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Background: The Relative Age Effect (RAE) refers to the unequal representation of
athletes according to their birth timing within a selection year. This phenomenon may
influence talent identification, athlete development, and access to competitive
opportunities. However, limited evidence is available regarding the relationship
between RAE, playing-position distribution, and tactical-technical performance among
competitive university volleyball players in India.

Aims: This study examined the presence of RAE and its association with playing
positions and tactical-technical performance among male volleyball players competing
at the national inter-university level in Tamil Nadu, India.

Methods: A cross-sectional observational design involved 160 male players from
universities in Tamil Nadu who participated in national inter-university tournaments
during the 2024-2025 season. Participants were classified into four birth quartiles: Q1
(January-March), Q2 (April-June), Q3 (July-September), and Q4 (October-December).
Playing positions and performance indicators, including attack efficiency, block
success, serve pressure, reception efficiency, and overall performance index, were
analyzed using chi-square goodness-of-fit tests and the Kruskal-Wallis test.

Results: A significant unequal distribution of players was observed across the birth
quartiles (x? = 10.40, p = 0.015, Cohen’s w = 0.25). Players born in Q1 represented
32.5% of the sample, whereas those born in Q4 accounted for 17.5%, with Q1 players
being approximately 1.86 times more likely to be represented than Q4 players.
Significant position-specific differences were identified among opposite hitters (x* =
8.11, p = 0.04) and middle blockers (x* = 9.02, p = 0.02). However, no significant
differences were found across birth quartiles in attack efficiency, block success, serve
pressure, reception efficiency, or overall performance index (p > 0.05; n? = 0.008-
0.014).

Conclusion: RAE remained evident in player representation and positional
distribution but was not associated with tactical-technical performance. These findings
suggest that birth timing may influence selection opportunities more than actual
competitive ability. Talent identification should therefore use multidimensional
criteria and prioritize athletes’ long-term developmental potential rather than age-
related physical advantages.
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INTRODUCTION

Relative age effect (RAE) refers to the tendency to have an overrepresentation of individuals
born earlier in the given selection year, and the phenomenon has been well documented in many
competitive sports (Dudink, 1994; Toselli et al., 2022; Leyhr et al., 2024). The bias is mainly caused
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by the use of chronological age classification groups favoring relatively older athletes, who generally
demonstrate more developed physical, cognitive, and psychological abilities compared with their
younger peers in the same group (Cobley et al., 2009; Wattie et al., 2015; Becerra-Patifio et al., 2024).
Thus, such a favorable start might create more opportunities for selection, training, and competition,
leading to increased engagement in sport (Andronikos et al., 2016). The phenomenon is a major issue
in sports science because it can impact talent identification, athlete development, and the allocation
of equitable opportunities in competitive sport. Practically, it may result in the exclusion of talented
young athletes from development programs on the grounds of being born earlier or later (Kelly et al.,
2022; Bhengu et al.,, 2026).

The presence of relative age effects (RAE) among youth and adolescents in sport settings has
been well-established in previous research, with special attention paid to talent identification and
development programs (Sweeney et al, 2023; Fitzgerald et al, 2024). Evidence of high RAE
prevalence has been shown for football, basketball, handball, and volleyball, implying that birth date
distribution may play a significant role in athlete selection processes and future opportunities for
participation in sports (Delorme et al, 2010; Rubajczyk & Rokita, 2020; Schorer et al.,, 2025;
Grigoletto et al., 2023). However, the size and persistence of RAE vary across sports, competitive
level, gender, and playing position. Although a considerable number of research works are available
related to RAE in youth sports, for the longest time, research has been dominated by elite or
professional athletes and focused more on the distribution of birth dates while ignoring birth timing
relative to performance outcomes in sport (Avila-Martinez et al., 2024; Ntozis et al.,, 2024). Data
regarding the prevalence and implications for performance of RAE among college athletes, especially
in volleyball, is scarce (Yang et al., 2026; Rebelo et al., 2024; Wang & Tian, 2024). The relationship
between RAE, playing position, and multidimensional performance indicators needs further
exploration (Sliwa et al., 2024; Garcia-de-Alcaraz et al.,, 2022).

There is evidence that the effect of RAE may decrease in elite athletes, since the success of
such participants depends mainly on the development of techniques and tactical awareness and not
on maturational differences (de la Rubia et al., 2020; Aku & Yang, 2024). Still, recent findings show
that RAE persists in the professional league despite the elimination of maturational factors as a
source of advantage. Thus, RAE can be maintained due to selection practices that develop during the
athlete's early career (Rey et al.,, 2023; Isik et al., 2025).

The combination of anthropometric features and technique makes RAE analysis relevant in
volleyball. Indeed, playing positions such as middle blocker and opposite require good height and
power, while setter and libero demand better decision-making and technical abilities (Drikos et al.,
2025; Ntozis et al., 2024; Palani et al., 2024). Previous studies investigating RAE in volleyball have
mostly attempted to describe the prevalence of RAE in various competitive environments. While
Campos et al. (2020) investigated the birth date distribution of participants of the Girls' U18
Volleyball World Championship, Albaladejo-Saura et al. (2022) analyzed RAE during youth volleyball
talent identification. The work of Oliveira Castro et al. (2024) has shed light on the relationship
between RAE, gender, position, and competitive level among elite Brazilian volleyball players, and
Ntozis et al. (2024) studied RAE in relation to the position of adolescent female volleyball players.
Finally, Redman et al. (2025) have recently provided further evidence of RAE in competitive
volleyball populations. Despite these advancements in RAE research in volleyball, most studies have
concentrated on youth and elite samples, specific positions, and birth date distribution, neglecting
multidimensional performance indicators within the same analysis framework (Keoliya et al., 2024).
Moreover, there has been almost no evidence on collegiate volleyball in Asian countries. So far, no
study has comprehensively investigated the interrelationship between birth quartiles, playing
positions, team competitive level, and performance measures in male volleyball players in India. Such
a study is not only theoretically relevant but also practically important as collegiate sport becomes
an important phase of transition from youth sport to the elite level where talent identification and
athlete development decisions are made.

The innovation of this study is that it investigates relative age distribution along with playing
position, competitive level, and performance measures in the case of volleyball players. The study is
different from the previous literature that mainly focused on the description of how common RAE is
by providing a multidimensional view on the issue of whether there exists a link between relative
age and competitive performance to make a valuable contribution to the literature of talent
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identification and athlete development. At the same time, this study will bring a unique Asian
perspective to RAE issues in collegiate volleyball in India, where research on RAE in volleyball is
scarce despite increased competitiveness in university sport. Therefore, the goal of this study was to
examine the prevalence of RAE among male volleyball players and its correlation with playing
position and multidimensional performance variables. The results of the study are expected to
contribute to the literature on RAE in volleyball and provide evidence supporting fair talent
identification and athlete development practices in university sports.

METHOD

Research Design

The present study used a non-experimental research design with observational procedures
and a cross-sectional approach, focusing on natural data analysis related to volleyball players. The
research design is compatible with the principles of selective methodology, and its main goal is to
identify relationships between various variables, including birth quartiles, playing positions, and
performance parameters (Ato et al,, 2013; Anguera et al., 2011; Castro et al., 2024). The study uses a
group-based (nomothetic) and analytical research approach, where numerous variables are
analyzed in one go to discover their connections. Information was gathered at one point in time
during the 2024-2025 competition season, providing a snapshot of how RAE affects volleyball
players at the present moment. The cross-sectional approach provides evidence of ecological validity
and allows for interpreting results in a competitive environment. The present study was carried out
to explore the extent of the Relative Age Effect (RAE) and its relationship with playing position and
performance markers among competitive male university volleyball players in the 2024-2025
competition year. While a cross-sectional observational study allows for associations to be identified
within competitive reality, no causal connections or changes can be observed using this method.
Moreover, the results are only relevant for the sample of male university volleyball players from
Tamil Nadu, India, who compete nationally between universities.

Participants

The sample population consisted of 160 male volleyball players 18-25 years (chronological
age) representing various universities in Tamil Nadu, India, and who participated in national inter-
university volleyball tournaments conducted during the 2024-2025 academic year. Instead of
labeling all participants as 'elite’ athletes, in this study, the participants will be referred to as
competitive university volleyball athletes playing at the national inter-university level. These
individuals managed to pass through university, district, and state level selection processes and
participated in national inter-university tournaments implying highly competitive level. Inclusion
criteria for participants involved being officially enrolled in the university team, participation in
national level inter-university volleyball tournaments during the 2024-2025 academic year, and
having complete records related to demographics and competition results. Athletes who were unable
to provide full competition record and missing their birth date information were excluded from
further analysis. Permission to access competition records was provided by sports authorities of
respective universities. As the study involves use of official competition records and anonymized
performance data, confidentiality and anonymity of the participants were ensured during the whole
research process. All personal identifiers were deleted before analysis and all data were safely stored
and used only for research purposes.

Procedures

The data used in the current study were collected systematically from competition records
and institutional sources associated with the 2024-2025 national-level volleyball season in Tamil
Nadu. Athletes who did not have any verifiable records were removed from the study. Generally, the
academic year in India starts from June-July, and school admission is based on age cut-off dates set
up by educational authorities. Considering that, in sports research, the relative age effect is usually
evaluated according to calendar year, athletes were categorized based on their birth month and
assigned to one of the four birth quartiles: Q1 (January-March), Q2 (April-June), Q3 (July-September),
and Q4 (October-December). Regarding this classification system, athletes born in Q1 are relatively
older within the annual group and have some developmental advantages. In comparison, athletes
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born in Q4 are relatively younger and have relative disadvantages during the talent selection
processes. Several performance-related variables were analyzed. Athletes were categorized
according to playing position as setter, outside hitter, opposite hitter, middle blocker, or libero.
Teams were classified based on their standing at the end of the tournament. Teams in ranks 1-10
were considered high-level teams, ranks 11-20 mid-level teams, and ranks 21-30 low-level teams.
This classification was used to determine if there is any effect of Relative Age Effect across different
levels of teams’ competitiveness. The performance indicators used in this study were based on
official statistics of matches played in the tournament setting. The attack efficiency indicator is the
percentage of attacks made successfully that lead to scoring points. The block efficiency indicator is
the percentage of successful blocks that result in points. The serve pressure index, which took into
consideration the service aces and the serves that produced errors during the receiving phase for the
opponents, was used to measure the serve pressure. A higher value on the index meant a more
effective serve pressure.

Statistical Analysis

The frequency distribution of the relative age quartile groups was analyzed through chi-
square goodness-of-fit tests, with effect size presented as Cohen’s w. Additionally, odds ratios (ORs)
with 95% confidence intervals were used to estimate representation in quartiles. To test for
statistically significant differences among quartiles in terms of their performance levels, which were
not normally distributed, a Kruskal-Wallis test was used, while its effect size is presented as n2. The
significance threshold was set at p < 0.05, and all calculations were performed using SPSS software.

RESULTS AND DISCUSSION

Results

To determine whether the Relative Age Effect was present in the study sample, the
distribution of the 160 players across the four birth quartiles was first examined. The observed
frequencies were compared with an expected equal distribution using a chi-square goodness-of-fit
test. In contrast, Cohen’s w and the Q1-to-Q4 odds ratio were used to estimate the magnitude of
the effect and the likelihood of player representation. The results of this initial analysis are
presented in Table 1.

Table 1. Relative Age Quartile Distribution of Volleyball Players
Relative Age Quartile Observed (n) % X2 p-value w OR (Q1:Q4)

Q1 52 32.5
Q2 44 27.5
Q3 36 225 10.40 0.015 0.25 1.86
Q4 28 17.5

From Table 1, it is seen that there is an unequal distribution of players in each birth quartile,
with the earlier-born players being present more often than the later ones. The maximum number of
participants belongs to Q1, while Q4 includes the minimum number of players. Thus, there is
definitely an effect of relative age in the studied sample. The chi-square goodness-of-fit test
demonstrated a significant deviation from the expected equal distribution across quartiles (x* =
10.40, p = 0.015, w = 0.25). Furthermore, the odds ratio (OR = 1.86) indicated that players born in Q1
were nearly twice as likely to be represented as players born in Q4.

Table 2. Relative Age Quartile Distribution by Playing Position

Position Q1 Q2 Q3 Q4 x* p-value w
Setter 10 9 8 7 0.52 091 0.08
Outside Hitter 16 14 12 8 3.24 0.35 0.16
Opposite 12 10 6 4 8.11 0.04 0.28
Middle Blocker 10 9 5 3 9.02 0.02 0.31
Libero 4 2 5 6 2.14 0.54 0.13
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As is evident from Table 2, the strength of the effect of relative age varies from one playing
position to another. In particular, the biggest effect of RAE could be found in opposites and middle
blockers. However, in setters, outside hitters, and liberos, there is an equal number of players
regardless of their birth quartile, and the differences between the quartiles are statistically
insignificant. Therefore, the impact of RAE could depend on the physical and positional features of
volleyball. Significant differences were found for the Opposite position (x* = 8.11, p = 0.04, w = 0.28)
and Middle Blocker position (x* = 9.02, p = 0.02, w = 0.31).
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Figure 1. The Distribution of Relative Age Quartiles across Selected Playing Positions

Figure 1 visually illustrates the distribution of players across the relative age quartiles
according to their playing positions. Across the positions presented, players born in Q1 and Q2
generally showed higher representation than those born in Q3 and Q4. The difference was
particularly evident among opposite hitters and middle blockers, where the number of players
progressively decreased from Q1 to Q4. In contrast, the distribution among setters was relatively
balanced. This pattern supports the statistical findings presented in Table 2, indicating that the
Relative Age Effect was more pronounced in positions associated with greater physical demands.

Table 3. Tactical-Technical Performance bi Relative Aie Quartile

Attack Efficiency 482+6.1 47559 470263 468+65 2.84 0.41 0.012
Block Success 2.9+0.8 2.8+0.7 2.7+09 26+08 @ 3.12 0.37 0.014
Serve Pressure 1.8+ 0.6 1.7 £ 0.5 1.7 £ 0.6 1.6 £ 0.5 1.95 0.58 0.009

Reception 624+72 618+75 61.1+7.8 609+80 221 052 0.010
Efficiency
g eri‘;ﬁ‘e‘;me 156+32 152+31 150+3.3 148+34 167 064  0.008

Table 3 demonstrates the similarities in the performance of players in different birth
quartiles. Although players from Q1 tend to have higher mean values for some performance
measures, such differences are insignificant. Hence, relative age was shown to have an impact only
on the number of players in the sample and not on their performance. The results of the Kruskal-
Wallis test show that there is no statistically significant difference between birth quartiles concerning
attack efficiency, block efficiency, serve pressure, reception efficiency, and overall performance (p >
0.05,1n% < 0.02).
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Figure 2. Distribution of tactical-technical performance variables across relative age quartiles.

Figure 2 provides a visual comparison of the distributions of tactical-technical performance
variables across the four relative age quartiles. The boxplots show substantial overlap in the
median values and interquartile ranges for attack efficiency, block success, serve pressure,
reception efficiency, and the overall performance index. Although minor variations and several
individual outliers are visible, no consistent pattern of superiority is observed for any birth quartile.
These visual patterns support the results presented in Table 3, confirming that relative age was not
significantly associated with tactical-technical performance among the players.

Discussion

The goal of this study was to analyze the presence of the Relative Age Effect (RAE) and its
relationship with playing positions and performance variables among male volleyball players. The
findings indicate that RAE remains evident in the representation of athletes in collegiate volleyball.
The significant inequality in birth-quartile distribution (x* = 10.40, p = 0.015, Cohen’s w = 0.25)
showed that players born in Q1 represented 32.5% of the sample, whereas those born in Q4
accounted for only 17.5%. Furthermore, Q1 players were approximately 1.86 times more likely to be
represented than Q4 players. These findings suggest that the selection advantages experienced by
relatively older athletes during earlier developmental stages may persist into collegiate competition.
This pattern can be explained using the Developmental Systems Model of RAE proposed by Wattie et
al. (2015), according to which relative age outcomes result from interactions among individual,
environmental, and task-related factors rather than chronological age alone. Earlier selection may
provide relatively older athletes with greater access to high-quality coaching, structured training,
and competitive opportunities, thereby increasing their chances of continued development. The
greater representation of athletes born earlier in the selection year is consistent with previous
studies showing that relatively older athletes are more likely to receive opportunities for
participation and development (Brustio et al., 2024; Joyner et al, 2017; Brustio et al,, 2022).
Nevertheless, because the present study used a cross-sectional observational design, these results
should be interpreted as an association between birth timing and athlete representation rather than
evidence that relative age directly causes selection success.

About playing positions, the greater frequency of RAE among opposite hitters and middle
blockers is consistent with previous findings in volleyball (Ntozis et al., 2024), suggesting that
positional demands may influence athlete selection. Significant birth-quartile differences were
identified among opposite hitters (x* = 8.11, p = 0.04, w = 0.28) and middle blockers (x* = 9.02, p =
0.02, w = 0.31), whereas setters, outside hitters, and liberos did not show significant differences.
Opposite hitters and middle blockers generally require greater height, reach, blocking ability, and
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explosive power, characteristics that may be more apparent among relatively older athletes during
earlier stages of development. Consequently, coaches may be more likely to select relatively older
athletes for positions in which physical attributes are perceived as particularly important. Similar
position-specific patterns of RAE have also been reported in other competitive volleyball populations
(Oliveira Castro et al.,, 2022; Ntozis et al., 2024). However, this interpretation should be treated
cautiously because anthropometric characteristics, biological maturity, training experience, and
previous positional selection were not assessed in the present study. Therefore, RAE cannot be
regarded as the only factor influencing playing-position distribution, and the current findings do not
establish that physical maturity directly determined positional selection.

Although inequalities in birth-quartile distribution were evident, no significant differences
were found in tactical-technical performance (McCarthy et al.,, 2022). Attack efficiency, block success,
serve pressure, reception efficiency, and the overall performance index did not differ significantly
across the four birth quartiles, with all p-values exceeding 0.05 and effect sizes remaining very small
(n*=0.008-0.014). Although Q1 players recorded slightly higher mean values for several indicators,
the substantial overlap in the performance distributions suggests that these numerical differences
had limited statistical and practical relevance. The findings therefore indicate that RAE may influence
the likelihood of gaining access to selection and competitive participation but may not determine
long-term playing ability. Although relatively older athletes may initially benefit from earlier physical
maturation, these advantages may gradually diminish as athletes accumulate training experience and
develop technical skills, tactical understanding, and adaptation to competitive demands. This
interpretation is consistent with previous studies indicating that, at higher competitive levels,
performance depends more strongly on sport-specific skills, tactical ability, and experience than on
relative age (Campos et al., 2020; de la Rubia et al., 2020; Shen et al., 2026).

Taken together, the findings reveal an important distinction between athlete representation
and actual competitive performance. The unequal birth-quartile distribution and the position-
specific patterns among opposite hitters and middle blockers indicate that relative age may influence
which athletes reach competitive university volleyball and the playing roles in which they are
developed. However, the absence of meaningful differences in tactical-technical performance
demonstrates that the greater representation of relatively older players should not be interpreted as
evidence of superior playing ability. In this context, RAE appears to be more strongly associated with
selection and developmental pathways than with performance superiority at the collegiate level.

One possible explanation is that relatively older athletes may receive greater visibility,
encouragement, and selection opportunities during earlier developmental stages, particularly when
maturational differences are more apparent. These advantages may accumulate through increased
coaching exposure, training volume, competitive experience, and continued inclusion in athlete
development systems. By the time players reach national inter-university competition, however,
technical proficiency, tactical knowledge, psychological adaptation, and accumulated experience may
reduce the importance of the initial advantages associated with birth timing. This interpretation
remains provisional because the study did not directly measure biological maturity, anthropometric
characteristics, training age, coaching exposure, or previous selection experiences. Longitudinal
evidence would therefore be required to determine how these developmental factors interact with
relative age throughout an athlete’s pathway.

The present findings expand existing knowledge of RAE by demonstrating that inequalities
in birth-quartile representation do not necessarily correspond to differences in match-related
performance among university volleyball players. Birth quartile may therefore function as an
indicator of unequal access to developmental opportunities, but it appears to have limited value as
an indicator of long-term competitive capability. This distinction is particularly important because
talent identification systems may favour athletes who demonstrate earlier physical development
while overlooking relatively younger players whose long-term performance potential may be
comparable. Accordingly, the persistence of RAE should be understood primarily as a potential
structural bias within athlete selection and development pathways rather than as a direct marker of
superior sporting potential.

Implications

These findings have practical implications for talent identification and athlete development

in collegiate volleyball. The greater representation of relatively older athletes, despite the absence of
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significant differences in tactical-technical performance, suggests that birth timing may influence
selection opportunities more strongly than actual playing ability. Therefore, coaches and talent
selectors should employ multidimensional and evidence-based assessment procedures that consider
technical competence, tactical understanding, physical characteristics, developmental potential, and
competitive performance rather than relying predominantly on age-related physical advantages.
Regular reassessment should also be conducted to provide relatively younger athletes with sufficient
time and opportunity to demonstrate their long-term potential. Such practices may help reduce
selection bias associated with the Relative Age Effect and promote more equitable athlete
development pathways.

Research Contribution

This study contributes to the existing literature on the Relative Age Effect by simultaneously
examining birth-quartile distribution, playing-position patterns, and multidimensional tactical-
technical performance among male collegiate volleyball players in India. Unlike many previous
studies that have focused primarily on birth-date distribution or youth and professional athletes, the
present study provides empirical evidence from the collegiate sport environment, which represents
an important transitional stage between developmental and higher-level competition. The findings
further contribute by demonstrating that the overrepresentation of relatively older athletes does not
necessarily correspond to superior match-related performance. This distinction provides a more
comprehensive understanding of RAE as a potential selection and developmental bias rather than a
direct indicator of competitive ability.

Limitations

Several limitations should be considered when interpreting the findings. First, the cross-
sectional observational design does not allow causal conclusions or an examination of how RAE
changes throughout athletes’ developmental pathways. Second, the sample was restricted to male
collegiate volleyball players from Tamil Nadu, India, which limits the generalizability of the findings
to female athletes, other regions, competitive levels, and volleyball systems. Third, the study did not
assess anthropometric characteristics, biological maturity, training age, coaching exposure, previous
selection experiences, or psychological factors, all of which may influence athlete representation,
positional assignment, and performance. In addition, the use of official competition records may not
fully capture contextual factors such as playing time, quality of opposition, team tactics, and the
specific opportunities received by each player. Therefore, the findings should be interpreted as
associations within the investigated sample rather than as evidence of direct developmental effects.

Suggestions

Future studies should employ longitudinal designs to examine how birth-quartile differences
develop, persist, or diminish across different stages of the athlete development pathway. Larger and
more diverse samples involving athletes from multiple regions, competitive levels, and both sexes
are also needed to improve the generalizability of the findings. Researchers should incorporate
anthropometric, physiological, maturational, psychological, and training-related variables to clarify
the mechanisms underlying RAE and its relationship with playing-position selection and competitive
performance. In addition, future studies should examine coaching decisions, playing time, selection
history, and developmental opportunities to determine whether the overrepresentation of relatively
older athletes results from physical advantages, accumulated training opportunities, or institutional
selection practices. These approaches may support the development of fairer and more evidence-
based talent identification systems in volleyball.

CONCLUSION
This study examined the Relative Age Effect (RAE) and its relationship with playing-position
distribution and multidimensional tactical-technical performance among male collegiate volleyball
players. The findings revealed an unequal birth-quartile distribution, indicating that relatively older
players were more strongly represented in national inter-university volleyball competition. Position-
specific patterns were also observed, particularly among opposite hitters and middle blockers.
However, no significant differences were found across birth quartiles in attack efficiency, block
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success, serve pressure, reception efficiency, or overall performance. These findings suggest that
relative age may be more strongly associated with athlete selection and positional distribution than
with actual competitive performance. Therefore, talent identification and athlete development
systems should evaluate players using multidimensional criteria, including technical ability, tactical
understanding, physical characteristics, competitive performance, and long-term developmental
potential, rather than relying primarily on age-related physical advantages.

ACKNOWLEDGMENT
The authors wish to thank all the universities, coaches, and volleyball players who took part in
this study, as well as those who assisted in the collection of the data. There was no financial support
from outside agencies in the completion of this research.

AUTHOR CONTRIBUTION STATEMENT
KAD, GR, SS, SVP, G], YK, and PR contributed to the conception and design of the study. KAD,
GR, and SS were responsible for data collection and organization. SVP, GI, and YK conducted the
statistical analysis and interpreted the findings. KAD and SS drafted the manuscript, while PR
contributed to the critical review and refinement of the manuscript. All authors critically reviewed,
revised, and approved the final version of the manuscript for publication.

AI DISCLOSURE STATEMENT
The authors declare that this research was prepared, researched, written, and edited without
the aid of artificial intelligence (AI) techniques.

CONFLICTS OF INTERES
There is no conflict of interest in this article.

REFERENCES

Akuy, Y., & Yang, C. (2024). The relative age effect and its influence on athletic performance in Chinese
junior female tennis players. PLoS ONE, 19(3), e0298975.
https://doi.org/10.1371/journal.pone.0298975

Albaladejo-Saura, M., Vaquero-Cristébal, R., Garcia-Roca, J. A., & Esparza-Ros, F. (2022). The effect of
age, biological maturation and birth quartile in the kinanthropometric and physical fitness
differences between male and female adolescent volleyball players. Children, 9(1), 58.
https://doi.org/10.3390/children9010058

Andronikos, G., Elumaro, A. I, Westbury, T.,, & Martindale, R. ]J. ]. (2016). Relative age effect:
Implications for effective practice. Journal of Sports Sciences, 34(12), 1124-1131.
https://doi.org/10.1080/02640414.2015.1093647

Anguera Argilaga, MT, Blanco Villasefior, Angel, Hernandez Mendo, A., & Losada Lépez, JL (2011).
Observational Designs: Adjustment and application in sport psychology. Cuadernos De
Psicologia Del Deporte, 11 (2), 63-76. Retrieved from
https://revistas.um.es/cpd/article/view/133241

Ato, M., Lopez-Garcia, J. ., & Benavente, A. (2013). A classification system for research designs in
psychology. Anales De  Psicologia Annals of  Psychology, 29(3), 1038-1059.
https://doi.org/10.6018/analesps.29.3.178511

Avila-Martinez, ]J. D., Castro-Malaver, M. A. Becerra-Patifio, B. A, Varéon-Murcia, ]J.,, Cardenas-
Contreras, S., & Pino-Ortega, ]. (2024). Gender differences for the relative age effect on
physical skills and emotional intelligence in child volleyball and soccer athletes. Journal of
Functional Morphology and Kinesiology, 9(4), 244. https://doi.org/10.3390/jfmk9040244

Baker, ], Young, B. W,, & Mann, D. (2017). Advances in athlete development: Understanding
conditions of and constraints on optimal practice. Current Opinion in Psychology, 16, 24-27.
https://doi.org/10.1016/j.copsyc.2017.03.005

Becerra-Patino, B. A., Var6n-Murcia, ]. J.,, Cardenas-Contreras, S., Castro-Malaver, M. A, & Avila-
Martinez, J. D. (2024). Scientific production on the relative age effect in sport: Bibliometric
analysis of the last 9 years (2015-2023). Retos, 52, 623-638.
https://doi.org/10.47197 /retos.v52.101944

28 | Journal of Coaching and Sports Science


https://doi.org/10.1371/journal.pone.0298975
https://doi.org/10.3390/children9010058
https://doi.org/10.1080/02640414.2015.1093647
https://revistas.um.es/cpd/article/view/133241
https://doi.org/10.6018/analesps.29.3.178511
https://doi.org/10.3390/jfmk9040244
https://doi.org/10.1016/j.copsyc.2017.03.005
https://doi.org/10.47197/retos.v52.101944

Doss et al. Relative age...

Bezuglov, E., Malyakin, G., Emanov, A., Malyshev, G., Shoshorina, M., Savin, E., Lazarev, A., & Morgans,
R. (2023). Are late-born young soccer players less mature than their early-born peers,
although no differences in physical and technical performance are evident?. Sports, 11(9),
179. https://doi.org/10.3390/sports11090179

Bhengu, P., Roman, N. V., & Filies, G. C. (2026). Revealing disparities: An exploration of talent
identification and sports development among youth. European Journal for Sport and Society,
1-19. https://doi.org/10.1080/16138171.2026.2665888

Brustio, P. R,, Boccia, G., Abbott, S, La Torre, A., Rainoldi, A., & Cobley, S. (2024). Mitigating against
relative age effects in youth track & field: Validating corrective adjustment procedures
across multiple events. Journal of Science and Medicine in Sport, 27(9), 646-653.
https://doi.org/10.1016/j.jsams.2024.05.009

Brustio, P. R, Boccia, G., De Pasquale, P., Lupo, C., & Ungureanu, A. N. (2022). Small relative age effect
appears in professional female Italian team sports. International Journal of Environmental
Research and Public Health, 19(385), 1-9. https://doi.org/10.3390/ijerph19010385

Campos, F. A. D., Pellegrinotti, i.L, Campos, L. C. B, Dias, T. M. R,, & Gémez, M. A. (2020). Relative age
effect in the girls’ volleyball U18 world championship. Journal of Human Kinetics, 72, 195-
202. https://doi.org/10.2478 /hukin-2019-0106

Cobley, S., Baker, ]., Wattie, N., & McKenna, J. (2009). Annual age-grouping and athlete development:
A meta-analytical review of relative age effects in sport. Sports Medicine, 39(3), 235-256.
https://doi.org/10.2165/00007256-200939030-00005

De la Rubia, A., Lorenzo-Calvo, J., & Lorenzo, A. (2020). Does the relative age effect influence short-
term performance and sport career in team sports? A qualitative systematic review.
Frontiers in Psychology, 11, 1947. https://doi.org/10.3389 /fpsyg.2020.01947

De Oliveira Castro, H., De Oliveira, V., De Souza Rocha, M., Figueiredo de Souza, W., De Castro Ribeiro,
L., Adriano Gomes, S., & Savassi Figueiredo, L. (2024). The relative age effect based on
playing-position and performance on brazilian elite men’s basketball. Cuadernos de
Psicologia Del Deporte, 24(3), 94-107. https://doi.org/10.6018/cpd.612221

Delorme, N., Boiché, ]., & Raspaud, M. (2010). Relative age effect in female sport: A diachronic
examination of soccer players. Scandinavian Journal of Medicine & Science in Sports, 20(3),
509-515. https://doi.org/10.1111/j.1600-0838.2009.00979.x

Drikos, S., Fatahi, A., Molavian, R., Ahmed Al-Ryami, S. A, Sotiropoulos, K., & Barzouka, K. (2025).
Volleyball: Similar game for men and women? Factors characterising successful
performance in olympic games 2021 regarding genders. International Journal of
Performance Analysis in Sport, 25(3), 373-385.
https://doi.org/10.1080/24748668.2024.2411870

Dudink, A. (1994). Birth date and sporting success. Nature, 368(6472), 592.
https://doi.org/10.1038/368592a0

Finnegan, L., van Rijbroek, M., Oliva-Lozano, ]J. M., Cost, R.,, & Andrew, M. (2024). Relative age effect
across the talent identification process of youth female soccer players in the United States:
Influence of birth year, position, biological maturation, and skill level. Biology of Sport, 41(4),
241-251. https://doi.org/10.5114 /biolsport.2024.136085

Fitzgerald, F., Campbell, M., Kearney, P. E., & Cumming, S. (2024). Exploring the existence, strength,
and independence of relative age and maturation selection biases: A case study in Gaelic
football talent development programmes. Annals of Human Biology, 51(1).
https://doi.org/10.1080/03014460.2024.2349040

Garcia-de-Alcaraz, A., Pessoa da Costa, Y., & Ricarte Batista, G. (2022). Exploring the relative age effect
in Spanish beach volleyball players. Journal of Physical Education and Sport, 22(10), 2604-
2610. https://doi.org/10.7752 /jpes.2022.10330

Grigoletto, A., Mauro, M., & Tosellij, S. (2023). Differences in body composition and maturity status in
young male volleyball players of different levels. Journal of Functional Morphology and
Kinesiology, 8(4), 162. https://doi.org/10.3390/jfmk8040162

Isik, M., Yavuz, M., Disceken, O., Ceylan, H. I., Oksiiz, T., & Demir, K. (2025). Positional relative age
effect in Europe’s top ten football leagues. BMC Sports Science, Medicine and Rehabilitation,
17(1), 258. https://doi.org/10.1186/s13102-025-01312-1

Journal of Coaching and Sports Science | 29


https://doi.org/10.3390/sports11090179
https://doi.org/10.1080/16138171.2026.2665888
https://doi.org/10.1016/j.jsams.2024.05.009
https://doi.org/10.3390/ijerph19010385
https://doi.org/10.2478/hukin-2019-0106
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.3389/fpsyg.2020.01947
https://doi.org/10.6018/cpd.612221
https://doi.org/10.1111/j.1600-0838.2009.00979.x
https://doi.org/10.1080/24748668.2024.2411870
https://doi.org/10.1038/368592a0
https://doi.org/10.5114/biolsport.2024.136085
https://doi.org/10.1080/03014460.2024.2349040
https://doi.org/10.7752/jpes.2022.10330
https://doi.org/10.3390/jfmk8040162
https://doi.org/10.1186/s13102-025-01312-1

Doss et al. Relative age...

Joyner, P. W,, Lewis, ]. S, Dawood, R. S., Mallon, W. ], Kirkendall, D. T., & Garrett, W. E. Jr. (2017).
Relative age effect: Beyond the youth phenomenon. American Journal of Lifestyle Medicine,
14(4), 429-436. https://doi.org/10.1177/1559827617743423

Kelly, A. L., Calvo, A. L., dos Santos, S. D. L., & Jiménez Saiz, S. L. (2022). Special issue “talent
identification and development in youth sports”. Sports, 10(12), 189.
https://doi.org/10.3390/sports10120189

Keoliya, A. A., Ramteke, S. U, Boob, M. A, & Somaiya, K. ]. (2024). Enhancing volleyball athlete
performance: A comprehensive review of training interventions and their impact on agility,
explosive power, and strength. Cureus, 16(1), e53273.
https://doi.org/10.7759/cureus.53273

Leyhr, D., Rosch, D., Cumming, S. P., & Honer, 0. (2024). Selection-dependent differences in youth
elite basketball players’ relative age, maturation-related characteristics, and motor
performance. Research Quarterly for Exercise and Sport, 95(3), 775-788.
https://doi.org/10.1080/02701367.2024.2311644

McCarthy, N., Taylor, J., Cruickshank, A., & Collins, D. (2022). Happy birthday? Relative age benefits
and decrements on the rocky road. Sports, 10(6), 82.
https://doi.org/10.3390/sports10060082

Ntozis, C., Barzouka, K., Skouras, A. Z., Cherouveim, E., Papitsi, F., Apostolidis, N., & Tsolakis, C. (2024).
Relative age effect for different playing positions in adolescent female volleyball players.
International Journal of Exercise Science, 17(4), 1553-1567.
https://doi.org/10.70252 /NWKF3764

Palani, B, Raj, Y. C. L., & Sanjaykumar, S. (2024). Correlating anthropometric parameters with lower
limb muscle strength: On the example of female volleyball players. Physical Rehabilitation
and Recreational Health Technologies, 9(3). https://doi.org/10.15391 /prrht.2024-9(3).02

Rebelo, A. P, Pereira, ]. R., Cunha, P., Coelho-e-Silva, M. ]., & Valente-dos-Santos, J. (2024). Training
stress, neuromuscular fatigue and well-being in volleyball: A systematic review. BMC Sports
Science, Medicine and Rehabilitation, 16, 17. https://doi.org/10.1186/s13102-024-00807-7

Redman, G., Pierce, S., & Kelly, A. L. (2025). Chaos caused by different cutoff dates: Relative age effects
and redshirting in collegiate volleyball in the United States. Sports, 13(2), 53.
https://doi.org/10.3390/sports13020053

Rey, E., Costa, P. B, Corredoira, F. ]., & de Relldn Guerra, A. S. (2023). Effects of age on physical match
performance in professional soccer players. Journal of Strength and Conditioning Research,
37(6), 1244-1249. https://doi.org/10.1519/JSC.0000000000003244

Rubajczyk, K., & Rokita, A. (2020). The relative age effect and talent identification factors in youth
volleyball in Poland. Frontiers in Psychology, 11, 1445.
https://doi.org/10.3389/fpsyg.2020.01445

Schorer, ], Biisch, D., Faber, L, et al. (2025). Retrospective analyses of stability and variability in
relative age effects of handball talents over seventeen years. Sports Medicine - Open, 11, 6.
https://doi.org/10.1186/s40798-024-00797-3

Shen, Y., Li, M., & Yang, Q. (2026). Variations in the technical performance of elite female volleyball:
Evidence from a new round model. Scientific  Reports, 16, 5823.
https://doi.org/10.1038/s41598-026-36371-y

Sliwa, M., Buszta, M., & Sadowski, ]. (2024). Relative age effect at men’s volleyball world
championships over time. Baltic Journal of Health and Physical Activity, 16(2), Article 9.
https://doi.org/10.29359/BJHPA.16.2.09

Sweeney, L., Cumming, S. P., MacNamara, A., & Horan, D. (2023). A tale of two selection biases: The
independent effects of relative age and biological maturity on player selection in the
Football Association of Ireland’s national talent pathway. International Journal of Sports
Science & Coaching, 18(6), 1992-2003. https://doi.org/10.1177/17479541221126152

Tosellj, S., Mauro, M., Grigoletto, A., Cataldi, S., Benedetti, L., Nanni, G., Di Miceli, R., Aiello, P., Gallamini,
D., Fischetti, F., & Greco, G. (2022). Maturation selection biases and relative age effect in
[talian  soccer  players of  different levels.  Biology, 11(11), 1559.
https://doi.org/10.3390/biology11111559

30 | Journal of Coaching and Sports Science


https://doi.org/10.1177/1559827617743423
https://doi.org/10.1177/1559827617743423
https://doi.org/10.3390/sports10120189
https://doi.org/10.7759/cureus.53273
https://doi.org/10.1080/02701367.2024.2311644
https://doi.org/10.3390/sports10060082
https://doi.org/10.70252/NWKF3764
https://doi.org/10.15391/prrht.2024-9(3).02
https://doi.org/10.15391/prrht.2024-9(3).02
https://doi.org/10.1186/s13102-024-00807-7
https://doi.org/10.3390/sports13020053
https://doi.org/10.1519/JSC.0000000000003244
https://doi.org/10.3389/fpsyg.2020.01445
https://doi.org/10.1186/s40798-024-00797-3
https://doi.org/10.1038/s41598-026-36371-y
https://doi.org/10.29359/BJHPA.16.2.09
https://doi.org/10.1177/17479541221126152
https://doi.org/10.3390/biology11111559

Doss et al. Relative age...

Wang, ], & Tian, H. (2024). Serious leisure and successful aging among elderly air volleyball players:
Examining the mediating role of social support and flow experience. Frontiers in Psychology,
15,1403373. https://doi.org/10.3389 /fpsyg.2024.1403373

Wattie, N., Schorer, ]., & Baker, ]. (2015). The relative age effect in sport: A developmental systems
model. Sports Medicine, 45(1), 83-94. https://doi.org/10.1007 /s40279-014-0248-9

Yang, F,, Ly, C, Yun, X,, & Qian, C. (2026). Effects of neuromuscular training on stability in volleyball
athletes: A systematic review and meta-analysis. Frontiers in Sports and Active Living, 7,
1724934. https://doi.org/10.3389 /fspor.2025.1724934

Journal of Coaching and Sports Science | 31


https://doi.org/10.3389/fpsyg.2024.1403373
https://doi.org/10.1007/s40279-014-0248-9
https://doi.org/10.3389/fspor.2025.1724934

