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Design: Mixed-longitudinal design examining public data between 2005 and 2019.
Methods: The performances of 5339 Italian sprinters and jumpers (53.1 %) spanning 11.01-17.99 years of age

gﬁ{g:;?géical age were examined, with trendlines between chronological age and performance established. Related to an indepen-
Annual-age groups dent sample (N = 40,306; female 45.5 %), trendlines were then utilised to apply CAPs and adjust individual per-
Athletic performance formance. Considering raw and adjusted performance data, RAE distributions were examined for the top 25 %
Talent identification and 10 % performers.

Talent development Results: For all male and female events, quadratic models best summarised the relationships between chronolog-

ical age and performance (R? = 0.74-0.89). When examining independent athletes in similar event, RAEs were
more pronounced in males (Cramer's V = 0.35-0.14) than females (Cramer's V = 0.29-0.07). For both sexes, RAE
magnitude decreased with age and increased according to performance level (i.e., Top25%-Top10%). However,
following CAP applications, RAEs were reduced or removed within annual age groups and performance levels.
Conclusions: With RAEs prevalent across Italian youth Track & Field events, findings validate CAPs as a strategy to ac-
count for the influence of relative age differences on athletic performance. CAPs help establish a more equitable strat-
egy for performance evaluation and could help improve the efficacy of long-term athlete development programming.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Practical implications triple jump, and pole vault performance. By adjusting age group per-
formances based on relative age, RAE inequalities can be mitigated
* Youth Track & Field-related sport contexts should understand the completely or minimised.
transient influence of chronological (relative) age variation on perfor- * Integrated within sport organisational practice, CAPs could improve the
mances within age group events. During youth age groups, perfor- accuracy of practitioner evaluation; (de-)selection decision-making;
mance selection bias and RAE magnitudes can be high. RAE and, help inform longer-term athlete development programming.

inequalities restrict or detrimentally affect athletes with a relatively
younger profile across sport systems with fixed annual age groups.

« This study illustrates how CAPs can effectively account for relative age
differences in male and female youth Italian 60-m sprint, high jump,

1. Introduction

Within sporting athlete identification and development, the examina-
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development and the disparities between successful young and senior ath-
letes emphasise how performance development is often non-linear;
should not be considered an accurate or consistent predictor of senior-
level success.' In fact, the road towards achieving senior success is influ-
enced by multiple different intrinsic and extrinsic factors that inevitably
impact athletic development. Some factors distort or confound the capa-
bility to evaluate and identify accurately genuine youth athletic potential;
consequently, affecting transition rates into higher-level athletic
programmes and competition.*”’

The interaction between fixed (bi-)annual groupings of athletes
across youth-age stages and the relative age differences of athletes
within such groupings (i.e., potentially up to 12 or 24 months of devel-
opmental disparity) is one process proposed to affect performance eval-
uation and athletic trajectories towards a senior career.*>® The
interactions create Relative Age Effects (RAEs), a phenomenon referring
to a higher prevalence of relatively older athletes (i.e., earlier-born
within an age group) compared to the relatively younger in a given
age-grouped cohort.”!° Relatively older athletes, normatively, experi-
ence anthropometric, physiological, and psychosocial advantages dur-
ing youth ages due to normative growth?; and thus, temporarily
outperform their later-born counterparts, particularly in physically de-
manding sport contexts.* Track & Field is no exception, with many
(inter-)national samples within studies illustrating consistent and sig-
nificant over-representations of relatively older athletes.”!'-!8 Qverall,
RAE magnitudes have been larger in males than females, with Odd
Ratios (ORs; i.e., the odds of an athlete born in the first [Q1] compared
to the fourth quartile [Q4] within annual groupings) differences for
males typically ranging between 1.2 and 2.4, whilst females often
have ranged between 1.1 and 1.7.!' However, RAEs are more pro-
nounced during childhood and adolescence, with higher ORs, reflecting
medium-large effect sizes.!>!>1¢ Further, the higher the competition
level, the higher the RAE magnitude (i.e., highest for the Top 25 % within
adolescent age cohorts).!>171920 For example, in Italian male long jum-
pers (aged 12-17 years), the probability of being relatively older (Q1)
compared to being relatively younger (Q4) was OR = 2.6 higher across
the sample, increasing to 3.7 and 4.9 in the best 25-10 % of long-
jumpers, respectively.?°

Across the studies examining the chronological age-performance
relationship, significant and consistently large performance differences
between the relatively older and younger have been found. For exam-
ple, in male long jumpers, the relatively older compared to their rela-
tively younger counterparts exhibited annual performance differences
(i.e., cm jumped) varying from ~47 % to 5 % across the 12-17 age
range.?° In sprinters aged 8-15 years, the mean annual expected per-
centage differences ranged from ~10 to 5 %'°; whilst similar within
age-cohort differences have been confirmed in male and female
swimmers.?"*? Overall, such data indicate an expectedly consistent, al-
beit changing, performance gap between the relatively older and youn-
ger within any given age or youth development stage.>>* If not
explicitly recognised by sporting organisation and practitioners, the
consequence is the relatively older appear more talented than their
peers; and thereby, are more inclined to be selected into representative
levels/squads and given access to development programmes.*> Such
trends have also been confirmed by longitudinal studies.”” That said,
subsequent longitudinal studies have also confirmed how youth-
associated performance differences dissipate into post-maturational
growth (i.e., adulthood); and how highly skilled relatively younger ath-
letes were actually more likely by their relative proportion to transition
into senior, high performance level, athletes.”?>2¢

A range of feasible organisational and practitioner strategies have
been proposed to mitigate or prevent short-term RAE inequalities in
youth ages of sport contexts.?>?>27-?8 Amongst proposed strategies,
Corrective Adjustment Procedures (CAPs) are considered most promis-
ing for Track & Field'>'”"'® and Swimming,?!*? given the specificity of
performance metrics utilised and the capability to account for expected
performance differences within a given age-group and at an individual

Journal of Science and Medicine in Sport xxx (XXxX) XXX-XXX

athlete level. In Track & Field, CAPs have shown initial capability to
successfully remove moderate-large RAEs across age groups in
national'®!7-?° and international contexts.'® However, the question
arises of how extensively applicable is CAPs for other Track & Field
events? Thus, to determine broader applicability, and better improve
athlete evaluation processes within the context of Italian Track & Field,
the study examined whether RAEs in four additional athletic events
(i.e., 60-m sprint, high jump, triple jump, and pole vault) could be mit-
igated against using CAPs. The study involved two components, first
determining the relationships between chronological age with perfor-
mance across the four events for males and females spanning 11-17
years. The second component was to apply CAPs, determining the capa-
bility to mitigate against RAEs when examining an independent sample
of age and sex-matched athletes.

2. Methods

Data extractions for 60-m sprint, high jump, triple jump, and pole
vault performances were completed from the official Italian Track and
Field Federation database (FIDAL; http://www.fidal.it/). This primary
dataset was used in Parts I and II, but with a different subset of data
(see Parts I and I below). The Top 150 official lists of males and females
of youth athletics sprinters and jumpers, aged 11.01-17.99 years, com-
peting between 2005 and 2019 were available and extracted. For the tri-
ple and pole vault jump events, the database only provided results for
athletes aged 14-17 years, as there were no national competitions be-
fore 14 years of age occurred in these events. All performances were ob-
tained from participation in official national competitions, and only
results obtained in alignment with respective World Athletics event
rules were included. A total of 1,428 60-m sprint (females = 56.0 %)
1,940 high jump (females = 53.8 %), 1,059 triple jump (females =
50.9 %), and 912 pole vault (females = 49.5 %) were considered. Data
pertaining to individual seasonal best performance, birthdate, and com-
petition date were considered for each sprinter or jumper. The study
was conducted according to the Ethics Committee of the University of
Torino (protocol number: 0635113).

2.1. Part1

In Part I, we examined a subset of data from the primary database,
consisting of longitudinal data from 2005 to 2019. Available data helped
establish an accurate estimate relationships between chronological age
and performance in each event over time (i.e., across and within age-
groups).2>?2 In the first test of CAPs in 60-m Swiss sprinters, Romann &
Cobley utilised a linear regression trendline based on cross-sectional
data (i.e., from 8 to 15 year). However, given accuracy concern of the
cross-sectional trendline and subsequent linear equations, further studies
examined longitudinal data and utilised best-fitting quadratic trendlines.

In this study, across all event examined, a minimum of three longitu-
dinal performances (not necessarily consecutive) across their youth ca-
reer were utilised. For 60 m sprint and high jump athletes, longitudinal
data spanning 11.01-17.99 years of age was examined; whilst for triple
jump and pole vault, data spanning 13.01-17.99 years of age was exam-
ined. The maximum number of measures available from a given athlete
was 6 for 60-m sprint and high jump and 4 for triple jump and pole
vault. Data entry errors and outliers were detected and removed.!®°
Exact chronological age was calculated considering the difference be-
tween the competition date and birthdate. According to athlete sex
and event, the relationships between chronological age (fixed factor)
and performance were then examined using mixed-model linear and
quadratic regression. In both models, participants were treated as a ran-
dom factor. Pearson's correlation coefficient (r), adjusted coefficients of
determination (R?), standard errors of estimate (SEE) were calculated.
The correlation magnitude was determined using Hopkin's criteria.?®
The final unstandardised coefficients reflected a linear (y = ax + )
and quadratic function (y = ax> + bx + c¢) were computed
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summarising the exact chronological age-performance relationship
across ages examined. The best-fitting model, using likelihood ratio
test, was subsequently utilised for CAP calculations. Further, based on
the quadratic model, the estimated performance change (in seconds
or metres) and corresponding percentage change for each annual age-
group was calculated.

2.2. Partl

Part Il examined the primary database (i.e. the entire sample) where
cross-sectional participation in events is examined, and with the idea to
apply the corrective adjustment trendlines from Part I. Based on age-
cutoff dates used by FIDAL and to determine relative age, athletes
born between January and March; April and June; July and September;
and October and December were, respectively, classified as Quartile 1
(Q1), Quartile 2 (Q2), Quartile 3 (Q3), and Quartile 4 (Q4). To identify
initial (raw) RAEs, Chi-Square Goodness of Fit tests (), with p set at
<0.05, were used to detect the difference between observed and ex-
pected uniform population quartile distributions for the '90 and 00
(ie, Q1 =23.7% Q2 = 24.7 %,Q3 = 26.6 % and Q4 = 24.9 %; https://
data.un.org/Default.aspx). RAE effect size magnitudes were determined
using Cramer's V (thresholds were: 0.06 < V for a trivial effect; 0.06 <V <
0.17 for a small effect; 0.17 < V < 0.29 for a medium effect; and V > 0.29
for a large effect).?° First and fourth quartile distributions (i.e., Q1 vs Q4)
as well as first v second half-year distribution (i.e., Q1&2 v Q3&4) com-
parisons were calculated using Odds Ratios (ORs) and 95 % confidence
intervals (CIs). When CIs encompass the value 1 (e.g., 95 % CI ranging
from 0.90 to 1.10), the findings were interpreted as indicative of no sig-
nificant association. All RAE distribution analyses were performed on
the Top 25 % and 10 % performers for each of the annual age-groups
(i.e., 12-17 years old).

Subsequently, CAPs were applied to the dataset. Specifically, raw per-
formance times of individual athletes were adjusted using the sex- and
event-specific specific reference equations generated in Part . The chro-
nological ages of each athlete were calculated considering birthdate and
date of competition. Individual performances within each age group
were increased or decreased in order to be estimated at the exact refer-
ence age. Thus, CAPs aimed to align all individual performances converg-
ing all performances to be considered at an annual group. For example, in
the 12-year-old age group, the reference age was set at 12 years, whilst
the chronological age for the individual performance could be between
11.01 and 12.99 years. Indeed, in the extreme condition of an athlete
born on 31st December 2012 and competing on 1st January 2024 the
age would be 11.01, whilst in the opposite condition of an athlete born
on 1st January 2012 and competing on 31st December 2024 the exact
age would be 12.99. Thus, once the exact chronological age has been cal-
culated, individual performance was either increased (for athletes who
have achieved it between 11.01 and 11.99 years) or reduced (for those
who have achieved it between 12.01 and 12.99 years) to a mid-point
(i.e., 12.00 years) position of the annual age-group. This adjustment pro-
cess aims to normalise performances across annual age groups by consid-
ering the chronological age differences that can significantly impact
athletic performance even within the same annual age-group. For further
details of the procedure, see 19,20. Following adjustments of individual
performance using trendlines to account for relative age differences, the
distributions of who made the Top 25 % and 10 % of performances were
re-examined using similar ORs and effect size procedures (as described
above). All statistical analyses were performed using custom-written soft-
ware in MATLAB R2023a (Mathworks, Natick, MA, USA).

3. Results
3.1. Part 1

The performances of 5339 sprinters and jumpers (female: n = 2833,
53.1 %) were analysed in Part L. Specifically, 1428 athletes were 60-m
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sprinters (female: n = 800, 56.0 %), 1940 high jumpers (female: n =
1043, 53.8 %), 1059 triple jumpers (female: n = 520, 50.9 %) and 912
pole vault jumpers (female: n = 410, 49.5 %). The average number of
measurement observations per athlete informing the trendlines esti-
mates was 3.5 4 0.8 (female n = 3.8 £ 0.9) for 60-m sprinters; 3.8 +
0.9 (female n = 3.9 4 0.9) for high jumpers; 3.3 + 0.5 (female n =
3.3 £ 0.5) for triple jumpers; and 3.4 4 0.5 (female n = 3.4 4 0.5) for
pole vault jumpers. According to sex and for all events, quadratic
mixed models generally better fitted the relationships between chrono-
logical age and performance than linear mixed models (p < 0.05; Log-
Likelihood statistics range = 5864.85-272.85). The variance explained
by fitted models (both the fixed and random effects) ranged between
R? = 0.85-0.89 for males and R? = 0.75-0.81 for females. For more de-
tails about respective equation models, please see Supplementary Mate-
rial 1. An illustrative example of a quadratic trendline, with reference to
60 m sprint, is provided in Fig. 1. For graphed summaries of all other
events analysed, see Supplementary Material 2. Further, based on qua-
dratic models, the estimated performance change (in seconds or me-
tres) and corresponding percentage change for each annual age-group
are provided in Supplementary Material 3. For both sexes and across
events, relatively older athletes had performance advantages, although
progressively decreased with age (e.g., high jump - male = 13.21-
1.86 %; female = 6.65 to —0.23 %).

3.2. Partll

A total of 12,482 athletes competed in the 60 m sprint (females =
49.9 %), 15,109 in the high jump (females = 51.4 %), 5641 in the triple
jump (females = 20.5 %) and 7074 in the pole vault (females = 45.1 %)
in Part II. Tables 1 and 2 correspondingly summarise RAE quartile distri-
butions according to raw and corrected performances for sprinters and
jumpers for male and female athletes. Tables also provide summary Chi-
square statistics and ORs for Q1 vs Q4 as well as Q1&2 (first half year) vs
Q3&4 (second half year) comparisons.

Across raw performance in male sprinters, RAEs were consis-
tently evident across all age groups (12-17 years), with correspond-
ing large-small effect sizes (i.e., Cramer's V = 0.35-0.14). For
females, medium-small RAE effect sizes (Cramer's V = 0.29-0.07)
were apparent, with RAE prevalence at 12-14 years (Cramer's V =
0.29-0.17). RAE magnitude decreased with age in both sexes (see
ORs in Table 1 - raw performance sections), although consistently in-
creased with performance level (i.e., Top 25-10 % performers).
When focused on raw performance in jumpers, findings suggested
a large-small effect size (Cramer's V = 0.39-0.08) and a large-
trivial (Cramer's V = 0.30-0.06) in males and females, respectively.
Again, for both sexes, when annual age groups increased, RAE magni-
tude decreased; only to amplify again with performance level
(i.e., Top 25-10 %). Interestingly, in the female Top 10 % of per-
formers RAEs were not presented in the triple jump (all p > 0.05)
and disappear consistently in pole vault by 16 years of age. Neverthe-
less, trend in a favour to Q1 was observed. See Table 2.

By comparison, altered RAE distributions were observed following
CAP application in the Top 25 % & 10 % of performers. Generally speak-
ing, RAEs were removed or reduced in all events and annual age groups
(see Tables 1 & 2 corrected performance). For males, RAEs predominantly
dissipated in all annual age groups. The only exceptions were observed
in particular age groups for 60-m sprinters (Top 25 % - 13,14, 15 & 17
years-old); high jumpers (i.e., Top 25 % - 15, 16 & 17 year-old) where ef-
fect sizes were still small. For females, results highlighted that RAEs
persisted in raw performance assessments until approximately 14/15
years of age across events; although were more likely to recur in the
older (15 years plus) Top 25 & 10 % performance levels. Thus, CAPs
were still necessary for application. When applied, corrected distribu-
tions were more symmetrical than those observed in raw performance
data. Based on CAPs, no ORs for quartile comparison remained for any
event in Top 10 % performers (ORs = 0.33-1.99).
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Fig. 1. Quadratic trendline summarising the relationship between chronological age and raw 60-m sprint performance in males (a) and females (b).

4. Discussion

Targeted at accounting for performance discrepancies based on nor-
mative inter-athlete developmental differences, CAPs attempt to miti-
gate against RAE-associated problems, including participation as well
as athlete evaluation and (de-)selection biases within sport systems.
Still, the external validity of CAPs for sporting events (e.g., Track &
Field) is yet to be realised. The present study applied CAPs within mul-
tiple youth Track & Field events (i.e., 60-m sprint, high jump, triple
jump, and pole vault) with the purpose to illustrate if RAE inequalities
can be mitigated. The study aims were to, Part I, quantify and establish
the relationships between chronological age and athletic performance
for males and females across youth age groups. Using these trendlines,
Part Il then tested whether CAPs could remove RAEs in a broader inde-
pendent sample of sex and age-matched athletes.

Part I findings identified significant quadratic trendlines across the
four investigated track and field events, with good model fits observed
(males R? = 0.85-0.9; females R?> = 0.75-0.81). When compared
with prior cross-sectional and longitudinal studies, the nature of the
quadratic age-performance relationships aligned with performance dif-
ferences between relatively older and younger athletes observed else-
where in athletic'®?® and swimming contexts.?!*> Notably, whilst
estimated performance differences between the relatively older and
younger were consistently apparent across youth stages, the relative
size of these differences markedly reduced with age, becoming trivial
or obsolete at earlier ages within female Track & Field events (see Sup-
plementary 1, 2 & 3).

Part II findings identified an overall relative age asymmetry within
age group distributions across sprinter and jump events with larger-
small and medium-trivial effect sizes in males and females, respectively
(see Tables 1 & 2 - raw performance sections). On average, the propor-
tion of relatively older (relatively younger) athletes was, on average, ap-
proximately 2.9 (male) and 1.8 (female) times higher. Aligning with
previous RAE findings”'""131617 and somewhat moderated by athlete
sex, RAE magnitudes decreased with annual age group but increased
with artificially introduced performance level cutoff criteria (i.e., Top

25 % & Top 10 %). Findings related to the ‘Top performers’ across events
highlight the interplay between chronological age system structures;
event performance demands; sex-specific growth patterns and their po-
tential relationships with event demands. For instance, relatively older
male athletes were approximately, on average, 3.4 (Top 25 %) and 4.7
(Top 10 %) times more likely to be included in the top-level category
(see OR Q1 vs Q4 in Tables 1 & 2 - raw performance sections); whereas
for females it was, on average, 2.3 and 2.4 times more likely to be
overrepresented in specific events (see Tables 1 & 2 - raw performance
sections).

Similar to trials in other Track & Field events, following CAP applica-
tion, study findings confirmed the capability to remove RAE perfor-
mance biases.'>!71920 Generally, in the Top 25 % and Top 10 %
athletes, relative age asymmetries were mitigated and removed across
age groups for both male and female athletes (see Tables 1 and 2 -
corrected performance sections). In other words, no significant effect
sizes or ORs were observed. For example, for the Top 10 % male high
jumper athletes at 13 years old, raw data identified, Q1 [relatively
older] athletes as being 7.8 (4.3, 14.1) more likely to be represented
(vs Q4). Yet following CAP application, the equivalent OR was non-sig-
nificant; thereby demonstrating the capability of CAPs to remove rela-
tive age-associated disparities. The only exceptions were observed in
the Top 25 % of male athletes, where CAPs were able only to mitigate rel-
ative age inequalities for some age groups and events (i.e., 13, 15, 16, &
17 years old for 60-m sprinters; 15, 16 & 17 years old for high jumpers).
Still, even for the exceptions, CAPs certainly substantially reduced the
magnitudes of uneven distributions relative to the raw distribution.

Finally, whilst identifying promising results for CAPs mitigating
against relative age-related performance inequalities, it is necessary
to caution how both RAEs and sport performance are multi-factorial
phenomena. Other factors, including maturational growth timing,
tempo and trajectories®’*®> as well as social (e.g., coaches and
parents)>° and sport contexts' physiological demands can all affect
RAEs and performance. As such, present findings may not have
broad external applicability, and should be considered when apply-
ing to other sport contexts.



Table 1
Relative age distribution, chi-square and odds ratio analyses of male and female sprinters. Data examined according to annual-age group for the Raw All, Top 25% & 10% of performances and according to Corrected Top 25% and 10% of performances.
Male Sprinters 60 m Female Sprinters 60 m
Performance level Age-group TotalN Q1% Q2% Q3% Q4% 7 Vv ES cat. OR OR TotalN Q1% Q2% Q3% Q4% r Vv ES cat. OR OR
Q1VSQ4  Ql1&2VSQ3&4 Q1VSQ4 Ql&2VSQ3&4
Raw performance 12 yrs 229 476 262 157 105 855" 035 large 4.8(2.7,85] 28[1.94.2] 437 439 252 190 119 113.7" 029 Medium 3.9[2.6,58] 2.2][1.7,3.0]
All 13yrs 2063 461 274 175 91 7155 034 large 5.4[44,65] 28[24,3.2] 1851 366 260 222 152 2131"" 020 Medium 25[2.1,3.1] 1.7[1.5,1.9]

14 yrs 481 443 301 166 89 159.1 033 large 52[34,79] 29[2.2,38] 769 333 283 229 155 6557 017 Small 23[1.7,3.0] 1.6[1.3,20]
15yrs 1504 382 303 193 122 2802"" 025 Medium 33[26,41] 22[1.9,25] 1211 309 258 235 198 439" 011 Small 1.6[1.3,21] 13[1.1,15]
16 yrs 787 367 300 199 133 1199™ 023 Medium 29[2.1,39] 20[1.6,25] 966 282 269 236 213 183" 008 Small 14[1.1,18] 1.2[1.0,15]
17yrs 1188 304 291 239 166 681 0.14 Small 19[15,24] 1.5[13,1.7] 996 27.6 261 252 211 138" 007 Small 14[1.1,18] 12[1.0,14]
Raw performance 12 yrs 57 544 175 175 105 280" 040 large 52[1.6,16.3] 2.6[1.2,5.6] 110 455 245 173 127 319" 031 large 3.7[1.7,83] 23[13,4.1]
Top 25% 13 yrs 517 501 261 157 81 233.0"™ 039 large 65[43,97] 3.2[25,42] 492 384 26 213 142 726" 022 Medium 2.8[20,41] 1.8[14,23]
14 yrs 127 496 260 142 102 552" 038 large 5.2[24,11.3] 3.1[18,5.3] 205 380 263 224 132 301 022 Medium 3.0[1.7,54] 1.8[1.2,2.7]
15 yrs 396 407 306 172 11.6 946™ 028 Medium 3.7[24,57] 25[1.8,3.3] 307 313 287 235 166 186" 014 Small 20[12,3.1] 15[1.1,2.1]
16 yrs 208 409 303 183 106 51.8"™ 029 Medium 4.1[22,7.6] 2.5[1.6,3.7] 248 294 262 230 214 6.1 009 Small 1.5[09,24] 1.3[09,1.8]
17 yrs 317 347 268 23 155 298" 018 Medium 24[15,38] 1.6[1.2,22] 262 271 271 260 1938 45 008 Small 1.4[09,24] 1.2[08,1.7]

Raw performance 12 yrs 23 522 217 174 87 133" 044 large 7.2[1.1,486] 2.8[0.8,99] 48 500 229 167 104 2157 039 Large 52[1.5,185] 2.7[1.1,64]
Top 10% 13yrs 208 548 236 135 82 1231 044 Large 7.1[3.8,135] 3.6[24,56] 190 437 263 205 95 530" 030 large 48[2593] 23[15,3.6]
14 yrs 50 540 300 60 100 313" 046 large 5.4[16,188] 53[2 13.5] 82 329 317 195 159 93" 019 Medium 22[09,54] 1.8[1.0,3.5]
15 yrs 155 394 258 194 155 244™ 023 Medium 2.7[14,51] 19[1.2,3.0] 127 323 283 260 134 119" 018 Medium 26[1.2,55] 15[09,25]
16 yrs 88 432 261 182 125 214™ 028 Medium 3.6[1.589] 23[1.2,42] 102 343 245 255 157 83" 016 Small 23[1.0,52] 14[08,25]
17 yrs 123 366 228 236 171 127" 019 Medium 23[1.1,47] 15[09,24] 104 269 279 317 135 71 015 Small 21[09,48] 12[0.7,2.1]
Corrected performance 12 yrs 57 208 193 211 298 25 012 Small 1.0[04,27] 1.0[05,20] 109 266 193 266 275 20 008 Small 10[0521] 09[05,15]

Top 25% 13 yrs 516 322 250 248 180 261" 013 Small 19[13,27] 13[1.0,17] 463 270 235 251 244 27 004 Trivial 12[08,17] 1.0][0.8,1.3]
14 yrs 120 275 283 225 217 27 009 Small 14[07,28] 13[08, 21] 192 255 266 266 214 16 005 Trivil 13[07,22] 1.1[0.7,1.6]
15 yrs 376 295 298 221 186 183" 013 Small 1.7[1.1,25] 1.5][1.1,2.0] 303 254 267 251 228 16 004 Trivial 12[0.7,1.8] 1.1[08,15]
16 yrs 197 279 310 218 193 83" 012 Small 15[09,27] 1.4[1.0,2.1] 242 252 252 236 260 12 004 Trivial 1.0[06,17] 1.0][0.7,1.5]
17yrs 297 306 266 253 175 135 012 Small 19[12,3.0] 1.3[1.0,19] 249 253 269 265 213 20 005 Trivial 13[08,21] 1.1[08,1.6]

Corrected performance 12 yrs 23 13.0 174 217 478 5.8 0.29 Medium 0.3]0.1,1.9] 04]0.1,1.5] 44 227 182 273 318 1.6 011 Small 08]0.2,2.6] 0.7[0.3,1.6]
Top 10% 13 yrs 206 306 243 233 218 5.6 010 Small 1.5[08,25] 1.2[0.8,1.8] 185 281 211 286 222 3.4 0.08 Small 13[0.7,24] 1.0][06,1.5]
14 yrs 48 292 292 146 271 4.0 017 Small 1.2[04,3.6] 1.4]06,3.2] 77 260 273 247 221 0.7 0.05 Trivial 1.2[05,3.1] 1.1[0.6,22]
15 yrs 150 280 247 260 213 1.7 0.06 Trivial 1.4[0.7,26] 1.1[0.7,1.8] 121 256 256 281 207 1.1 0.06 Trivial 1.3[0.6,2.7] 1.1[0.6,1.8]
16 yrs 79 316 228 253 203 2.9 011 Small 1.6[0.7,40] 1.2][06,2.2] 97 278 258 268 196 1.8 008 Small 15[0.7,34] 1.2][0.7,2.0]

17 yrs 119 31.1 244 269 176 5.6 013 Small 19[0.9,40] 1.3]038,2.1] 100 220 28.0 330 170 44 012 Small 1.4]06,3.1] 1.0[0.6,1.8]

Table notes: Q1, first quartile percentage; Q2, second quartile percentage; Q3, third quartile percentage; Q4, fourth quartile percentage; 2, Chi-square value; “**, p < 0.001; **, p < 0.1; *, p < 0.5; V, Cramer’s V effect size. OR, odds ratio and 95%
confidence intervals (95% CI); Q1 VS Q4, first versus last quartile; Q1 & 02 VS Q3 &4 first versus last the half year's distribution.
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Table 2
Relative age distribution, chi-square and odds ratio analyses of male and female jumpers. Data examined according to annual-age group for the Raw All, Top 25% & 10% of performances and according to Corrected Top 25% and 10% of performances.
Male High Jumpers Female High Jumpers
Performance level Age-group TotalN Q1% Q2% Q3% Q4% r v ES cat. OR OR TotalN Q1% Q2% Q3% Q4% e v ES cat. OR OR
Q1VS Q4 Q1&2VSQ3&4 Q1VSQ4 Q1&2VSQ3&4
Raw performance 12 yrs 277 495 289 13.0 87 1274™ 039 large 6[3.4,103] 3.6[2.5,5.3] 538 424 292 190 95 1456 030 Llarge 4.7[32,69] 2.5][2.0,32]
All 13yrs 2194 421 277 196 107 5384 029 Medium  4.1([34,50] 2.3[20,256] 2241 349 281 219 151 2326 019 Medium 24[20,29] 1.7[15,19]
14 yrs 700 427 293 17.6 104 1924 030 Large 43[3.1,60] 26[2.1,3.2] 1067 305 275 248 172 502" 013 Small 1.9[15,24] 1.4[1.2 1.6]
15yrs 1722 361 294 212 132 241.1% 022 Medium  29([23,35] 19[1.7,22] 1432 295 265 243 197 408" 010 Small 1.6[1.3,20] 1.3[1.1,15]
16yrs 1183 333 301 207 159 1148 018 Medium 22([1.7,28] 1.7[15,20] 1357 275 259 239 227 151" 006 Trivial 13[1.0,1.6] 1.1[1.0,1.3]
17yrs 1264 313 302 220 165 928" 016 Small 20[1.6,25] 1.6[1.4,19] 1134 272 256 248 224 105° 006 Trivial 13[1.0,1.6] 1.1[1.0,1.3]
Raw performance 12 yrs 80 513 363 50 75 5317 047 large 7.2[2.5,208] 7.0[3.2,15.5] 183 492 262 158 87 793™ 038 large 6.0[3.1,11.8] 3.1[2.0,4.38]
Top 25% 13 yrs 569 476 283 155 86 227.0"" 036 Large 5.8[4.0,8.6] 3.2[25,4.1] 595 345 291 227 138 664" 0.19 Medium 26[1.9,3.7] 1.7[14,22]
14 yrs 175 434 320 149 97 598" 034 lLarge 48[24,94]  3.1[19,49] 322 342 286 245 127 3667 0.19 Medium 28[18,46] 1.7[1.2,23]
15 yrs 516 378 316 194 112 1022 026 Medium  3.5[24,52] 2.3[1.8,29] 400 303 280 230 188 169" 0.12 Small 1.7[1.1,25] 1.4[1.1,1.9]
16 yrs 300 353 310 177 160 410" 021 Medium 23[1537] 2.0[14,238] 386 324 267 223 187 222 014 Small 18[12,28] 14[1.1,1.9]
17 yrs 344 294 308 221 177 196" 014 Small 1.7[1.1,27] 15[1.1,2.1] 290 321 238 238 203 1177 012 Small 16[1.0,26] 1.3[09,1.38]
Raw performance 12 yrs 36 583 389 0 28 359" 058 Llarge  21.0[23,191.2] 35[4.3,283.7] 84 607 179 143 7.1 650" 051 Large 8.9[3.1,254] 3.7[1.9,7.2]
Top 10% 13 yrs 277 484 300 152 65 1249 039 Large 7.8[4.3,14.1] 3.6[2.5,5.3] 345 365 287 212 136 475" 021 Medium 28[1.8,44] 19[14,2.6]
14 yrs 74 446 324 149 81 266" 035 Large 55[1.9,163] 3.4[1.7,6.8] 143 399 273 224 105 292" 026 Medium 4.0[1.9,84] 2.0][13,3.3]
15 yrs 175 400 297 189 114 397 027 Medium  3.8[20,7.2] 23[15,3.6] 170 341 253 235 171 1277 016 Small 21[1.1,39] 1.5[1.0,23]
16 yrs 138 355 333 181 13.0 234" 024 Medium 28[14,58] 22[14,3.6] 152 336 270 224 171 112" 016 Small 2.1[1.1,40] 1.5[1.0,24]
17 yrs 129 295 302 209 194 617 013 Small 1.6[08,32] 1.5[09,24] 127 362 205 260 173 1257 018 Medium 22[1.1,45] 1.3[0.8,22]
Corrected 12 yrs 69 246 275 232 246 05 005 Trivial 1.1[04,2.8] 1.1[06,2.1] 135 333 207 237 222 70 013 Small 1.6[08,3.1] 1.2[0.7,19]
performance 13 yrs 549 273 25,5 230 242 6.1 0.06  Trivial 1.2[0.9, 1.7] 1.1[0.9, 1.4] 560 22.7 26.1 270 243 0.8 0.02 Trivial 1.0[0.7,14] 1.0[0.8,1.2]
Top 25% 14 yrs 175 286 297 211 206 74 012 Small 15[08,27] 1.4[09,2.1] 268 272 257 284 187 61 009 Small 15[09,25] 1.1][08,1.6]
15 yrs 431 292 285 230 193 160 0.1 Small 1.6[1.1,24] 1.4[1.0,1.8] 358 271 263 243 223 37 006 Trivial 13[08,1.9] 1.1[09,15]
16 yrs 296 287 301 199 213 134 012 Small 14[09,23]  1.4[1.0,20] 339 316 268 218 198 160" 0.13 Small 1.7[1.1,26] 1.4[1.0,1.9]
17 yrs 316 282 288 231 199 95 010 Small 15[1.0,2.3]  13[1.0,1.8] 284 327 243 236 194 148 013 Small 1.8[1.1,29] 1.3[1.0,19]
Corrected 12 yrs 28 321 286 107 286 31 019 Medium  1.1[0.3,46] 1.6][0.5,45] 54 333 241 259 167 32 014 Small 20[0.7,6.1] 1.4[06,29]
performance 13 yrs 219 260 269 237 233 19  0.05 Trivial 1.2[0.7,20]  1.1[08,1.6] 224 228 272 272 228 1.2 004 Trivial 1.1[06,18] 1.0[0.7,1.5]
Top 10% 14 yrs 70 286 314 214 186 38 013 Small 15[0.6,41]  15[0.8,29] 107 252 271 299 178 34 010 Small 15[0.7,34] 1.1[0.6,19]
15 yrs 172 285 302 233 180 81 013 Small 1.7[09,31]  1.4[09,22] 143 259 252 273 217 1.0 005 Trivial 13[0.7,25] 1.0[0.7,1.7]
16 yrs 118 305 314 203 178 83 015 Small 1.8[08,38] 1.6[1.0,2.7] 136 287 287 235 19.1 46 011 Small 1.6[08,32] 1.3[08,22]
17 yrs 126 262 294 206 238 34 009 Small 1.1[06,23]  1.3[08,2.1] 113 363 204 257 17.7 105 018 Medium 2.1[1.0,45] 1.3[0.8,22]
Male triple jumpers Female triple jumpers
Raw performance 14 yrs 705 386 272 203 139 1132"" 023 Medium  29(2.1,40] 1.9[1.6,24] 941 304 286 222 188 443" 013 Small 1.7[13,22] 14[1.2,1.7]
All 15yrs 1529 324 273 232 171 972" 015 Small 20[16,25] 15[13,1.7] 1414 306 279 234 181 660" 0.12 Small 18[14,22] 14[1.2,16]
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16yrs 1102 299 281 233 187 443 0.12  Small 1.7[1.3,2.1] 14[1.2,1.6] 1212 273 278 234 215 219 008 Small 13[1.1,17] 1.2[1.1,14]
17yrs 1150 306 27.7 222 196 484" 012 Small 1.6[13,21]  14[1.2,1.7] 1038 253 274 242 23.1 7.8 005 Trivial 1.2[09,15] 1.1[09,1.3]
Raw performance 14 yrs 180 450 311 167 72 664" 035 Large 6.5[3.2,134] 3.2[2.0,5.0] 235 298 264 247 19.1 7.5 0.10 Small 1.6[1.0,2.8] 1.3[09,1.9]
Top 25% 15 yrs 388 384 268 214 134 607" 023 Medium 3.0[2.0, 4.6] 1.9[14,25] 354 316 268 249 167 200" 0.14 Small 20[13,3.1] 14[1.0,1.9]
16 yrs 280 350 286 221 143 3217 020 Medium 2.6[1.6,4.3] 1.8[1.2,2.5] 304 247 289 263 201 54 008 Small 1.3[0.8,2.1] 1.2[0.8,1.6]
17 yrs 288 340 292 198 170 282" 0.18 Medium 2.1[1.3,34] 1.7[1.2,24] 262 252 305 252 191 74" 010 Small 1.4[08,23] 13[09,1.8]
Raw performance 14 yrs 72 417 361 167 56 270" 035 large 79(2.3,27.3] 35][1.7,7.2] 95 337 21.1 263 189 54 0.14 Small 1.9[0.8,42] 1.2[0.7,2.1]
Top 10% 15 yrs 154 403 292 195 110 346 027 Medium 3.9][1.9,7.8] 2.3[1.4,3.7] 144 299 257 271 174 5.8 0.12  Small 1.8[0.9,3.6] 1.3[0.8,2.0]
16 yrs 112 375 321 223 80 243" 027 Medium 4.81[2.0,11.8] 23][1.3,4.0] 124 290 323 210 177 8.4 0.15 Small 1.8[0.8,3.6] 1.6[1.0,2.6]
17 yrs 115 339 313 200 148 146" 021 Medium 2.5[1.1,5.3] 19[1.1,3.2] 104 269 26.0 269 202 14 0.07 Small 14][06,3.1] 1.1[0.7,1.9]
Corrected 14 yrs 176 256 273 244 227 15 0.05  Trivial 1.2[0.7,2.2] 1.1[0.7,1.7] 235 230 23 281 26.0 0.6 0.03 Trivial 0.9[0.6,1.6] 0.9[0.6,1.2]
performance 15 yrs 382 285 257 254 204 7.0 0.08  Small 1.5[1.0,2.2] 1.2[0.9, 1.6] 354 260 251 274 215 2.5 0.05 Trivial 1.3[0.8,1.9] 1.1[0.8,1.4]
Top 25% 16 yrs 276 264 272 250 214 34 0.06  Trivial 13108, 2.1] 1.2]0.8,1.6] 303 198 28.1 274 2438 34 0.06 Trivial 0.8[0.5,1.3] 0.9][0.7,1.3]
17 yrs 288 27.8 285 226 212 7.4 0.09  Small 1.410.9,2.2] 1.3[0.9,1.8] 260 223 304 258 215 5.1 0.08 Small 1.1[0.7,1.8] 1.1[0.8,1.6]
Corrected 14 yrs 71 296 324 19.7 183 5.0 0.15  Small 1.7[0.7,4.5] 1.6[0.8,3.2] 94 245 170 309 277 3.2 011 Small 09[04,2.1] 0.7[04,1.3]
performance 15 yrs 153 242 307 248 203 3.7 0.09  Small 1.3[0.7,2.4] 1.2[0.8,1.9] 141 255 227 29.8 220 14 0.06 Trivial 1.2[0.6,24] 0.9]0.6,1.5]
Top 10% 16 yrs 110 255 291 264 191 2.4 0.09 Small 1.4[0.6,3.0] 1.210.7,2.1] 121 248 281 240 231 1.0 0.05 Trivial 1.1[05,23] 1.1[0.7,1.9]
17 yrs 115 287 278 21.7 217 3.6 0.10  Small 1.4[0.7,3.0] 1.3[0.8,2.2] 104 240 250 279 231 0.2 0.02 Trivial 1.1[0.5,2.4] 1.0[0.6,1.7]
Male pole vault Female pole vault
Raw performance 14 yrs 763 274 271 257 198 145" 008 Small 1.5[1.1,2.0] 1.2[1.0,1.5] 771 297 265 231 208 215 010 Small 1.5[1.1,2.0] 13][1.1,1.6]
All 15yrs 1004 271 283 255 191 240" 009 Small 1.5[1.2,1.9] 1.2[1.0,1.5] 935 261 279 234 226 118 0.06 Trivial 1.2[09,1.6] 1.2[1.0,14]
16yrs 1067 259 296 232 213 226 008 Small 1.3[1.0,1.6] 1.3[1.1,1.5] 802 277 258 236 229 9.8 0.06 Trivial 1.3[1.0,1.7] 1.2[0.9,1.4]
17yrs 1050 254 306 224 216 2757 009 Small 1.2[1.0,1.6] 1.3[1.1,1.5] 682 290 289 218 202 247 011 Small 15][1.1,2.0] 14][1.1,1.7]
Raw performance 14 yrs 191 314 314 23 141 187" 018 Medium 24[1.3,44] 1.7[1.1,2.6] 253 308 245 257 19.0 9 0.11  Small 1.7[1.0,2.8] 1.2[0.9,1.8]
Top 25% 15 yrs 269 271 349 223 156 245 017 Small 1.8[1.0.1,3] 1.6[1.2,23] 238 332 218 227 223 122 0.13  Small 1.6[1.0,2.6] 1.2[0.9,1.8]
16 yrs 294 259 347 207 187 202" 015 Small 141[09,23] 1.5[1.1,2.1] 214 336 248 215 201 127 014 Small 1.7[1.0,3.0] 14[1.0,2.1]
17 yrs 274 255 321 215 208 1077 0.11 Small 1.3[0.8,2.1] 14[1.0,1.9] 200 360 270 180 19.0 221 0.19 Medium 2.0[1.2,3.5] 1.7[1.1,2.6]
Raw performance 14 yrs 78 372 321 205 103 162" 026 Medium 3.8[1.4,106] 2.3[1.2,44] 96 323 250 250 17.7 5.0 0.13  Small 1.9[0.8,43] 1.3[0.8,24]
Top 10% 15 yrs 104 298 337 221 144 101" 018 Medium 2.2[0.9,4.9] 1.7[1.0,3.0] 100 380 150 220 250 131 0.21 Medium 1.6[0.7,34] 1.1[0.7,2.0]
16 yrs 133 293 353 218 135 153" 020 Medium 2.2[1.1,4.7] 1.8[1.1,3.0] 93 312 226 226 237 3.1 0.11 Small 14][06,3.1] 1.2[0.7,2.1]
17 yrs 108 250 370 213 167 105" 0.8 Medium 1.6 [0.7, 3.5] 1.6[1.0,2.8] 72 361 194 167 27.8 8.5 0.20 Medium 1.4[0.6,3.3] 1.3[0.7,24]
Corrected 14 yrs 191 204 298 26.7 230 33 0.08  Small 1.0[0.5,1.7] 1.0[0.7,1.5] 193 238 223 275 264 0.8 0.04 Trivial 0.9][0.5,1.7] 0.9][0.6,1.3]
performance 15 yrs 251 215 315 239 231 6.1 0.09  Small 1.0[0.6, 1.6] 1.1[0.8, 1.6] 234 286 20.1 248 265 5.2 0.09 Small 1.1[0.7,19] 1.0[0.7,14]
Top 25% 16 yrs 267 213 318 228 240 7.5 0.10  Small 0.9 0.6, 1.5] 1.1[0.8,1.6] 201 289 239 224 249 34 0.07 Small 1.2[07,2.1] 1.1[08,1.7]
17 yrs 263 217 323 224 236 84 0.10  Small 1.0[0.6, 1.6] 1.2[0.8,1.7] 171 333 257 199 211 102 0.14 Small 1.7[0.9,3.0] 1.4[09,22]
Corrected 14 yrs 76 224 303 237 237 1.2 0.07 Small 1.0 [0.4, 2.5] 1.1[0.6, 2.1] 77 208 234 312 247 1.1 0.07 Small 09[04,22] 0.8][04,1.5]
performance 15 yrs 100 190 300 280 23.0 22 0.09 Small 0.9[0.4, 2.0] 1.0[0.6, 1.7] 94 277 170 234 319 53 0.14 Small 09[04,2.0] 08][0.5,1.4]
Top 10% 16 yrs 107 243 299 224 234 2.1 0.08  Small 1.1[0.5,24] 1.2[0.7,2.0] 80 300 175 238 288 3.8 0.13  Small 1.1[0.5,2.6] 09][0.5,1.7]
17 yrs 105 219 324 21.0 248 39 0.11  Small 0.9[0.4, 2.0] 1.2[0.7,2.1] 68 338 176 176 309 7.5 0.19 Medium 1.2[0.5,29] 1.1[0.5,2.1]
Table notes: Q1, first quartile percentage; Q2, second quartile percentage; Q3, third quartile percentage; Q4, fourth quartile percentage; ¥2, Chi-square value; ***, p < 0.001; ™", p < 0.1; %, p < 0.5; V, Cramer’s V effect size. OR, odds ratio and 95%

confidence intervals (95% CI); Q1 VS Q4, first versus last quartile; Q1 & 02 VS Q3 &4 first versus last the half year’s distribution.
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5. Conclusion

Overall, with RAEs identified as prevalent across multiple youth
Italian youth Track & Field events, study finds validity and efficacy to
CAPs as a strategy to account for relative age-associated developmental
differences. For sport contexts where individual performance is deter-
mined by established measurement (i.e., second; centimetres), CAPs
can be an effective strategy to more equitably evaluate athletic youth
sport performance.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jsams.2024.05.006.
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