that terms is organized
talent selection. Analyzing different lev-
els of performance aswell as comparisons
ofthepastdecadesprovideindicationsfor
an influence of selection pressure and its
impact on the RAE (Cobley et al., 2009;
Cobley et al., 2008; Costa et al., 2012;
Hancock et al., 2013; Schorer et al., 2009;
Till et al., 2010).

In swimming, talent selection already
takes place at the club level, focusing pri-
marily on competition results at a young
age, as well as regional championships
also use qualification times. Further-
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Fig. 29Distribution of
male swimmers listed in
national top-100 rankings
in 200m IndividualMedley
(I.M.) between 2004 and
2013 according to age-
group andquartile. yrs
years

more, times and space in public swim-
ming pools are at a premium so that local
clubs are often assigned pool space in ac-
cordance to theperformance levelof their
respective swimmers. With competition
times referring to the level of technique as
well as the physic of an athlete, this con-
sequently leads to a RAE in connection
to the maturation-selection hypothesis.
Similar prevalence and magnitude were
found in other sports with comparable
technical and physical demands (Baker
et al., 2014; Edgar & O’Donoghue, 2005;
Romann & Cobley, 2015). Further indi-
cating such a connection, the RAE re-
vealed its greatest impact in those years
associated with growth and maturation,
both in the present study’s cohort as well
as in the Australian cohort. It seems rea-
sonable to suggest that the RAE appears
earlier among females, since their mat-
uration may proceed earlier (Jenkins &
Reaburn, 2000). In the Portuguese co-
hort, however, the RAE was only found
for male athletes.

These supposable minor differences
whichemergefrompreviousresearchand
the present study’s findings may indicate
a varying influence of culturally deter-

mined selectionprocesses betweencoun-
tries. Moreover, differences between dif-
ferent sports and countries are also re-
flected in the organizational framework.
For example, the selection pressure de-
pends to a certain extent on the number
of swimming pools available to a cer-
tain club or compared per capita within
a country. This has yet to be explored.

The appreciation of a sport in the cults
of a country, on the one hand, and, on
the other hand, the financial incentives of
some specific sports compared to others,
may be considered relevant here. In this
context, the choices of an athlete who
has been deselected shall also be taken
into account. In German soccer, positive
effects of a nonselection on a collective
levelhavebeen identified (Güllich, 2014).
However, considering the differentiated
league system, one explanation could be
that nonselected athletes do not neces-
sarily retire from the sport. Whether this
is the case in swimming is unknown and
remains to be elucidated. It can, how-
ever, be assumed that athletes who have
been deselected from talent promotion
programs have rather limited possibili-
ties to find motivating infrastructure, if

not even coaching personnel, to follow
their career on a lower performance level.
In countries with more pool space per
inhabitant, this could possibly be differ-
ent.

Another line of thoughts with respect
to the present study’s findings is taking
a possible positive outcome into account;
thus, younger swim athletes might ben-
efit from greater competitions with their
older counterparts (Gibbs et al., 2012).
In this regard, differences in matura-
tion of physical and psychological fac-
tors may even increase the gap between
early born, early mature and late born,
as well as late mature children (Baxter-
Jones, 1995; Cobley et al., 2008; Malina,
2010; Vaeyens, Philippaerts, & Malina,
2005), which makes it virtually impossi-
ble for the younger athletes to be selected.
A recent study of the RAE in connection
to maturation parameters in football re-
vealed that teams with the same year of
birth do not differ in these terms (Sko-
rski, Skorski, Faude, Hammes, & Meyer,
2016). This raises the question whether
the ‘underdog effect’ exists in reality at
all, or if the percentage of late born chil-
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dren in a given age-group is just in terms
of maturation above average.

Further consideration of transient
performance and participation in ath-
lete development systems and talent
selection processes is needed. This may
include revising the emphasis of sport
programs according to developmental
stages and delaying forms of athlete
selection to improve validity. While to
date, decisions are primarily made by
coaches and parents (Wattie & Baker,
2017), better information and education
are necessary. Another possibility may
be a quota system or intense support of
those in the final quartiles (Larsen &
Alfermann, 2017).

The present study is still only observa-
tional. More insights on the connection
of RAE to maturation as well as poten-
tial influence of geographical heritage in
connection to pressure of talent selec-
tion are of further interest (Sherar et al.,
2007) and may be investigated by future
research.

Conclusions

This investigationprovidesnewdata con-
tributing to the research on the relative
age effect (RAE). In addition, it con-
tributes knowledge about female sports,
which are not yet well reported (Cobley
et al., 2009). The RAE is prevalent in the
cohort of German age-group swimmers
for males and females across all events.
The magnitude of the RAE decreases in
the older age-groups, but no inverted ef-
fect was visible. Performance advantages
associated with relative age (and thereby
likely growth and maturation) are still
prevalent in swimming.
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