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Objectives: To determine the prevalence, magnitude and transient patterning of Relative Age Effects
(RAEs) according to sex and stroke event across all age-groups at the Australian National age swimming
Championships.
Design: Repeated years of cross-sectional participation data were examined.
Methods: Participants were 6014 unique male (3185) and female (2829) swimmers (aged 12-18 years)
who participated in Freestyle (50, 400 m) and/or Breaststroke (100, 200 m) at the National age swim-
ming Championships between 2000-2014 (inclusive). RAE prevalence, magnitude and transience were
determined using Chi-square tests and Cramer’s V estimates for effect size. Odds Ratios (OR) and 95%
Confidence Intervals (CI) examined relative age quartile discrepancies. These steps were applied across
age-groups and according to sex and each stroke event.
Results: Consistent RAEs with large-medium effect sizes were evident for males at 12-15 years of age
respectively, and with large-medium effects for females at 12-14 respectively across all four swim-
ming strokes. RAE magnitude then consistently reduced with age across strokes (e.g., Q1 vs. Q4 OR
range 16 year old males = 0.94-1.20; females =0.68-1.41). With few exceptions, by 15-16 years RAEshad
typically dissipated; and by 17-18 years, descriptive and significant inverse RAEs emerged, reflecting
overrepresentation of relatively younger swimmers.
Conclusions: Performance advantages associated with relative age (and thereby likely growth and mat-
uration) are transient. Greater consideration of transient performance and participation in athlete
development systems is necessary. This may include revising the emphasis of sport programmes accord-
ing to developmental stages and delaying forms of athlete selection to improve validity.

© 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

1. Introduction

ing outcomes from an interaction between participants’ birthdates
and the dates used for chronological age grouping.” Being rela-

Across manyyouth sports contexts, the procedure of (bi-)annual
age-grouping is implemented for logical organisation purposes
and to reduce developmental differences between competitors on
the basis of safety and equity.'?> However in athlete development
terms, annual age-grouping still permits the potential for up to 12
months of chronologicalage difference and potentially greater bio-
logical age difference during years associated with maturation.’
As aconsequence, Relative Age Effects (RAEs*) can emerge;reflect-
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tively older within an age grouping is associated with consistent
attainment and selection advantages across junior and representa-
tive stages of sport, including an increased likelihood of selection
to access further resources within athlete development systems,
such as coaching expertise; skill development programmes; and,
physical conditioning support.!36

RAEs are most prevalent and with the highest effect sizes in
male team sports contexts. By comparison, sport and age-matched
female contexts have shown either lower RAE effect sizes or have
been less prevalent; though fewer samples have been examined.!’
At various male junior and youth tiers (i.e., school, local com-
munity, representative and international) of soccer, 8° baseball,'?
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handball'! rugby® and Australian rules football,'? participation
ratios between the relatively oldest and youngest quartiles have
varied from small (e.g., 1.5-1), moderate (3-5-1) and in some cases
large (>5-1). Higher magnitude RAEs are associated with selec-
tive representative contexts at ages associated with puberty and
maturation.!®> More recently, studies have identified that individ-
ual but still physically demanding sports are also associated with
RAEs, notably including athletic sprinting,” tennis,'* ski-jumping,
cross-country and alpine skiing.!>'® By comparison, sports with
less dependence on physical characteristics and which have a tech-
nical skill emphasis have not been associated with RAEs (e.g., golf
& shooting).!”

Several hypotheses have been proposed toaccount for RAEs,> 18
though most supported by evidence is the ‘maturation-selection
hypothesis’.!1920 The hypothesis states that greater chronological
age is equated with an increased likelihood of enhanced anthro-
pometric characteristics from normative growth. Greater height
and lean body mass (to a degree) are predictive of better physical
capacities such as aerobic power, muscularstrength,endurance and
speed.?! In turn, these provide physical performance advantages in
specific tasks.?? Also, duringpuberty, thetiming and tempo of phys-
ical development generate further anthropometric and physical
variation between individuals until its cessation.2®> Unfortunately
for the relatively younger or later maturing, these processes lead to
shorter-term disadvantages where they are more likely to be over-
looked and excluded?* at various stages of junior and youth sport,
at least until the end of growth and maturation.

In the longer-term, recent studies suggest RAE and maturation
inequalities may be transient on athlete development. Based on
examining Candian ice-hockey players entering the professional
NHL draft (aged 18-20), Deaner etal., 2 initially identified a typical
RAE with 36% and 14.5%being relatively olderand younger respec-
tively. However, the relatively younger actually went on to play
in 20% of all NHL games played by the sample and were twice as
likely to attain career benchmarks (i.e., 400-600+ games played).
The relatively older were less likely to play a single NHL game and
underperformed given their draft overrepresentation. Similarly, in
UK Rugby League, the likelihood of attaining a professional con-
tract at 18+ years old was associated with being relatively younger
and later maturing. In their longitudinally data, it was identified
that by 15-16+ years old later maturing players ‘caught-up’ with
their early maturing counterparts on performance measures>6-28
illustrating transient patterns. That said, evidence of these tran-
sient patterns is still limited and explanatory mechanisms remain
speculative. Thus, identifying RAE transiency is significant with
important implications for sport systems, their practitioners and
athletes.

As anindividual sport context with high physiologicaldemands,
competitive swimming hasreceived limited RAE examination,?%-30
yet RAE prevalence can be hypothesised. Relative age and mat-
uration relate to physical (e.g., VO,max; upper and lower body
strength) and anthropometric (e.g., height, lean mass) devel-
opment and these characteristics predict performance.?>3! The
influence of relative age and maturation on performance can also
be isolated as other extraneous or confounding inter-athlete fac-
tors are not present (e.g., coach selection, team interaction).!22>
Further at many swimming events, there are often sex-specific
age-groups spanning junior and youth ages (e.g. 12-18 years old),
divided according to stroke (e.g., freestyle; breaststroke) and dis-
tances (50 m & 400m). Therefore, whilst recognising performance
requirements in these events, an examination of transient RAE par-
ticipation patterns is feasible.

In Australia, swimming is culturally iconic and one of the
most popular individual sporting and leisure activities. Twenty-
eight-thirty percent of all children and 14-16% of all adults are

estimated to participate at some level.?? Swimming Australia (the
National sporting organisation) contains nearly 1000 swimming
clubs and 90,000 registered members>? reflecting participation
from grassroots community to the elite National team. Connect-
ing participation to competition, Swimming Australia has a junior
and youth competition structure spanning states and territories
reflecting regional or statelevel competition. The culmination and
pinnacleof junior competition arethe Nationalage Championships.
It is in this latter context that the current study resides. Based
on a substantial data-set tracking 14 years of participation at the
Nationalage Championships, the purpose of this study was todeter-
mine the prevalence, magnitude and transient patterning of RAEs
according to sex and four stroke events (i.e., Freestyle — 50m
& 400m; Breastroke — 100m & 200 m) within and across Aus-
tralian Swimming age-group competition. If RAE patterns were
identified, we rationalised findings held potentially significant and
wide-ranging implications for Swimming Australia and their ath-
lete development system.

2. Methods

Following institutional ethical approval, participants were
N=6014 unique male (n=3185) and female (n =2829) male and
female swimmers (aged 12-18 years). These swimmers had com-
peted in either specific or multiple swimming stroke events at
the Australian National age Championships between 2000-2014
(inclusive). Multiple years of cross-sectional data were examined
to increase participant numbers in the sampling frame and to cap-
ture an accurate representative accountof participation trends over
time. To participate at the championships, swimmers have to be
12-18 years old, and whether competing in ‘heats’ only or ‘finals’
for a given stroke and distance, participation reflected the fastest
qualification times in Australia for a given year. Respective age-
groups were determined by the swimmer’s age on the first day
of the annual championship event, with cut-off dates marginally
changing eachyear (often early April). For example,in the year2000
the cut-off date was 10th April while in 2014 it was 14th April.

In this study, data pertaining to Freestyle (50 m & 400m) and
Breaststroke (100m & 200 m) were examined to reflect a sampling
frame acknowledging between stroke and within stroke factors.
Freestyle was sampled asitis considered to bethe fastest ofthe four
strokes, while Breaststroke is regarded as the slowest.>*3> Due to
mechanical and drag differences associated with these strokes®
they are also associated with different energetic requirements3’
and which interact with distance. Thus, two different distances for
each stroke were examined. However, as we wanted to examine
RAE trends across males and female and across multiple years of
annualChampionships, constraintsrelated to strokedistances sam-
pled were apparent. As the National Age Championships mimics
theOlympic event schedule,the 50m and 400 m Freestylereflected
the shortest and longest distances where both sexes participated
and permitted an assessment as to whether physiological factors
attenuated RAE trends. However, equivalent distances in Breast-
stroke were not available, and the 100m and 200 m were the only
events available. That said, these sampled stroke events didreflect
the most competitive (i.e., higher participation numbers) in the
Championship schedule and were considered informative for ath-
lete evaluation and selection purposes.

In collaboration with Swimming Australia, participation data
associated with the National age Championships was retrieved
from two secure databases (i.e., ‘Team Manager’ and ‘Event Man-
ager’) by two employees. Data was then systematically screened
for data entry errors, with multiple identified and corrected. Data
entry accuracy was also randomly checkedwith coaches andformer
participating athletes. Screening checked that only one participant






S. Cobley et al. /Journal of Science and Medicine in Sport21 (2018) 839-845 841

entry was permitted for a given stroke and distance per year. In
other words, multiple registering for heats and a final in one stroke
and distance were removed. If a participant competed in another
stroke, distance or year of the Championship the entry remained
as strokes were examined independently. An anonymised dataset
containing only swimmer date of birth, sex, year of Championship
event, date applied for annual age group cut-offs, age-group, swim-
ming stroke and distance, date of performance and performance
time was then transferred for further analysis.

To confirm RAEs were not associated with broader population
birth patterns, the number and distribution of births in the Aus-
tralian population were examined. Monthly live birth data was
accessed from the Australian Bureau of Statistics.>® Mean monthly
birth ratesin Australia from 1981-2001, coinciding with the month
and birth years of swimmers, were extracted. Considering the
specific and marginally altering annual dates used for age-group
cut-offs at the age Championships (i.e., early April), wider popula-
tion birth distributions were grouped from April 1st into quartiles.
Across the sampling period, 5,253,444 live births occurred
and were evenly distributed (i.e., Ql: April-Jun=24.89%; Q2:
July-Sept=25.02%; Q3: Oct-Dec =25.56%; Q4: Jan-Mar=24.53%,
w=0.01). For data analysis purposes, the finding suggests that a
theoretically equal distribution of participants could be expected.
Secondly, if RAEs were identified, they were unlikely to be asso-
ciated with broader population trends and more likely associated
with processes within the swimming system.

For both male and females in age-groups (i.e., 12-18 years)
and according to each of the four identified strokes examined,
Chi-square tests were initially deployed across relative age quar-
tiles (i.e., Q1-Q4) to determine differences between observed
and normatively expected distributions. Post hoc tests, using
Cramer’s V, identified the magnitude of effect size between
Q1 and Q4 frequency counts. Magnitude estimates ranging
between 0.06< V<0.17 were used to indicate a small effect size,
0.17 <V<0.29a medium effect, and, V >0.29 a large effect size.>° In
addition, Odds Ratios (OR) and matching 95% Confidence Intervals
(CI) between quartiles (i.e., Q1 vs. Q4; Q2 vs. Q4;Q3 vs.Q4)provided
a common risk indicator of effect size. OR estimates and accompa-
nying CI's >1 identified an oddsincrease in favour of Q1, while OR’s
and CI's below 0 indicated a riskreduction with Q4’s more likely to
be participating. Q4 swimmers were used as the referent group in
all quartile comparisons.

3. Results

Table 1 summarises relative age (quartile) distributions, Chi-
square, effect size estimation and categorization, as well as Odds
Ratio analyses for male participants according to stroke, distance
and age-group. Results identified that regardless of event exam-
ined, RAEs were particularly prevalent in the 12-14 years old age
groups with large-medium effect sizesrespectively. Across strokes,
Q1 vs. Q4 OR’s identified that at 12 years old, the relatively older
were between 8.00-23.50 times more likely to participate than the
relatively younger. Thereafter, while RAEs remained, they reduced
in effect size with age across strokes and distances (i.e., 13 years
old — Q1 vs. Q4 OR range =2.05-2.92; 14 years=1.77-2.29). By
15 (200 m Breaststroke) or 16 years (400m Freestyle & 100 m
Freestyle) and often around the peak of participant numbers at
the Championships, RAE related inequalities dissipated (except for
50 m Freestyle where typical RAEs remained). Of particular note
however, by 17-18 years of age descriptive inverse RAE patterns
had emerged (e.g., see 400 m Freestyle — Q4> Q1). Supplementary
material 1a& b and 2a & b provides a visual summary of RAEs tran-
siency across age-groups in male Freestyle (50 m and 400 m) and
Breaststroke (100m & 200 m) respectively.

Table 2 summarises data related to female participants accord-
ing to stroke, distance and age-group. Results identified that typical
RAEs were prevalent in the 12-13 years old age groups with large-
medium effect sizesrespectively. In 50 m Freestyle,significant RAE
discrepancies remained until 15 years of age. Specific OR com-
parisons were also in alignment, identifying regardless of stroke
OR’s between 4.00-9.00 in Q1 vs. Q4 comparisons at 12 years old,
reducing linearly to approximately 1.10-1.39 by 14 years of age.
By 15 years of age typical RAEs either had small effect sizes (50 m
Freestyle), had dissipated (e.g., 100m & 200 m Breaststroke) or
descriptive inverse RAE patterns had emerged (400 m Freestyle).At
16 and 17 stroke specific trends emerged, though distributions all
progressively moved toward favouring the relatively younger (e.g.,
200 mBreaststroke). By 17and 18 in the 400 m Freestyle, significant
inverse RAE patterns were evident with small-medium effect sizes.
Q1 vs. Q4 comparisons identified the relatively older as potentially
being 68% less likely to competein the 18-year-old 400 m Freestyle
(95% C10.11-0.92). Transiency toward overrepresentation in rela-
tively younger swimmers was also supported by significant trends
in Breaststroke (100m and 200m) at 18 years of age. Fig. 1a & b
provides visual summary of transient RAEs across age-groups in
female Freestyle (50 m and 400 m), while Supplementary material
3a & b graphically summarises data related to Breaststroke (100 m
& 200m).

4. Discussion

The purpose of the present study was to determine the
prevalence, magnitude and transient patterning of RAEs across
Australian National level age-group competition according to sex
and stroke (distance). Findings identified that regardless of swim-
ming stroke examined, consistent RAEs with large-medium effect
sizes were apparent for males at 12-15 years of age, and with
large-medium effects for females at 12-14. Again irrespective of
stroke and distance, RAE magnitude then consistently and progres-
sively reduced with age-group (Q1 vs. Q4 OR range — 14-year-old
male =1.77-2.29; female =1.10-1.39) so that by 15-16 years (with
a few notable exceptions) RAEs were typically absent or minimal.
However, by 17-18 years, descriptive and significant inverse RAEs
had emerged, reflecting over representations of relatively younger
swimmers in National level swimming and at a time point close to
senior (adult) competition transition.

Efficacy for present findings is reinforced by the examination
of 14 years of annual competition participation data at all age-
groups of the National age Championships. From within the dataset,
Freestyle (50 m & 400m) and Breaststroke (100 m & 200 m) events
were sampled, and a standard analytical approach applied to aid
comprehensive analysis. Present findings add to existing literature
in several ways. They highlight (i) how RAE effect sizes in earlier
age groupsare transient, reducing and potentially reversing at later
age stages; (ii) examine RAE prevalenceinan under-examinedindi-
vidual sport context; and (iii) identify similar RAE prevalence and
magnitudes in female swimming events, adding to limited data
available related to female sport contexts.!

Present findings also indirectly support the ‘maturation-
selection hypothesis’'!'1?20 of RAEs. Historically speaking, swim-
ming has been synonymous with ‘earlier age’ athlete development
programmes, ‘early specialisation’ practices (e.g., high intensive
training loads) and tiers of selection and representation during
ages associatedwith growth and maturation (males12-15; females
11-14).13 On this basis, it perhaps less surprising that the relatively
older and/or ‘early maturing’ have benefitted from anthropomet-
ricand physicaladvantages underpinning performance, accounting
for theirover-representation in corresponding age-groups. Support
is also gained from the consistency in transient patterns between
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(a) Female 50m Freestyle
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(b) Female 400m Freestyle
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Fig.1. (a&b) A graphical summary of female participants competingin the 50 m (a) & 400m (b) Freestyle at the National Swimming Championships(2000-2014 inclusive)

according to annual age group and quartile.

males and females. As maturation occurs chronologically earlier
in females, transient RAEs did appear to initiate and reverse ear-
lier than males (i.e., 1year); andinverse RAEs observed in females
appear more sustained and advanced at 17-18 years. The excep-
tion relates to 50m Freestyle where physical strength and power
demands may still associate with relative age and/or earlier matur-
ing advantages.

Present findings support recent studies highlighting how rela-
tively younger and later maturing athletes actually may be more
likely to go onto to attain senior adult success. The dissipation
of RAEs and emergence of over representations of the relatively
younger toward the latter years of junior age Championships (i.e.,
17-18 years of age) coheres with studies examining who attained
professional contracts beyond 18 years of age?7-28 and who expe-
rienced relatively more career success beyond draft selections.?”
While the exact processes and mechanisms accounting for these
changes remain speculative, we suspect that multiple interact-
ing factors are involved. Adhering to the maturation-selection
hypothesis, the equalisingof RAEs at 15-16 years aligns with attain-
ment (or passing) of peak height velocity in maturation as well as
increased anthropometric and physical development in the later
maturing. Anthropometricand physical disadvantages in the rela-
tively younger, possibly offset by high technical competency, may
be nullified (or overtaken) leading to performance advantages at
later time points. In parallel, psychological perceptions and beliefs
may change. Growing competence and confidence may occur with
biological transiency; while similar constructs may be undermined
in the relatively older and/or early maturing, due to comparatively
lesser performance development over a similar time period. What-
everthe processes involved, (ir)rational biases in coaching selection
were notresponsible?° in this context, as participation at the Cham-
pionships was determined by individual performance qualification
times.

Finally, in addition to transient RAEs patterns, transient partic-
ipation patterns were also apparent at the Championships. Whilst
acknowledging that small performance variations (and manyother
factors; e.g., injury) can account for (non-)participation at the
national age-championships, our data highlighted that regardless
of sexina givenstroke event,the composition ofrelative age groups
(Q1 & Q4) also changed with age-group. Put another way and to
exemplify, of the relatively older or younger swimmers present
at a Championship at 13 years old, only 50-60% participated at
the same event the following year. These figures then linearly

diminished each year to 5-8% four years later. Correspondingly,
of those participating at 18 years of age, 60-70% participated the
previous year, reducing to 12-26% four years earlier. From a sport
system and athlete development perspective, these observations
further question the significance of earlier age-groups particularly
when confounded by growth and maturation, and their potential
relationship with detrimental outcomes (e.g., dropout and sport
withdrawal). Findings point toward greater relevance of later age-
groups with closer proximity to senior adult transition. Considered
together, transient RAEs and transient participation in National
level junior swimmers highlight several implications for sport sys-
tems, athlete development programmes and their practitioners.

5. Conclusion

As highlighted by RAEs across and within junior age swimming,
performance advantages from relative age and thereby growth
and potentially maturation are transient. Regardless of sex or
stroke (and distance) examined, typical RAEs were highly preva-
lent with large-medium effects sizes in earlier age-groups (e.g.,
12-14 years old).RAE magnitude reduced with age group, and pre-
dominantly were diminished by 16 years of age. By 17-18 years
of age descriptive and significant inverse RAEs were apparent.
Greater consideration of RAEs as well as growth and maturation
is necessary to minimise their impacton participation and athlete
development systems.

Practical implications

¢ The influence of relative agein representative swimming is tran-
sient. While relatively older are more likely to achieve National
swimming qualification standards and participate in National
Championships in junior developmental years, the relatively
younger are equally or more likely to attain similar outcomes
after 16 years of age.

¢ Athlete development systems, youth competition structures and
models of coaching in swimming (and other sport contexts) need
to consider and account for the relatively younger and later devel-
opment trajectories of youth athletes.

* To help remove RAEs and prevent growth and development
from influencing local-National level participation sports orga-
nizations are encouraged to revise the purpose and emphasis of
their programmes according to developmental stages; consid-
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ering strategies to delay athlete selection and differentiation to
improve validity.
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