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ABSTRACT

The Relative Age Effect (RAE) is a well-documented phenomenon that influences the development and
young athletes’ career trajectories, particularly in football. This study examines the impact of RAE on
the distribution and market value of U19 players in the top 10 UEFA-ranked countries since January
2024 Data were collected from Transfermarkt, analyzing players’ birth quarters using the Chi-Square
Goodness-of-Fit test, while market value differences were examined through ANOVA. The results
indicate a significant overrepresentation of players born in the first two quarters of the year, with a
corresponding underrepresentation in the final quarter. The findings reveal a significant
overrepresentation of players born in the first two quarters of the year, particularly in Germany, France,
and Turkey, while England exhibited a more balanced distribution. Furthermore, players born in the first
quarter commanded the highest market values, highlighting the long-term economic implications of RAE.
These findings underscore the need for ongoing efforts to address RAE in youth football development,
ensuring that talent identification and development practices are equitable and inclusive. By fostering a
more balanced environment, the football industry can better recognize and nurture potential across all
birth quarters, ultimately promoting fairness and diversity in the sport.
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UEFA SIRALAMASINDA UST SIRADA YER ALAN UITK_ELERDE BAGIL YAS ETKIiSiNIN OYUNCU
DAGILIMI VE PiYASA DEGERIi UZERINDEKI ETKISI

OzZET

Bagil Yas Etkisi (Relative Age Effect - RAE), dzellikle futbolda, geng sporcularin gelisim sureglerini ve
kariyer yonelimlerini etkileyen iyi belgelenmis bir fenomendir. Bu ¢alisma, Ocak 2024 itibariyla UEFA
siralamasinda ilk 10 sirada yer alan tlkelerde U19 futbolcularin dagihmi ve piyasa degerleri Gzerindeki
RAE etkisini incelemektedir. Veriler Transfermarkt platformundan elde edilmis; oyuncularin dogum
ceyreklerine gore dagilimlari Ki-Kare Goodness-of-Fit testi ile, piyasa degeri farklari ise ANOVA
analiziyle degerlendirilmigtir. Sonuglar, yilin ilk iki ¢eyreginde dodan oyuncularin anlamli dizeyde fazla
temsil edildigini ve son ¢eyrekte dogan oyuncularin ise énemli dlcide az temsil edildidini ortaya
koymustur. Ozellikle Aimanya, Fransa ve Tlrkiye'de bu dengesizlik belirgin bir sekilde gézlemlenirken,
ingiltere daha dengeli bir dagilim sergilemistir. Ayrica, yilin ilk ¢eyreginde dogan oyuncularin en yiiksek
piyasa degerine sahip oldugu belirlenmis ve bu durum, RAE’'nin uzun vadeli ekonomik etkilerine isaret
etmigstir. Elde edilen bulgular, geng futbolcu gelisiminde RAE’nin etkilerini azaltmaya ydnelik ¢abalarin
gerekliligini vurgulamakta ve yetenek segimi ile gelisim sureclerinin daha adil ve kapsayici bir sekilde
yurttilmesi gerektigini ortaya koymaktadir. Daha dengeli bir gelisim ortaminin saglanmasi, tim dodum
ceyreklerinden gelen potansiyel yeteneklerin taninmasi ve desteklenmesini mimkun kilacak, bdylece
futbolda adalet ve gesitliligin tesvik edilmesine katki saglayacaktir.
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1. INTRODUCTION

The development and valuation of young football players have long been focal points of interest for
clubs, agents, and researchers alike. The identification and nurturing of talent at young age are crucial,
not only for the individual careers of players but also for the financial and competitive success of football
clubs. As the global football market continues to grow, understanding the factors that influence the

emergence and market value of young talent becomes increasingly important.

One significant, yet often underexplored, factor that may influence a player's development and
subsequent market value is the timing of their birth within the selection year, a phenomenon known as
the Relative Age Effect (RAE). Research has consistently shown that players born earlier in the selection
year often enjoy physical and developmental advantages over their peers born later in the year, leading
to higher representation in elite youth sports (Gil et al., 2014; Helsen et al., 2012). These advantages,
which include superior physical maturity and cognitive skills, often translate into increased opportunities
for selection, development, and, ultimately, higher market values (Tonnessen et al., 2013). For instance,
Cabezon et al. (2024) demonstrated that RAE is evident in European women's professional soccer,
particularly among midfielders, suggesting that early-born players may be favored in talent selection
processes, potentially skewing the focus towards short-term performance over long-term talent
development.

The RAE has been observed in various sports, including football, where it has significant implications
for talent identification and development strategies. For example, Carling et al. (2009) discussed how
anthropometric and fitness characteristics in young football players are often influenced by RAE, with
relatively older players demonstrating superior physical profiles. Similarly, Mujika et al. (2009) found that
RAE can significantly impact a player's progression into professional football, often giving those born
earlier in the selection year a competitive edge. Heilmann et al. (2024) further found that while RAE is
significantly prominent among younger players in German youth soccer, its impact diminishes with age
and professional experience, suggesting a gradual reduction in selection biases as players advance in

their careers.

In addition to physical attributes, RAE has also been linked to psychological and sociological factors that
contribute to player success. Delorme et al. (2010) emphasized that the influence of RAE extends
beyond physical advantages, highlighting that relatively older players often develop higher levels of
confidence and self-efficacy, which are critical for success in competitive sports. This psychological
edge is reinforced by findings from Hirose (2009), who examined the relationship between birth-month
distribution and psychological traits, noting that relatively older players frequently exhibit greater
psychological resilience and social maturity, both of which are pivotal in high-stakes sports

environments.
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Moreover, the broader implications of RAE have been studied in various contexts within football. Huertas
et al. (2019) explored how RAE influences not only physical but also tactical development in young
footballers, suggesting that relatively older players may have an advantage in understanding and
executing complex tactical concepts. Additionally, Wattie et al. (2008) emphasized the need for a unified
understanding of RAE across different levels of competition, noting that the effects of RAE are not
uniform and can vary depending on the competitive environment. Supporting this, Gutierrez et al. (2010)
found that while RAE was prevalent in both elite and amateur Spanish soccer clubs, significant changes
in birth-date distribution were primarily observed within elite groups, indicating a nuanced evolution of
RAE over time. Furthermore, Musch and Hay (1999) provided robust evidence of RAE's presence
across diverse cultures and climates, establishing the cut-off date in youth soccer as the primary driver

behind the skewed birth date distributions observed in professional soccer worldwide.

Despite the well-documented effects of RAE in youth sports, its impact on the market valuation of football
players in elite European leagues has not been comprehensively studied. The UEFA rankings, which
serve as a benchmark for the most competitive football leagues in Europe, provide a fertile ground for
such an investigation. Analyzing the distribution of U19 players across birth quarters in these top leagues
offers insights into whether the RAE plays a significant role in the composition of young football talent.
Moreover, by examining the market values of these players, we can explore whether the advantages
associated with earlier birth dates extend to economic valuation within the highly competitive
environment of European football. Doncaster et al. (2024) highlighted that while RAE is prevalent among
U18 and U21 squads, it is less apparent at the senior level, suggesting that as players mature and
progress in their careers, the impact of RAE may diminish, although its presence in youth categories

indicates ongoing selection biases.

Interestingly, the effectiveness of targeted training programs, such as the F-MARC 11+ developed by
FIFA's Medical Assessment and Research Centre, has shown significant reductions in injury risk and
severity among soccer players, which could further influence player development and market value
(Grooms et al., 2017). This study, which demonstrated a 72% reduction in lower extremity injury risk
among collegiate male soccer athletes, highlights the critical role of tailored training programs in
enhancing player longevity and performance, factors that are undoubtedly linked to market value.
Additionally, the role of physical preparedness, particularly in terms of eccentric hamstring strength, has
been underscored by Opar et al. (2015), who found that low levels of eccentric hamstring strength
significantly increased the risk of future hamstring strain injuries, a factor that could adversely affect a
player’s career trajectory and market valuation. Furthermore, Ferndndez-Galvan et al. (2024) suggested
that the quarter of birth significantly influences physical condition variables in adolescents, which may
carry over into sports contexts where early-born individuals are more likely to excel, underscoring the

importance of physical conditioning in mitigating RAE-related disadvantages.
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This study aims to investigate the distribution of U19 players across the four birth quarters in the top 10
UEFA-ranked countries and to assess whether there are significant differences in their market values
based on their birth quarter. By employing statistical analyses, including the Chi-Square Goodness-of-
Fit test and Analysis of Variance (ANOVA), this research seeks to provide a comprehensive
understanding of how birth timing influences both the representation and valuation of young football
talent in Europe's premier leagues. Unlike previous studies that primarily focused on RAE’s influence
on player distribution, this study simultaneously addresses its economic consequences by integrating
market valuation analysis, thereby offering a more holistic and actionable perspective on youth football

inequalities.
2. METHODS
2.1. Data Collection

The data for this study were obtained from the Transfermarkt website in March 2024. This website is
widely recognized in the sports research community and has been utilized in numerous studies to
assess player performance, market value, and career trajectories (e.g., Locks et al., 2017; Niederer et
al., 2018; Peeters, 2018). The dataset includes detailed information on U19 players (19 years old and
under) from the top leagues of the top 10 ranked UEFA countries as of January 2024. The data collected
encompassed each player’s birth quarter, nationality, and market value in euros. The selection of the
top 10 UEFA countries was based on their rankings, ensuring that the analysis reflects the most

competitive leagues in Europe.
2.2. Study Design and Statistical Analysis

This study employed a series of statistical methods to explore the distribution of U19 players across
birth quarters and to assess whether there are significant differences in their market values by birth

quarter. The following statistical analyses were conducted:
2.2.1. Distribution analysis using chi-square goodness-of-fit test

The distribution of U19 players across the four birth quarters was analyzed using the Chi-Square
Goodness-of-Fit test. This non-parametric test was chosen to determine whether the observed
frequencies of players' birth quarters deviated from an expected uniform distribution. Initially, the Chi-
Square test was applied to the aggregate data for all players from the top 10 UEFA countries to assess
whether there was a significant difference in the distribution of players' birth quarters on a broader scale.
Subsequently, the Chi-Square test was performed for each of the top 10 UEFA countries individually.
This allowed for the identification of any country-specific deviations from a uniform distribution, providing
insights into whether certain countries exhibited a preference or bias towards players born in specific
quarters. The second stage of the analysis focused on evaluating differences in market values across
birth quarters, using ANOVA.
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2.2.2. Market value comparison using analysis of variance (ANOVA)

To investigate potential differences in market values across the birth quarters, an ANOVA was
employed. ANOVA is a parametric test used to compare the means of three or more independent
groups—in this case, the four birth quarters. This method was chosen because it is well-suited for
determining whether there are statistically significant differences between the average market values of

players born in different quarters.

The market values of players were first grouped according to their birth quarters. The ANOVA test was
then applied to compare the mean market values across these groups. This test assumes that the
market values are normally distributed and that the variances are equal across groups. To ensure the
validity of the ANOVA results, the assumptions were checked, and appropriate transformations or non-

parametric alternatives would be considered if necessary.
2.2.3. Statistical significance and software

For all statistical tests conducted, a significance level (alpha) of 0.05 was used. This threshold is
standard in social sciences and sports analytics, indicating that results with a p-value less than 0.05
would be considered statistically significant. All statistical analyses were performed using SPSS
(Statistical Package for the Social Sciences), a widely used software for data analysis in social sciences,

which ensured rigorous and accurate statistical testing.
2.3. Ethical Considerations

Ethical approval for this study was obtained from the University Scientific Research Ethics Committee
(Meeting No: 2024/11). The data used in this study were publicly available and did not involve any
intervention or interaction with human subjects. The information was anonymized, with no personal

identifiers being used.
3. RESULTS

The analysis began with the examination of the distribution of U19 players across birth quarters in the
top 10 UEFA countries. The Chi-Square Goodness-of-Fit test was applied to assess whether the

distribution of players' birth quarters was uniform across all four quarters.

The overall distribution analysis revealed significant deviations from a uniform distribution, indicating

that players were not evenly distributed across the birth quarters (Figure 1).
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Chi-Square Test: ¥ = 40.09, p < 0.0001
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Figure 1. Distribution of U19 Players by Birth Quarter in Top 10 UEFA Countries

Further, when the Chi-Square test was conducted at the country level, the results varied across the
different UEFA countries. Some countries displayed significant deviations from a uniform distribution,
while others did not, as detailed in Table 1 and Figure 2.

Table 1. Chi-Square Test Results for Birth Quarter Distribution of U19 Players Across Top 10 UEFA
Countries

Country Q1 Q2 Q3 Q4 Total x2>Value p-Value Sig.
England 13 12 12 12 49 0.061 0.996 No
Spain 8 18 10 5 41 9.049 0.029 Yes
Italy 16 19 7 12 54 6.000 0.112 No
Germany 16 30 12 10 68 14.353 0.002 Yes
France 23 28 12 15 78 8.256 0.041 Yes
Netherlands 29 31 29 20 109 2.670 0.445 No
Portugal 6 13 17 12 48 5.167 0.160 No
Belgium 24 32 26 19 101 3.436 0.329 No
Turkey 36 39 21 7 103 25.427 0.000 Yes
Scotland 5 10 6 7 28 2.000 0.572 No

Note: Q1, Q2, Q3, Q4: Number of U19 players born in each quarter, Total: Total number of players, x* Value: Chi-Square test
statistic, p-Value: Probability value from the Chi-Square test, Sig.: Significance of the test result (Yes if p < 0.05, otherwise No).
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Distribution of U19 Players by Birth Quarter in Top 10 UEFA Leagues
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Figure 2. Distribution of U19 Players by Birth Quarter in Top 10 UEFA Leagues. The figure illustrates
the percentage distribution of U19 football players across different birth quarters in the top 10 UEFA
leagues. The data is represented for each country, with birth quarters grouped as Q1 (January-March),
Q2 (April-dJune), Q3 (July-September), and Q4 (October-December). The red asterisks () above the
bars for Germany, France, Spain, and Turkey indicate statistically significant differences in birth
quarter distribution, with p < 0.05.*

Subsequently, the market values of players were compared across the four birth quarters. The Analysis
of Variance (ANOVA) test was performed to determine whether there were statistically significant
differences in the average market values between the birth quarters. The results indicated significant
differences in the mean market values, suggesting that the birth quarter had an impact on the players'

market valuations (Figure 3).
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Figure 3. Average Market Value of U19 Players by Birth Quarter Across Top 10 UEFA Countries

Figure 3 illustrates the average market value of U19 players in the top 10 UEFA countries, categorized
by their birth quarter. It visually highlights that players born in the first quarter (Q1) consistently have
higher market values compared to those born in subsequent quarters, particularly Q4, suggesting a
clear economic gradient aligned with birth timing. In addition to the aggregated analysis, market value
distributions by birth quarter varied across countries. For instance, in Germany and Turkey, where RAE
was statistically significant in player distribution, players born in Q1 had markedly higher market values
compared to those born in Q4. Conversely, in England—where distribution across quarters was more
balanced—market value differences were less pronounced, reinforcing the interplay between equitable

selection practices and economic outcomes.
4. DISCUSSION

The findings of this study provide compelling evidence of the ongoing influence of the Relative Age
Effect (RAE) in the top 10 UEFA-ranked countries. The distribution analysis revealed a significant
underrepresentation of players born in the final quarter of the year, a trend that has been consistently
documented in the literature and continues to persist in modern football (Gil et al., 2014; Helsen et al.,
2012). This underrepresentation suggests that players born later in the selection year face systemic

disadvantages that limit their opportunities for development and selection at elite levels.

Our analysis showed that the distribution of U19 players across birth quarters is not uniform, with a
notable concentration of players born in the first two quarters of the year. This distribution imbalance is

particularly pronounced in countries like Turkey, Germany, and France, where the Chi-Square test
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indicated significant deviations from a uniform distribution. These findings align with previous research
that has highlighted the competitive advantage held by relatively older players, who are often more
physically mature and thus more likely to be selected for elite training programs (Carling et al., 2009;
Tonnessen et al., 2013). Furthermore, Cabezén et al. (2024) found that RAE is evident in European
women's professional soccer, particularly among midfielders, indicating that similar selection biases may
be present in both men's and women's football, potentially leading to an unfocused selection of talent

that prioritizes short-term performance over long-term development.

Interestingly, our results also indicate that in some countries, such as England, the distribution of players
across birth quarters is more balanced. This study offers a novel contribution to the literature by
examining not only the distributional impact of the Relative Age Effect (RAE) but also its economic
implications through an integrated analytical framework. By analyzing both the birth quarter distribution
and market values of U19 players across the top 10 UEFA-ranked countries using Transfermarkt data,
it empirically demonstrates that RAE manifests at varying degrees across national contexts and
significantly influences player market valuation. This multidimensional approach provides a
comprehensive and policy-relevant perspective on both fairness in youth talent selection and the
dynamics of the football economy. This suggests that recent efforts to mitigate the effects of RAE,
possibly through more equitable selection and development practices, may be yielding positive results
in certain regions (Wattie et al., 2008). England's relatively balanced distribution could reflect an
increased awareness among coaches and scouts about the biases introduced by RAE and a deliberate
effort to ensure that talent identification processes are more inclusive of players born later in the year.
To further address these disparities, practical measures such as organizing U19 competitions in
separate groups based on birth quarters (e.g., Q1-Q2 and Q3—Q4) have been proposed in recent
literature. Such structural adjustments could help level the playing field by aligning competition more
closely with players’ developmental stages, thereby reducing the systemic advantages conferred by
early birth dates.

However, the persistence of RAE in other countries raises important questions about the efficacy of
existing youth development systems. In countries where the imbalance remains stark, the systemic
advantages conferred to relatively older players may result in the premature exclusion of talented
individuals who, despite their late birth dates, could have achieved success if given equal opportunities.
The continued prevalence of RAE in these countries suggests that further interventions are necessary
to create a more level playing field for all young players. As Heilmann et al. (2024) noted, while RAE is
significantly prominent among younger players in German youth soccer, its impact diminishes with age
and professional experience, suggesting that selection biases might be more pronounced in early stages

of player development and may decrease as players mature.

The analysis of market values further underscores the impact of RAE on players' professional

trajectories. Our findings revealed significant differences in the average market values of players based
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on their birth quarter, with players born in the first quarter commanding the highest market values. This
economic discrepancy emphasizes the long-term consequences of early-age advantages and suggests
that RAE contributes to structural inequality in football’s talent economy. This result is consistent with
the notion that players who are relatively older at the time of selection not only have more opportunities
for development but also achieve greater recognition and valuation in the marketplace (Jiménez & Pain,
2008; Mujika et al., 2009). The economic implications of this disparity are significant, as market value
plays a crucial role in a player's career prospects, influencing their transfer opportunities, contract

negotiations, and overall visibility in the football industry.

The fact that players born in the final quarter of the year continue to have the lowest market values
highlights the enduring nature of RAE in the professional valuation of athletes. This finding suggests
that even as players advance to the highest levels of competition, the disadvantages associated with
being born later in the year persist, affecting their perceived value and potentially limiting their career
opportunities. Hirose (2009) and Wattie et al. (2008) both pointed out that psychological and emotional
development might also be slower in these relatively younger players, which could compound the

challenges they face in achieving parity with their older peers.

Adding to this, Waldén et al. (2005) highlighted the increased risk of injury among younger players,
particularly those who might be physically less developed due to their later birth dates. This heightened
injury risk could further contribute to the lower market values and career instability observed among
players born in the final quarter. Injuries not only disrupt development but also diminish a player's

visibility and perceived value, thereby perpetuating the disadvantages associated with RAE.

Moreover, Vaeyens et al. (2005) found that RAE could also influence match performance and tactical
decisions, with relatively older players often being preferred in key positions, thereby receiving more
opportunities to demonstrate their abilities on the field. This preferential treatment exacerbates the
disparities in career progression and market value between players born in different quarters, as those
born later in the year are less likely to be selected for critical roles in matches, limiting their exposure
and potential for advancement. Additionally, Schorer et al. (2009) emphasized the complex interplay of
factors such as competition level, playing position, and handedness, which further modulate the
influence of RAE on the development and maintenance of athletic expertise, suggesting that the impact
of RAE extends beyond mere physical maturity and encompasses a broad range of contextual and
individual factors. Doncaster et al. (2024) supported this by showing that while RAE is prevalent among
U18 and U21 squads, it is less apparent at the senior level, suggesting that as players mature and
progress in their careers, the impact of RAE may diminish, although its presence in youth categories
indicates ongoing selection biases. From a policy perspective, these findings have important
implications for youth development programs and talent identification strategies across Europe. To
address the persistent effects of RAE, it may be necessary to implement more nuanced selection criteria

that account for the relative age of players, perhaps by grouping players according to physical and
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developmental maturity rather than strictly by chronological age. Additionally, the success of countries
like England in achieving a more balanced distribution of players across birth quarters could serve as a
model for other nations seeking to mitigate the effects of RAE.

Muscle development and physical conditioning, as explored by Bemben and Lamont (2005), could also
play a role in balancing these disparities. By focusing on tailored training regimens that enhance the
physical capacities of relatively younger players, youth academies could help bridge the gap between
older and younger players, making it possible for those born later in the year to compete on more equal
footing. Pareja-Blanco et al. (2017) demonstrated that a resistance-training program characterized by
low fatigue could improve neuromuscular performance, suggesting that similar approaches could be
particularly beneficial for younger players who may be at a developmental disadvantage due to RAE.
Furthermore, Styles et al. (2016) highlighted that even simple in-season strength training programs
could result in significant improvements in both maximal strength and short sprint performance,
underscoring the importance of incorporating strength training into the development programs of
younger players to help offset the physical disadvantages they may face due to RAE. Similarly, Timmins
et al. (2016) found that higher levels of eccentric knee flexor strength and longer biceps femoris fascicles
significantly reduced the risk of hamstring injuries in elite soccer players, emphasizing the importance
of targeted physical training in mitigating injury risks and enhancing long-term player development.
Additionally, Vincent and Glamser (2006) pointed out that while RAE is prevalent among male youth
soccer players, the effect is less pronounced in female players, suggesting that gender differences in

biological and maturational factors might influence the extent of RAE's impact in sports.

In conclusion, while some progress has been made in certain regions, the Relative Age Effect continues
to exert a significant influence on both the distribution and market value of young football players in
Europe's top leagues. Addressing this issue requires a concerted effort from all stakeholders involved
in youth football development, including clubs, coaches, and governing bodies. By fostering a more
equitable environment for player development, the football community can ensure that talent is

recognized and nurtured based on ability rather than the arbitrary factor of birth timing.
5. CONCLUSION

This study provides robust evidence that the Relative Age Effect (RAE) continues to significantly
influence both the distribution and market value of U19 football players across the top 10 UEFA-ranked
countries. The findings underscore a persistent imbalance in the birth dates of young players, with a
clear overrepresentation of those born in the first two quarters of the year and a corresponding
underrepresentation of those born in the final quarter. This imbalance not only affects the composition
of youth football talent but also extends to their economic valuation, with players born earlier in the year

commanding higher market values.
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The cross-country analysis revealed that while some nations, such as England, have made strides
towards mitigating the effects of RAE through more balanced player distributions, other countries,
including Turkey, Germany, and France, still exhibit significant deviations. These disparities highlight
the need for continued efforts to address the systemic biases that favor relatively older players, which

could result in the exclusion of equally talented individuals born later in the year.

Moreover, the analysis of market values demonstrated that the economic implications of RAE are far-
reaching. Players born in the earlier quarters of the year are not only more likely to be selected and
developed at elite levels, but they also enjoy higher market valuations, which can impact their career
trajectories and opportunities for advancement. This suggests that the advantages conferred by being
relatively older at the time of selection persist throughout a player's career, reinforcing the need for
interventions that promote fairness and equity in youth football development. The findings of this study
call for a re-evaluation of current talent identification and development practices within football
academies and clubs. To ensure that all young athletes have an equal opportunity to succeed,
regardless of their birth date, it is crucial to implement strategies that account for RAE in both selection
processes and training programs. This could include grouping players by developmental maturity rather
than chronological age or providing additional support to those born later in the year to help bridge the

physical and psychological gaps.

In conclusion, while some progress has been made in addressing the Relative Age Effect in certain
regions, it remains a pervasive issue that continues to shape the landscape of youth football in Europe.
By fostering a more equitable environment for player development, the football community can ensure
that talent is recognized and nurtured based on actual ability and potential, rather than age-related
advantages stemming from the athlete’s month of birth—an uncontrollable and arbitrary aspect of
current selection systems. By concurrently evaluating player distribution and market valuation, this study
advances the current understanding of RAE by exposing its dual impact on both equity in player
selection and economic opportunity, thus reinforcing the necessity for systemic reforms in youth football
development. Future research should continue to explore the long-term impacts of RAE and evaluate
the effectiveness of interventions designed to mitigate its effects, thereby contributing to a more inclusive

and just sporting world.
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