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Abstract Recognizing the impact of the relative age
effect (RAE) in talent selection can help ensure a more
equitable and effective athlete development pathway. This
study examined the prevalence of the RAE and its potential
influences on critical anthropometric and swimming
performance metrics in a cohort of talented adolescent
athletes participating in the Hellenic Swimming Federation
program. The presence of the place of early development
effect was also explored. The sample consisted of 129 male
and female swimmers born in 2008 (males, n = 24; females,
n = 26) and 2009 (males, n = 41; females, n = 36) during
the 2022 annual talent meeting. According to the results,
evidence for the prevalence of the RAE for the 14-year-old
male participants born in the first quarter (19.4%) and both
male and female participants aged 13 (29.2 and 29.0% for
male and female swimmers respectively), also born in the
first quarter was observed. The impact of the RAE on 50 m
and 400 m swimming performance was apparent only in
male swimmers (p<.05). The anthropometric variables
examined did not exhibit a significant impact of the RAE,

on either gender, with the exception of sitting height in
female participants aged 13. Moreover, the swimmers’
representation in the national talent program was
influenced by their place of early development, with
smaller regions exhibiting higher talent participation.
These findings highlight the importance of strategies to
mitigate the impact of the RAE and ensure equal access to
training resources for all swimmers regardless of their
early development location.

Keywords Birthdate Effect, Place of Early
Development, Sports Performance, Talent Development,
Youth Swimming

1. Introduction

The diverse pathways for talented athletes developed by
different countries usually reflect cultural values,
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socioeconomic conditions, and resource availability [1].
For instance, some nations may prioritize early
specialization in sports, while others might encourage
broader athletic participation before narrowing focus. The
Hellenic Swimming Federation development program
begins at age 11. The Federation generally encourages
swim coaches to delay swimming stroke and distance
specialization (i.e., sprint and middle distance), except for
the 1500 m event, until age 15. Athletes are selected
based on the best performance criteria (performance time)
within their age group. For girls, the age categories are 12,
13, and 14 years, while for boys they are 13, 14, and 15
years. Initially, 250 to 300 athletes across Greece are
selected annually. They are monitored by a scientific team
that conducts physical assessments and organizes
meetings to develop their athletic character, deepen their
understanding of training principles, and explore
psychological factors that may promote swimming
excellence. Following the final age-group selection,
athletes who excel in international competitions are
included in the national swimming team of the Hellenic

Swimming Federation. ) )
Identifying and developing talented athletes in

swimming requires an understanding of multifactorial
influences, including the relative age effect (RAE) and
environmental factors such as the place of early
development. The RAE refers to the systematic advantage
observed among athletes born earlier in the selection year,
impacting physical and psychological development and
competition outcomes [2]. In swimming, which heavily
relies on anthropometric and physiological attributes, the
RAE has been shown to influence the development of
young athletes’ motor skills, muscular fitness,
anthropometric and maturity-related characteristics [3],
and long-term performance trajectories [2]. Hence,
swimmers who are relatively older (i.e., born closer to the
beginning of the selection cut-off date) tend to have a
competitive edge over their peers and are often
overrepresented in the early stages of development [3, 4].
In any case, previous studies have reported on the RAE in
participants in national championships of different
countries including for instance, the Czech Republic,
Brazil, France, and Portugal [5, 6, 7, 8], with

contradictory results. ) L
The environment in which an athlete is raised impacts

physical training resources and psychosocial elements
including parental support, peer influence, and cultural
expectations surrounding sports participation. Additionally,
differences in regional demographics, including climate
and population density, have been shown to shape physical
activity habits and early sports participation [9]. These
variations may manifest in access to year-round training or
exposure to competitive environments, further impacting
the athletes’ long-term success [10]. An encouraging
environment that promotes motivation, goal-setting, and
resilience can greatly influence an athlete's chance of
success despite potential disadvantages associated with
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their relative age or geographical location [11].
Socioeconomic factors can also significantly influence
access to private coaching, specialized training programs,
and high-quality facilities, often resulting in disparities in
opportunities among young swimmers due to financial
constraints [12]. Importantly, previous studies analyzing
professional swim coaches' perceptions in national [13] and
international contexts [14] reported a significant level of
awareness and understanding of these issues.

Despite the growing recognition of the RAE and
environmental factors such as the place of early
development, there is limited research examining their
combined impact on anthropometric characteristics and
swimming performance in young talented swimmers
without addressing their potential cumulative influence.
Notably, only the recent study by Morganti et al. [15] has
examined birth advantages in the annual Italian national
age-group competition. Moreover, in the review study by
Lorenzo-Calvo et al. [16] on RAE prevalence in
competitive swimming performance, only six studies were
analyzed, which, according to the authors, “may limit the
generalizability and extrapolation of the findings”. Hence,
the present study aimed to contribute further insights on
RAE prevalence and potential influences on key
anthropometric and swimming performance metrics in a
cohort of talented adolescent athletes of both genders in the
Hellenic Swimming Federation program. The place of
early development effect was also explored. Based on the
existing evidence, we hypothesized that swimmers born
earlier in the selection year will exhibit superior
anthropometric profiles and swimming performance times
than their later-born peers. We further hypothesized that
swimmers from regions with better access to training
resources and facilities are more likely to win a place in the
national talent program. By addressing the RAE and the
place of early development together, this study aimed to
provide a better understanding of how age-related and
environmental factors influence youth talent development
in competitive swimming.

2. Materials and Methods

2.1. Participants

The research sample consisted of 129 Greek male and
female swimmers born in 2008 (males, n = 24; females, n
= 26) and 2009 (males, n = 41; females, n = 36). The data
were derived during the 2022 annual talent meeting held in
six different regions of Greece in March and April. As the
data derived for this study were not publicly available, the
Hellenic Swimming Federation approved the publication of
the available data (approval no. 851/24-01-2024).
Additionally, a data transfer agreement was drafted and
signed to outline the conditions for data sharing between
the federation and the corresponding author’s university,
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ensuring strict confidentiality and legal compliance. A
research assistant, also assigned as the development
manager of the Hellenic Swimming Federation, was
present during all data collection. Participant informed
consent was not required, as all measures were part of the
regular Hellenic Swimming Federation selection process
and not classified as research. In any case, this is a common
procedure as all evaluations were non-invasive, while they
were clearly explained by the swimmers’ coaches,
including all processes and purposes.

2.2. Procedures

The same procedure was followed during these meetings
in all six regions. Each session began with an
anthropometric assessment. A standardized dry-land
warm-up routine (activation and ballistic-type exercises of
approximately 15 minutes) was followed by an in-water
warm-up consisting of self-paced swims, drills, and
maximum ultra-short efforts (e.g., 15m) before performing
a maximum 400m test (T400), with the front-crawl
technique. These drills were based on a previous study on
Greek coaches’ analyzing their warm-up practices for the
50 and 400m events [17]. After this, there was a 40-minute
interval in which the participants had the chance to discuss
stress reduction strategies and imagery techniques with an
exercise physiologist. Finally, after a short (~10min)
individual warm-up, the participants entered the pool again
for the 50m front-crawl test (T50). Both swimming tests
were conducted in indoor 50m pools in all regions, initiated
with an in-water start. Performance times were measured
with commercial stopwatches.

2.3. Statistical Analysis

Statistical analyses were performed using the SPSS
statistical package (v.28.0). The relationship between the
swimmers’ age quarters (Qage) and the dependent
variables (body weight, height, sitting height, arm span,
shoulders breadth, 50 and 400m swimming performance)
was analyzed by dividing each group age into four quarters.
Thus, athletes born in 2008 and 2009 were divided as
follows: Jan-March 2008: Q1-08, April-June 2008: Q2-08,
July-September 2008: Q3-08, October-December 2008:
Q4-08, Jan-March 2009: Q1-09, April-June 2009: Q2-09,
July-September 2009: Q3-09 October-December 2009:
Q4-09. This segmentation aimed to explore whether the age
quarter distribution affects the dependent variables. For the
statistical analysis, we employed a multivariate approach
that satisfied the assumption of normality (one-way
MANOVA). Wilks' Lambda (A) was employed to assess
the multivariate effects of age on dependent variables.
Effect sizes were calculated using Partial Eta-Squared (;n?),
which indicates the proportion of variance attributable to
age after controlling for other factors. Effect sizes were
interpreted following Cohen’s guidelines [18]. The
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adjusted R-squared (agjR3 was used to assess the goodness
of fit of the model, accounting for the number of predictors
included. This measure provides a more robust evaluation
of model performance by penalizing overfitting. Post-hoc
analysis with Bonferroni correction for normal distribution
or Tamhane’s correction for non-normal distribution was
used. For variables that did not meet the criterion of
normality, the Kruskal-Wallis test was applied to maintain
the validity of the analysis. The significance level was set
at p<0.05.

3. Results

3.1. Age Quarters and Participant Percentages

The results showed that female swimmers had a higher
percentage of participants in Q1-08 (19.4%) than male
swimmers (7.7%). In Q2-08 there were more male (13.8%)
than female swimmers (11.3%), while in Q3-08 male
athletes numbered 9.2% and female athletes 6.5%.
Participants in Q4-08 presented an almost equal percentage
between the two genders (6.2 and 6.5% for male and female
swimmers, respectively). Regarding the participants born
in 2009, there were almost equal numbers of male and
female swimmers in Q1-09 (29.2 and 29.0% respectively).
In Q2-09, there was a higher proportion of male compared
to female swimmers, 12.3% versus 11.3%. In Q3-09 male
swimmers accounted for 16.9% compared to female
(11.3%). Finally, the number of participants was almost
equal in Q4-09 (4.6 vs. 4.8% for male and female
swimmers respectively). This information is shown in
Figure 1.

3.2. Prevalence of Relative Age Effect in Male
Swimmers

The relative age effect significantly influenced the
variables evaluated in the male participants (main effect)
[A=.039, F(49,90.729)=1.657, p=.019, n?=.371]. Follow-
up univariate tests showed a significant effect of Qage on
T50 [F(7,23)=4.204, p=.004, m?=.561, aqR?=.238] and
T400 [F(7,23)=3.376, p=.013, ;n?=.507, agjR?=.357]. Post
hoc analysis with Bonferroni correction showed no
statistically significant differences among the groups for
50m (p > .05). This suggests that while the overall
variability among groups is unlikely due to chance, no
single pair of groups showed a sufficiently large difference
to remain significant after correction for multiple
comparisons. This may be due to conservative adjustment
methods, modest effect sizes, or limited statistical power in
the pairwise tests. However, Tamhane’s correction for the
400m showed significant differences between groups
Q3-09 and Q4-09 (md=15.28, p<.05). There was no
significant effect of Qage on body weight, height, sitting
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height, and shoulder breadth. Non-parametric tests
(Kruskal-Wallis) were used for arm span, showing a
statistically significant effect of Qage [H(7)=29.685;
p<.001]. The pairwise comparison showed no significant
differences between all age quarters in both age groups
(p>.05) (Table 1).

3.3. Prevalence of Relative Age Effect in Female
Swimmers

The RAE did not significantly influence the variables
evaluated in the female participants (main effect). Non-
parametric tests were used for arm span, shoulder breadth,
weight, sitting height, and 400m swimming performance.
Kruskal-Wallis showed a significant effect of Qage on
sitting height [H(7)=15.659; p<.05]. The pairwise
comparison revealed significant differences between the

Q2-08 and Q3-08 groups (md=.85, p<.01) as well as
between Q1-08 and Q3-08 (md=-96.85, p<.05). There was
no significant effect of Qage on arm span, shoulder breadth,
body weight, and 400m performance (Table 1).

3.4. Place of Early Development

Of the 13 regions of Greece, only six participated in the
national talent program. More specifically, Central Greece
(including the capital Athens) had 73 athletes, and Central
Macedonia participated with 13 swimmers. The rest of the
participants originated from the regions of Western
Macedonia (6 swimmers), Thessaly (7 swimmers), Eastern
Macedonia / Thrace (11 swimmers), and Crete (17
swimmers). However, when calculating the number of
participating swimmers per 100,000 population, the region
of Crete had the highest number of participants (Figure 2).

Number of participants (%)
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Figure 1. Percentage of male and female swimmers participating in the different quarters for both age groups (born in 2008 and 2009)
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Descriptive statistics and significance values for the variables tested in both genders and age groups

Age Quartiles (2008)

Age Quartiles (2009)

Table 1.

Variables F p
T50 (sec) 4.204 .004
T400 (sec) 3.376 013

Males

H p
Arm span (cm) 29.685 .000

H p
Females Sitting height (cm) 15.659 .032

Q1=28.81+.11

Q1=30.46+1.26

Q2=28.4840.75 Q2=30.24+1.84
Q3=28.0040.57 Q3=31.1741.71
Q4=29.7440.55 Q4=30.700.70

Q1=266.905.44

Q2=274.30+12.75
Q3=273.00£18.51
Q4=294.4020.98

Age Quartiles (2008)
Q1=178.9843.23
Q2=181.5347.68

Q3=180.6846.71
Q4=180.9045.14

Age Quartiles (2008)
*Q1=83.83+3.23
*Q2=181.53+7.68

*(3=180.686.71
Q4=180.9045.14

Q1=297.70+18.07

Q2=286.03+19.16
*(Q3=300.48:15.07
*Q4=285.20424.77

Age Quartiles (2009)

Q1=173.5247.00
Q2=167.8044.35
03=169.2745.28
Q4=169.93:+1.97

Age Quartiles (2009)
Q1=173.5247.00
Q2=167.80+44.35

03=169.2745.28
Q4=169.93:+1.97

Notes: *p<0.05 between age quarters. Only variables with a main effect are reported. Data are presented as mean +SD.
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Figure 2. Participants’ place of early development in the six regions where the national talent program was conducted, per 100,000 population

4. Discussion

4.1. Key Results in Summary

This study aimed to investigate the prevalence of the
RAE and its impact on critical anthropometric and
swimming performance measures in a group of adolescent
athletes in the Hellenic Swimming Federation talent

program. The place of early development of the
participants was also considered. The results did not
correspond with the study’s preliminary hypothesis, as
participants born earlier in the year did not demonstrate
significant anthropometric and swimming performance
differences. As an exception, the RAE influenced male
participants’ overall swimming performance. No
significant swimming performance differences between the



736

age quartiles were observed, except for Q3-09 and Q4-09
in T400 in male swimmers. On the other hand, the impact
of RAE was apparent only in the female participants, with
significant differences observed between the first three
quartiles of the older age group (born in 2008). Moreover,
the data analyzed revealed that smaller regions may exhibit
greater talent participation in a national talent program,
even though the absolute number of participants was higher.
The impact of the RAE was evident in the older male
swimming group (14 years old) born in the first age quarter
(19.4%), and more profoundly in both male and female
swimmers aged 13 (29.2 and 29% for male and female
swimmers, respectively), also born in the first age quarter.

4.2. Analysis of the Results

Partially, the results presented here can be discussed in
the context of the systematic review by Lorenzo-Calvo et
al., which reported that the RAE appears to correlate with
specific strength requirements, for instance, performance in
simultaneous strokes, and short events in swimming. In
parallel, the disparities in the impact of relative age on
swimming performance can be attributed to a combination
of biological, training [19], and psychological factors
[20,21]. Males typically experience more pronounced
physical development during puberty, leading to increased
muscle mass, strength, and endurance, which enhances
their performance advantages in speed and endurance tests,
such as those implemented here [22]. In this regard, while
physical maturity may provide some benefits, other factors
such as training quality, motivation, and competition
experience may play a more substantial role than initially
anticipated. Furthermore, coaching styles (autocratic or
transactional coaching) and social expectations may also
affect RAE manifestation in male and female athletes.
Males are often selected based on early physical dominance,
whereas females tend to be chosen for their technical skill
and frequently respond better to coaching that focuses on
development and individual support [23]. Costa et al. [8]
specify that in female swimmers the RAE becomes less
consistent with age, as favorable physical growth does not
align with hormonal development in terms of body
composition, muscle strength, and endurance. After the age
of 12, the RAE may still appear in some swimming events,
but this is likely influenced by factors other than biological
maturation, such as psychological aspects, training
experience, and competitive level [24]. At the same time,
previous evidence suggests that early-maturing female
swimmers may have a short-term advantage affecting front
crawl performance [25]. In any case, the age-grouping
system increases competition early, making training
experience a crucial factor for sporting advantage. A
month-long difference in training can significantly impact
performance, especially for younger swimmers.
Additionally, the quarterly variation in performance is less
evident in front-crawl events, which are consistently
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prioritized in training [8].

Although previous results may support the notion that
early-born athletes benefit from greater physical maturity
and developmental advantages, which may translate into
long-term success within a sport, cultural and structural
differences in training environments across countries can
influence the extent of the RAE [2], emphasizing the need
for region-specific interventions to promote equitable
opportunities for all athletes. According to our results, only
six out of thirteen regions of Greece participated in the
national talent program. Crete had the highest percentage
of participating swimmers in the national talent program
per 100,000 total residents. In this case, we should consider
the strong local swimming culture and emphasis on this
sport (Crete is the largest island in the country) as well as
the fact that the island's per capita income significantly
exceeds the Greek average. This suggests that smaller
communities may offer more individualized attention,
opportunities for earlier exposure to organized training, and
access to quality training facilities [26], while athletes from
these areas may also be more motivated and supported by
their local stakeholders. Furthermore, smaller regions may
foster tighter-knit support structures, with local clubs,
coaches, and schools collaborating to promote athletic
development [27]. For instance, research indicates that
athletes' early developmental environments significantly
influence their progression to elite levels. A study
examining Danish youth athletes found that proximity to
talent development clubs and optimal community sizes
were crucial factors in reaching elite status [28]. Consistent
with this, the study by Allison and Barranco [29] identified
associations between the socioeconomic status of the
community and the physical development, early skill
acquisition, and future career outcomes of professional
athletes. Additionally, a comprehensive review carried out
by Li et al. [1] revealed various environmental factors
essential for effective talent development in sports,
emphasizing the importance of supportive surroundings.
These studies collectively suggest that a combination of
environmental, socioeconomic, and psychological factors
can contribute to higher athlete representation from less
populated regions in national talent programs.
Understanding these regional disparities is key to designing
equitable talent development systems [30]. If smaller
regions consistently demonstrate higher representation, the
results presented here highlight the need to re-evaluate
talent identification processes in larger urban centers or
support mechanisms in underrepresented regions.

4.3. Strengths and Weaknesses

From a practical perspective, the findings suggest that
national federations, relevant stakeholders, and swim
coaches should consider implementing policies and
strategies to mitigate the effects of the RAE, as previously
described [31]. These will offer more accurate talent
identification processes, foster long-term athletic
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development, and ensure equal access to high-quality
coaching and facilities, while reducing potential dropout
rates among late-born swimmers. While this study
examined the prevalence of the RAE in early-born
participants of both genders in a national swimming talent
program and different chronological ages, measured in
different swim time trials, specific limitations should be
considered. First, data presenting long-term trends and
changes over consecutive years are missing on the
evaluated variables. With this in mind, future studies
examining the prevalence and impact of the RAE on
national talent programs should consider including
longitudinal measures to track swimmers’ progression over
time. Second, potential variations in the quality and
quantity of coaching and training programs may influence
outcomes, independent of the RAE. However, such
information is subjective, and hence difficult to evaluate.
Third, this study does not provide data on biological
maturation and socioeconomic background, which could
influence the variables examined. Future research should
control for these factors in order to gain a more
comprehensive understanding of talent development
pathways. Fourth, we acknowledge that the sample size is
relatively small and that there is a numerical imbalance
between male and female participants. These factors may
limit the generalizability of the findings, potentially
influencing the identification and interpretation of gender-
related effects, such as differences in RAE or performance
metrics. However, this reflects the actual composition of
the national federation’s talent program during the study
period, which had a limited number of participants as well
as a higher representation of male athletes. Finally, an in-
depth analysis of factors influencing swimming
performance and overall well-being during the critical
adolescent years including mental health measures and
drop-out rates could provide deeper insight into the
complex relative age effect phenomenon, not only in
swimming but also in other sports disciplines.

5. Conclusions

This study showed evidence for the prevalence of the
RAE in 14-year-old male participants born in the first
quarter and both male and female participants aged 13, also
born in the first quarter. Moreover, the impact of the RAE
on male swimmers during a maximal speed and aerobic
endurance time trial was revealed. Conversely, no similar
data for female swimmers’ performance were observed in
both age categories. The anthropometric variables
examined did not exhibit a significant impact of the RAE
on either gender. The exception was sitting height which
was affected in the female participants aged 14.
Furthermore, swimmers’ representation in the national
talent program was influenced by their place of early
development, with smaller regions exhibiting higher talent
participation.
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The findings presented here suggest that the selection
criteria currently applied may overlook equally talented yet
younger swimmers within the same age category. This has

significant implications for coaching and talent
development, highlighting the need for more
developmentally informed selection practices. Swim

coaches and national program administrators should
consider strategies aimed at reducing the effects of the RAE,
such as age-adjusted performance benchmarks, bio-
banding, and longitudinal tracking. These approaches,
together with classification based on biological age and
equal access to training resources for all swimmers,
irrespective of their birthdate or place of early development,
could help promote more equitable talent identification
processes. These biases must be addressed if all athletes are
to enjoy equal access to developmental opportunities and
long-term success in the sport.
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