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Abstract

This study examines the relative age effect (RAE) and its impact on the performance of elite
male (n = 3,358) and female (n = 3,273) handball players in the U-19 (n =2,188), U-21 (n=
2,031), and senior (n = 2,412) categories of the 2013/2014, 2015/2016 and 2017/2018
World Handball Championships organised by the International Handball Federation (IHF).
The distribution of the players” birth dates (by quartile: Q, and semester: S) by categories,
handball playing positions, and membership of continental federations, were analysed for
each of the three two-year periods in which the World Handball Championships took place.
Differences between the observed and expected birth dates were tested using a chi-square
goodness of fit test, and subsequent calculations were tested using odds ratios. The Spear-
man’s correlation coefficient was applied to test the correlation between the relative age of
the athletes and (their) performance parameters. The results revealed a prevalence of the
RAE on both male and female in the U-19 and U-21 categories (p<0.007), and a stabilisation
of the RAE throughout the period analysed (2013/14-2017/2018). The RAE was not found in
the female senior category (2013, 2015 and 2017) or male senior category (2013) (p>0.05).
All playing positions were impacted by the RAE (p<0.007), and especially strong effect sizes
were noted for male pivots (Ve = 0.66/0.68/0.60) and female center backs (Ve = 0.71/0.65/
0.71). In our analysis of the handball continental federations, the RAE was found in all
regions, except Oceania (p>0.05). The RAE also affected athlete performance: the oldest
athletes played more minutes and achieved better performances. The RAE was associated
with the final placement of the teams in each championship category, except in the male
youth category. The findings clearly demonstrated that the RAE has a significant impact on
the selection of male and female athletes to international competitions and the performance
of both men and women in international handball. The potential implications of these find-
ings for policy and practice are discussed.
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Introduction

Successful talent identification and development (TID) systems are regarded by policy makers
as vital to achieving success in adult elite sports, and are based usually on the selection of ath-
letes for special activities, teams and/or competitions [1]. The introduction of international
competitions at the youth elite level, for example, has become an important part of identifying,
fostering and developing sporting talent in elite development systems [2], and serves as a
mechanism for recognising sporting excellence [3]. However, attempts to identify sporting tal-
ent often conflate athletes” future potential with their current performance [4]. Selection-
based models frequently fail to recognise that the development of children and youth are
strongly related to maturation and are highly variable [5], and the models tend to favour early
developers [6]. While an athlete’s maturation does not necessarily correspond with her or his
chronological age at the individual level, relatively older athletes tend to be more mature than
relatively younger athletes at the aggregated level [7]. This is known as the relative age effect
(RAE), and large scale-studies have shown that this effect impacts sporting careers by system-
atically increasing the number of opportunities made available to relatively older athletes [8].

In 2009, Cobley et al. [9] conducted a meta-analysis of the impacts of the RAE across sports,
in a study which included 253 samples, and a total of 130,108 athletes. The analysis confirmed
that the RAE had an impact in most sports, both on an individual level and on a team level: for
every two subjects born in the last quartile of an age group, more than three of the first quartile
of the same age group participated in the same sporting context. The RAE appears to have a
large impact on the selection processes associated with TID systems in team sports such as ice
hockey [10], basketball [11,12], football [13-15], rugby [16], Australian football [17], and
handball [18,19]. However, recent research in women s sports has reported more diverse find-
ings, and the impact of the RAE in these seems to be less extensive [20]. The lower prevalence
of the RAE reported in women’s sport may be due to a variety of factors, including the number
of active participants, specific social and cultural contexts, the level of the competitions, and
the popularity of the sports [21].

Studies focusing on the impacts of the RAE on the selection of athletes to TID systems in
handball have also reported mixed findings. Schorer et al. [22], for example, examined selected
vs. non-selected players in Germany 's national talent development system, and compared a
sample of 475 U-17 handball players (237 males and 238 females). The results did not show an
overrepresentation of players born in the first quartile compared to those born later, or
between those who were selected, and those who were not. In contrast, Schorer et al. [23] dem-
onstrated the historical impact of the RAE on men and women in Germany s national system
of talent development during the handball seasons from 1993 to 2007. However, the impacts of
the RAE were not evident at the professional handball level in Germany. Similar mixed find-
ings were reported by Sanchez-Rodriguez et al. [24] in their study of 161 male players from the
Spanish national handball teams (promising, youth, junior and senior), and by Gomez-Lopez
etal. [25] in a study of 479 adolescent handball players who participated in the Spanish
Regional Handball Championships during the 2015-16 season.

Wrang et al. [26] confirmed that relatively older players in Danish international handball
teams were over-represented at the U-19, U-21, and senior levels, compared to relatively youn-
ger players. The study also noted that the impacts of the RAE appeared to decrease as the age
of the players and the competition levels increased. The authors noted that relatively younger
players of the same age cohort (U-19) were more likely to be selected in the Danish talent sys-
tem, compared to relatively older players. Bjerndal et al. [27] reported notably skewed birth
date distributions among the men and women selected to the U-19 and U-21 Norwegian
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international handball teams. However, at the senior level, the birth date distributions
appeared to be uniform.

Only one study has compared the impact of the RAE in different countries. In a study of
athletes selected to international youth competitions in handball, Fonseca et al. [28] included
383 youth male handball players from the 24 countries participating in the 7" Men’s Youth
World Championship held in 2017. Findings showed the prevalence of the RAE in the popula-
tion sample but found no relationship between the age of the players and the success of each
team-measured as a team's championship ranking. Surprisingly, it was concluded that the
selection bias shown at the youth international team level, did not influence the long-term
sporting achievements of the athletes.

To the best of our knowledge, no studies have investigated the prevalence of the RAE at the
international senior, U-21 and U-19 levels, or male/female team categories in handball. Other
studies of the RAE in handball have been limited to specific geographical areas, specific coun-
tries or handball federations, or have focused on particular categories, male/female categories,
years/seasons, or championship levels. Moreover, the extent to which the RAE affects future
performance, after an athlete s initial selection, remains unclear. The aim of this study, there-
fore, is to analyse the impacts of the RAE across different countries on the selection of athletes
to international youth competitions, and the influence of the RAE on athlete and team perfor-
mance in the U-19, U-21, and senior categories during the 2013/14, 2015/16 and 2017/18
World Handball Championships. The importance of this research lies in the need to interro-
gate the systematic attempts to facilitate talent development in sports, and helps to question
whether the current procedures used in talent development systems are evidence-based. A lack
of in-depth analysis of the RAE prevents a full understanding of its potential impacts and unin-
tended consequences. It may also lead to the identification of other, more effective and appro-
priate practices [29].

Material and methods

Subjects

The sample of the study consisted of 6,631 handball players (3,358 men and 3,273 women)
who had played for teams registered in the World Handball Championships, which are orga-
nised annually by the International Handball Federation (IHF). The IHF groups athletes
according to their chronological age in categories of 2 years (in other words, in a biannual
cycle), and uses January 1 as the start date for each two-year period. In the years 2013, 2015
and 2017, the World Handball Championships were for men and senior women; in 2014, 2016
and 2018, the Championships were for youth and junior women athletes. Players were allo-
cated to one of three categories in the championships: youth or under 19 years old (U-19),
junior or under 21 years old (U-21), and senior. Our study used the same allocation categories.
However, in the youth and junior categories, players who were born outside the biannual cycle
of international competition were excluded from the study because the sample could otherwise
potentially have included duplicated subjects in the competition categories we analysed. Thus,
9.36% of all the male players (226) were excluded from the sample, and 9.35% of all the female
players (229) were excluded. The athletes who were included were then further categorised
according to their handball field positions, and by the continental federation to which their
national team belonged. The sample of players was divided further by the year in which the
World Championships took place (2013-14, 2015-16 or 2017-18) to prevent any players from
being included again in subsequent analyses. This step was taken because some players partici-
pated in two different championship categories in the same year. The description and
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Table 1. Description and distribution of male and female handball players’ position and continental federation, by competition and category.

2013 2015 2017 TOTAL
U-19[n(%)] | U-21[n(%)] | Sen[n(%)] | U-19[n(%)] | U-21[n(%)] | Sen[n(%)] | U-19[n(%)]  U-21[n(%)] | Sen[n(%)]

M | Pos|  Goalkeeper 52 (14%) | 50 (14.5%) | 55 (13.4%) | 56 (15.2%) | 46 (13.5%) | 56 (13.7%) | 52 (14.1%) | 46 (13.5%) | 58 (14.3%) | 471
Wing 92 (24.7%) | 92(26.7%) | 99 (24.1%) | 87 (23.6%) | 81(23.8%) | 103 (25.2%) | 92 (25.0%) | 88 (25.9%) | 97 (23.8%) | 831
Lateral Back 110 (29.6%) | 108 (31.3%) | 129 (31.5%) | 112 (30.4%) | 109 (32.1%) | 120 (29.4%) | 120 (32.6%) | 104 (30.6%) | 115 (28.3%) 1027
Centre-Back 66 (17.7%) 9 (14.2%) | 58 (14.1%) | 56 (15.2%) | 61 (17.9%) | 59 (14.5%) 6 (12.5%) | 52(15.3%) | 67 (16.5%) 514

Pivot 52 (14.0%) 6 (13.3%) | 69 (16.8%) | 57 (15.5%) | 43 (12.6%) | 70 (17.2%) 8 (15.8%) | 50 (14.7%) | 70 (17.2%) 515

Fed CAHB 62 (16.7%) | 71(20.6%) | 52 (12.7%) | 45(12.2%) | 59 (17.4%) | 51 (12.5%) | 49 (13.3%) | 75(22.1%) | 48 (11.8%) 512
NACHC/SCAHC | 57 (15.3%) 0(11.6%) | 52(12.7%) | 55(14.9%) | 66 (19.4%) | 50 (12.3%) 0 (13.6%) | 35(10.3%) | 50 (12.3%) 455

AHF 48 (12.9%) | 39 (11.3%) | 53 (12.9%) | 46 (12.5%) | 49 (14.4%) | 53 (13.0%) | 45(122%) | 39 (11.5%) | 70 (17.2%) | 442
EHF 205 (55.1%) | 195 (56.5%) | 237 (57.8%) | 222 (60.3%) | 166 (48.8%) | 254 (62.3%) | 224 (60.9%) | 191 (56.2%) | 239 (58.7%) | 1933

OCHF 0 (0%) 0 (0%) 6(3.9%) 0 (%) 0 (%) 0 (%) 0 (%) 0 (%) 0 (%) 16
Male players by CAT [n | 372 (33.0%) | 345 (30.6%) | 410 (36.4%) | 368 (33.0%) | 340 (30.5%) | 408 (36.6%) | 368 (33.0%) | 340 (30.5%) | 407 (36.5%) | 3358
(%)]

W | Pos Goalkeeper 51 (14.5%) 2 (15.7%) | 57 (14.5%) | 54 (15.0%) | 49 (14.2%) | 58 (14.6%) 55 (14.9) 53 (16.2%) | 55(13.8%) 484
Wing 92 (26.2%) 6(25.9%) | 91(23.2%) | 93 (25.8%) | 90 (26.0%) | 94 (23.7%) | 89 (24.1%) | 78 (23.8%) | 89 (22.3%) 802

Lateral Back 100 (28.5%) | 90 (27.1%) | 116 (29.6%) | 111 (30.8%) | 101 (29.2%) | 127 (32.1%) | 110 (29.8%) | 90 (27.4%) | 118 (29.6%) 963
Centre-Back | 57(16.2%) | 54(16.3%) | 68 (17.3%) | 53 (14.7%) | 58 (16.8%) | 58 (14.6%) | 61 (16.5%) | 54 (16.5%) | 71 (17.8%) | 534

Pivot 51 (14.5%) 0(15.1%) | 60 (15.3%) | 49 (13.6%) | 48 (13.9%) | 59 (14.9%) | 54 (14.6%) | 53 (16.2%) | 66 (16.5%) 490

Fed CAHB 40 (11.4%) | 29 (8.7%) | 81(20.7%) | 35(9.7%) | 45(13.0%) | 50 (12.6%) | 41 (11.1%) | 27 (8.2%) | 48 (12.0%) | 396
NACHC/SCAHC | 40 (11.4%) | 42 (12.7%) | 60 (15.3%) | 62 (17.2%) | 43 (12.4%) | 64 (16.2%) | 30 (8.1%) | 38 (11.6%) | 49 (12.3%) | 428

AHF 68 (19.4%) | 56 (16.9%) | 50 (12.8%) | 68 (18.9%) | 67 (19.4%) | 64 (16.2%) | 74 (20.1%) | 42 (12.8%) | 50 (12.5%) | 539
EHF 203 (57.8%) | 205 (61.7%) | 185 (47.2%) | 195 (54.2%) | 191 (55.2%) | 218 (55.1%) | 224 (60.7%) | 221 (67.4%) | 252 (63.2%) | 1894

OCHF 0 (0%) 0 (0%) 16 (4.1%) 0 (0%) 0 (0%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 16
Female players by CAT [n | 351 (32.7%) | 332 (30.9%) | 392 (36.5%) | 360 (32.7%) | 346 (31.4%) | 396 (35.9%) | 369 (33.7%) | 328 (29.9%) | 399 (36.4%) 3273

(%)]

U-19, youth category; U-21, junior category; Sen, senior category; M, men; W, women; Pos, playing position; Fed, national federation; CAT, category; CAHB, African
Handball Confederation; NACHC, North America and the Caribbean Handball Confederation; SCAHC, South and Central America Handball Confederation; AHF,
Asian Handball Federation; EHF, European Handball Federation; OCHF, Oceania Continent Handball Federation

https://doi.org/10.1371/journal.pone.0230133.t001

distribution of the handball players’ positions and continental federations, by competition and
by category, are shown in Table 1.

Procedures

All data were acquired from an IHF database and downloaded from the "Competitions” Sec-
tion of the IHF website (https://www.ihf.info/competitions). Senior players’ birth dates were
categorised into four quartiles because their selection year corresponded with the regular cal-
endar year. However, the birth dates of the youth and junior players were divided into eight
quarters, each corresponding with the eight quarters in the biannual time range. Players born
in even numbered birth years were therefore included in one of the following groups: Quartile
1 (Q1)-players born between January 1 and March 31; Quartile 2 (Q2)-players born between
April 1 and June 30; Quartile 3 (Q3)-players born between July 1 and September 30; Quartile
4 (Q4)-players born between October 1 and December 31. Players born in odd-numbered
birth years were categorised as follows: Quartile 5 (Q5)-players born between January 1 and
March 31; Quartile 6 (Q6)-players born between April 1 and June 30; Quartile 7 (Q7)-players
born between July 1 and September 30; Quartile 8 (Q8)-players born between October 1 and
December 31.
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The sample of senior players was divided into two semesters. Further, youth players and
junior players were assigned to one of four semesters in each category. Hence, for those ath-
letes born in even-numbered birth years, the categories were as follows: Semester 1 (S1)-play-
ers born between January 1 and June 30; Semester 2 (S2)-players born between July 1 and
December 31. For players born in odd-numbered birth years, the categories were as follows:
Semester 3 (S3)-players born between January 1 and June 30; Semester 4 (S4)-players born
between July 1 and December 31.

The following six continental federation categories were also included: the African Hand-
ball Confederation; the North America and the Caribbean Handball Confederation; the South
and Central America Handball Confederation; the Asian Handball Federation; the European
Handball Federation; and the Oceania Continent Handball Federation. The following age cate-
gories were analysed: U-19; U-21, and Senior. The following five playing positions were ana-
lysed: goalkeeper; wing; lateral back; center-back; and pivot. Table 1 shows the distribution of
players by position, continental federation, gender and competition category.

Statistics about player performance were taken from the website of the IHF to correlate the
following parameters with the potential impacts of RAE in handball: the percentage of effective-
ness in shot (PESh), the percentage of effectiveness in saves (PESa), assists, technical faults-turn-
overs (TF-TO), steals (ST), blocked shots (BS), penalties (PEN), minutes played (MIN), and the
championships ranking. The performance categories steal and blocked shot were not provided
by the IHF for the youth and junior competitions. In the disputed Youth and Junior Women’s
Championships of 2018, the category time played was not used. The number of handball penal-
ties was quantified as the sum of the number of yellow cards plus the number of exclusions or
red/blue cards. The classification of team performance was determined by the placement of
each national team. In order to adjust for the individual performance of each player, all statisti-
cal data were normalised in relation to the number of minutes that each player played. Thus,
the possible effect of time on each player was eliminated.

Statistical analysis

Data analysis was conducted using the Statistical Package for Social Sciences (SPSS 23.0,
IBM Corp., Armonk, NY, USA), and Windows Office Excel 2010. The differences between
the observed and expected birth date distributions were tested using the chi-square good-
ness of fit test. In most countries, the distribution of births remains constant across the year,
and therefore no significant variation was assumed. For the purposes of statistical analysis,
the expected frequency of births in a quartile is 25%, assuming a homogeneous sample dis-
tribution [30].

We calculated odds ratios and 95% confidence intervals (CI) for the quartile and half-year
distributions so that we could examine subgroup differences with respect to the potential non-
uniformity of the birth date distribution. The odds ratios compared the birth date distribution
of a particular quartile (Q1, Q2, Q3, Q4, Q5, Q6 or Q7) or semester (S1, S2 or S3) with a refer-
ence group consisting of the relatively youngest players (Q8 or S4). A higher odds ratio would
indicate an increased likelihood of players who were born in that particular quartile compared
to the reference quartile. In order to determine the strength of association, a Cramer’s V statis-
tical test was applied, in which 0.10 to 0.20 indicated a weak association; 0.20 to 0.40, a moder-
ate association; 0.40 to 0.60, a relatively strong association; 0.60 to 0.80, a strong association;
and Ve > 0.80, a very strong association [31]. The level of significance was set at p<0.05. Data
for players from the Oceania Continent Federation are only represented in Table 1. These
players were excluded from the observed and expected birth date distributions analysis due to
the small sample size (n = 32).
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Results
Distribution by category

Table 2 shows the quarterly distribution of birth dates by category as a function of the competi-
tion level by age and the gender of the players. Separate chi-square analyses revealed that the
birth date distribution by quartile differed significantly from the expected birth date distribu-
tion in the youth and junior categories (p < 0.001). The largest effect sizes observed were in
the U-19 category for women in the 2014 and 2018 World Championships (Ve = 0.48), and in
the U-19 category for men in the 2017 World Championship (Ve = 0.52). No significant differ-
ences were evident in the female senior players in the 2013, 2015 and 2017 World Champion-
ships, and the male senior players in the 2013 World Championship (p > 0.05). Similar
findings were evident in the birth date distribution by semester (Table 3): significant values
were found in the male senior category in the three competitions analysed (2013 WC:

p < 0.05,2015 WC: p < 0.01: 2017 WC: p < 0.05). The largest effect size was found in the U-
19 category for men in the 2017 World Championship (Ve = 0.49).

Distribution by position

Table 4 shows the quarterly distribution of the birth dates by player position as a function of
the competition period and the gender of the players. Separate chi-square analyses revealed
that the birth date distributions by quartile differed significantly from the observed birth date
distribution in the five player positions analysed (p < 0.001). The largest effect size we found
was for women playing as center backs at the women’s World Championships of 2013/2014
(Ve=10.71), 2015-2016 (Vc = 0.65) and 2017/2018 (Vc = 0.71). For men, the largest effect size
was among those playing in the position of pivot (2013-2014 WC: V¢ = 0.66; 2015-2016 WC:
Ve =0.68;2017-2018 WC: V¢ = 0.60). Similar results were observed in the birth date distribu-
tion by semesters (p < 0.001) (Table 5). The largest effect size was for women in the position of
center back (2013-2014 WC: V¢ = 0.68; 2015-2016 WC: Vc = 0.61; 2017-2018 WC:
Ve = 0.62), and for men in the pivot position (2013-2014 WC: V¢ = 0.66; 2015-2016 WC:
Ve =0.67;2017-2018 WC: V¢ = 0.61).

Tables 2, 3, 4 and 5 show the odds ratio calculations. This category and position analysis by
quartile and semester revealed no significant odds ratios when the observed and the expected
birth date distributions were compared.

Distribution by continental federation

In addition, we performed a chi-square analysis to investigate the relationship between the rel-
ative age of the players in the continental federations (Fig 1). Significant differences in each of
the confederations were found (p<0.05) in the U-19 and U-21 categories. No significant find-
ings were found in the senior category (p>0.05), except among athletes in the African Hand-
ball Federation (p<0.01) in the 2015/16 and 2017/18 World Championships, and for the
European Handball Federation (p<0.05) in the 2017/18 World Championships.

Correlations between relative age and statistics on individual performance

Positive correlations were observed between the relative age of the players and the number of
minutes played (p<0.05) for both genders, except in the female senior category (p>0.05)
(Table 6). The findings were especially significant in the youth category (p<0.01). This means
that relatively older athletes played more minutes than younger athletes in their corresponding
competition categories. Relative age was correlated significantly (p<0.01) to the number of
assists in the youth and junior female categories, and penalties in youth and junior male and
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Table 2. Quarterly distribution (n (%) and odds ratio (OR)) of birth dates for the category subgroup as a function of the competition for male and female players.

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 xX* |gl p Ve
n(%) OR n(%) [ OR n(%) OR n(%) OR| n(%) OR n(%) OR| n(%) | OR| n(%)  OR
2013-2014
M U119 8 |08 72 |08| 51 |06 4 07| 36 |08 34 |15 20 |06 22 | - 7363 7|<0001 044
(23.1%) (19.4%) (13.7%) (11.3%) (9.7%) (9.1%) (7.8%) (5.9%)
U21 | 65 09| 43 |06 66 | 13| 40 09| 45 |09 32 |06 30 | 11| 24 | - 3888 7 <0001 034
(18.8%) (12.5%) (19.1%) (11.6%) (13.0%) (9.3%) (8.7%) (7.0%)
Senor | 108 |09 118 |10 97 |08 8 | - | - | - - - | - - - | - 529 3| 015 0l
(26.3%) (28.8%) (23.7%) (21.2%)
W U9 | 74 12| 68 |13 64 |17 43 |14 33 13| 17 |07 36 | 17| 16 | - 8148 7 <0001 048
(21.1%) (19.4%) (18.2%) (12.3%) (9.4) (4.8%) (10.3%) (4.6%)
U216 11| 65 |18 44 |08 36 |11 38 10| 45 |17 22 09| 20 | - 45217 <0001 037
(18.7%) (19.6%) (13.3%) (10.8%) (11.4%) (13.6%) (6.6%) (6.0%)
Semior | 101 | 11| 107 |11 109 |13 75 | - | - | - - - | - | - - | - 75 3| 005 014
(25.8%) (27.3%) (27.8%) (19.1%)
2015-2016
M U119 | 66 |12 76 24| 6 |21 45 16 51 |24 34 |18 19 |11 15 | - 7426 7 <0001 045
(17.9%) (20.7%) (16.8%) (12.2%) (13.9%) (9.2%) (5.2%) (4.1%)
U21 | 65 16| 58 |17 46 | 17| 49 |26 44 19| 25 |15 37 | 18| 16 | - |4334|7 <0001 036
(19.1%) (17.1%) (13.5%) (14.4%) (12.9%) (7.4%) (10.9%) (4.7%)
Semior| 120 | 12| 118 |12 88 | 08| 8 | - | - | - - | - - - - - 1153 0009 017
(29.4%) (28.9%) (21.6%) (20.1%)
W U-19 | 8 |08 5 04 49 |05 47 |06 36 |04 32 |06 30 | 09| 25 | - 6400 7 <0001 042
(24.7%) (14.4%) (13.6%) (13.1%) (10.0%) (8.9%) (8.3%) (6.9%)
U21 | 70 06| 61 |06 48 06| 33 |04 40 05 30 |07 36 |06 28 | - 3768 7 <0001 033
(20.2%) (17.6%) (13.9%) (9.5%) (11.6%) (8.7%) (10.4%) (8.1%)
Semior | 103 | 08 | 103 |09 107 | 12| 8 | - |- | - - | - - .| - | .35 3 034 009
(26.0%) (26.0%) (27.0%) (21.0%)
2017-2018
M U1 | 75 oo 83 17| e |15 a1 13 47 |12 26 |10 17 |o7| 17 | - 9946 7 <0001 052
(20.4%) (22.6%) (16.8%) (11.1%) (12.8%) (7.1%) (4.6%) (4.6%)
U-21 | 49 12| 60 |36 47 |21 45 |20 51 |23 44 |19 29 | 15| 15 | - 3266 7 <0001 031
(14.4%) (17.6%) (13.8%) (13.2%) (15.0%) (12.9%) (8.5%) (4.4%)
Semior | 115 | 12| 114 |11 106 | 11| 72 | - |- - - | - - - - - 1208 3 0007 017
(28.3%) (28.0%) (26.0%) (17.7%)
W/ U19 | 9% 11| 58 |06 49 |07 38 |08 48 09| 30 |10 30 | 15| 20 | - 8475 7 <0001 048
(26.0%) (15.7%) (13.3%) (10.3%) (13.0%) (8.1%) (8.1%) (5.4%)
U21 | 72 08| 30 |03 4 |05 40 |05 40 |04 42 |05 36 | 07| 27 | - 3185 7 <0001 031
(22.0%) (9.1%) (12.5%) (12.2%) (12.2%) (12.8%) (11.0%) (8.2%)
Semior | 105 | 08 | 113 |09 103 |09 78 | - | - | - - | - - |- - | - 68 3 0076 013
(26.3%) (28.3%) (25.8%) (19.5%)

Q1-Q8, birth quarter; n (%), absolute-relative frequency; OR, odds ratio; X?, chi square; gl, degrees of freedom; p, level of significance, V¢, Cramer s V; M, men; W,

women; U-19, youth category; U-21, junior category

https://doi.org/10.1371/journal.pone.0230133.t002

youth female categories. Relative age correlated positively (p<0.05) to the percentage of shot
effectiveness in the male senior category, technical faults-turnovers in the male and female
youth and male junior categories, and the number of steals in the male senior category.
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Table 3. Semester distribution (n (%) and odds ratio (OR)) of birth dates for the category subgroup as a function of the competition for male and female players.

S1 S2 S3 S4 x? gl p Ve
n(%) | OR n(% | OR n (%) OR n (%) OR
2013-2014
M U-19 158 11 95 0.9 68 1.4 51 - 7116 3 <0.001 0.4
(42.5%) (25.5%) (18.3%) (13.7%)
U-21 108 0.6 106 1.0 77 0.7 54 - 23.06 3 <0.001 0.26
(31.3%) (30.7%) (22.3%) (15.7%)
Senior 226 11 184 - - - - - 430 1 0.038 0.10
(55.1%) (44.9%)
w U-19 142 0.8 107 11 50 0.7 52 - 68.57 3 <0.001 0.44
(40.5%) (30.5%) (14.2%) (14.8%)
U-21 127 15 80 1.0 84 1.4 41 - 44.70 3 <0.001 0.37
(38.3%) (24.1%) (25.3%) (12.3%)
Senior 208 0.9 184 - - - - - 1.47 1 0.225 0.06
(53.1%) (46.9%)
2015-2016
M U-19 142 16 107 1.8 85 2.0 34 - 66.72 3 <0.001 0.43
(38.6%) (29.1%) (23.1%) (9.2%)
U-21 124 11 94 14 69 12 53 - 33.91 3 <0.001 0.32
(36.5%) (27.6%) (20.3%) (15.6%)
Senior 238 13 170 - - - - - 11.33 1 0.001 0.17
(58.3%) (41.7%)
w U-19 140 0.6 97 0.6 68 0.5 55 - 47.31 3 <0.001 0.36
(38.9%) (26.9%) (18.9%) (15.3%)
U-21 131 0.9 81 0.7 70 0.8 64 - 32.24 3 <0.001 0.31
(37.9%) (23.4%) (20.2%) (18.5%)
Senior 206 0.8 190 - - - - - 0.65 1 0.421 0.04
(52.0%) (48.0%)
2017-2018
M U-19 157 15 104 1.8 74 14 33 - 88.85 3 <0.001 0.49
(42.7%) (28.3%) (20.1%) (9.0%)
U-21 110 15 91 16 95 17 44 - 28.73 3 <0.001 0.29
(32.4%) (26.8%) (27.9%) (12.9%)
Senior 229 11 178 - - - - - 6.39 1 0.011 0.12
(56.3) (43.7%)
w U-19 154 0.7 87 0.6 79 0.7 49 - 63.81 3 <0.001 0.42
(41.7%) (23.6%) (21.4%) (13.3%)
U-21 102 0.6 81 0.6 82 0.6 63 - 9.29 3 0.026 0.17
(31.1%) (24.7%) (25.0%) (19.2%)
Senior 219 0.9 180 - - - - - 3.81 1 0.051 0.10
(54.9%) (45.1%)

S$1-84, birth semester; n (%), absolute-relative frequency; OR, odds ratio; X?, chi square; gl, degrees of freedom; p, level of significance; V¢, Cramer s V; M, men; W,
women; U-19, youth category; U-21, junior category

https://doi.org/10.1371/journal.pone.0230133.t003

Table 7 shows the correlations between relative age and individual performance statistics
per minute played. We found that relative age was correlated positively (p<0.05) with the per-
centage of effectiveness in saves per minute in the male senior category and female youth
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Table 4. Quarterly distribution (% and odds ratio (OR)) of birth dates for the position subgroup as a function of the competition by gender.

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs )G gl p Ve
% |OR | % | OR| % OR| % OR| % OR| % | OR %  OR | % | OR
2013-2014
M | GK | 185 | 063 | 204 | 080 | 166 | 061 | 153 | 075 | 70 | 107 |102 | 104 64 | 098 | 57 | - | 3026 | 7 | <0001 | 0.44
W | 216 | 0.64 | 205 | 070 | 223 | 076 | 141 | 0.62 | 71 | 049 | 53 | 051 | 46 | 047 | 46 - | 10193 | 7 | <0.001 | 0.60
LB | 245 | 099 | 216 | 065 187 | 0.63 | 150 | 077 | 81 | 093 | 43 | 067 52 071 | 26 - | 14160 | 7 | <0001 | 0.64
CB | 231 | 118 | 173 | 102 | 197 | 144 | 156 | 164 | 69 | 140 | 7.5 | 166 | 69 | 420 | 29 | - | 5206 | 7 | <0.001 | 0.5
P | 263 | 095 | 228 | 076 156 | 067 | 156 099 | 60 | 133 | 42 | 093 36 040 | 60 - | 7334 7 | <0001 | 0.66
W | GK | 225 | 1.60 | 194 | 125 | 206 163 | 156 | 134 50 | 094 75 | 096 50 103 | 44 - | 5460 | 7 | <0001 | 0.58
W | 219 | 157 | 190 | 143 | 190 | 132 | 149 | 163 | 93 | 203 | 67 | 195 63 213 | 30 | - | 7554 | 7 | <0001 | 053
LB | 186 | 101 | 252 154 | 225 | 159 | 147 | 130 65 | 107 | 49 | 150 | 56 | 142 20 | - | 13620 | 7 | <0001 0.3
CB | 268 | 086 | 229 | 098 | 184 | 069 | 128 061 | 67 | 071 | 61 | 060 22 | 024 | 39| - | 8616 | 7 | <0001 | 071
P | 230 | 105 | 248 | 132 193 | 149 | 130 | 101 | 37 | 075 | 37 | 107 | 75 | 250 50 | - | 7011 | 7 | <0.001 | 0.5
2015-2016
M | GK | 259 | 270 | 203 | 276 | 190 | 242 | 139 | 262 | 108 | 327 | 51 | 20 38 107 | 13| - | 6894 | 7 | <0001 | 0.66
W | 148 | 143 | 240 | 263 | 207 | 214 | 170 | 205 | 107 | 414 | 52 | 200 | 52 | 200 | 2.6 | - | 9384 | 7 | <0.001 | 0.59
LB | 258 | 232 | 223 | 220 | 147 | 159 | 152 | 196 | 91 | 239 | 47 | 178 56 | 238 | 26 - | 137.19 | 7 | <0001 | 0.40
CB | 227 | 048 | 222 | 0.62 | 176 | 052 159 | 097 | 34 | 026 | 68 061 63 | 061 51 - | 6255 | 7 | <0001 | 0.36
P | 247 | 250 | 235 | 333 | 171 | 345 165 | 280 | 71 | 333 | 53 | 281 35| 136 | 24 | - | 7781 | 7 | <0001 | 068
W | GK | 236 | 037 180 | 036 | 193 041 | 130 038 81 | 031 62 | 050 87 093 | 31 - | 4655 | 7 | <0.001 | 0.54
W | 217 | 070 | 191 | 038 | 202 | 047 | 173 | 049 | 54 | 024 | 54 | 050 54 050 | 54 - | 9120 | 7 | <0.001 | 057
LB | 224 | 043 | 204 045 | 186 063 | 156 | 051 | 77 | 042 | 53 | 056 | 47 | 042 | 53 | - | 10690 7 | <0.001 | 056
CB | 272 | 207 | 207 | 1.62 | 195 | 192 | 95 | 103 | 77 | 390 | 65 | 165 | 59 | 164 30 | - | 7247 | 7 | <0001 | 0.65
P | 269 | 040 | 192 | 030 135 | 029 | 160 | 036 | 58 | 030 | 51 | 036 | 7.1 | 073 | 64 | - | 5405 | 7 | <0001 | 0.59
2017-2018
M | GK | 237 | 217 | 212 | 396 | 218 | 425 | 122 | 238 | 96 | 375 | 45 210 | 51 | 300 | 19 | - | 6564 | 7 | <0.001 | 0.65
W | 177 | 172 | 209 | 232 | 224 | 270 | 162 | 225 | 105 | 252 | 61 | 213 | 40 183 | 22 | - | 9617 | 7 | <0.001 | 059
LB | 236 | 167 | 242 | 205 | 192 | 195 | 115 | 136 | 77 | 135 | 56 | 136 47 | 096 | 35 - | 14022 | 7 | <0001 | 0.64
CB | 194 | 096 | 261 | 208 | 164 | 086 152 | 179 | 91 | 150 | 9.1 | 250 | 3.6 | 090 | 12 | - | 6370 | 7 | <0.001 | 0.62
P | 230 | 053 | 230 | 065 152 | 058 | 169 | 060 | 7.3 | 080 | 67 | 042 28 025 | 51 - | 6515 7 | <0001 | 0.60
W | GK | 313 | 046 | 153 | 025 | 147 | 024 | 147 | 042 | 74 | 027 | 61 | 048 49 | 033 | 55 - | 7096 | 7 | <0.001 | 0.66
W | 223 | 058 | 195 | 043 | 180 | 037 | 156 | 044 | 90 | 040 | 63 | 047 47 055 | 47 | - | 7331 | 7 | <0001 | 053
LB | 226 | 0.60 | 189 | 049 | 157 051 | 135 | 074 | 91 | 074 | 66 | 074 | 79 | 104 | 57 | - | 6852 | 7 | <0.001 | 046
CB | 269 | 104 | 167 | 049 | 253 | 116 | 113 | 056 81 | 0.67 | 48 | 040 | 54 111 | 1.6 | - | 9469 | 7 | <0001 | 071
P | 249 | 189 | 202 | 154 150 | 173 | 162 | 168 | 52 | 125 | 92 | 240 | 64 | 396 | 29 | - | 5900 | 7 | <0001 | 0.8

Q1-Q8, birth quarter; (%), relative frequency; OR, odds ratio; X2, chi square; gl, degrees of freedom; p, level of significance; V¢, Cramer’s V; M, men; W, women; GK,
goalkeeper; W, wing; LB, lateral back; CB, centre back; P, pivot

https://doi.org/10.1371/journal.pone.0230133.t004

category, assists per minute in the female junior category, and penalties per minute in the male
junior category. Significant positive correlations (p<0.01) were found in the percentage of
effectiveness in shots in the male youth category, and the percentage of effectiveness in saves
per minute in the male senior category.

Correlations between relative age and final classification

Significant correlations were found between relative age and the final placement classification
of each national team in the respective World Championships in all categories, except in the
male youth category (p>0.05) (Table 6). This indicated that there was an over-representation
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Table 5. Semester distribution (% and odds ratio (OR)) of birth dates for the position subgroup as a function of the competition for male and female players.

S1 S2 S3 S4 x? gl p Ve
% | OR % | OR % OR % OR
2013-2014
M GK 389 0.68 318 0.65 16.6 0.98 127 - 2891 3 <0.001 0.43
w 2.0 1.00 36.7 1.06 12.0 071 92 - 95.93 3 <0.001 058
LB 16.1 1.05 340 0.92 124 1.09 75 - 137.72 3 <0.001 0.63
CB 405 051 35.3 071 145 0.70 9.8 - 47.46 3 <0.001 052
P 49.1 1.35 311 1.23 102 1.78 96 - 71.87 3 <0.001 0.66
w GK 419 1.46 36.3 1.5 12,5 1.03 9.4 - 51.95 3 <0.001 057
w 40.9 1.00 338 095 164 1.40 89 - 71.42 3 <0.001 051
LB 44.1 095 36.9 1.08 114 092 75 - 122.08 3 <0.001 0.63
CB 49.7 1.97 313 1.42 12.8 1.42 6.1 - 82.61 3 <0.001 0.68
P 47.2 0.74 329 0.82 75 0.57 124 - 65.81 3 <0.001 0.64
2015-2016
M GK 4622 259 329 238 15.8 258 5.1 - 62.81 3 <0.001 0.63
w 387 1.33 376 1.40 159 205 77 - 79.10 3 <0001 0.54
LB 48.4 1.39 29.6 1.05 13.8 1.30 82 - 133.12 3 <0.001 0.62
CB 449 073 33.5 0.90 102 056 114 - 61.41 3 <0.001 059
P 482 239 33.5 260 124 259 59 - 77.39 3 <0.001 0.67
w GK 416 038 323 042 14.3 039 11.8 - 39.82 3 <0.001 050
w 40.8 075 375 071 108 0.49 108 - 89.57 3 <0.001 057
LB 2.5 0.72 345 095 13.0 0.77 10.0 - 103.68 3 <0.001 0.5
CB 47.9 137 290 111 142 1.78 89 - 62.08 3 <0.001 0.61
P 4622 0.42 295 038 109 039 135 - 49.90 3 <0.001 057
2017-2018
M GK 449 1.42 340 1.71 141 1.55 7.1 - 57.18 3 <0.001 0.61
w 386 1.34 386 1.70 16.6 1.56 6.1 - 88.39 3 <0.001 0.56
LB 475 1.87 310 1.73 13.3 1.38 83 - 130.09 3 <0.001 0.62
CB 155 1.51 315 1.24 18.2 203 48 - 60.29 3 <0.001 0.60
P 166 131 315 1.28 146 1.28 73 - 66.27 3 <0.001 0.61
w GK 46.6 0.70 29.4 0.59 135 0.65 104 - 5425 3 <0.001 058
w 022 075 332 0.59 15.6 0.64 9.0 - 72.41 3 <0.001 053
LB 415 053 292 0.58 157 072 13.5 - 64.67 3 <0.001 045
CB 435 0.67 366 0.81 12.9 0.49 7.0 - 70.56 3 <0.001 0.62
P 45.1 0.76 312 078 145 078 9.2 - 55.46 3 <0.001 057

S1-$4, birth semester; (%), relative frequency; OR, odds ratio; X2, chi square; gl, degrees of freedom; p, level of significance, V¢, Cramer’s V; M, men; W, women; GK,

goalkeeper; W, wing; LB, lateral back; CB, centre back; P, pivot

https://doi.org/10.1371/journal.pone.0230133.t005

of relatively older players in the national teams that reached the top positions in the World
Handball Championships.

Discussion

The key purpose of this study was to examine the RAE in the context of the highest levels of
international handball competition. Our research focussed specifically on whether age affects
the availability of opportunities in the sporting careers of male and female athletes. As
expected, we observed a skewed distribution of birth dates in the youth and junior categories
and noted that relatively older players were overrepresented. At the senior level, no uneven
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Fig 1. Quarterly distribution (relative [%] and absolute frequency) of birth dates for the continental federation
subgroup as a function of the competition and category.

https://doi.org/10.1371/journal.pone.0230133.9001

birth date distribution was observed among female players in any of the Championships. Non-
uniform birth date distributions were observed for male players in the Championships of 2015
and 2017. The observed tendency of a decrease in the RAE at the senior level mirrors similar
findings from other studies of team sports [32] and individual disciplines [33,34]. This suggests
that the advantages athletes gain due to their early maturational development gradually
decrease as they transition towards professional sport [2,35]. In addition, our study showed
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Table 6. Correlations between relative age and performance statistics by categories for male and female handball players.

Relative age effect
Men Women

U-19 U-21 Senior U-19 U-21 Senior

Min -0.080"* -0.061* 0.060* -0.104** -0.083* -0.009
PESh 0.020 -0.014 0.053* -0.002 -0.008 0.032
PESa -0.061 -0.055 0.099 0.012 -0.098 -0.013
AS -0.013 -0.049 0.032 -0.095** -0.095** 0.012
TE-TO -0.052* -0.073* 0.009 -0.055* -0.038 -0.024
ST - - 0.049* - - 0.006
BS - - 0.042 - - -0.052
PEN -0.075** -0.102%* 0.003 -0.084** -0.042 -0.027
Classification 0.013 0.072* -0.115** 0.066* 0.089** -0.064"

U-19, youth category; U-21, junior category; Min, minutes played; PESh, percentage of effectiveness in shots; PESa, percentage of effectiveness in saves; AS, assists;

TF-TO, technical faults-turnovers; ST, steals; BS, blocked shots; PEN, penalties. Significance value

*p<0.05
**p<0.01
**p<0.005

https://doi.org/10.1371/journal.pone.0230133.t006

that the RAE was prevalent throughout the entire period analysed (2013-2018), both for male
and female players.

The persistence of the RAE in handball is far from surprising due to the high correlation
that has been observed between the level of athlete performance and the physical and physio-
logical demands that are made [36,37]. Anthropometric parameters, such as weight, body
mass, height, and arm length and leg length, strongly influence performance in youth handball
[38]. It would be reasonable to suggest, therefore, that relatively older players should be
expected to score better in these measurements compared to younger players during adoles-
cence, and that they would be more likely to achieve better high-performance success. Because

Table 7. Correlations between relative age and performance statistics by categories for male and female handball players, per played time (min).

Relative age effect

Men Women

U-19 U-21 Senior U-19 U-21 Senior
PESh/min 0.092** 0.049 0.017 0.026 -0.022 0.021
PESa/min -0.026 -0.037 -0.236"* 0.153* 0.050 0.021
AS/min 0.015 -0.029 0.024 -0.030 -0.062* 0.030
TF-TO/min 0.006 -0.032 -0.014 -0.017 -0.020 -0.008
ST/min - - 0.025 - - 0.007
BS/min - - 0.034 - - -0.025
PEN/min -0.039 -0.068* -0.015 -0.010 -0.004 -0.023

U-19, youth category; U-21, junior category; PESh/min, percentage of effectiveness in shots/minutes; PESa/min, percentage of effectiveness in saves/minutes; AS/min,
assists/minutes; TF-TO/min, technical faults-turnovers/minutes; ST/min, steals/minutes; BS/min, blocked shots/minutes; PEN/min, penalties/minutes. Significance

value
*p<0.05
**p<0.01
**%p<0.005

https://doi.org/10.1371/journal.pone.0230133.t007
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these capacities tend to be equated with physical maturity, the impacts of the RAE in senior
handball categories therefore decrease or disappear altogether when athletes reach the senior
categories, especially for women [39].

In the analysis of the relationship between the date of birth and the gender of athletes, the
RAE was found to impact on the categories and competitions we analysed, except among
female athletes in the senior World Championships. Our findings stand in contrast to other
studies that reported no RAE impacts on athletes taking part in women s sport, including in
handball and other sports [40-42]. However, these other studies were based on samples of
female players who belonged to teams participating in club competitions and may therefore be
of less relevance to our findings because they do not compare similar impacts in terms of level
of professionalism.

Studies that have investigated athlete selection to international or national youth and junior
teams within TID systems in handball have reported similar RAE impacts in women’s hand-
ball [27,43,44]. The fact that the RAE was not found to have an impact on athletes in the senior
category for women can be explained by the depth of competition in women’s handball and
other sociocultural factors across and within female sporting settings [20].

Our results confirm findings from previous research that has shown that the influence of
the RAE decreases as the level of competition increases [45,46]. This relationship, however, is
not always consistent [47]. Studies of the RAE in systems of talent identification and develop-
ment have shown, for example, how relatively younger players in Rugby Union games are less
likely to be selected, but more likely to achieve senior professional status [48,49]. McCarthy
et al. [50] have suggested that this may be due to psychological reasons. As players progress
towards the senior categories, the researchers suggest, the additional, demanding challenges
experienced by relatively younger players may be beneficial to their development by exposing
them to more adverse developmental experiences. This may help the players to learn how to
cope better with setbacks, uncertainties, and challenges. Other possible explanations may be
that relatively younger athletes need to develop specific technical and/or tactical skills to reach
high levels of performance despite their later maturation [51], and that the influence of other
secondary factors (genetics, family, coaches, injuries, opportunities) can also help to turn later
developers into experts [52]. The initial differences in the size and the physical performance
between relatively younger athletes and their peers at selection would typically be of impor-
tance at the time when athletes transition to senior sports. Thus, some studies have indicated
that relatively younger athletes, if selected, can perform better later [47], be injured less [53]
and earn more [54] at the senior level, compared to their relatively older peers.

In the analysis of the relationship between the dates of birth of the athletes and playing posi-
tions, the RAE appears to be one of the factors that determine athlete selection for particular
field positions [39,55]. Our findings showed that the RAE affected athlete selection for all play-
ing positions in handball, especially for male pivots and goalkeepers, and for female center
backs. As hypothesised, the RAE was evident among female back players. Anthropometric and
physical requirements in handball, such as the need to have a large and strong body, high
strength levels, and a high throwing velocity [56-58], mean that relatively older players tend to
be in back positions, compared to relatively young players [59]. Unlike previous studies of
male handball players that also included an analysis of playing positions [28,39], we found a
higher prevalence of the RAE on the selection of athletes to the positions of pivots and goal-
keepers. Large anthropometric size and strong physical capacities are required to compete in
elite handball in general, and in goalkeeper and pivot positions in particular [60], but it seems
that position-specific skill demands may also explain the RAE on these two playing positions
[61]. It seems logical, we suggest, to think that relatively older players, who have enjoyed more
and better training experiences (more skilled coaches, higher competition levels, better
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facilities and sport programmes) than their relatively younger counterparts [62], therefore
have an advantage when selections are made for these positions.

In the analysis of the relationship between the athletes” dates of birth and the differences in
their continental federations, we observed that the RAE impacted athletes across all geographi-
cal settings, except Australia (the only participating country in the Oceania Confederation).
One possible explanation for this is that the handball cut-off date used by countries such as
Australia is August 1, instead of the more common, and internationally recognised date of Jan-
uary 1.

In our analysis of the relationship between the athletes” dates of birth and the performance
parameters, we observed that relatively older players, except those in the female senior cate-
gory, played more minutes compared to relatively younger players. Consequently, older partic-
ipating players obtained better scores on some performance parameters, such as technical
faults-turnovers, assists and penalties in the youth and junior categories. In the male senior
category, older athletes achieved higher effectiveness percentages in shots and steals. This find-
ing is contrary to the results reported by Bjorndal et al. [27] who observed that the RAE did
not impact the number of matches that athletes played in after they were initially selected to a
team. Surprisingly, these study findings indicated that while international team selections
favoured relatively older players, they did not strongly affect the possibility of players achieving
a successful international career after first being selected. Although their study examined the
number of match appearances, and our analysis in this study has focused on playing time, the
contrasting results may indicate differences in the selection mechanisms used in other national
systems of talent development. For example, some systems may be based on a broader popula-
tion of players; and/or may have players who enter at only one stage (as opposed to different
stages) throughout the lifetime of an international team. Collectively, however, the results
clearly indicate that the maturational development of athletes does influence some individual
performance parameters, especially the number of minutes played by athletes in the youth cat-
egories (U-19 and U-21). This impact continues, though to varying degrees, beyond the initial
selection stages in different countries [12,28,63].

By gender, differences were observed regarding the individual player performance. Rela-
tively older female handball players (in the U-19 and U-21 categories) produced more assists,
both in absolute numbers and relative to the amount of playing time. This may possibly also be
due to anthropometric parameters, such as hand length. Older players, as we have suggested,
are more likely to have larger hand sizes. This would give them a more stable ball grip and,
therefore, better pass action techniques [64,65]. However, given that players in this category
are already in the later stages of adolescence, their biological maturation would typically either
be near completion or finished. A more plausible reason is therefore likely to be that relatively
older female players have more high-level competitive experience, and therefore have better
decision-making skills compared to relatively younger players [66].

The total number of technical faults and turnovers was found to be higher for relatively
older male players (in the U-19 and U-21 categories). While this could be seen as a sign of a
decline in the individual performance of athletes, this difference disappears when this parame-
ter is weighted by the number of minutes played. Potential explanations for this finding may
be that relative older players play more minutes and are therefore likely to make more mis-
takes. However, because they are more experienced than their younger counterparts, they
might also be assumed to make fewer mistakes per minute played. A similar age variation was
found with regard to penalties.

Interestingly, the analysis of the relationship between date of birth and team performance
showed that the RAE was associated with the final placement in the Championships, except for
players in the male youth category. This finding is contrary to the results reported in other
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studies. Werneck et al. [67], for example, found no relationship between relative age and team
performance in their sample of senior basketball players participating in the London Olympic
Games in 2012. Similarly, Kirkendall [68] found no link between the RAE and team perfor-
mance among U-16 players in North American football clubs. We assume that our findings
differ with respect to the aforementioned studies for two reasons: (a) in the first study, the sam-
ple only included senior players, who had not taken part in the youth and junior categories;

(b) in the second study, the analysis focused on a regular competitive club season. In compari-
son, the competition structure of the World Handball Championships does not necessarily
reward teams that win the most matches.

Our findings suggest that high-performance handball competitions are biased in favour of
relatively older players, and that the selection-based models currently in use may conflate the
future potential of athletes with their current performance. Relatively older players typically
belong to teams that achieve the best final placements in competitions and benefit from high
quality training conditions (such as better sports facilities, more qualified coaches, and higher
competition levels). This is more likely to enable players to achieve higher performance levels
[62,63]. Hancock et al. [69] have argued that the RAE in sports can be explained largely by the
self-reinforcing effects of psychological expectations that spur parents, coaches and athletes to
respond in particular ways. For example, Cobley et al. [70] demonstrated how relatively youn-
ger players were less likely to participate in Rugby Union games from the U-13 to U-19 level.
This necessarily affects both their initial selection and the later self-reinforcing mechanisms
that create and sustain unequal opportunities for developing athletes [71]. It may also contrib-
ute to increases in drop-out rates among relatively young players in national TID systems [46].
It is important therefore to reflect on whether youth international competitions favour or
harm participation and development in youth sport, and in youth handball in particular [72].

This study has also shown how the RAE relates to individual and team performance. It sug-
gests that there are strong arguments to be made against selection-based models that appear to
conflate future potential with current performance. The introduction of international champi-
onships for youth may only increase the risk of athletes being given unequal opportunities.
This should be a great concern to policy makers and practitioners alike, as the effects of
unequal opportunities is detrimental to the values of most sport organisations and may also be
counterproductive to talent development, in particular.

It is important that equal opportunities are available to all players. Our study findings indi-
cate that the time may be right to question the value and appropriateness of the TID systems
currently being used in national and international handball, including the introduction of
international championships for youth athletes. Particular attention needs to be given to ath-
letes who are less likely to enjoy the benefits of early maturational development.

The physiological, kinanthropometric, conditional and psychological profile of players
should be understood as a form, or framework, for guiding the talent development of athletes,
but not as a selection tool [73]. Thus, one possible strategy to reduce the impacts of the RAE in
TID systems could be to also include psychosocial factors in the existing selection tests. Vari-
ables related to training, leadership, and as cognitive competencies [74] could be assessed,
being carried out under competition conditions. These could including not only gestures and
decision-making, but also fatigue and other external conditions [75]. A key indicator of deter-
mining the impact of the RAE could be how well athletes learn in training and competition sit-
uations [76]-understood as the speed at which athletes acquire new skills or improve in ability.
Other possible strategies to reduce the impacts of the RAE include making coaches more
actively aware of how the RAE impacts selection processes [27] and creating more opportuni-
ties for athletes who are relatively younger. Adjusting the age categories used in youth and
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junior international competitions, so that the older players in a group could change category
each year [44], could also be a way to improve current systems.

Our study had some limitations. Firstly, we did not know the distribution of birth dates
among the wider populations of the countries analysed [39]. Secondly, the interpretations of
the RAE we have presented here are potentially limited by the fact that a biased distribution
may already be apparent in the population of licensed players. An asymmetry in birth date dis-
tributions would be expected to occur at all selection levels [46]. Further investigations of ath-
lete selection to TID systems should attempt to investigate such concerns. Third, the absence
of a consensus-based global individual performance index makes comparisons of the impacts
of the RAE and individual performance difficult. Finally, our design did not allow us to address
questions of causality.

Conclusions

This is the first large-scale study of international handball to demonstrate that the RAE has a
significant effect on male and female athlete selection to international handball competitions
in the U-19, U-21, and (only in men) the senior categories. In addition, it is one of the first
studies to demonstrate that the RAE in international handball remains constant over time.
The study has shown further how the RAE relates to other variables, such as athletes” playing
positions, continental federation membership, and individual and team performance. The
study contributes to the growing body of evidence showing that the impacts of the RAE are
persistent and affect athletes across the world.

Future research should continue to focus on reviews of national talent development and
identification systems in handball, including the selection processes associated with interna-
tional youth team activities. This will enable a deeper exploration of how organisational differ-
ences and sociocultural factors influence the initial selections of players and, subsequently,
their retention. Future research designs should allow for comparisons between countries and
contexts. An examination of when selection mechanisms and the RAE begin to influence
opportunities for the participation, development and performance of children and youth in
different sport contexts. More interpretive research may also help researchers to move beyond
descriptive overviews of the impacts of the RAE in sports and help to develop and reveal more
appropriate strategies for talent identification and development [77].
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