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Relative age effect at men'’s volleyball world championships over time

Abstract

Introduction: Relative age effect (RAE) in sport is extensively described in the literature. However, there is
scarcity of data on how to avoid problems in the talent identification process and, consequently, how to
avoid dropping out or losing a potential volleyball talent. The aim of the study was to carry out a
retrospective analysis of RAE at Men's U-19 and U-21 World Championships as well as Men’s World
Championships over the last 12 years and to investigate possible differences in quarterly age distribution
depending on anthropometric features, geographical regions the teams under study came from as well as
their performance (results) at the championships. Material and Methods: The analysis was based on
volleyball players (n = 3,887) participating in Men’s U-19 and U-21 World Championships as well as Men’s
World Championships over the last 12 years (2010-2022). Results: It was noted that RAE differed
depending on age category, body height, geographical region of origin as well as the place taken during
the championships. Conclusions: The findings indicate that there is a need to better understand RAE in
order to avoid losing young volleyball players, which could contribute to the development of volleyball in
the world.
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Abstract: Introduction: Relative age effect (RAE) in sport is extensively described in the literature.
However, there is scarcity of data on how to avoid problems in the talent identification process and,
consequently, how to avoid dropping out or losing a potential volleyball talent. The aim of the study
was to carry out a retrospective analysis of RAE at Men’s U-19 and U-21 World Championships as
well as Men’s World Championships over the last 12 years and to investigate possible differences
in quarterly age distribution depending on anthropometric features, geographical regions the teams
under study came from as well as their performance (results) at the championships. Material and
Methods: The analysis was based on volleyball players (n = 3,887) participating in Men’s U-19 and
U-21 World Championships as well as Men’s World Championships over the last 12 years (2010-
2022). Results: It was noted that RAE differed depending on age category, body height, geographical
region of origin as well as the place taken during the championships. Conclusions: The findings
indicate that there is a need to better understand RAE in order to avoid losing young volleyball
players, which could contribute to the development of volleyball in the world.

Keywords: relative age effect, talent identification, birth quarter, championship players.

1. Introduction

All over the world, sports competitions are held taking account of age categories. It
stems from the fact that young athletes should be given a chance to develop their technical
and perceptual-cognitive skills as well as motor and mental abilities, which are indispen-
sable success factors, on equal terms [1, 2, 3]. However, a difference of almost 12 months
in cognitive and physical development may occur between the youngest and the oldest
athlete born within the same year [4]. World federations of team sports (volleyball, bas-
ketball, handball, football) organise youth world championships in a two-year system,
with the cut-off date of January 1st. Therefore, within a given category, there may be a dif-
ference of up to 23 months between a child born in the first month of the year and a child
born in December of the next year. For instance, during growth spurt, boys may grow 8
to 12 cm within a year [4]. Furthermore, young boys manifest considerable improvements
in such motor abilities as speed, endurance, agility, strength [5] or jumping ability [6, 7].
Owing to a rapid improvement in these abilities, relatively older athletes (born in the first
quarter of the year) may be more effective than their younger peers (born in the fourth
quarter of the year). Consequently, we may observe the overrepresentation of older play-
ers rather than the expected normal distribution in particular quarters of the year. This is
known as the relative age effect (RAE) [8, 9, 10]. As a result, younger players who may be
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temporarily disadvantaged are omitted in the talent identification process because their
performance is below expectations [11]. Therefore, it is important to optimise the talent
identification process so that federations, clubs, coaches or managers can exert the best
possible influence through providing all athletes (especially those with high performance
potential) with equal development opportunities [1]. Research findings confirm the oc-
currence of RAE in the majority of team sports, particularly in those where there is a strong
correlation between body height and mass and high performance [12], as is the case in
volleyball [13].

The literature review reveals a bias in the process of talent identification in young
athletes, where a larger proportion of chronologically older competitors in the same age
category is noticeable, particularly at high levels of competition (e.g. in national teams).
The occurrence of RAE was confirmed in young players and seniors in the majority of
team sports, e.g. basketball [14, 15], handball [16] or football [17].

In volleyball, most studies also point to the occurrence of RAE. Sliwa et al. [18] re-
ported that RAE occurred in young Polish volleyball players attending an elite sports
school supervised by the Polish Volleyball Federation (PZPS). These players were the
driving force of the national team during Youth World Championships (World Champi-
ons U-21 in 2017 as well as U-19 in 2015 and 2021) and Men’s World Championships
(World Champions in 2014 and 2018). Similar observations were made by Campos et al.
[19] in four male categories of the World Championships (U-19, U-21, U-23 and the World
Cup Men’s). They noted a larger presence of players born in the first quarter of the year
in all the categories (youth categories in particular).

Taking into account a wide scope of research into RAE in the last 20 years, it is worth
checking whether the trend of selecting players born in the first quarter of the year con-
tinues. Volleyball is one of the most spectacular team sports in the world. As it generates
great interest on the part of fans and sponsors, its sports level needs to be increased. At-
tempting to fully understand causes and effects of RAE in volleyball players may contrib-
ute to improving the level of the game in the world. Therefore, the aim of the study was
to carry out a retrospective analysis of RAE at World Championships U-19 (WC U-19) and
World Championships U-21 (WC U-21) World Championships as well as Men’s (WC
men) World Championships over the last 12 years and to investigate possible differences
in quarterly age distribution depending on anthropometric features, geographical regions
the teams under study came from as well as their performance in the World Champion-
ships.

2. Material and Methods

The study included volleyball players (n =3,887) who competed in U-19 and U-21
World Championships in the years 2011-2021 (5 championships in each age category) and
in Men’s World Championships in the years 2010-2022 (4 championships). Information
on dates of birth was taken on 1 October 2022 from the FIVB official website
(https://en.volleyballworld.com).

In the FIVB system, January 1st is the cut-off date. Therefore, the players’ birth dates
were classified in four quarters: Q1 — players born between January 1st and March 31st,
Q2 — players born between April 1st and June 30th, Q3 — players born between July 1st
and September 30th, and Q4 — players born between October 1st and December 31st. They
were also classified according to the semester of birth: the first semester (Q1-Q2) included
players born between January 1st and June 30th, while the second semester (Q3-Q4) in-
cluded players born between July 1stand December 31st.

To determine the differences between the actual and expected distributions of birth
dates in each quarter, the chi-square test (x2) was applied [8]. The Odds Ratio (OR) was
used to compare the distribution of birth dates between the first three quarters (Q1, Q2
and Q3) and the last quarter (Q4), as recommended by Cobley et al. [20]. OR was calcu-
lated with 95% confidence interval (CI) between the semesters. The effect size obtained
for the chi-square test was interpreted as follows: OR < 1.23 (very small), OR between 1.23
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and 1.85 (small), OR between 1.86 and 2.99 (medium) and OR >2.99 (large) [21]. To ana-
lyse possible factors associated with RAE, the birth quarter (Q) was defined as an inde-
pendent variable, whereas body height, geographical location of the team (America, Af-
rica, Asia and Oceania as well as Europe), and results obtained by national teams during
World Championships (medallists — players from teams that came 1st-3rd; participants of
the knockout stage — players from teams that came 4th—8th; participants of the group stage
— the remaining players from teams taking part in the championships) were defined as
dependent variables. Moreover, two-way AVOVA was employed to study the differences
in the players’ body height taking account of birth quarters and results obtained during
the championships. Statistical analysis was performed using STATISTICA 13.3 (StatSoft,
Poland). The level of significance was set at a < 0.05.

3. Results

In all age categories at the World Championships in volleyball, we noted the
overrepresentation of players born in the first quarter of the year, with decreasing OR
values when comparing Q4 with Q1, Q2 and Q3. The analysis of OR values Q1xQ4 re-
vealed the largest effect in the youngest age category, i.e. U-19 (Table 1).

Table 1. Assessment of birth quarters in participants of FIVB Volleyball World Championships (U-19, U-21 and Men’s
World Championships) in the years 2010-2022.

Number (%) of athletes per quarter OR (95% Confidence Interval)
Q1 Q2 Q3 4 Total  x2 p
Competition Q1xQ4 Q2xQ4 Q3xQ4
n(%) n(%) n(%) n(%)
2.16 1.79 1.49
WCU-19 468(33.6) 386(27.7) 322(23.2) 216(15.5) 1392 97.54 0.000*
(1.74-2.70) (1.43-2.23) (1.19-1.87)
1.73 1.56 1.33
WCU-21 364(30.8) 328(27.7) 280(23.7) 210(17.8) 1182 45.01 0.000*
(1.37-2.19) (1.23-1.98) (1.04-1.70)
1.33 1.21 1.39

WCmen 354(27.0) 323(24.5) 370(28.2) 266(20.3) 1313 19.22 0.003*
(1.07-1.66) (0.97-1.52) (1.12-1.73)

X% chi-square test; 1°quartile (Q1): Jan-Mar; 2° quartile (Q2): Apr—Jun; 3° quartile (Q3): Jul-Sep; 4° quartile (Q4): Oct—
Dec; Effect size: OR <1.23 (very small), OR 1.23 to 1.85 (small), OR 1.86 to 2.99 (medium), OR > 2.99 (large).*p < 0.05.

The analysis of quarterly age distribution for volleyball players in a period of 12 years
revealed greater overrepresentation of players born in Q1-Q2 compared to those from
Q3-Q4 for every age category (Figure 1). The largest difference was noted in the youngest
players (U-19), where the number of births in Q1-Q2 in the years 2011 and 2015 was al-
most twice as high as in Q3-Q4. However, the difference grew smaller with the players’
age, and there was no difference at all during Men’s World Championships in 2022.
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Figure 1. Distribution of birth semesters for all age categories at U-19, U-21 and Men’s World Cham-
pionships in the years 2010-2022.

The quarterly distributions of birth dates depending on the continents the teams un-
der study came from were uniform in three cases only (U-19 Africa for p <0.07 and U-21
as well as U-21 and Men’s World Championships (WC Men) Asia and Oceania for p < 0.45
and p <0.61). In the other cases, the distributions were significantly different from the ex-
pected ones (p < 0.05) (Table 2).

Table 2. Assessment of birth quarters and semesters in participants of FIVB Volleyball World Championships (U-19, U-21 and
Men’s World Championships) in the years 2010-2022 according to the geographical region the teams came from.

Number (%) of athletes per quarter

OR (95% Confidence Interval)

Competition ~ Region Q1 Q2 Q3 Q4 Total  x? p
Q1xQ4 Q2xQ4 Q3xQ4
n(%) n(%) n(%) n(%)
2.08 1.68 1.57
America 150(32.9) 121(26.5) 113(24.8) 72(15.8) 456 27.28 0.0001
(1.49-2.92) (1.19-2.38) (1.11-2.23)
2.70 2.25 1.77
o Europe  168(35.0) 140(29.2) 110(22.9) 62(12.9) 480 5140 0.0000
o (1.84-3.99) (1.53-3.35) (1.19-2.65)
Lg) 1.62 1.11 1.13
Africa  60(33.3) 41(22.8) 42(23.3) 37(20.6) 180 698 0.0726
(0.90-2.91) (0.60-2.04) (0.61-2.09)
Asia and 1.99 1.86 1.26
90(32.6) 84(30.4) 57(20.6) 45(16.3) 276 20.09 0.0002
Oceania (1.22-327) (1.14-3.06) (0.76-2.12)
1.62 1.62 1.12
America 112(30.3) 112(30.3) 77(20.8) 69(18.6) 370 16.79 0.0008
(1.07-2.47) (1.07-2.47) (0.72-1.73)
1.93 1.71 1.53
= Europe  128(31.4) 113(27.7) 101(247) 66(162) 408 2053 0.0001
5 (1.29-2.91) (1.14-2.58) (1.01-2.32)
§ 2.48 2.17 1.81
Africa 55(33.3) 48(29.1) 40(24.2) 22(13.3) 165 14.71 0.0021
(1.29-4.86) (1.12-4.27) (0.92-3.60)
Asia and 1.30 1.04 1.17
69(28.9) 55(23.0) 62(25.9) 53(222) 239 2.66 0.4467
Oceania (0.78-2.16) (0.61-1.75) (0.70-1.96)
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Number (%) of athletes per quarter OR (95% Confidence Interval)

Competition ~ Region Q1 Q2 Q3 Q4 Total  x? p
Q1xQ4 Q2xQ4 Q3xQ4
n(%) n(%) n(%) n(%)
1.42 1.52 1.43
America 108(34.8) 115(37.1) 109(35.2) 76(245) 408 9.12 0.0278
(0.95-2.13) (1.01-2.26) (0.96-2.15)
1.40 1.02 1.39
o Europe  154(39.6) 112(28.8) 153(39.3) 110(28.3) 529 13.68 0.0034
§ (0.99-1.98) (0.71-1.46) (0.98-1.96)
§ 1.64 2.16 2.11
Africa 38(32.2) 50(42.4) 49(41.5) 23(19.5) 160 11.85 0.0079
(0.83-3.28) (1.12-4.23) (1.10-4.16)
Asia and 0.95 0.80 1.03
54(33.7) 46(28.7) 59(36.9) 57(356) 216 1.81 0.6117
Oceania (0.56-1.61) (0.47-1.39) (0.61-1.75)

Table 3 shows quarterly distributions of volleyball players” birth dates (percentage)
depending on the results they obtained during Volleyball World Championships (medal-
lists, players from teams that came 48, the remaining players), the chi-square test re-
sults as well as the odds ratio. The quarterly distributions of birth dates were non-uniform

in all the cases (p < 0.05).

Table 3. Assessment of birth quarters and semesters in participants of FIVB Volleyball World Championships (U-19, U-21 and
Men’s World Championships) in the years 2010-2022 according to the obtained results.

Number (%) of athletes per quarter OR (95% Confidence Interval)

Classification Q1 Q2 Q3 Q4 Total  x2 [4
Q1xQ4 Q2xQ4 Q3xQ4
n(%) n(%) n(%) n(%)
1.90 1.81 1.58
Medallists 181(30.7) 172(28.8) 150(25.1) 95(15.9) 598 29.89 0.00001
(1.36-2.67) (1.29-2.54) (1.12-2.23)
1.93 1.51 1.30
4th — 8 ranking 336(33.6) 263(26.3) 226(22.6) 174(17.4) 999 55.72 0.0000
(1.50-2.49) (1.17-1.96) (1.00-1.69)
1.58 1.42 1.41

Remaining players

669(29.2) 602(26.3) 596(26.0) 423(18.5) 2290 57.79 0.0000
(1.34-1.87) (1.20-1.69) (1.19-1.67)

The characteristics of volleyball players’ body height depending on their birth quar-
ter, age categories and geographical regions they came from are presented in Table 4.

Table 4. The characteristics of volleyball players” body height depending on their birth quarter, age categories and geographical

regions they came from.

Volleyball players’ body height (n)

Competition Q1 Q2 Q3 Q4

Classification [em] n [cm] n [cm] n [em] n

medallists 196.5+8.7 74 196.6+7.2 68 194.8+7.7 41  196.9+83 33

U-19 4-8 ranking 1941484 133 1952485 102 194.6+81 74 1974+72 51
lowest ranking 193.5+11.8 261 192.4+7.8 216 193.1+7.7 207 192.2+8.0 132

medallists 197.1+8.4 63 197.5+#84 61 197.9+77 55 196.6+88 37

U-21 4-8 ranking 194.4+82 109 195.6+#8.0 94 193.3+74 92  1955+7.8 64
lowest ranking 194.6£7.8 192 194.5+7.8 173 194.1+84 133 1955+7.8 109
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Volleyball players’ body height (n)
Competition Q1 Q2 Q3 Q4
Classification [em] n [cm] n [cm] n [cm] n
medallists 199.1+7 4 44 197.0+88 43 197.7£72 54 197.6£9.2 25
WC Men 4-8 ranking 196.8+8.3 94 198374 67 197.8+79 60  198.2+95 59
lowest ranking 194.4+78 216 1963x8.1 213 196.2+£7.5 256 195.249.5 182
Region
America 194.7+8.1 370 195.0+£7.8 348 193.7£7.5 299 1942+8.6 217
Europe 196.1+79 450 196.7x79 365 197.3x6.7 364 197.6x8.6 238
Africa 1925+69 153 193.2+69 139 1949490 131 1919473 82
Asia and Oceania 193.9+¢13.2 213 194589 185 193.0+8.8 178 195.1x15.6 155
Figure 2 shows the results of the analysis of variance for body height (a dependent
variable). The differences between estimated marginal means for Region (upper left),
Classification (upper right), Competition (lower left) as well as quarter*region interactions
(lower right) proved to be statistically significant.
v /i\\ 1975
e / ’ \ 1970
\%// »
191 1935
America Europe Africa Asia medalist 4-8 ranking lowest ranking
Region Classification
g 195 T — g 1955
g 194 = > ?/ \),,, ’ g
5 7 \\Tt 3 g 1950

193

192

190

189

Q1 Q2
Quarter

Q3

Q4

= America G- Europe 4= Africa —§— Asia

1945

1940

1935

1930

u21
Competition

wc

Figure 2. Results of the analysis of variance for body height for Region (upper left, F(3, 3871) = 32.980, p = 0.000), Classi-
fication (upper right, F(2, 3875) = 24.829, p = 0.000), Competition (lower right, F(2, 3875) =23.231, p =0.000) as well as
Quarter*Classification (lower left, F(6, 3875) = 1.2844, p = 0.26071), Quarter*Category (upper left, F(6, 3875) = 0.89225,
p =0.49946) and Quarter*Region interactions (lower, F(6, 3875) = 2.2529, p = 0.01648). Vertical bars indicate 95% confi-

dence intervals.
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4. Discussion

The aim of the study was to retrospectively analyse the RAE at World Champion-
ships in volleyball in a period of 12 years taking into account anthropometric features, age
categories, geographical regions the teams under study came from as well as their perfor-
mance (results) in the championships.

The observation of the distribution of birth dates shows significant differences be-
tween the actual and expected distribution of the number of births in quarters and semes-
ters in U-19 players. RAE is also noted in U-21 players; however, it starts to decrease grad-
ually. It stems from the fact that older players (born in the same year) are more mature
when it comes to biological development than their peers born in the last quarter of the
year. As a consequence, in the process of talent identification, older players are selected
to youth national teams since they manifest better parameters of body height and mass,
strength, jumping abilities or speed [5, 18, 22, 23]. RAE also occurs in senior players par-
ticipating in the World Championships; however, the difference is not statistically signif-
icant. A similar correlation was found in the study on Polish volleyball players from an
elite sports school supervised by the Polish Volleyball Federation, who were the core of
U-17, U-19, U-21 and senior national teams during World Championships [18].

The results show that the overrepresentation of births in the first months of the year
decreases with the participants’ age. These changes in RAE over the years result from
smaller differences in biological age and greater homogeneity of the group. It indicates
that other values begin to gain significance (e.g. longer training experience) [20, 24].

No consideration of RAE by sports officials, managers or coaches who look for tal-
ented youth and usually focus on such success factors as weight-height parameters or
jumping abilities [25, 26] may lead to overlooking young talents due to their unfavourable
age-related situation [8, 18]. Our analysis confirmed this correlation, as early exclusion is
noticeable in players born in the second semester of the year (Q3-Q4).

It should be noted that our research group consisted of the best volleyball players in
youth categories (U-19, U-21) as well as professional players who were the best in their
countries at the last stage of transition from youth to senior volleyball. It means our group
can be treated as elite (world top level).

As for the correlation of RAE with the region the national teams came from, the larg-
est effect of statistical significance of x2 test was found in all categories (U-19, U-21 and
Men’s WC) in players coming from Europe. Most probably, it stems from the fact that in
Europe, volleyball is a popular sport, and a lot of players take part in volleyball league
matches. Thus, the correlation between the teams’ region (Europe) and RAE may indicate
that competition is positive in terms of RAE occurrence. Therefore, coaches, federations,
clubs and sports organisations in Europe should be more careful so as not to choose play-
ers who have a temporary advantage in physical development over younger players born
in the same year.

Despite the fact that in all age categories at World Championships there occurred an
overrepresentation of players born in the first quarter of the year in terms of their perfor-
mance, medallists manifested the greatest differences in OR values when comparing Q4
with the other quarters. It shows that the selection of talented players is mainly based on
RAE. As a consequence, players born in the first months of the year are selected to teams
and participate in national youth leagues more often. We ought to bear in mind that Eu-
ropean and American countries are in the lead when it comes to winning medals. As a re-
sult, there are more children who do this sport, and the process of talent identification is
oriented at achieving sports success. This fact was observed in other studies that focused
on countries with fewer inhabitants and fewer volleyball players [27]. In such cases,
coaches need to adopt a different approach when selecting children, as they may not nec-
essarily be advanced in their physical development because few children compete for
places available in sports clubs. As it has already been suggested, the lack of competition
may act as a moderator for RAE [28].
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Statistical analysis of the players’ body height revealed significant differences be-
tween age categories, sports results achieved by the team during the championships as
well as the region that the team came from. It shows that body height is a variable that in-
fluences coaches’ decisions when selecting players to the national team. Achievements of
men’s U-19, U-21 and senior national teams indicate that the height parameter character-
ises the best players and is an important factor when it comes to achieving success at the
highest level [29, 30]. This correlation was also found in the study which pointed to body
height and jumping abilities as decisive factors for the selection of female national team
players [31].

The current study is of significance in terms of both theory and practice. From a prac-
tical standpoint, it is suggested that if RAE were noted, coaches should act accordingly
(e.g. by setting players individual goals) to prevent the loss of talents. From a theoretical
point of view, RAE observed in young volleyball players may mean that the birth quarter
may affect performance in young individuals, as their achievements depend on physical
parameters. It indicates that the month of birth may be a decisive factor for talent identi-
fication in volleyball. The process of selection in volleyball aims at achieving immediate
success, which does not always go hand in hand with young players” development.

Further research on RAE is needed to confirm the above-mentioned suggestions. The
research should be more extensive and take into account biological maturation, progress
regarding sports career development, position on the court or players’ individual perfor-
mance. As a result, it would help to avoid overestimating or underestimating potential
volleyball talents. One of the practical solutions that could reduce RAE would be to
change a two-year system into a one-year system in national competitions across all age
categories. Another possible solution is to design a comprehensive system of talent iden-
tification and selection for a given sport which would include more frequent physical de-
velopment assessment tests (every 3/6 months or more often). Finally, the most appropri-
ate approach to the issue is to increase awareness of RAE among coaches, sports officials
and managers. These people are responsible for sports organisation and development.
Therefore, they should understand RAE and its influence on the development of sport
and young athletes.

5. Conclusions

The findings of the current study revealed the occurrence of RAE at volleyball world
championships (U-19, U-21 and seniors) in the last 12 years. However, the difference grew
smaller with the players” age. An additional statistical analysis of RAE with respect to the
players’ body height showed significant differences between age categories, sports results
achieved by the national team during the championships and the region the national team
came from. It indicates that body height is a variable that exerts a considerable influence
on coaches’ decisions regarding the selection of players to national teams. The research
results show that despite numerous scientific investigations on RAE, in volleyball the sit-
uation has not improved considerably over the last 12 years. As a consequence, we will
still observe early exclusion and loss of talents in volleyball.
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