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Abstract

The objectives of this study were three: i) analyze the RAE of the elite soccer players who played in the FIFA World Cup between 1962 and 2022 for men and 1991
until 2023 for women; ii) check if there are differences between the distributions by date of birth of the players about the phase reached in the World Cup; iii) analyze
the RAE according to the different confederations. The differences between the observed and expected distributions were analyzed using the Chi-square adjustment
goodness test and Odds ratio. The dates of birth of 9.064 male athletes and 3.580 female athletes were evaluated. These findings are related to those of the present
study, where it has also been determined that there is a significant RAE for 11 of the 15 men's world championships and 7 of the nine women's world championships
analyzed that resulted in championships. As for the analysis by the teams that obtained a significant RAE, it was determined that of the 14 teams that have been
champions or runners-up in the men's and women's World Cups, only the teams of England for men and Norway, Sweden, and the United States for women turned
out to be significant for the champion. For the analysis of the RAE according to confederation, it has been determined that there is only two significant RAE for the

champion team (CONCACAF and CAF), three for the runner-up teams (AFC, CONCACAF and CAF) and three for the third place (AFC, CONCACAF, CONMEBOL).
Keywords: Birth quartile, relative age effect, football, sex differences.

Resumen

Los objetivos de este estudio fueron tres: i) analizar el RAE de los futbolistas de élite que disputaron la Copa Mundial de la FIFA entre 1962y 2022 para los hombres
y 1991 hasta 2023 para las mujeres; ii) comprobar si existen diferencias entre las distribuciones por fecha de nacimiento de los jugadores sobre la fase alcanzada en
la Copa Mundial; iii) analizar el RAE segun las diferentes confederaciones. Las diferencias entre las distribuciones observadas y esperadas se analizaron mediante la
prueba de bondad de ajuste Chi-cuadrado y Odds ratio. Se evaluaron las fechas de nacimiento de 9.064 atletas masculinos y 3.580 atletas femeninas. Estos resultados
estan relacionados con los del presente estudio, en el que también se ha determinado que existe un RAE significativo para 11 de los 15 campeonatos del mundo
masculinos y 7 de los 9 campeonatos del mundo femeninos analizados que resultaron campeones. En cuanto al andlisis seguin los equipos que obtuvieron un RAE
significativo, se determiné que de los 14 equipos que han sido campeones o subcampeones en los mundiales masculinos y femeninos, sélo los equipos de Inglaterra
para los hombres y Noruega, Suecia y Estados Unidos para las mujeres resultaron significativos para el campedn. Para el analisis del RAE segun confederacién, se
ha determinado que sélo hay dos RAE significativos para el equipo campedn (CONCACAF y CAF), tres para los equipos subcampeones (AFC, CONCACAF y CAF) y tres
para el tercer puesto (AFC, CONCACAF, CONMEBOL).

Palabras clave: Cuartil de nacimiento, efecto de la edad relativa, futbol, diferencias de sexo.
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Introduction

The study of the relative age effect (RAE) is a topic of study that generates great interest in the community of sports sciences
(Doyle & Bottomley, 2018; Huertas et al., 2019). It has been studied in recent decades, and in recent years, it has transcended
the barrier of a single sport such as soccer and has been applied to other sports (de la Rubia et al., 2020; de la Rubia et
al., 2021; Pino-Ortega et al., 2020; Smith et al., 2018) and particular contexts, as shown by the study on the bibliometric
analysis of the RAE in the last nine years, leaving even more field to explore (Becerra-Patifio et al., 2024). From the constant
search for elements and tools to obtain better results in sports, the RAE is known for its impact on the identification and
early selection of sports talents in childhood and youth stages (Avila-Martinez et al., 2024; Bilgic & Isin, 2023; Figueiredo et
al., 2022; Silva Junior et al., 2015), athletes are organized into groups according to their quarter of birth, these groups are
called quartiles (Q), according to the above, there are 4 groups of birth or remove them in a calendar year, the first goes
from January to March (Q1), the second from April to June (Q2), the third from July to September and the fourth and last goes
from October to December (Q4), the RAE argues that, athletes born in the first quartiles of the year (Q1-Q2), take advantage
of their temporal biological advantage over their peers born in the last quartiles of the year (Q3-Q4), giving rise to this well-
known phenomenon in sport (Agricola et al., 2024).

Historically, in soccer, players have been grouped by their year of birth (Musch & Grandin, 2001); however, despite the
apparent equality that this generates, the fact that within a calendar year, there are 12 months is forgotten, and between
one or several months there may be a significant difference about the biological maturation of the player (Teixeira et al.,
2022; Wattie et al., 2015), this in comparison with other players born in other months, mainly in the first of the year (Massa
etal., 2014). Players of the same chronological age vary substantially in the state of maturation at the time of being selected
(Pefia-Gonzélez et al., 2022); depending on the time of year, specific events occur in their development, generating that
some have better expressions of different physical abilities, such as strength, speed and endurance, (Romero-Garcia et al.,
2023), at first glance, a more portentous somatotype, that is, greater weight, height and muscle mass generates that the
final selection decisions are influenced by morphofunctional factors, those players who possess better physical abilities in
soccer are what prevail in the top teams in different age categories (Bujnovky et al., 2019), in addition to the above, the
study by Romann et al., (2020), mentions that even a small age difference of a few months could exert a significant effect
on the selection of talents.

The Relative Age Effect (RAE) was identified early on as a significant factor in the selection and progression of athletes.
One of the pioneering studies that conceptually addressed this phenomenon was developed by Barnsley et al. (1992), who
analyzed the birth dates of players from the 1990 World Cup in Italy, and the 1989 U-17 World Cup in Saudi Arabia and the
1989 U-20 World Cup in Scotland. The findings revealed a higher proportion of players born in the first half of the year,
this effect being particularly pronounced in the U-17 and U-20 categories, this underlines how the RAE plays a leading role
in the selection of players in the formative stages, where differences in maturation can decisively influence performance
opportunities (Ruscello et al., 2023), While RAE is well documented in youth sport due to selection biases based on physical
maturity, its persistence or evolution at the professional level is less clear, raising questions about the sustainability of these
initial advantages. The scientific literature has generated various findings showing the scope and limitations of RAE as players
progress to professional performance, recent studies, however, have identified complexities and some inconsistencies when
analyzing the effect of RAE at senior levels, it has been hypothesized that RAE could even generate a disadvantage for
some players in the long term and negatively affect professional success (Kelly et al., 2023). Furthermore, specific negative
implications for “relatively” young players in these categories have been pointed out, such as an increased dropout rate and
limitation of their selection opportunities (Bolckmans et al., 2023; Morganti et al., 2023), this suggests that, although RAE is
a dominant factor in youth selection, its dynamics and consequences are transformed in the context of professional soccer.
In addition, negative implications have been identified for "relatively" young players, such as the increase in the dropout
rate and the limitation of selection opportunities (Bolckmans et al., 2023; Morganti et al., 2023). This phenomenon has been
widely studied in male players in recent decades with solid results (Andrew et al., 2022; Helsen et al., 2012), however, in
the present study an unprecedented analysis is made, comparing the RAE with sex (male and female), sports outcome and
confederation, not to mention, that a large number of the investigations cited are descriptive and cross-sectional in nature,
contrary situation in the present study, whose nature is retrospective and longitudinal.
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On the other hand, research proposals, such as the one led by Bezuglov et al. (2023), show some relevant data, where
18,429 players were evaluated, 30.9% were born in the first trimester, 25.7% in the second, 23.8% in the third and 19.6%
in the fourth, thus, the number of players born in Q1 was lower in the less competitive leagues, and decreases, depending
on the quality of the competition, again contrary to the present research since it is developed in the contexts of the FIFA
World Cup with the best teams in the world.

It was observed that a high percentage of players born in Q1 are in the top 50 classified of UEFA and its ten best soccer
leagues, competing in the most prestigious (European) championships (Yague et al., 2018), where at the same time, the RAE
was less pronounced in the teams that participate in championships of lower competitive level.

Research related to the RAE in soccer has been developed in several countries, including Italy. Brustio et al. (2018)
identified that the distribution of the young people's birth dates showed an overrepresentation of athletes born in the first
semester of the year (quartile 1 = Q1 and quartile 2 = Q2). This trend is maintained, but to a lesser extent, in the senior
teams of Serie A. Concluding that, in the context of Italian football, relatively older players are more likely to be selected by
elite teams, added to this, in Spain, they show a precise percentage down of those born in Q4 concerning those born in Q1,
where at the end of the season a higher percentage of players born in Q1 of the year is observed in the teams with better
results at the end of the season (Yague et al., 2020; Yague et al., 2023). However, in Luxembourg, the birth data of 11377
youth football players, 396 players (3.48%), and 10,981 players (96.52%) of 103 football clubs of the Luxembourg Football
Federation were taken, concluding that the RAE is insignificant in Luxembourg youth football. The selection criteria for open-
door players can explain this applied in small countries, which can be considered an environmental limitation that reduces

the RAE (Simon et al., 2022), inviting the development of research related to this type of specific context and population.

A comparison has also been made between Europe and South America, seeking to reveal the effect and prevalence of
RAE in the two soccer contexts; 6,448 subjects from 225 teams were analyzed, 115 from UEFA and 110 from CONMEBOL,
according to the results presented, a highly significant relative age effect (RAE) is observed in the participation of soccer

players at the overall level and by confederations. In the overall analysis (“TOTAL"), the distribution of players by birth quartile

is significantly different from that expected by chance (y 2 =257.37, gl = 3, p < 0.001), with an effect size of 0.19, this
disparity is quantified in an Odds Ratio (OR) of 1.88 (95% CI: 1.70-2.09) when comparing the first quartile (Q1) to the fourth
quartile (Q4), indicating that players born in Q1 are almost twice as likely to be represented as those in Q4. When comparing
confederations, UEFA as well as CONMEBOL show a persistence of this phenomenon, for UEFA, the association is equally

significant ()(2 =94.94, gl =3, p <0.001), with an OR of 1.95 (95% CI: 1.76-2.17) for Q1 vs. Q4, suggesting that a player born in
the first trimester is approximately twice as likely to be selected as one from the last trimester, however, in CONMEBOL, the

OR is even more pronounced, presenting a highly significant association ()(2 =169.89, gl = 3, p < 0.001) and an OR of 2.47
(95% CI: 2.22-2.72) when comparing Q1 with Q4; meaning that in the South American context, soccer players born in the
first quartile are almost 2.5 times more likely to be included in the samples analyzed than those born in the fourth quartile,
highlighting an even greater effect magnitude in this region. These data underscore that SAR is not only a predominant
factor in soccer, but that its impact may vary geographically, requiring specific attention in sport development systems.

Even recent studies have studied the RAE on the Women's World Cup (Becerra-Patifio & Escorcia-Clavijo, 2023; Ribeiro
et al., 2024), finding that the effect is less significant in women, but due to the exponential development, it is essential to
supervise the talent selection and development program to prevent impacts that may arise as a result of the RAE, seeking
to generate an awareness process for coaches and technical staffs (Fuhre et al., 2022; Till & Baker, 2020), to avoid sport
desertion and, at the same time, guarantee equal opportunities for players (Hill & Sotiriadou, 2016; Leyhr et al., 2021).
However, in the selection process of male soccer players, there is a predominance of the RAE, as already mentioned studies
have proposed, when selecting a player based solely on his physical advantages, talents with technical, cognitive, creative,
and resolutive potential remain in the process, leaving excluded players with great talent (Calegari et al., 2023), therefore,
practical strategies such as the application of Biobanding (Lidin et al., 2022; Towlson & Cumming, 2022), or better known as
“biological banding grouping” in sport is an organizational strategy in youth sport that consists of grouping athletes based
on their biological maturation status (biological age) rather than their chronological age (date of birth), in addition to raising
awareness of professionals involved in the process of athlete identification, recruitment and development (Cumming et al.,
2017; Towlson et al., 2022) to mitigate the impact of RAE and promote fairer sporting environments.
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Given that perspective, the objectives of this study were three; i) analyze the RAE in the elite soccer players of the FIFA
World Cup between 1962 and 2022 for men and 1991 until 2023 for women,; ii) check if there are differences between the
distributions by date of birth of the players about the phase reached in the World Cup and iii) analyze the RAE according to
the different confederations. The central hypothesis of the present study considered that the RAE could vary in response to
gender, the final classification achieved, and the confederations to which the different football teams belong.

Material and Methods

Study Design

This research is retrospective and descriptive with a cross-sectional design (O'Donoghue, 2010).

Participants

Atotal of 9.064 male athletes and 3.580 female athletes (n = 12.644) were evaluated, corresponding to 88 participating teams
in 25 world tournaments (9 female and 16 male).

Protocol

The birth dates, playing positions, and national teams of the players who participated in the FIFAMen s World Cup from 1962
to 2022 and FIFA Women s Cup from 1991 to 2023 in their respective age categorie adult were collected from the official
FIFA website (https://www.fifa.com/womens-football/). The national teams were subdivided according to their continental
football confederations, including AFC - Asian Football Confederation in Asia and Australia, CAF - Confédération Africaine de
Football in Africa, CONCACAF - Confederation of North, Central America and Caribbean Association Football, CONMEBOL
- South American Football Confederation in South America, OFC - Oceania Football Confederation in Oceania, and UEFA -

Union of European Football Associations in Europe.

The birth months were grouped into different quartiles, where each quarter is represented by a quartile (Q). The quartile
distribution is referenced by months, so the first quartile represents the months between January (Q1), the second quartile
covers the months from April to June (Q2), the third quartile considers the months from July to September (Q3), and finally,
the fourth quartile represents the months from October to December (Q4) (Bezuglov et al., 2023). All data were recorded

in Microsoft® Excel for further analysis.

Statistical Analysis

The variables were recorded in two observation units based on the data from the World Cup. The birth date was recorded
for each player, and for each team, the match balance, points generated, and performance. The working variables included
the players' age at the start of the World Cup, birth quartile, matches played, matches won, matches drawn, matches lost,
total points, goals scored, goals conceded, goal difference, and performance, as well as the position achieved in the World
Cup. Characterization was made using frequency tables, measures of central tendency (mean and median), measures of
dispersion (standard deviation), and positional measures (extremes and quartiles). Two-way and three-way contingency
tables were also used. For inferential analysis, independence tests were conducted for two-way and three-way classification
contingency tables. Chi-square goodness-of-fit tests and Odds ratios were used to analyze the differences between expected
and observed distributions in birth months by age quartiles. Finally, the position achieved was modeled using ordinal logistic
models (James et al., 2013). The following p-values were established (*p < 0.05) (**p < 0.01). All analyses were performed
using RStudio version 4.1.0 (Chan, 2018).

Results

The birth dates of 12.644 footballers were evaluated, of which 3.580 were women, and 9,064 were men. Figure 1 details
players' distribution by birth year according to birth quartile and in response to gender.
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Figure 1
Distribution for Age Quartiles by Quartile (Q) of Athletes who Competed in the Women's Soccer World Cups Between 1991 and
2023 and the Men's Soccer World Cups Between 1962 and 2022 for the Senior Category
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The distribution of the players who have competed in the World Cups on the continent shows a greater number of
athletes born in the first two quartiles (52.15%). On the other hand, the most significant number of players who have
participated on behalf of UEFA prevailed in Q1, while for female players, those born in Q2 prevailed (Table 1).

Table 1
Distribution for Age Quartiles by (Q) for the Men's and Women's Soccer World Cups for the Senior Category About the
Confederation
Female Men
Q CON CAF AFC CONCACAF UEFA OFC CONMEBOL CAF AFC CONCACAF UEFA OFC CONMEBOL TOTAL
Q1 102 220 145 341 21 104 299 275 225 1267 12 441 3452
Q2 142 186 157 361 41 102 262 230 243 1002 11 405 3142
Q3 80 175 136 301 32 92 233 301 207 1156 8 377 3098
Q4 105 218 121 273 35 90 297 158 212 1092 14 337 2952
Total 429 799 559 1276 129 388 1091 964 887 4517 45 1560 12.644

Note. Q: Quartile; CON: Confederation; CAF: Confederation African Football; AFC: Asian Football Confederation; CONCACAF:
Confederation of North American, Central American and Caribbean Football; UEFA: Union of European Football Federations;
OFC: Oceania Football Confederation; CONMEBOL: South American Football Confederation.

The analysis by sex details that there is only a significant RAE for third place in the Women's World Cup (Table 2).

For the inferential analysis, it is evident that there are statistically significant differences between the distribution of the
birth quartiles for the teams that have been champions in the men's World Cup, except the 1974, 1978, 1990, 2006 and 2014
World Cups. runners-up and third place are significant RAE (p = 0.00) for 11 of the 16 world championships. The only World
Cup where no differences were found for the first three places was for the 1974 World Cup (Table 3).

For the Women's World Cup, there are significant RAE (p = 0.00) for the champion teams in 7 of the 9 World Cups, in the
runners-up in 8 of the 9 World Cups and 6 of the 9 World Cups for those who took third place (Table 4).
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Table 2

Distribution of Date of Birth by Quartile (Q) and Position Occupied in the Men's 1962-2022 and Women's 1991-2023 World Cups

in Response to Sex

Sex
Female
Female
Female
Female
Female
Female
Female
Male
Male
Male
Male
Male
Male
Male

Position
Champion
Runner-up
Third place
Fourth place
Quarter-finals
Round of 16
Group Stage
Champion
Runner-up
Third place
Fourth place
Quarter-finals
Round of 16
Group Stage

pQ1
22%

21%
27%
31%
29%
27%
25%
25%
30%
28%
31%
27%
28%
28%

pPQ2
28%

26%
34%
28%
24%
27%
28%
25%
21%
25%
24%
24%
24%
23%

Note. There are significant differences (p < 0.05%).

Table 3

Distribution of Date of Birth by Quartile (Q) and Position Occupied in the Men's Soccer World Cups 1962-2022

pQ3
28%

24%
24%
20%
23%
23%
22%
25%
24%
24%
20%
24%
27%
25%

pQa
22%

29%
15%
20%
24%
23%
25%
25%
25%
23%
24%
24%
21%
24%

p value
0.66

0.68
0.04*
0.24
0.81
0.87
0.85
1.00
0.60
0.89
0.42
0.96
0.72
0.89

Year
1962

1962
1962
1966
1966
1966
1970
1970
1970
1974
1974
1974
1978
1978
1978
1982
1982
1982
1986
1986
1986
1990
1990
1990
1994
1994
1994

Position

Champion
Runner-up
Third place
Champion
Runner-up
Third place
Champion
Runner-up
Third place
Champion
Runner-up
Third place
Champion
Runner-up
Third place
Champion
Runner-up
Third place
Champion
Runner-up
Third place
Champion
Runner-up
Third place
Champion
Runner-up
Third place

pQi
14%

45%
18%
9%

36%
36%
32%
33%
27%
27%
23%
23%
23%
23%
33%
18%
29%
23%
18%
18%
55%
23%
35%
18%
32%
32%
23%

pQ2
18%

20%
36%
23%
5%

18%
9%

5%

9%

14%
18%
27%
27%
0%

29%
45%
14%
23%
18%
18%
18%
23%
22%
41%
36%
32%
23%

pQ3
32%

15%
9%

36%
41%
36%
41%
33%
36%
32%
32%
18%
23%
32%
19%
14%
33%
32%
18%
23%
5%

27%
9%

23%
23%
32%
41%
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pQ4
36%

20%
36%
32%
18%
9%

18%
29%
27%
27%
27%
32%
27%
45%
19%
23%
24%
23%
45%
41%
23%
27%
35%
18%
9%

5%

14%

p value
0.00**

0.00**
0.00**
0.00**
0.00**
0.00**
0.00**
0.00**
0.00**
0.05
0.19
0.19
0.87
0.00**
0.08
0.00**
0.03*
0.44
0.00**
0.00**
0.00**
0.87
0.00**
0.00**
0.00**
0.00**
0.00**
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Table 3 (cont.)
Distribution of Date of Birth by Quartile (Q) and Position Occupied in the Men's Soccer World Cups 1962-2022

Year Position pQ1 pQ2 pQ3 pQ4 p value
1998 Champion 23% 18% 18% 41% 0.00**
1998 Runner-up 23% 32% 27% 18% 0.19
1998 Third place 29% 14% 29% 29% 0.06
2002 Champion 22% 43% 26% 9% 0.00**
2002 Runner-up 26% 26% 17% 30% 0.25
2002 Third place 9% 22% 26% 43% 0.00**
2006 Champion 23% 27% 27% 23% 0.87
2006 Runner-up 17% 30% 30% 22% 0.14
2006 Third place 13% 35% 17% 35% 0.00**
2010 Champion 39% 22% 26% 13% 0.00**
2010 Runner-up 26% 26% 22% 26% 0.91
2010 Third place 35% 26% 22% 17% 0.05
2014 Champion 35% 26% 22% 17% 0.05
2014 Runner-up 39% 39% 9% 13% 0.00**
2014 Third place 39% 17% 26% 17% 0.00**
2018 Champion 35% 13% 26% 26% 0.01**
2018 Runner-up 39% 26% 22% 13% 0.00**
2018 Third place 26% 39% 17% 17% 0.00**
2022 Champion 35% 35% 12% 19% 0.00**
2022 Runner-up 40% 24% 8% 28% 0.00**
2022 Third place 38% 19% 27% 15% 0.00**

Note. There are significant differences (p < 0.05%), very significant differences (p < 0.01**).
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Table 4
Distribution of Date of Birth by Quartile (Q) and Position Occupied in the Women “s Soccer World Cups 1991-2023

Year Position pQ1 pQ2 pQ3 pQ4 p value
1991 Champion 44% 28% 17% 11% 0.00**
1991 Runner-up 22% 17% 28% 33% 0.09
1991 Third place 33% 22% 28% 17% 0.09
1995 Champion 21% 32% 32% 16% 0.04*
1995 Runner-up 16% 26% 16% 42% 0.00**
1995 Third place 42% 37% 16% 5% 0.00**
1999 Champion 30% 35% 25% 10% 0.00**
1999 Runner-up 20% 25% 15% 40% 0.00**
1999 Third place 30% 35% 15% 20% 0.00**
2003 Champion 21% 1% 26% 42% 0.00**
2003 Runner-up 20% 40% 25% 15% 0.00**
2003 Third place 20% 35% 30% 15% 0.00**
2007 Champion 5% 30% 35% 30% 0.00**
2007 Runner-up 29% 33% 24% 14% 0.03*
2007 Third place 14% 33% 38% 14% 0.00**
2011 Champion 29% 19% 24% 29% 0.39
2011 Runner-up 15% 40% 40% 5% 0.00**
2011 Third place 29% 38% 24% 10% 0.00**
2015 Champion 17% 35% 35% 13% 0.00**
2015 Runner-up 22% 17% 22% 39% 0.00**
2015 Third place 22% 26% 30% 22% 0.58
2019 Champion 9% 35% 35% 22% 0.00**
2019 Runner-up 17% 26% 13% 43% 0.00**
2019 Third place 26% 43% 17% 13% 0.00**
2023 Champion 26% 26% 22% 26% 0.91
2023 Runner-up 30% 13% 30% 26% 0.03*
2023 Third place 26% 35% 22% 17% 0.05

Note. There are significant differences (p < 0.05%), very significant differences (p < 0.01**).

The analysis of the teams that have been champions or runners-up in the Men's and Women's World Cups details how
England, Norway and the United States found significant differences. Significant RAE were determined for the teams that
were runners-up for 8 teams. Brazil, France, Germany, Holland and Spain do not show significant differences (Table 5).

Of the teams occupying the top four places in the Women's World Cups, 78% of the champion teams, 89% of the runners-
up teams, 67% of the third-place teams, and 78% of the teams that remain in fourth place and do not follow a uniform
distribution, while the runner-up is the one with the most significant variability on average. For the champion teams, 78%
do not follow a uniform distribution, with the players from Q4 being the ones who express 62% higher than the players
from Q1 (1.62 + 1.80), which shows that in certain World Cups, there is a more significant number of players born in Q1 and
others in Q4. Meanwhile, for the Men's World Cup, the first four places also do not follow a normal distribution, with fourth
place (81%) and champion (75%) showing the most significant difference (Table 6).

The distribution of Birth quartiles, the positions occupied in the men's and women's World Cups, and the continent of
the participating teams reveals that there is a significant RAE for the champions only for CONCACAF, runners-up for the AFC
and CONCACAF, and third place for the AFC, CONCACAF, and CONMEBOL. Likewise, it is striking that UEFA has no RAE for
any of the positions occupied in the Men's and Women's World Cups (Table 7).
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Table 5
Distribution of Date of Birth by Quartile (Q) and Position Occupied in the Men's 1962-2022 and Women's Football World Cups
1991-2023 in Response to the National Team That Occupied the Championship or Runners-up

National teams Position pQ1 pQ2 pQ3 pQ4 p value
Argentina Champion 25% 27% 17% 31% 0.20
Argentina Runner-up 37% 30% 9% 24% 0.00**
Brazil Champion 25% 27% 30% 18% 0.33
Brazil Runner-up 26% 33% 26% 16% 0.09
China Runner-up 20% 25% 15% 40% 0.00**
Croatia Runner-up 39% 26% 22% 13% 0.00**
England Champion 9% 23% 36% 32% 0.00**
England Runner-up 30% 13% 30% 26% 0.03*
France Champion 29% 16% 22% 33% 0.06
France Runner-up 29% 27% 19% 25% 0.48
Germany Champion 22% 21% 28% 29% 0.53
Germany Runner-up 25% 18% 26% 31% 0.28
Italy Champion 20% 36% 20% 23% 0.05
Italy Runner-up 33% 18% 33% 17% 0.00**
Japan Champion 29% 19% 24% 29% 0.39
Japan Runner-up 22% 17% 22% 39% 0.00**
Netherlands Runner-up 22% 18% 25% 36% 0.05
Norway Champion 21% 32% 32% 16% 0.04*
Norway Runner-up 22% 17% 28% 33% 0.09
Spain Champion 33% 24% 24% 20% 0.26
Sweden Runner-up 20% 40% 25% 15% 0.00**
United States ~ Champion 25% 33% 28% 14% 0.03*
United States ~ Runner-up 15% 40% 40% 5% 0.00**

Note. There are significant differences (p < 0.05%), very significant differences (p < 0.01**).
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Table 6

Percentage Distribution of the RAE of the Players who Competed in the Women's and Men's Soccer World Cup in Response to the
Result Achieved

Categories Av IND_pV Av Q4/Q1 SD Q4/Q1 cv
Female 51% 1.03 0.88 85%
Champion 78% 1.62 1.80 111%
Runner-up 89% 1.43 0.87 60%
Third place 67% 0.62 0.29 47%
Fourth place 78% 0.75 0.59 78%
Quarter-finals 11% 0.88 0.19 21%
Round of 16 0% 0.85 0.14 17%
Group Stage 0% 0.97 0.15 15%
Male 44% 0.99 0.68 69%
Champion 75% 1.22 0.94 77%
Runner-up 69% 0.93 0.58 62%
Third place 69% 1.18 1.20 102%
Fourth place 81% 0.88 0.51 58%
Quarter-finals 0% 0.93 0.30 32%
Round of 16 0% 0.81 0.27 34%
Group Stage 0% 0.91 0.20 22%
Grand total 47% 1.00 0.75 75%

Note. Av: Average; SD: Standard deviation; CV: Coefficient of variation.
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Table 7

Distribution of Date of Birth by Quartile (Q) and Position Occupied in the Men's 1962-2022 and Women's Football World Cups
1991-2023 in Response to the Continent
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Confederation Position

CAF

CAF

CAF

CAF

AFC

AFC

AFC

AFC

AFC

AFC
CONCACAF
CONCACAF
CONCACAF
CONCACAF
CONCACAF
CONCACAF
CONCACAF
UEFA

UEFA

UEFA

UEFA

UEFA

UEFA

UEFA

OFC
CONMEBOL
CONMEBOL
CONMEBOL
CONMEBOL
CONMEBOL
CONMEBOL
CONMEBOL

Fourth place
Quarter-finals
Round of 16
Group Stage
Champion
Runner-up
Fourth place
Quarter-finals
Round of 16
Group Stage
Champion
Runner-up
Third place
Fourth place
Quarter-finals
Round of 16
Group Stage
Champion
Runner-up
Third place
Fourth place
Quarter-finals
Round of 16
Group Stage
Group Stage
Champion
Runner-up
Third place
Fourth place
Quarter-finals
Round of 16
Group Stage

pQi
27%
30%
21%
28%
29%
21%
38%
25%
28%
27%
25%
15%
25%
30%
21%
26%
26%
23%
27%
28%
30%
26%
29%
27%
19%
25%
31%
27%
30%
28%
28%
28%

pPQ2
31%

35%
25%
27%
19%
21%
23%
23%
22%
25%
33%
40%
35%
35%
29%
30%
25%
24%
20%
26%
24%
31%
23%
23%
30%
27%
32%
33%
29%
29%
24%
23%

pQ3
12%

25%
25%
19%
24%
18%
14%
24%
29%
28%
28%
40%
28%
15%
26%
24%
22%
26%
25%
25%
23%
21%
26%
26%
23%
25%
17%
14%
19%
23%
26%
26%

pQ4
31%
10%
29%
26%
29%
40%
24%
27%
21%
20%
14%
5%

12%
20%
24%
20%
26%
26%
27%
21%
22%
22%
21%
24%
28%
23%
20%
25%
22%
21%
21%
23%

p valor
0.01%*

0.00**
0.70
0.53
0.39
0.00**
0.00**
0.94
0.53
0.64
0.03*
0.00**
0.00**
0.00**
0.68
0.51
0.92
0.96
0.69
0.76
0.63
0.43
0.65
0.93
0.35
0.95
0.05
0.04*
0.28
0.58
0.75
0.85

Note. M: male; F: Female; OR: Odds ratio; CAF: Confederation African Football; AFC: Asian Football Confederation; CONCACAF:
Confederation of North American, Central American and Caribbean Football; UEFA: Union of European Football Federations;

OFC: Oceania Football Confederation; CONMEBOL: South American Football Confederation.
There are significant differences (p < 0.05%), very significant differences (p < 0.01**).

Controlling for the sex of the World Cup, in all cases, by increasing one percentage point in the proportion of players, the

possibility of achieving a higher position compared to not achieving it decreases by 9% (Q1), 7% (Q2), 7% (Q3) and 8% (Q4),

compared to the possibility of achieving a higher position compared to not achieving it when there is no increase of one

percentage point. However, these values are not statistically significant. According to the OR for each of the age quartiles,

it is observed that when considering all the World Cups and increasing by one percentage point the proportion of players

in quartile 1 (for example), the possibility of achieving a higher position Compared to not achieving it, it increases by 46%

(Table 8).
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Table 8
Odds Ratios With 95% Confidence Intervals: Distribution of Birth Dates Between Quarters and Their Relationship With Sports

Results and Gender

Variable Sport result Sex result (M/F)

Q1 OR=1,46(0,29-7,37) OR=10,91(0,64-1,30)
Q2 OR=1,44 (0,26 - 8,02) OR=0,93(0,65-1,33)
Q3 OR=0,73(0,14 - 3,65) OR=0,93(0,65-1,32)
Q4 OR=0,72(0,16 - 3,25) OR=0,92(0,64-1,31)
Age asymmetry OR=0,92(0,69-1,22) OR=10,91(0,64-1,30)
Age Kurtosis OR=10,95(0,85-1,07) OR=10,92(0,64-1,30)

Table 9 indicates the odds ratios of being able to obtain a higher position compared to not obtaining a higher position.
For the analysis by confederation, the possibility of achieving a higher position compared to not achieving it for CONCACAF
increases by 157% compared to the possibility of achieving a higher position compared to not achieving it for CAF
significantly. In the case of UEFA, the possibility of achieving a higher position compared to not achieving it increases by 589%
compared to the possibility of achieving a higher position compared to not achieving it for CAF significantly. A similar result
was obtained for CONMEBOL, where the possibility of achieving a higher position compared to not achieving it increased
by 534% when compared to the possibility of achieving a higher position compared to not achieving it for CAF significantly.
No significant differences were observed for AFC or OFC.

Table 9
Odds Ratios With 95% Confidence Intervals: Distribution of Dates of Birth Between Quarters and Their Relationship With Sports

Results and the Sports Confederation

Variable Results Results by sex (M/F)
Confederation AFC; OR =1,55(0,76 - 3,18) CONCACAF, OR=0,63(0,43-0,92)
OR=2,57 (1,26 - 5,27) UEFA; OR = 6,89
(3,80 - 12,50) OFC; OR = 0,01 (0,00 - Inf)
CONMEBOL; OR =6,34(3,23-12,41)

Note. M: male; F: Female; OR: Odds ratio; CAF: Confederation African Football; AFC: Asian Football Confederation; CONCACAF:
Confederation of North American, Central American and Caribbean Football; UEFA: Union of European Football Federations;
OFC: Oceania Football Confederation; CONMEBOL: South American Football Confederation.

Discussion

The objectives of this study were: the objectives of this study were three: i) to analyze the RAE in the elite soccer players of
the FIFA World Cup between 1962 and 2022 for men and 1991 until 2023 for women; ii) to check if there are differences
between the distributions by date of birth of the players about the phase reached in the World Cup; and iii) to analyze the
RAE according to the different confederations.

Our results do not suggest statistically significant differences in World Cups when analyzed by sex. Only a significant RAE
was found for the teams that have taken third place. For the analysis by the phase reached in the World Cups, significant RAE
was found for the Men's World Cup for the teams that occupied the first three places, being the 1974 World Cup the only
one that did not show statistically significant differences, while 1962, 1996, 1970, 1982, 1986, 1994, 2018 and 2022 showed
statistically significant differences for the first three places. For the analysis of the Women's World Cup, significant RAE (p
= 0.01) were also found on average for the teams that were within the first three places, being the world championships
of 1995, 1999, 2003, 2007, and 2019 those that showed statistically significant differences for the first three places in each
of the World Cups.

The study developed by Williams (2010) that the RAE investigated in the FIFA U-17 World Cup revealed that there is a
higher percentage of players who were born in Q1 (40%), and the lowest was in Q4 (16%). These results are not related to
those of the present study, where it has been determined that in the adult category, there is a homogeneous distribution

of players born in Q1 (27%), followed by Q3 (25.17%), Q2 (23.75%) and, finally, Q4 (23.27%). Meanwhile, for the women's
12
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world championships, there is a higher percentage of players born in Q2 (27.62%), followed by Q1 (26.06%), Q4 (23.51%),
and, finally, Q3 (22.79%). Likewise, other results where the RAE has been investigated have concluded that the effect is
more noticeable in U-17 male players and similar, although with a weaker effect on U-20 male players, while, in Senior male
players, the RAE is not constantly presented in the World Cups (Pedersen et al., 2022). In the present study in the analysis
of the senior men's World Cups between 1962 and 2022, it has been determined that in response to the first three places
reached in the tournament, there is a significant RAE in 14 of the 15 world championships analyzed (p < 0.05), where only
in 1974 a significant RAE was not found (p > 0.05).

Some of the results should be familiar to readers because they have been presented in other studies, mainly in the U-17
tournaments and the RAE in the senior men's world championship developed in 2014 (Steingréver et al., 2017) where it has
been reported that distributions of variable dates of birth have been found between the different confederations. However,
the present study tried to analyze the general panorama of the RAE at the highest level of football by studying 12,644 players,
corresponding to 88 teams participating in 25 world tournaments (9 women and 16 men). In that sense, when studying
the RAE according to the teams that have reached the first two places in the men's and women's Senior World Cups, it has
been detailed that of the 14 national teams, the RAE is significant in only 9. These findings demonstrate that the RAE can
influence sports performance (de la Rubia et al., 2020), so it is necessary to continue determining this effect in other studies
that analyze other variables associated with the specificity of sports (Garcia-Rubio et al., 2022).

The study developed by Becerra-Patifio & Escorcia-Clavijo (2023) has determined that in the senior category women's
world championships, there is a significant RAE in the teams that were champions (p = 0.03), being in turn, these champion
teams the ones with the highest average age. These findings are related to those of the present study, where it has also
been determined that there is a significant RAE for 11 of the 15 men's world championships and 7 of the nine women's
world championships analyzed that resulted in championships. In the same way, in the analysis of the RAE and the success
defined by the final classification in the World Cup, no statistical differences were reported (p > 0.05) of the teams that
played the group stage against the different elimination phases (Ribeiro et al., 2024). However, by investigating in depth the
relationship between the RAE and the final team classifications, it has been reported that there are statistically significant
differences (p < 0.05) (Augste & Lames, 2011). In the present study, it has been determined that there is a significant RAE
for those teams that remain champions, runners-up, or in third place. However, if you compare the result obtained by the
confederation, this effect is only significant for CONCACAF in the first four places (Champion, runner-up, third and fourth
place), CONMEBOL for third place, CAF for fourth place and quarterfinals and, finally, the AFC for fourth place. These results
suggest that sports performance also responds to other processes, such as the quality of training (Baker et al., 2009), the
psychosocial assistance of athletes (Ericsson, 2014), game intelligence, tactical and psychological skills (Figueiredo et al.,
2019; Votteler & Honer, 2017; Williams et al., 2020).

For the analysis of the RAE according to confederation, it has been determined that there is only two significant RAE for
the champion team (CONCACAF and CAF), three for the runner-up teams (AFC, CONCACAF and CAF) and three for the third
place (AFC, CONCACAF, CONMEBOL). Likewise, the other confederations do not suggest statistically significant differences.
Against this, the study developed by Ribeiro et al. (2024) reveals that by analyzing the RAE by confederations, it is determined
that the players of the AFC, OFC, and UEFA did show a significant RAE, while the players of AFC and CONMEBOL did not
show a significant RAE. These data are not related to the findings of the present study and also respond to the fact that
the analysis of the present study related the RAE by grouping women's and male world championships, while the study by
Ribeiro et al. (2024) analyzed only the U-17, U-20 and Senior women's World Cups.

Another study that evaluated the RAE and the analysis by continent concluded that between 1997-and 2007 the African
region showed a reverse RAE where players born in Q4 prevailed, while, for the rest of the confederations, the RAE was
significant for all players born in Q1 (Williams, 2010) and where the players of the AFC, CONCACAF, OFC and UEFA showed
a significant RAE, while the players of the CAF and CONMEBOL did not show a significant RAE. By comparing these results
with the positions reached in the Men's and Women's World Cups, it has been determined that for the CAF, there is only a
significant RAE for the fourth place and the quarterfinals; for the AFC, the RAE prevails for the runner-up and the fourth place,
the CONCAFAF expresses significant RAE for the first four places reached (Champion, Runner-up, third and fourth place).
At the same time, for CONMEBOL, there is only a significant RAE in third place. It is also striking that there is no significant
RAE for UEFA in any of the positions reached and the OFC for the group stage. Case contrary to what was found in the study
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developed by (Romann & Fuchslocher, 2013), where it was determined that there is a significant RAE in Europe (UEFA) and
North and Central America (CONCACAF), although it should be noted that this study was carried out with U-17 players.

Various investigations have overseen investigating the RAE, including analysis of variables such as age, sex, level of play,
position reached, confederation, etc., which represents that different time frames identify differences in the RAE (Pedersen
et al., 2022). To date, no study has been found that analyzes the RAE in the men's and senior women's World Cups through
the position reached and the teams that occupied those first three places (Champion, runner-up, and third place). These
results lead to reviewing the different mechanisms that are used for the study of the RAE, looking for strategies consistent
with the selection of the players who, in the end, end up representing their countries in the highest competitions and that
is linked to the study and constant evaluation of growth and maturity (Till et al., 2022), as well as other biolabeling strategies
that do not exclusively consider the age of the athletes to reduce the RAE (Helsen et al., 2021). By this, the present study
has determined that curiously, for the analysis of the RAE in the 14 teams that have been champions or runners-up in the
men's (1962-2022) and women's (1991-2023) World Cups, only 9 of them have a significant RAE, where this effect prevails
for the teams that are runners-up and where for the champion it turns out to be significant only for the champion teams
of the Women's World Cups (Norway, Sweden, United States). Therefore, it is necessary to have a more in-depth discussion
on the different mechanisms used for the study of the RAE, which, in turn, demands the need to continue exploring this
effect in women's football (Ribeiro et al., 2024). Likewise, there are other strategies, such as altering or rotating the annual
cut-off date to create alternatives that allow other ways of grouping athletes (Sierra-Diaz et al., 2017), as well as the analysis
of their anthropometric attributes, internal reforms of football academies, competitive regulations, evaluation of biological
maturity and the stage of development of athletes, among others (Heilmann et al., 2024).

Conclusions

For the women's World Cups, there is an overrepresentation of players born in Q2 and Q1 and a minor in Q4 and Q3, while
for the players who participated in the men's World Cups, it was higher for Q1 and Q3 and lower for Q2 and Q4.

The analysis in relation to the confederation determined that there is no significant RAE for the qualifying rounds in any
of the men's and women's World Cups. However, for the elimination rounds, there is a significant RAE in the first four places
for CONCACAF, AFC for second and fourth place, third place for CONMEBOL, and fourth place and quarterfinals for CAF.
Finally, no significant RAE was found for UEFA.

The analysis conducted of the top level of soccer in the World Cups in this research can help coaches and the Sports
Science community to identify strategies that help favor the long-term development of soccer players by considering other
variables beyond the effect that the RAE can produce.

Limitations

The mostimportant limitation of our study is the retrospective and transversal design, which does not allow us to understand
the longitudinal of the RAE on the different athletes who participated in the men's and women's World Cups. Likewise,
although all the Women's World Cups were considered, the players of the World Cups between 1930 and 1958 were left out
of the analysis. Another limitation is the absence of information about the state of maturation, which can provide valuable
information to understand the RAE more clearly. This study did not consider the RAE in response to the positioning within
the field of play.

There are other limitations associated with the inclusion of players who reached the elite level, but no analysis is
presented on how many may have been excluded due to RAE at earlier stages, as well as on the effect of uncontrolled

variables such as biological maturation, minutes played during the tournament and other individual performance statistics.
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