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ABSTRACT

To investigate the RAE in elite female soccer players, the absolute and relative birthdate distributions of 
players who disputed the Women’s World Cup were assessed. Differences between observed and 
expected distributions were analyzed using chi-square and effect sizes. The birthdates of 1224 female 
soccer players were assessed in Under-17 (N = 336), Under-20 (N = 336) and adult (N = 552) categories. 
There was no significant RAE in adult category for different playing positions and players in general 
(including all playing positions per age category). There was significant RAE for midfielders and players in 
general with mainly small effect sizes for the U-17 and U-20. In both age categories, players born in Q1 
were over-represented with the highest quartile ratio for midfielders. In regard of RAE and success 
defined by final ranking at the World Cup, we found no significant differences between the birthdate 
distributions of players who participated in either the group stages or finally the knockout phases. 
Coaches should consider this information to avoid bias in talent programs designed to promote and 
select female soccer players independently of their birthdates. Young female players should be encour-
aged to learn to play in different field positions before to reach high-level performance.
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Introduction

Several official sports institutions have promoting women rights 

and empowerment Fédération Internationale de Football 

Association (2021), https://www.fifa.com/womens-football/strat 

egy/strategy-details; International Olympic Committee (IOC) 

https://olympics.com/ioc/gender-equality), and the interest for 

female sports performance has grown exponentially in recent 

years. Despite the increased popularity and professionalization 

of female soccer all over the world, there is still a scarcity of 

scientific research specifically addressing female players in rela-

tion to their male counterparts (Martínez-Lagunas et al. 2014; 

Okholm Kryger et al. 2021). The relative age effect (RAE), for 

example, has been reported as a significant bias in talent selec-

tion (Sarmento et al. 2018), sociological and psychological fac-

tors (Musch and Hay 1999) and long-term consequences of 

success of male soccer players (Helsen et al. 1998). However, it 

has not yet been sufficiently investigated in female soccer 

players (Cobley et al. 2009). In addition, the few studies on RAE 

in women bring some contradictory results concerning age 

categories, competitive level, and playing positions (Korgaokar 

et al. 2018; Götze and Hoppe 2021; Barreira et al. 2021). 

Therefore, examining RAE in female players may help to better 

understand the factors that could be related to female soccer 

performance.

The FIFA, maximum organization that manages and pro-

motes soccer all over the world, uses birthdates (chronological 

age) as an exclusive criterion for grouping players into competi-

tion categories (for example, Under (U)-17 and U-20). These 

categories are composed of groups, in periods of 2 years, 

comprising players born between January of a certain year and 

December of the subsequent year (Fédération Internationale de 

Football Association 2021). The purpose of this organization is to 

balance the competition and promote championships that are 

more competitive. However, this division system can generate 

age differences of about 24 months between players who are in 

the same category, leading to distortions in the standards of 

identification, selection, and promotion of players. Therefore, it is 

common to find a higher frequency of players born in the first 

months of the year (Smith et al. 2018). This phenomenon is 

known as RAE (Helsen et al. 2005).

RAE and its consequences have recently been investigated 

in several individual and collective sports such as surf (Redd 

et al. 2018), weightlifting (Kollars et al. 2021), basketball (Pino- 

Ortega et al. 2020), hockey (Bezuglov et al. 2020), and futsal 

(Carraco et al. 2020). In male soccer players, for example, the 

RAE has been studied since the 1980s pointing RAE in players of 

several nationalities (for example, USA (Hurley et al. 2019), 

England (Lovell, Towlson, Parkin, Portas, Vaeyens & Cobley), 

Germany (Augste and Lames 2011), Portugal (Folgado et al.  

2006), Spain (Del Campo et al. 2010), Australia (Van den 

Honert 2012), and Brazil (Da Costa et al. 2012)) as well as 

different age categories and playing positions (Salinero et al.  

2013). Overall, the results indicate a prevalence of high- 

performance players born in the first half of the year highlight-

ing the influence of the birthdate in the soccer player’s career.

Although different mechanisms may explain the reasons for 

the player’s RAE occurrence, one possible explanation is based 

on biological maturation, with short-term physical differences 

among youth players and coaches who do not taking into 
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account the long-term process of talent development when 

selecting players (Cobley et al. 2009; Sierra-Díaz et al. 2017). 

Obviously, relatively older, and advanced matured players may 

have higher physical, technical, psychological, and behavioral 

advantages, promoting better performance and visibility com-

pared to later maturing players. Given the pressure for short- 

term results, these players often may have greater chances of 

being selected, leading to more incentives and practical oppor-

tunities (Helsen et al. 2005). Despite the negative consequences 

for the player’s development, there are no observations con-

cerning changes in RAE in male soccer players, even after 10 

years of investigation over this phenomenon (Helsen et al.  

2012). However, it is important to emphasize that the equation 

of RAE with biological maturity has recently been questioned, 

because relationships between RAE and biological maturity 

demonstrate that they are independent constructs (Radnor 

et al. 2021). For instance, while RAE is determined by birth 

date and cut-off date, biological maturation is determined by 

a combination of both genetic and environmental factors 

(Cumming et al. 2018). In addition, it is possible that the oldest 

boy in an age group would also be the least mature as well as 

the youngest boy would also be the most mature (Towlson 

et al. 2021). Therefore, a deeper comprehension about RAE is 

required.

Although there is a considerable number of studies on RAE 

in men’s soccer, few studies investigated the same phenom-

enon in women’s soccer. In addition, due to the scarcity of 

studies, some of them present contradictory results. As an 

example, the RAE was observed in female players of different 

age groups in the French Football Federation (Delorme et al.  

2010), in the second league of the German national champion-

ship (Götze and Hoppe 2021) and in Spanish professional 

female soccer players (Sedano et al. 2015). However, RAE was 

not found in female players of elite Swiss soccer team (Pino- 

Ortega et al. 2020), German national teams (Götze and Hoppe  

2021), national teams at the Olympic Games (Barreira et al.  

2021) and there were marginal and trivial effects on the RAE 

in women’s soccer in the United States compared to men 

(Vincent and Glamser 2006). When analyzing the RAE by 

game position, there were significant differences in the RAE 

between female defenders and goalkeepers of the Swiss 

national team in relation to the other positions on the field 

(Pino-Ortega et al. 2020). Same results were found in female 

goalkeepers and defenders of Spanish regional teams (Sedano 

et al. 2015). Researchers have also investigated the RAE phe-

nomenon in elite international championships such as World 

Cup and Olympic Games (Romann and Fuchslocher 2013; Silva 

et al. 2018; Barreira et al. 2021). Romann and Fuchslocher 

(2013), for example, found RAE in players who participated in 

the U-17 Women’s Football World Cup between 2008 and 2010. 

The authors pointed out the RAE in female defenders and 

goalkeepers from Europe and North and Central America 

(Romann and Fuchslocher 2011). However, Silva et al. (2018) 

recently analyzed the RAE throughout all editions of the 

Women’s Football World Cup in the adult category and U-20 

players from 1991 to 2015, and they did not find RAE in those 

players who participated in each edition or between different 

positions on the field. In general, the contradictory findings 

indicate the need for further studies on the RAE in elite female 

soccer players to contribute to increase the number of samples, 

clarify moderating factors, and provide a better understanding 

of the global RAE comprehension.

Given that prospect, the aims of this study were fourfold: i) 

to analyze the RAE in female elite soccer players of different age 

categories (U-17, U-20, and adult) who disputed in the last 

editions of the Women’s Football World Cup from 2018 to 

2019; ii) to analyze the RAE according to the playing position 

on the field; iii) to check if there are any differences between 

the birthdate distributions of players who participated in either 

the group stages or finally the knockout phases; and iv) to 

analyze the RAE according to the different continental football 

confederations. We hypothesized that RAE could vary in female 

elite soccer players according to age categories, playing posi-

tion, final ranking and football confederations.

Methods

This work is a retrospective and descriptive study with a cross- 

sectional design.

Participants

Overall, 1224 birthdates of U-17 (N = 336), U-20 (N = 336) and 

adult (N = 552) elite female soccer players were assessed.

Protocol

The dates of birth, playing positions and national teams of 

female players who disputed in the Women’s Football World 

Cup from 2018 to 2019 in their age categories (U-17, U-20, and 

adult) were collected from the FIFA’s official website (https:// 

www.fifa.com/womens-football/). National teams were sub- 

grouped according to their continental football confederations, 

considering AFC – Asian Football Confederation in Asia and 

Australia, CAF – Confédération Africaine de Football in Africa, 

CONCACAF – Confederation of North, Central American and 

Caribbean Association Football in North America and Central 

America, CONMEBOL – Confederación Sudamericana de Fútbol 

in South America, OFC – Oceania Football Confederation in 

Oceania, and UEFA – Union of European Football Associations 

in Europe.

The months of birth of the players were grouped into quar-

tiles where each quarter of the year is represented by a quartile 

(Q). The first quartile (Q1) represents the months January, 

February, and March; the second quartile (Q2) represents 

April, May, and June; the third quartile represents July, 

August, and September (Q3); and the last quartile (Q4) repre-

sents October, November, and December. All data were tabu-

lated and stored in Microsoft® Excel.

Statistical analysis

The relative and absolute frequencies were used to summarize 

the collected data. The chi-square and the odds ratio tests were 

used to analyze the differences between the expected and 

observed distributions in the months of birth. The expected 

frequencies were based on the equitable distribution of birth 

rates throughout the year (25% per quartile). This decision was 
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made due to the difficulty of accessing the birth distributions of 

each studied population (Cobley et al. 2009). To measure the 

magnitude of the effect size of the values found in the chi- 

square test, we used the Cramer’s V (V) (Redd et al. 2018; Pino- 

Ortega et al. 2020). To interpret the results, we considered V of 

0.06 to 0.17 as small effect, 0.18 to 0.29 as moderate effect and 

above 0.30 as large effect (7). We complemented our analysis 

by normalizing the birth dates from 0 to 1, considering the 

first day (01–01) and the last day (31–12) of the year. We 

compared the observed mean and the expected mean (0.5) 

using the one-sample t-test.

Results

The birthdates of 1224 female soccer players were assessed in 

U-17 (N = 336), U-20 (N = 336) and adult (N = 552) categories.

Figure 1 shows the birth frequency per quarter and age 

category. Tables 1, 2 and 3 show the frequencies and inferential 

statistics of birth quartiles per age category and player position.

We found no statistically significant RAE in the adult cate-

gory for different playing positions and players in general 

(including all playing positions per age category). However, 

for the U-17 and U-20 categories, there were statistically sig-

nificant RAEs with small effect sizes for midfielders and players 

in general. In both age categories, players born in Q1 were 

over-represented with the highest quartile ratio for midfielders. 

The analysis of the normalized birth date also showed statisti-

cally significant RAEs for the U-17 and U-20 categories and no 

significant RAE for the adult category (Tables 2 & 3, Figure 2).

In regard of final ranking at the World Cup, we found no 

statistically significant differences between the birthdate dis-

tributions of players who participated in either the group 

stages or finally the knockout phases (Table 4).

The analysis of RAE considering the different continental 

football confederations revealed varying patterns among the 

continents (Figure 3). While there is no statistically significant 

RAE in CAF and CONMEBOL, players from other confederations 

(AFC, CONCACAF, OFC, and UEFA) showed a significant skewed 

birth rate compared to the expected mean value (0.5).

Discussion

The aim of the present study was to analyze the RAE in elite U-17, 

U-20, and adult female soccer players. We hypothesized that RAE 

could vary according to age categories, playing position, final 

ranking (group stages or knockout phases), and continental 

football confederation. Overall, our results suggest no statisti-

cally significant differences in adult players, neither by playing 

position nor between group versus knockout stages. On the 

other hand, youth players (U-17 and U-20) show significant 

RAE for playing position of midfielders and for all included 

players per age category. We found differences among the con-

tinental football confederations. Players from AFC, CONCACAF, 

OFC, and UEFA showed a significant RAE, whereas players from 

CAF and CONMEBOL showed no significant RAE.

Figure 1. Birth frequency per quartile (Q) of female players who competed in 
Women’s Football World Cups from 2018 to 2019 in the U-17, U-20 and adult 
categories.

Table 1. Birthdate distribution per quartile (Q) and mean normalized birth of adult female soccer players who competed in the Women’s Football World Cup 2019.

Adult Category
Q1 

N (%)
Q2 

N (%)
Q3 

N (%)
Q4 

N (%) X2
P

QR 
Q1/Q4 V Effect Size Normalized Mean (SD) t-value p-value

DF 45 (25%) 45 (25%) 43 (24%) 47 (26%) 0.17 0.98 0.96 0.02 Small 0.49 (0.28) 0.30 0.76
FW 37 (27%) 40 (29%) 24 (17%) 38 (27%) 4.56 0.20 0.97 0.10 Small 0.47 (0.28) 0.97 0.33
GK 14 (19%) 24 (33%) 17 (24%) 17 (24%) 3.00 0.39 0.82 0.12 Small 0.49 (0.26) 0.28 0.78
MF 38 (24%) 46 (29%) 40 (25%) 37 (23%) 1.21 0.75 1.03 0.05 Small 0.49 (0.27) 0.36 0.72
Total 134 (24%) 155 (28%) 124 (22%) 139 (25%) 3.63 0.30 0.96 0.05 Small 0.48 (0.28) 0.96 0.33

X2 = Chi-square analysis; QR = Quartile ratio; V = magnitude of the effect size the Cramer’s V; t-value = one-sample t-test; DF – Defenders; FW – Forwards; GK – 
Goalkeepers; MF – Midfielders.

Table 2. Birthdate distribution per quartile (Q) and mean normalized birth of U-20 female soccer players who competed in the Women’s Football World Cup 2018.

U-20 Category
Q1 

N (%)
Q2 

N (%)
Q3 

N (%)
Q4 

N (%) X2
P

QR 
Q1/Q4 V Effect Size Normalized Mean (SD) t-value p-value

DF 30 (28%) 35 (32%) 20 (18%) 24 (22%) 4.79 0.19 1.25 0.12 Small 0.45 (0.30) 1.73 0.08
FW 24 (32%) 13 (17%) 20 (26%) 19 (25%) 3.26 0.35 1.26 0.11 Small 0.48 (0.30) 0.45 0.65
GK 13 (27%) 15 (31%) 7 (15%) 13 (27%) 3.26 0.39 1.00 0.11 Small 0.47 (0.28) 0.60 0.54
MF 39 (38%) 30 (29%) 16 (16%) 18 (17%) 13.54 <0.01* 2.17 0.20 Moderate 0.40 (0.29) 3.32 <0.01#
Total 106 (32%) 93 (28%) 63 (19%) 74 (22%) 13.17 <0.01* 1.43 0.11 Small 0.46 (0.29) 2.72 <0.01#

X2 = Chi-square analysis; QR = Quartile ratio; V = magnitude of the effect size the Cramer’s V; t-value = one-sample t-test; DF – Defenders; FW – Forwards; GK – 
Goalkeepers; MF – Midfielders. * - Statistically significant difference between birth frequencies in each quartile in Chi-square analysis (P < 0.05). # Statistically 
significant difference between the mean normalized birth and the expected mean (0.5) in one-sample t-test (P < 0.05).
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The identified decreasing RAE with increasing age cate-

gories from youth (U-17 and U-20) to adult level is in line with 

the literature on RAE in several female sport context (Smith 

et al. 2018), while the current results related to female soccer 

are inconsistent (Baker et al. 2009; Delorme et al. 2010; Romann 

and Fuchslocher 2011; Götze and Hoppe 2021). The reduction 

of RAE at adult level can be associated with multifactorial 

causes (Pierson et al. 2014; Wattie et al. 2015; Smith et al.  

2018; Gil et al. 2021).

Despite biological maturation has been considered the most 

frequent variable related to RAE (Müller et al. 2016), this belief 

has recently been challenged since there is some evidence that 

talent practitioners do not consider enhanced maturity or rela-

tive age characteristics as a desirable factor when selecting 

players for talent development programmes (Towlson et al.  

2019). Moreover, talent practitioners are also less consistent in 

monitoring and assessment of growth and maturity (Till et al.  

2022) and new bio-banding strategies, not based solely on 

players’ age, have been proposed to minimize RAE occurrence 

(Helsen et al. 2021). However, the long-term effect of these 

practices in elite adult players remains unclear and most of 

these suggestions were performed in male players. Therefore, 

a deeper discussion about the mechanisms to explain RAE in 

the present study is, at least in part, restricted, suggesting that 

studies with females are still necessary to enlarge the compre-

hension about this topic.

Thus, early maturing females tend to be taller, heavier, have 

more body mass for their stature than late maturing females and 

have early athletic performance advantages in puberty (Vincent 

and Glamser 2006). Under the pressure of immediate results, 

coaches could tend to select relatively older players because 

they may achieve higher performance in the short term. At 

adult level, the short-term advantage of early physical maturity 

is likely no longer present. However, it is important to note that 

even players who mature late are also able to develop technical 

and decision-making skills resulting in a larger repertoire of skills 

at an adult age (Sedano et al. 2015). On the other hand,

From a social perspective, pressures that encourage adoles-

cents to conform to gender-based stereotypes could inhibit 

females from achieving excellence in competitive sport, espe-

cially early maturing females (Guillet et al. 2006). The physical 

characteristics needed for athletic accomplishment are some-

times opposite to the representation of the ideal female body 

and may be for some girls the reason to drop out from sport 

practice during puberty (Romann and Fuchslocher 2011). Thus, 

such role conflicts could lead outstanding female players to 

drop out from soccer or to renounce to an elite practice until 

the adulthood reducing the RAE (Delorme et al. 2010).

Another explanation for the absence of RAE found in elite 

adult female soccer players could be the depth of competition 

hypothesis. The hypothesis describes how the ratio of players 

available for playing rosters and positions could influence an 

individual’s likelihood of participating or being selected for 

team membership (Smith et al. 2018). The more players com-

peting for a limited number of places on teams or a single team, 

the more likely it is that the characteristics of relatively older 

athletes may appear to optimally align with environmental and 

task demands and the stronger the size of the RAE (Schorer 

et al. 2015). For instance, while there are over 200 million male 

soccer players, comparatively about 30 million females play 

soccer worldwide (Herrero et al. 2014). Therefore, a lower RAE 

is expected when fewer players participate in the sport (Musch 

and Grondin 2001; Baker et al. 2009; Delorme and Raspaud  

2009; Cobley et al. 2011; Reed et al. 2017; Barreira et al. 2021; 

Gil et al. 2021).

Concerning the RAE by playing position, we found the RAE in 

midfielders for both U-17 and U-20 players. Our result is in 

agreement with a recent report on female soccer players who 

disputed in the National Chinese Championship (Li et al. 2020). 

However, it is contrary to the others that found RAE in goal-

keepers and defenders from Spain (Sedano et al. 2015), Swiss 

(Romann and Fuchslocher 2011), Europe, and North and Central 

America (Romann and Fuchslocher 2013). These differences 

seem to be justified by local characteristics since different RAE 

distributions by playing position may be explained by the model 

to identify, select, and promote female soccer talents in each 

country. Future studies could take into account tactical functions 

and different playing systems besides the FIFA’s subscription list. 

Likewise, a more precise distinction between central and wing 

midfielders (not performed in the present study) could also help 

to better understand RAE in elite female midfielders.

In terms of RAE and success defined by final ranking at the 

World Cup, we found no statistically significant differences 

between the birthdate distributions of players who participated 

in either the group stages or finally the knockout phases. This 

result suggests that reaching the knockout phase is based on 

other factors, such as the quality of training (Baker, Côté & 

Abernethy, 2003), national talent promotion system (Augste 

and Lames 2011), and psychological and social assistance of 

the players (Ericsoon, 2014). In contrast, for German elite male 

U-17 players, there is a significant relationship between RAE 

and success (Augste and Lames 2011). However, Augste and 

Lames (2011) investigated the range correlation between RAE 

and final rankings of the teams in national championships, 

which provides a more precise differentiation compared to 

our study.

Table 3. Birthdate distribution per quartile (Q) and mean normalized birth of U-17 female soccer players who competed in the Women’s Football World Cup 2018.

U-17 Category
Q1 

N (%)
Q2 

N (%)
Q3 

N (%)
Q4 

N (%) X2
P

QR 
Q1/Q4 V Effect Size Normalized Mean (SD) t-value p-value

DF 29 (30%) 29 (30%) 26 (27%) 14 (14%) 6.24 0.10 2.07 0.14 Small 0.42 (0.27) 2.85 <0.01#
FW 30 (37%) 18 (22%) 18 (22%) 16 (20%) 6.00 0.11 1.88 0.15 Small 0.42 (0.27) 2.47 0.01#
GK 15 (31%) 14 (29%) 6 (13%) 13 (27%) 4.16 0.24 1.15 0.17 Small 0.45 (0.32) 1.04 0.29
MF 39 (36%) 27 (25%) 24 (22%) 18 (17%) 8.66 0.03* 2.17 0.16 Small 0.41 (0.28) 2.99 <0.01#
Total 113 (34%) 88 (26%) 74 (22%) 61 (18%) 17.69 <0.01* 1.85 0.13 Small 0.42 (0.28) 4.82 <0.01#

X2 = Chi-square analysis; QR = Quartile ratio; V = magnitude of the effect size the Cramer’s V; t-value = one-sample t-test; DF – Defenders, FW – Forwards, GK – 
Goalkeepers, MF – Midfielders. * - Statistically significant difference between birth frequencies in each quartile in Chi-square analysis (P < 0.05). # Statistically 
significant difference between the mean normalized birth and the expected mean (0.5) in one-sample t-test (P < 0.05).
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The analysis of RAE of the continental football confedera-

tions revealed differences among them. While no RAE was 

found in CAF and CONMEBOL, we found an over- 

representation of players born at the beginning of the year of 

the players in AFC, CONCACAF, OFC, and UEFA. This result is in 

line with previous findings showing a significant RAE in Europe 

and North and Central America (Romann and Fuchslocher  

2013). According to the authors, the development programmes 

are carried out more often and the sport is more popular 

among girls and women in these continents. We may include 

Asia and Oceania in this scenario nowadays. This increasing 

popularity and opportunities of practice could lead to more 

talent-development programmes and to an increased RAE. On 

the other hand, the South-American and African confedera-

tions are those with the lowest number of member associations 

with a national top women’s football league and with the low-

est number of registered female players (Fédération 

Internationale de Football Association 2014).

The most important limitation of our study is the transversal 

design, which does not allow us to comprehend a longitudinal 

effect of the RAE in female players. Another limitation is the 

absence of maturational status information, which should be 

considered in future longitudinal studies. In this sense, future 

studies are still necessary to check the long-term RAE from early 
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Figure 2. Normalized birth dates of female players who competed in Women’s Football World Cups from 2018 to 2019 in the adult (A), U-20 (B) and U-17 (C) categories.
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to adult age-categories in elite female soccer players. Together 

with the contradictory results found in the literature, this finding 

makes the RAE an issue that should be better explored and 

explained in future studies. Another limitation is the comparison 

of the observed distribution of birthdays of the female players 

with an equal theoretical expected distribution of birthdays per 

quarter. This method was applied due to the international sam-

ple but may lead to distorted results. At last, although we 

recognize the differences between countries regarding their 

sport system and cut-off dates, we chose to use FIFA’s categories 

that comprise players born between January of certain year and 

December of the subsequent year. This method was also used 

by previous studies on women’s football allowing our compar-

ison with them (Helsen et al. 2005; Vincent and Glamser 2006; 

Romann and Fuchslocher 2013; Götze and Hoppe 2021).

Summarizing, the RAE in U-17 and U-20 players of this study 

is based on an over-representation of players born at the begin-

ning of the year and the RAE in elite female soccer decreases 

from youth to adulthood. For the age groups studied, there is no 

significant relationship between RAE and success, defined by 

the final ranking. In conclusion, coaches should know that RAE 

may enable a bias in the player’s identification and selection 

process and they should create tools and use strategies (Helsen 

et al. 2005; Mann and van Ginneken 2017) to give opportunity 

for all players, independently of their birthdates. Midfielders of 

both U-17 and U-20 categories show significant differences in 

their quartile birthdate distributions. In order to limit dropouts 

and non-selection of talents, coaches should enable long-term 

development of young female soccer players. To this end, youth 

players must be encouraged to learn to play in several playing 

positions before specializing in only one playing position and 

reaching their high-level performance.
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