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Abstract

The aim of this study was to analyse age-related performance progression and peak-performance age (PPA) in elite
track and field athletes and to use a model to predict peak performance. Best performances of world-class athletes
from ages 14-15 y up to and including the last Olympic year (n=798), all-time top lists (n= 444), and world record-
holders (n=43) were considered in all 22 disciplines for men and 21 disciplines for women. A discipline/sex-
specified model was used by applying dynamic panel data methods to analyze the performance trends. Profile
analysis showed that PPA of all-time top list throwers was higher than middle-distance runners (P<0.001), distance
runners (P<0.05), and jumpers (P<0.05) in men and higher (P<0.05) than middle-distance runners in women.
Olympic year top list athletes showed that PPA of women throwers was higher than sprinters (P<0.001) and
middle-distance runners (P<0.05), and PPA of women distance runners was higher (P<0.05) than sprinters. In both
all-time (P<0.05) and Olympic year (P<0.05) top lists, the PPA of men race walkers was higher than middle-
distance runners. Performance over the preceding 1-2 years (in all disciplines), height (in Long Jump Men; Long
Jump Women; Triple Jump Men) and weight (in Discus Throwing Men) indices, respectively, are important
(P<0.05) for predicting future records with different coefficients in different disciplines. The models provide a
useful tool for coaches to predict peak performance records and PPA of their athletes which may be of benefit with

goal-setting and evaluation of performance progression at different ages in track and field athletics.

Keywords: Conditioning, Goal-setting, Track & field, Sex Differences, Prediction of Records.

INTRODUCTION

Growth and development are accompanied by numerous physiological changes which affect physical performance.
Development of skeletal muscles, bones, nervous, cardiovascular, hormonal, cardiorespiratory and other systems
and organs, enhanced by exercise training, enable athletes to improve performance (4). On the other hand, aging,

as an inevitable process of growth, challenges the physiological capacities and performance of athletes.

Track and field sports demand event-specific abilities (38), which are largely dependent on relationships between
speed, endurance, strength and power, all of which are related to maturation and age. Strength increases with
puberty and remains almost constant until the age of 40 (20, 30), but other performance indices like speed and
power decrease at an earlier age (3, 31, 36). The duration of the ‘window’ for peak performance is similar in men
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and women, although peak performance ages (PPA) are different for specific sports (13, 33). For example, the
window of peak performance for male sprinters (3.7-4.6 y) and hurdlers (3.5-3.6 y) is shorter than for other event

groups (4.9-6.1 y) in men (13).

Peak performance in running and jumping events are almost equal in boys and girls until the age of 12 y, after
which there are greater increases in strength and power in boys (22, 38). In general, sex differences in peak
performance range between 10-12% for running events and 19% for jumping events (6, 29, 32, 37). Differences
beyond this age have been attributed to hormone-dependent and red blood cell mass changes in physiological

properties (10, 28).

In a study involving Olympic Games or a World Athletics Championships during 2000-and 2009 in 19 disciplines,
Holling et al. (2014) observed substantial inter-event group and sex differences in the PPA of professional runners
and throwers (13). The PPA was higher in throwers compared to runners and jumpers. Also, compared with men,

PPA was higher in running and lower for throwing events in women (13).

Beyond sex differences, knowledge of how age impacts on peak performance, and when performance starts to
decline in various events of track and field, and comparison of all-time and todays athletes is of interest.
Longitudinal data from top athletes’ records at different ages could provide essential information to create an
analysis for predicting the performance of developing athletes in subsequent years (18, 34, 39). Understanding the
relationships between height, weight, body mass index, PPA, and trend of improvement in different events may be
useful to assist in talent identification, specialization age; goal-setting, planning, injury prevention, and evaluating
performance progression. Therefore, the aim of the present study was to analyse age-related performance

progression and PPA in elite track and field athletes and to use a model to predict peak performance.

METHODS

Data sample

The longitudinal data used in this study comprised season-best performances up to the most recent Olympic year
(season 2015-2016) for 798 top list athletes from 85 countries (427 Men; 371 Women; N=11-35 data available in
different events) from the IAAF Annual Report-2016 (23). Considering the competition of some athletes in two or
three events (e.g., 100m, 200m, and 400m), 985 data were obtained for the Olympic year. The data also included
all-time top 10 list performances in track and field events which included 444 athletes (226 M: 218 W). We also

included world record-holder performances (n=43) from the world athletics website (16), up to March 2020 or



until retiring. Since all data are publicly available (https://www.worldathletics.org/Stats Zone) (16), no permission

or informed consent were deemed necessary for this study.

Chronological age was calculated as competition year minus date of birth (DOB). Since pilot analysis showed no
significant differences between groups (equal distribution), the upper and lower limit of the age (month of DOB
and the month of competitions) were not considered. We used the 2015-2016 Olympic year information since this

period is vital for all top athletes to have the best performance to qualify for the Olympic Games.

All data were classified into eight major groups of events: the 22 official Olympic disciplines for men.and the 21
disciplines for women (1- Sprints: 100m, 200m, 400m; 2- Hurdles: 110mH (M)/100mH (W), 400mH; 3- Middle-
Distance: 800m, 1500m; 4- Distance: 3000m Steeplechase-SC, 5000m, 10000m, 42.195km- Marathon; 5- Race
Walking-RW: 20km, 50km RW (M); 6- Jumps: Long Jumps-LJ, Triple Jump-TJ, Height Jump-HJ, Pole Vault-PV;
7- Throws: Shot Put-SP, Discus Throw-DT, Javelin Throw-JT, Hammer Throw-HT;and 8- Combined: Decathlon-
Dec (M), Heptathlon-Hep (W). The 50km RW discipline was added for women recently (2017), but we have not
included it in this study. Indoor competition results of comparable events (i.e.,; LJ, TJ, HJ, PV, SP) were included.
All official rules and regulations were taken into account. The records-are restricted to the individual best
performance (season-best) for each event during the cited years. Records in sprints, hurdles and 800m were
considered in centesimal, and for 1500m, long distance and RW records, only seconds were considered. For
example, for the 800m a time of 1°.43"".89 was noted as 103.89 s. For the 10000m a time of 32°.52"" was noted as
32.86 min (Table 2). At least 2 data available for each younger age group in each discipline (e.g. 12 y in W HJ and
WPV ...,-20yin M 50 km RW) and 2 data available in the senior age groups (e.g. 31 yin W 1500m ..., - 40 y in
M DT) were also considered (Table 2). For each athlete, the available data from 12 years old up to March 2020 or

retirement age were considered, but outlier data from each age group were excluded by Boxplot.

Despite different competition regulation standards across age categories (i.e., weight of throwing implements,
hurdle height, etc.), the throwing and hurdle results were included. Men and women use different implement
weights in throws (Shot put: 7.260 kg vs. 4.00 kg; Hammer throw: 7.260 kg vs. 4.00 kg; Discus throw: 2.00 kg vs.
1.00 kg; Javelin throw: 0.80 kg vs. 0.60 kg) (40).

For height: a) it was not possible to access 5% of the data for the all-time top lists, and b) there was more than a
30% overlap (the same athletes in two groups) data. However, we analysed and reported significant differences
between these data (Olympic-year with All-time). In total, there was an approximately 30% overlap between All-
time athletes within Olympic year lists (31% in men and 28% in women); Men (sprints: 5%3, hurdles: 30%, mid-
distance: 45%, distance: 35%, race walking:15%, Jumps: 27%, throws: 19%, combined:40%); Women (sprints:


https://www.worldathletics.org/
https://www.worldathletics.org/stats-zone

30%, hurdles: 35%, mid-distance: 15%, distance: 42%, race walking: 30%, jumps: 27%, throws: 15%, combined:
30%). There was %13% overlap for the Olympic year (133/985) with All-time data.

We used mixed data for Olympic year and all-time data for analysis because: a) predicted records based on only
All-time results had more error for current athletes; b)- doping control for Olympic year athletes and training
quality are improved; ¢) we were unable to access 5% of height and weight data from All-time lists; and d) pilot

analysis showed more precise results in mixed version.
Statistical analyses

Descriptive statistics are presented as means and standard deviations of height, weight, BMI, PPA in the Olympic
year and All-Time top lists and annual records of all athletes at different ages. Trend curves of improvement in
performances in all disciplines for men and women were presented. Using these peak performance trends (Table
2), a discipline/sex-specified analysis was used by applying unbalanced dynamic panel data methods to analyze the
collected data, and also plm package (linear models for panel data) in R program (version 3.6.2) to estimate
parameters of the analysis. Overlapping data (the same data in Olympic year and all-time top lists) were excluded

for analysis.

If the same individuals in a cross-sectional sample are observed repeatedly two or more times, the obtained
observations are represented as formatting a panel or longitudinal data set. In fact, panel data analysis includes a
combination of regression (cross-sectional) and time series. When there are n athletes and we have everyone’s
records in T time periods, we will have nT observations. Regression analysis, in which the relationships between
dependent variables and independent variables are studied, is a special type of panel data, when T=1 (single point
of time). In contrast, time series data, in which the trend of one or more variables over time is analyzed, is a type of
panel data with n=1. In the natural sciences panel data analysis is known as longitudinal data analysis. If for any
individual there exists an-observation for every time period, this is categorized as balanced panel data, and if some
observations are missing, this is categorized as unbalanced panel data. By combining the regression analysis and
time series, panel data has advantages over both of them. More details about this subject can be found in Hsiao
(2005) (14).Comprehensive studies and explanations of panel data analysis methods are described by Hsiao (2003)
(15), Frees (2004) (8), Arellano (2003) (2) and Nerlove (2002) (25).

The normality of data analyzed by K-S and outlier data (worst in annual records but not in PPA) were excluded by
Boxplot. One Way Analysis of Variance (ANOVA) followed by Tukey’s post hoc test were used for comparison
of height and PPA among 8 event groups. Independent T-tests were used for comparison of the height and PPA
between men and women and between All-Time lists and Olympic year in 8 event groups and 22/21 disciplines.
Cohen’s d effect size (ES) was analysed for ANOVA and T-test comparisons.
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RESULTS

Profile analysis of Height for Olympic year top lists

Analysis of Olympic year top lists for men (F7,491=76.56, P<0.001, ES=0.522) showed that height of sprinters,
hurdlers, jumpers, throwers, and decathlon athletes was greater compared to middle-distance (all were P<0.001),
distance runners (P<0.001) and race walkers (P<0.001). Throwers’ height was greater compared to sprinters
(P<0.001), hurdlers (P<0.05) and jumpers (P<0.001). (Figure 1). Discus throwers were the tallest (1.92 = 0.07 m)
and 42 km (marathon) runners were the smallest in stature (1.70 £ 0.06 m). Similar results were observed for

height of all-time athletes.

Analysis of Olympic year top lists for women (F7,460=58.35, P<0.001, ES=0.466) showed that the height of
throwers, jumpers and heptathlon athletes was greater than for sprinters (P<0.001), hurdlers (P<0.001; P<0.001;
P<0.05), middle-distance runners (P<0.001), distance runners (P<0.001) and race walkers (P<0.001) (Figure 1).
Discus and high jump athletes were the tallest (1.84+0.06 m; 1.8440.05 m, respectively) and 5000m, 10000m and
42 km runners were the smallest (1.63+0.06 m; 1.62+0.06 m; 1.62+0.05 m). Similar results were observed for all-

time athletes’ height.

There was no significant difference between the height of all-time and Olympic year top list results in the 8 main
event groups (Figure 1). However, the height of all-time top lists in both men (1.844+0.09 m) and women
(1.72+0.08 m) was greater (2 cm and 1.4 cm; respectively) than the height of Olympic year men (1.82+0.09 m) and
women (1.70+0.08 m).

Fig 1.
Profile analysis of PPA

For men, the Olympic year top lists data (F7,495=2.65, P<0.05, ES=0.036) showed that PPA of race walkers was
higher (P<0.05) compared to middle-distance runners. For women (F7,474=3.94, P<0.001, ES=0.055), PPA was
higher for throwers compared to sprinters (P<0.001) and middle-distance runners (P<0.05). PPA for distance
runners was higher (P<0.05) than for sprinters and but not significantly higher (P=0.083) than middle-distance
runners (Figure 2). All-time top 10 data showed that PPA of men (F7,217=3.99, P<0.001, ES=0.114) throwers was
higher than middle-distance runners (P<0.001), distance runners (P<0.05), and jumpers (P<0.05). The PPA of race
walkers was also significantly (P<0.05) higher than middle-distance runners. For women (F7210=2.72, P<0.05,

ES=0.083), PPA of throwers was significantly higher (P<0.05) than middle-distance runners. (Figure 2).



Fig 2.

Olympic year top list male athletes (F21,481=2.23, <0.05, ES=0.089) showed that PPA in 42 km runners and 50 km
race walkers was higher than 800 m (P<0.05; P<0.001) and 5000 m (P<0.05) runners. The 50 km race walkers also
had a higher PPA (P<0.05) compared to 10000 m runners. The 50 km race walkers had the highest PPA (28+4.58
y), and 800 m runners had the lowest (22.904+3.33 y). For women (F20461=3.28, P<0.001, ES=0.125), PPA of 42
km runners, was higher than 1500 m (P<0.001) and 5000m (P<0.05) runners. The 42 km runners had the highest
PPA (27.80£3.85 y), and 1500 m runners had the lowest PPA (23.61+£3.22 y).

The PPA for all-time top 10 for men (F21,203=4.23, P<0.001, ES=0.305) was higher for 42 km runners and 50 km
race walkers compared to 800m (P<0.001), 5000m (P<0.001), and 10000m runners (P<0.05). The higher PPA for
50 km race walkers compared to 20 km race walkers was not statistically significant (P=0.084). The 50 km race
walkers had the highest PPA (30.1£5.85 y), and 5000m runners the lowest PPA (21.4+2.17 y). For women
(F20,197=2.23, P<0.05, ES=0.185), the PPA of 42 km distance runners was higher (P<0.05) than 1500 m runners.
Javelin throwers (29.244.54 y) had the highest PPA, and 1500 m runners (21.94£3.87 y) had the lowest PPA.

Analysis of Olympic year top lists, showed that PPA in women distance runners was higher (F1240=4.75, P<0.05,
ES=0.019) than men. The PPA of women 800m (F;.41=5.12, P<0.05, ES=0.111), javelin throwers (F;3,=4.81,
P<0.05, ES=0.131) and triple jumpers (F1,33=5.75, P<0.05; ES=0.149) was higher compared to men, and not
statistically significant for 10000 m runners (P=0.073). On the other hand, the all-time top 10 lists showed that the
PPA of men decathlon athletes was higher (Fi,18=7.96, P<0.05, ES=0.30) than women heptathlon athletes. Also,
the PPA of men 1500 m runners was higher (F1,18=5.49, P<0.05, ES=0.234) compared to women. Conversely, the
PPA of women 800 m runners (Fi,185=7.03, P<0.05, ES=0.281), 5000m runners (F1,183=9.72, P<0.05, ES=0.351) and
high jumpers (F125=4.34, P<0.05, ES=0.148) was higher than their male counterparts.

The difference in records between men and women at PPA for Olympic year were about 10 -12% in sprints and
hurdles, 12-15% in middle-distance, distance and RW, 19-23% in jumps and 2-10% in the shot put, discus and

hammer thrower, and 37% in javelin throwers.

PPA of all-time men throwers was higher (F1,104=18.28, P<0.001, ES=0.150) than Olympic year throwers.
Specifically, the PPA of all-time men shot putters (F1,30=7.99, P<0.05, ES=0.210) and hammer throwers
(F1,10=4.78, P<0.05, ES=0.201) was higher. Also, for women, the PPA of all-time jumper (F1,130=7.87, P<0.05,
ES=0.054)and shot putters (F123=5.57, P<0.05, ES=0.195) were higher than Olympic year counterparts.

Performance progression



The analysis introduced by dynamic panel data to predict the records at different ages for all men and women
disciplines are presented in Table 1. Our analysis showed that performance over the preceding 1-2 years (in all
disciplines), height (in Long Jump Men; Long Jump Women; Triple Jump Men) and weight (in Discus Throwing
Men) indices, respectively, are important (P<0.05) for predicting future records with different coefficients in
different disciplines. Other indices like BMI, 3 years ago records or weight and height (in some other disciplines)
were not significantly important in the prediction of future records (P>0.05). It should be noted that for the
prediction of future records by these models, the following need to be taken into consideration: Height and weight
should be within the normal range of specific disciplines; prediction of performance is valid within the normal

range of PPA for specific disciplines.
Table 1.

Key to abbreviations in Table 1.Where The Rt is predicted record at a certain age, R¢-1 1s the best personal record
one year ago, R; -2 is the best personal record two years ago, Rt.m is the average (mean) records of mixed Olympic
year and All-time top lists records at certain age (Table 2), H is the adulthood height of the athlete and W is the
adulthood weight of the athlete. For example; future performances for-a 18 year old 400m runner up to 23 years of
age, with 1.82 m height, and best performances of 47.70 and 46.90 s at the ages of 16 and 17, respectively, are
estimated to be 46.01, 45.96, 45.22, 44.72, 44.54, and 44.43s at 18, 19, 20, 21, 22 and 23 years of age,

respectively.

Table 2.

DISCUSSION

Our results showed that PPA of all-time top lists throwers was higher than middle-distance runners, distance
runners, and jumpers in men, and higher than middle-distance runners in women. Olympic year top list athletes
showed that PPA of women throwers was higher than sprinters and middle-distance runners, and PPA of women
distance runners was higher than sprinters. In both all-time and Olympic year top lists, the PPA for men race
walkers was higher than middle-distance runners. These results are consistent with a previous study which reported
higher PPA for throwers and distance runners (12). Race walking and decathlon/heptathlon were not considered in
their study. Hulme et al. (2017) suggested that lower PPA in middle-distance runners could be related to the higher
injury rate due to the inherent bounding generated during the training process in these events (17). Therefore,
coaches of sprinters and middle-distance runners need to be cognisant that they have a limited window of time for
achieving best performances, which is limited by the extent to which the athlete remains free of injury. Changing

discipline with aging could be an appropriate strategy (12), especially from sprint and middle-distance to long-
8



distance or race-walking events, and from distance running to longer distance running (26). Sprinters and middle-
distance runners may have a greater propensity to convert to another athletic event. For example, all-time PPA for

5000m, 10000m and 42 km were 21, 23 and 29 y, respectively for men, and 24, 26, 28 y for women.

It seems that in PPA differences between event groups of all-time athletes are greater in men. Conversely,
differences in PPA between event groups in Olympic year athletes, are greater in women. Aging is reported to lead
to a decrease in ability to perform maximal and rapid contractions, particularly in men (19, 41). Taken together,
these findings demonstrate that responsiveness time to the training of strength is longer than for other factors like
speed, power, and endurance. Throwers, race walkers and distance runners reach their best performances at an
older age than other event groups (sprinters, hurdlers, middle-distance runners, jumpers and combined athletes).
These observations are important with regard to the expectations of the time it takes to attain peak performance.
Therefore, these athletes and their coaches should have realistic expectations of the longer time to reach PPA, with
the knowledge that later progression and best performance are normally achieved at a higher PPA for throwers,
race walkers and distance runners. Earlier reduction in the number and size of type Il muscle fibers (9) is one of
the biological reasons for these differences. Also, previous studies reported that peak performance in hand-grip
strength occurs between the ages of 30-39 years in men and women, and is dependent on quality and girth of
muscle (1). Another reason for higher PPA of throwers in compatison with other lower body-dependent
disciplines, is that legs experience maximum growth-before the trunk, hands, neck and head (21), and therefore,
running and jumping events are characterized with an earlier PPA than throwers. The greater training volume
(training years) needed to attain a desired running economy for distance running (24) is a probable factor in late

PPA of distance runners.

The higher PPA for throwers (men)and jumpers (women) in comparison to other event groups could be related to
the number of years duration of training needed to attain the required muscle mass for maximal strength, and time
needed to gain mastery of complex, technique-based field disciplines compared to more fundamental skills like

running (12).

The PPA of women all-time and Olympic year top-list athletes in 800 m, 5000 m and 10000 m runners, high jump,
triple jump and javelin were higher than men counterparts. Also, women world record-holders in 11 disciplines
were older than men at PPA, and only six men world record-holders were older than women counterparts at PPA.
Also, only PPA in men decathlon athletes of all-time top 10 lists was significantly higher than women heptathlon
athletes. It seems that socio-cultural factors, childbearing, late start of professional training, as well as sex

differences are important factors in peak performance latency in women (12).



In considering the weight differences of throwing implements for men and women events (40), the later PPA of
women javelin throwers may be attributed to the greater relative implement weight differences for men and women
in this discipline (e.g., Shot put: 7.260 kg vs. 4.00 kg = 55%; Javelin: 0.8 kg v 0.6 kg = 75%). Adult women have
about 50% (upper body) to 60% (lower body) strength of men (20% difference in powerful athletes with similar
body mass) (5, 35). The javelin throw is critically dependent on upper body strength and power. The higher
difference in javelin throw performance between men and women at PPA is 37%, compared to a 2-10% difference

in all other throws, provides some support for this rationale.

As shown in Figure 2, Olympic year top list PPA were lower than all-time top 10 in most event groups of men and
women (Olympic year; M: 24.86£3.66; W: 25.19+£3.57; All-time; M: 26.04+3.91; W: 26.18+3.79). Also, PPA of
record-holders is not necessarily equal to average PPA of Olympic year top lists or all-time top 10 list athletes. It
seems that today’s athletes (Olympic year) have more competition opportunities compared with the all-time top 10
athletes and this may result in early PPA (11). Also, compared with all-time athletes, today’s athletes start specific
training earlier based on the concept of the certain training volume (training years until peak performance) needed
to reach a high level of running economy, especially in distance running (24), and reach peak performance at
younger ages. Training years required to improve running economy likely explains the observed trends towards
higher PPA with increasing long-distance duration. This early PPA in Olympic year top list concurs with the
findings of Noble et al. (2017) who reported lower PPA and retiring ages of African marathon runners in

comparison with non-African marathon runners, possibly due to earlier ages of specialized training (27).

Interestingly, our results showed that most athletes with an earlier PPA have a short athletics career. For example,
about 80% of men and women Olympic year sprinters, 110m hurdlers, 10000m runners, all jumpers, hammer
throwers, shot putters, and heptathlon athletes who reached their PPA at 19-21 years of age, retired before the age
of 22. Dick (2013) reported that only 9% of world junior competition medalists between 2000 - 2010 translated to
the finalists in London 2012 Olympic Games (7). This “athlete dropout” may be attributable to the early
specialization. Available data from elite athletes progression in this study (Table 2) show that sprinters, jumpers
and middle-distance runner started specialization at 12-15 y but throwers, hurdlers, race walkers and distance
runners started specialization at 15-20 y. Also, based on world record-holders and all-time top 10 list data, runners
who participated in-more than a single discipline, have better records than athletes who participated in only one

discipline. It seems that multidiscipline athletes improve all-around development more than other athletes.

Profile analysis of athletes showed that there was no significant difference between the height of Olympic year and
all-time athletes, although the height of all-time men and women top lists were 3 cm and 1.4 cm higher than
Olympic year athletes. Since all-time top list records are better than Olympic year athletes’ records, it seems that
height is a critical factor in athletics performance of some disciplines. Inclusion of height in the performance
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prediction analysis of Long Jump Men; Long Jump Women; Triple Jump Men by dynamic panel data, support this
idea. Although, in Olympic Games athletes generally focus on winning the medal, rather than the setting better
records. Prediction of the standard height for a specific discipline at PPA is accessible in norms of height growth

WHO standards for boys and girls.

PRACTICAL APPLICATIONS: We have analyzed PPA and age-related performance progression in elite
athletes of different discipline and used a discipline/sex-specified analysis for predicting records. Based on our
results, sprinters and middle-distance runners have fewer years to setting best performances, but throwers, race
walkers and distance runners should not be disappointed with late progression. Based on our analysis, the last 1-2
years’ records, and, in some disciplines, respective height and weight indices are important in predicting future
records with different coefficients in different disciplines. These data may help with goal setting, monitoring and
evaluating performance progression. For the prediction of future records by this model; the following need to be
taken into consideration: height and weight should be within the normal range of specific disciplines, and
prediction of records are valid until the normal range of PPA for specific disciplines. However, since peak
performance is influenced by training, nutritional, mental, environmental and sometimes pharmaceutical

interventions, the model applied in this study cannot take into account the variance accounted for by these factors.
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Figure 1. Height of Olympic year and All-time men and women top lists in 8 groups.

Olympic Year: M; *= significantly higher than mid-distance and distance men runners and race walkers. = significantly higher than men sprinters,
hurdlers and jumpers. €= significantly higher than men distance runners. $= significantly higher than men sprinters. W; a= significantly higher than
women sprinters, hurdlers, mid-distance runners, distance runners and race walkers. X= significantly higher than women distance runners. All-time: M;
a= significantly higher than men distance and RW. b= significantly higher than men sprinters, hurdlers and mid-distance. ¢= significantly higher than
men mid-distance. d= significantly higher than men distance. W; e= significantly higher than women sprinters, hurdlers, mid-distance distance and RW.
f=significantly higher than women mid-distance, distance and RW. g= significantly higher than women distance and RW.
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Table 1. Results introduced by dynamic panel data using mixed top list results.

Groups Results of model (dynamic panel data- P<0.05)"
Disciplines/Sex
Sprints 100m | M | R=0.5295(R.1-m.R.1)+0.1582(Ri.2-m.R2)+0.9984m.R+. P<0.001, <0.05, <0.001
W [ R=0.5405(R..;-m.Ri:1)+0.9977m.Ry; All were P<0.001
200m | M | R=0.4917(Rei-m.Ri-1)+0.1283(Ri-2-m.R2)+0.9985m.R; P<0.001, <0.05, <0.001
W | R=0.4154(Ry.1-m.Ri.1)+0.1913(Ri2-m.R2)+0.9997m.R; P<0.001, <0.05, <0.001
400m | M | R=0.5126(R¢.1-m.R.1)+0.1444(Ri2-m.R2)+0.9984m.Ry; P<0.001, <0.05, <0.001
W 'R=0.4046(R:.;1-m.Ri.1)+0.1725(R.2-m.R»)+0.9986m.R; P<0.001, <0.05, <0.001
Hurdles 110mH | M | R=0.6486(R.;1-m.R¢.1)+1.0014m.Ry; All were P<0.001
100mH" |" W | R=0.4171(Ri-;1-m.R¢1)+0.9996m.R; All were P<0.001
400mH. | M | R=0.7211(Re1-m.R-1)+0.2826(Ri2-m.Ri2)+0.9195m.R;; P<0.001, <0.05, <0.05
W 'R=0.3122(R¢;-m.Ry.1)+0.1737(Ri.2-m.R2)+1.0012m.R; P<0.05, <0.05, <0.001
Middle- 800m~ | M | R=0.4624(Rei-m.Ri.1)+0.1352(R>-m.Ri-2)+0.9998m.R; P<0.001, <0.05, <0.001
distance W | R=0.4431(Ri.1-m.R;.1)+0.1794(Ri2-m.R;2)+1.0005m.R; P<0.001, <0.05, <0.001
1500m” | M | R=0.4632(Ri.;1-m.R.1)+0.1845(Ri2-m.Ri-2)+1.0012m.Ry; All were P<0.001
W | R=0.4212(R¢;-m.R.1)+0.1552(Ri.»-m.R)+1.001 1m.Ry; P<0.001, <0.05, <0.001
Distance | 3000mS | M | R=0.4862(R:.1-m.R.1)+0.1964(Ri2-m.Ri»)+1.0006m.Ry; All were P<0.001
c W | R=0.3776(R:.1-m.R¢.1)+0.2384(Ri2-m.R2)+0.9979m.Rs; <0.05, <0.05, <0.001
5000m | M | R=0.4689(Ri.1-m.R.1)+0.3025(R.1-Ri-2)+1.0004m.R; P<0.05, 0.048, <0.001
W | R=0.5670(R.1-m.R¢.1)+0.1813(Ri2-m.R¢2)+0.9986m.Ry; P<0.001, <0.05, <0.001
10000m | M | R=0.3634(R:.;-m.R.1)+1.0001m.Ry; All were P<0.001
W | R=0.3135(R¢.i-m.R.1)+1.0014m.R;; All were P<0.001
42.195k | M | R=0.3904(Ri.1-m.R¢.1)+1.0054m.R; P<0.05, <0.001
m W | R=0.3596(R¢;-m.R¢.1)+1.0035m.R¢; P<0.05, <0.001
20km | M | R=0.3271(Ri.1-m.R¢1)+0.997 1m.Rs; All were P<0.001
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Race W | R=0.5728(Rs.1-m.R:.1)+0.9998m.R; All were P<0.001
walking- [750km [ M | R=0.3307(R.1-m.R1)+0.9989m. R;; All were P<0.001
Jumps |~ Long M | R=0.4997(Ri-.1-m.R-1)+0.1737(Ri2-m.Ri2)+0.9872m.R; +0.0551H; All were P<0.001
jumps-LJ "W TR ,=0.3852(R.;-m.R..1)+0.2472(R2-m.R.,)+0.9898m.R, +0.03 58 H; All were P<0.001
Triple | M | R=0.5535(R¢.1-m.R¢.1)+0.9968m.R;+0.0332461H; P<0.001, <0.001, <0.05
Jump-TJ "W TR =0.6179(R..;-m.R.1)+0.9993m.Ry; All were P<0.001
Height | M | R=0.4547(R¢.;-m.Rt.1)+0.1726(R¢2-m.Rt.2)+1.0002m.R¢; P<0.001, <0.05, <0.001
Jump-HI "W T R,=0.5983(R..;-m.R;.1)+0.1 129(R,.,-m.R.2)+ 1. 1000m.R; P<0.001, <0.05, <0.001
Pole | M | R=0.5632(R.;-m.R.)10.201 I(Rio-m.R.)+1.0014m.R;; P<0.001, <0.05, <0.001
vault-PV "W "R =0.5220(R.;-m. R )+0.1765(Ri2-m.R.2) T 1.0015m.Ry; P<0.001, <0.05, <0.001
Throws | Shotput- | M | R=0.4819(R.-m.Re.1)10.1982(Ri2-m.R2)10.9992m.R;; All were P<0.001
Sp W [ R=0.6432(R;-m.R.1)+0.1775(R2-m.R2)+0.9943m.Ry; P<0.001, <0.05, <0.001
Discus | M | R=0.5295(Ri.1-m.R-1)+0.9651m.R, +0.0196 W; P<0.001, <0.001, <0.05
throw= | W [ R=0.4671(Re1-m.R.1)+0.1054(Ri>-m Ri2)+0.9950m.R;; P<0.001, <0,05,<0.001
Javelin | M | R=0.5810(R¢i-m.R¢1)+1.0011m.R; All were P<0.001
throw-IT "W TR =0.5194(R..;-m.R..1)+0.1662(R.>-m.R.2)+1.0014m.R;; P<0.001, v, <0.001
Hammer | M | R=0.3740(R.1-m.R:.1)+0.3607(Ro-m.R..,)+0.9989m.Ry; All were P<0.001
throw= | W [R=0.524T(Re1-m.Re1)+0.1390(Ri>-m.R.2)+0.9988m.Ry; P<0.001, <0.05,<0.001
Combined Dec]%thlo M | R=0.4165(Ri.1-m.R-1)+0.2477(Ri2-m.Ri2)+1.00m.Ry; P<0.001, <0.05, <0.001
n-Dec
Hepgthl W | R=0.3986(Rt.1-m.R¢.1)+0.2343(Rt.2-m.R2)+0.9990m.R¢; P<0.001, <0.05, <0.001
on-Hep

*= Factors for every discipline were set at statistical significance of P<0.05.P-values are presented respectively. R; .1 is the
best personal record one year ago, R:-;is the best personal record two years-ago, Rt:m is the average (mean) records of
mixed Olympic year and All-time top lists records at certain age (Table 2).

Table 2. Performance progression (M+SD) of mixed Olympic year athletes and-all-time in all disciplines (22 for Men and 21

for Women).
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Dis 100m M 100m W 200m M 200m W 400m M 400m W 110mH 100mH 400mH 400mH
c/ S S S S S S M W M W
S S S S
Age
13 12.39+0. 25.70+£1.
57 66
14 11.98+0. 24.51+0. 54.43+1.
12 45 30
15 11.3740. | 11.90+0. | 21.81+0. | 24.01+0. | 48.20+1. | 54.75+1. 59.94+2.
26 35 75 37 35 22 94
16 10.82+0. | 11.76+0. | 21.45+0. | 23.79+0. | 47.65+1. | 53.294+0. | 14.60£0. | 14.08+0.1 52.89+1. | 58.34+1.
19 37 43 54 33 77 57 55 37 61
17 10.5540. | 11.5940. | 21.26+0. | 23.60+0. | 46.88+0. | 53.15+1. | 14.25+0. | 13.99%0. | 50.96+1. | 58.53+2.
15 28 58 65 92 59 43 37 32 03
18 10.37+0. | 11.46+0. | 20.78+0. | 23.43+0. | 46.06+0. | 52+0.92 | 13.84+0. | 13.72+0. | 51.36%1. | 58.14+1.
14 22 33 67 86 38 34 58 99
19 10.3240. | 11.38+0. | 20.66+0. | 23.11+0. | 46.06+1. | 51.39+1. | 13.78+0. |-13.32+0. | 50.25+1. | 56.63=+1.
20 29 49 55 19 18 32 29 08 69
20 10.20£0. | 11.23+0. | 20.47+0. | 22.86+0. | 45.35+0. | 50.86+0. | 13.56+0. | 13.01+0. | 49.75+1. | 56.30+1.
20 23 47 55 99 97 30 22 62 43
21 10.0940. | 11.20+0. | 20.31+0. | 22.66+0. | 44.87+0. | 50.31%1. | 13.362+0. | 12.86+0. | 48.86+1. | 55.55+1.
21 22 54 47 62 19 30 20 16 19
22 10.00£0. | 11.05+0. | 20.11+0. | 22.39+0. | 44.71+0. { 50.19+0. | 13.26+0. | 12.78+0. | 48.60+1. | 54.78+0.
13 16 40 40 75 98 21 22 00 93
23 [ 9.96+0.1 | 11.13+0. | 20.09+0. | 22.46+0. | 44.61+£0.-| 50.08+0. | 13.29+0. | 12.73+0. | 48.22+0. | 54.45+0.
6 28 36 46 62 87 24 17 73 76
24 1 9.97+£0.1 | 10.97£0. | 20.12+0. | 22.43+0. | 44.73£0. | 50.07+1. | 13.23+0. | 12.62+0. | 48.41£0. | 54.45=+0.
1 16 31 47 76 18 21 19 72 99
25 [ 9.97+0.1 | 11.07£0. | 20.04+0. | 22.53+0. | 44.95+0. | 49.89+1. | 13.20+£0. | 12.54+0. | 48.45+0. | 54.08+1.
2 25 31 54 53 02 19 19 82 09
26 1 9.97+£0.1 | 10.99+0. | 20.18+0. | 22.294+0. | 44.82+0. | 50.03+0. | 13.21+0. | 12.54+0. | 48.16+£0. | 53.77=+0.
5 21 38 29 53 70 20 12 86 84
27 | 9.94+0.1 | 10.97+0. | 20.24+0. | 22.46%0. | 45.02+0. | 49.96+1. | 13.15+£0. | 12.49+0. | 48.14+0. | 53.89+1.
3 15 36 58 85 02 20 13 67 12
28 1 9.98+0.1 | 10.96+0. |-20.10£0. | 22.33+0. | 44.55+0. | 49.84+0. | 13.17+0. | 12.48+0. | 48.39+£0. | 53.97=+1.
3 10 45 34 63 92 16 10 86 02
29 | 9.87+0.0 | 10.92+0. |20.25+0. | 22.34+0. | 44.87+1. | 49.98+0. | 13.13+£0. | 12.59+0. | 47.92+0. | 53.71+1.
9 20 62 44 03 58 13 18 52 00
30 | 9.93+0.1 | 10.95+0. | 20.14+0. | 22.70+£0. | 44.97+£0. | 50.18+0. | 13.18+0. | 12.68+0. | 47.97+0. | 54.40+0.
3 15 17 65 94 75 17 26 34 50
31 9.94+0.1 | 11.01+0. | 20.14+0. | 22.31+0. | 44.89+1. | 50.65£1. | 13.20£0. | 12.64+0. | 48.40+£0. | 54.40=+0.
0 15 22 35 03 01 20 20 64 81
32 19:94+0.2 | 10.94+0. | 20.12+0. | 22.45+0. | 44.82+0. | 50.48+0. | 13.31+£0. | 12.65+0. | 48.75+0. | 54.92+0.
0 34 36 52 82 52 27 20 87 70
331.9.90+0:2 20.35+0. 44.18+0. | 50.45+0. | 13.11+0. | 12.52+0. | 49.02+0. | 57.06+1.
0 85 56 28 14 11 99 41
34 1 9.92+0.0 20.30+0. 45.15+0. 13.11+0. | 12.77+0.
8 35 35 10 46
35 44.78+0. 13.11£0. | 12.5£0.4
15 21 2
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36 45.54+1. 13.30+0.
35 98
37 13.41+0.
15
Disc [ 800m M 800m W 1500m 1500m | 3000mS 3000m 5000mM | 5000mW | 10000m 10000m
/ ] ] M w CM SCW min min M w
min min min min min min
Age
13 4.61+0.1 | 5.01+0.2
5 6
14 131.65+1. | 4.23+0.1 | 4.76+0.0
79 9 4
15 113.96+6. | 129.57+2. | 4.01£0.0 | 4.60+0.1
60 15 8 6
16 113.20+3. | 128.90+3. | 3.80+£0.1 | 4.29+0.1 10.16+0. | 13.75+0. 15.95+0.
99 17 1 5 36 71 34
17 107.56+2. | 127.22+4. | 3.70+0.1 | 4.21£0.1 | 8.62+0.2 | 9.99+0.4 | 13.62+0. | 15.50+0. [ 29.18+0.
54 05 0 3 3 4 56 46 38
18 106.80+3. | 124.98+3. | 3.69+0.0 | 4.11+0.1 | 8.52+0.2 | 9.89+0.5 | 13:30£0. | 15.29+0. | 28.02+0.
03 77 7 5 2 0 41 47 75
19 105.3541. | 122.2844. | 3.61+£0.0 | 4.14+0.1 | 8.29+0.2 | 9.81+£0.4 | 13.27£0. | 15.09+0. | 27.84+0. | 31.76%0.
83 65 9 1 0 7 36 36 52 69
20 104.45+1. | 121.8743. | 3.58+0.0 | 4.07+0.1 | 8.18+0.1 | 9.64+0.3 13.19+£0. | 14.98+0. | 27.48+0. | 30.56+0.
31 34 6 3 2 5 28 46 58 67
21 104.37+1. | 121.76£3. | 3.52+0.0 | 4.06+0.1 | 8.15+0.1 | 9.55+0.1 12.96+0. | 14.82+0. | 27.38+0. | 31.19+0.
64 16 5 1 3 6 12 29 58 21
22 104.09+1. | 120.40+2. | 3.54+0.0 | 4.07£0.1 | 8.07+0.1 | 9.39+0.2 | 13.07+0. | 14.90+0. | 27.30£0. | 31.14=+0.
72 30 5 2 2 0 20 43 51 89
23 104.05+1. | 120.5242. | 3.54+0.0 | 4.04+0.1 [ 8.11+0.1 | 9.26+0.1 13.06£0. | 14.87+0. | 27.16£0. | 30.96+0.
59 80 5 0 1 2 19 30 35 51
24 104.22+1. | 118.76+1. | 3.53+0.0 | 4.01+£0.0 | 8.12+0.1 | 9.24+0.1 13.09+£0. | 14.87+0. | 27.15+0. | 31.13%0.
52 45 5 7 0 6 21 42 44 67
25 103.57+41. | 118.28+1. | 3.54+0.0 | 4.01£0.0 | 8.12+0.1 | 9.21£0.1 13.11+0. | 14.74+0. | 27.36£0. | 31.19+0.
01 95 5 6 2 0 21 34 51 84
26 104.01+0. | 117.65£1. | 3.54+0.0 | 4.03£0.0 | 8.08+0.1 | 9.13£0.1 13.13+£0. | 14.77+0. | 27.45+0. | 30.96=x0.
81 95 6 4 1 1 17 25 52 47
27 103.70+0. | 117.88+1. |.3.53+0.0 | 4.05+0.0 | 8.09+0.1 | 9.19+0.2 | 13.10+0. | 14.78+0. | 27.16x0. | 30.81=+0.
56 68 5 5 0 6 20 24 32 49
28 103.59+1 | 117.53+1. | 3.52+0.0 | 4.04+£0.0 | 8.13£0.1 | 9.26£0.2 | 13.09+0. | 14.73£0. | 27.17£0. | 30.97=+0.
04 47 4 5 3 3 18 35 53 44
29 104.17+£1. | 118.49+1. | 3.52+0.0 | 4.01+0.0 | 8.04+0.1 | 9.24+0.1 13.18+0. | 14.73£0. | 27.00£0. | 30.77=+0.
47 23 3 9 1 9 27 20 30 67
30 103.94+1. | 117.77+£1. | 3.49+0.0 | 4.04+0.0 | 8.16£0.1 | 9.27+0.1 12.97+0. | 14.79£0. | 27.16£0. | 30.95=+0.
53 85 4 9 4 1 10 28 33 83
31 105.85+1. | 118.04+2. | 3.49+0.0 | 4.07+£0.1 | 8.10+£0.1 | 9.34+0.0 | 13.04+0. | 14.86+0. | 27.28+0. | 31.14=+0.
58 17 1 0 9 1 11 28 53 80
32 104.45+0. | 117.04+2. | 3.52+0.0 8.09+0.0 | 9.37£0.0 | 13.03+0. | 14.88+0. | 27.10£0. | 30.72=+0.
73 41 5 9 7 13 43 38 42
33 106.28+2. | 117.79+1. | 3.56+0.0 8.11+0.1 | 9.56+0.2 12.98+0 27.61+£0. | 30.72+1.
51 56 3 2 3 64 68
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34 117.30£2. | 3.57+0.0 8.20+0.0 13.14+0. 27.54+1. | 31.82+0.
37 6 4 17 04 95
35 117.61+£2.
38
36 117.81+0.
52
Continued
Disc/ 42km M 42km W 20 km RWM 20 km RW W 50km RW M
Age min min min min min
16 87.37+10.04
17 85.59+4.36
18 84.20+4.43 88.91+0.87
19 129.16+0.04 153.60+9.14 83.69+2.53 89.11+£3.99
20 128.87+2.67 147.15+6.78 81.14+2.08 90.15+£3.48 239.93+11.93
21 126.26+1.04 146.52+6.90 80.80+1.48 89.09+3.07 232.90+9.56
22 126.23+1.94 145.82+5.24 80.57+1.57 88.47+2.98 230.31+8.05
23 127.19+1.40 144.44+3.61 80.09+1.37 88.19+£2.27 227.061£6.63
24 127.01+1.47 143.83+3.79 80.22+1.41 87.16+1.53 226.97+6.81
25 126.01+1.35 143.03+4.73 80.29+1.47 87.43+£1.68 225.28+5.56
26 125.81£1.36 144.74+£3.50 79.89+1.07 86.72+1.87 223.64+4.27
27 126.05+1.33 144.334+3.33 80.12+1.79 87.54+1.62 224.10+£3.35
28 126.57+1.74 143.59+3.07 80.40+1.33 86.71+1.53 222.52+4.23
29 126.17+£1.64 143.04+3.30 80.13+1.46 88.29+1.36 222.67+3.22
30 126.24+2.13 142.33+£3.07 79.54+1.16 87.29+1.00 222.87+3.71
31 126.83+1.97 143.72+1.59 80.42+2.26 87.78+2.39 221.84+3.58
32 128.11+4.01 143.284+3.25 80.45+0.69 88.00+1.05 222.72+5.03
33 126.44+2.34 143.10+1.84 81.12+0.19 90.26+£2.24 223.23+£2.00
34 143.80+2.25 79.88+0.55 88.17+1.80 224.78+4.17
35 142.89+3.59 83.23+1.76 87.71£1.90 222.30+4.34
36 87.74+0.43 221.66+6.13
37 229.09+6.50
38 222.21+4.18
39 230.25+8.66
Continued
Disc/ | Long Jump Long Jump | Triple Jump | Triple Jump | High Jump | High Jump | Pole Vault | Pole Vault
Age M m Wm M m W m Mm W m Mm W m
12 1.52+0.09 3.08+0.32
13 5.29+0.18 1.64+0.06 3.63+£0.33
14 6.66+0.14 5.76+0.14 14.79+0.24 1.71£0.13 1.69+0.08 | 3.40+£0.56 | 4.01+0.24
15 6.76+0.54 6.03+£0.21 14.79+0.47 12.49+0.79 1.91+0.19 1.74+£0.07 | 4.07£0.57 | 3.86%0.45
16 7.45+0.45 6.11+0.25 15.16+£0.71 12.72+0.12 2.10+0.09 1.80+£0.05 | 4.64+0.37 | 3.97+£0.24
17 7.43+0.45 6.27+0.23 15.87+0.48 13.03+0.19 2.17+0.09 1.85£0.06 | 4.96+0.43 | 4.04+0.24
18 7.62+0.35 6.33+0.26 16.18+0.40 13.48+0.33 2.20+0.07 1.88+0.05 | 5.17£0.39 | 4.19+0.21
19 7.83+£0.31 6.49+0.25 16.68+0.45 13.72+0.39 2.26+0.05 1.91+0.04 | 5.44+£0.32 | 4.26+0.22
20 8.00+0.33 6.69+0.24 17.03+0.47 13.77+0.34 2.31+0.05 1.94+0.05 | 5.57£0.24 | 4.39+0.21
21 8.13+0.27 6.78+0.21 17.20+0.51 14.09+0.43 2.324+0.05 1.95+£0.05 | 5.69+£0.17 | 4.44+0.22
22 8.19+0.29 6.85+0.23 17.20+0.42 14.224+0.30 2.324+0.05 1.96+0.05 | 5.81+£0.12 | 4.49+0.22
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23 8.26+0.26 6.86+0.24 17.29+0.31 14.51£0.41 2.34+0.04 | 1.98+0.04 | 5.84+0.11 | 4.52+0.18
24 8.25+0.18 6.94+0.21 17.52+0.20 | 14.55+0.41 2.34+0.04 | 1.98+0.05 [ 5.83+0.11 | 4.72+0.11
25 8.33+0.18 6.98+0.23 17.48+0.33 14.60+0.39 | 2.35+0.03 | 1.99+0.04 [ 5.84+0.11 | 4.68+0.13
26 8.36+0.19 7.03+0.28 17.42+£0.30 | 14.65+0.30 | 2.35+0.04 | 2.00+£0.05 | 5.87+£0.12 | 4.72+0.16
27 8.30+0.21 6.98+0.20 17.25+0.25 14.74+0.31 2.35+0.03 | 2.00+0.04 [ 5.81+0.17 | 4.72+0.15
28 8.36+0.22 7.00+0.23 17.23+0.22 | 14.7240.36 | 2.34+0.04 | 1.99+0.04 | 5.87+0.15 | 4.75%0.11
29 8.28+0.24 6.88+0.19 17.23+0.51 14.64+£0.48 | 2.3240.03 | 1.99+0.05 | 5.90+0.13 | 4.76+0.14
30 8.29+0.25 6.88+0.25 17.18+0.33 14.69+0.48 | 2.32+40.03 | 2.00+0.03 | 5.85+0.11 | 4.75+0.08
31 8.34+0.24 6.93+0.17 17.18+0.33 14.60+0.44 | 2.33+0.02 | 1.96+0.05 | 5.8440.17] 4.75+0.12
32 8.31+0.33 6.89+0.27 17.31+£0.32 | 14.69+0.50 | 2.29+0.03 | 1.96+0.05 | 5.87+0.17 | 4.73+0.06
33 8.32+0.24 6.72+0.11 17.22+0.31 14.43+£0.35 | 2.25+0.09 | 1.98+0.03 | 5.87+0.19 | 4.72+0.13
34 8.23+0.16 7.00£0.18 17.12+0.55 14.26+0.41 2.30+0 1.994+0.02 4.76+0.13
35 8.34+0.15 6.83+0.08 17.37+0.53 14.24+0.29 | 2.25+0.06 | 1.96+0.05

36 8.03+0.08 6.72+0.22 17.23+0.49 2.26+0.01

37 7.7940.63 6.52+0.44 17.23+0.53

38 7.76+0.30
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Dis | Shot Put | Shot Put | Discus.T | Discus.T | Javelin.T | Javelin.T | Hammer. | Hammer. | Decathl | Heptathl
c/ M m w M m W m M m W m TM m TW m on M on W
m scores scores
Age
14 45.19+0. 47.81+6.
46 61
15 14.37+0. 47.04+1. 48.05+4. 4948+34
49 24 92 5
16 15.10£0. | 43.20+5. | 48.95+4. | 58.92+3. | 49.89+4. | 58.95+7. | 55.2549. 5312418
60 70 07 33 63 00 40 5
17 |1 16.59+£2. | 16.03£1. | 50.60+5. | 54.47+5. | 68.87+4. | 51.82+4. | 65.35+4. | 57.4247. 5453435
33 15 64 61 69 59 07 45 9
18 173741, | 16.42+1. | 53.09£3. | 56.96£5. | 72.26£5. | 52.9143. | 65.09+5. | 61.05£5. [<6988+3 | 5553+32
90 48 54 60 23 95 66 93 93 7
19 | 18.28+1. | 17.75£1. | 56.86+1. | 61.53+4. | 77.514£3. | 56.33+4. | 68.66+4. | 63.13+5. | 753242 | 5773+39
59 10 95 68 71 01 55 50 99 7
20 [ 18.13£1. | 18.37+1. | 61.05+£3. | 63.38+5. | 79.02+£3. | 58.09+4. | 71.55+4. | 66.29+4. | 7908+2 | 5984442
62 43 22 25 45 73 47 30 50 5
21 19.49+1. | 18.70£1. | 62.57+2. | 64.29+3. | 82.314+2. | 60.34+4. | 74.71+£3. | 68.40+3. | 8119+3 | 6165+33
41 10 70 54 61 06 27 70 05 3
22 | 20.38+1. | 19.16+1. | 63.76£2. | 66.66+3. | 83.84+3. | 61.54+4. | 75.98+3. | 70.55+3. [ 8287+2 | 6194435
22 44 79 09 28 86 42 20 21 0
23 | 20.82+0. | 19.40+1. | 65.67+1. | 66.57+3. | 85.86+3. | 63.25+3.| 77.98+2. | 72.10+2. | 8386+l | 6326426
92 21 56 57 41 33 83 60 25 8
24 [ 21.26%0. | 19.85%1. | 66.71£1. | 67.07+4. | 85.95+3. | 63.39+3. | 78.87+2. | 73.74+3. | 8495+1 | 6522431
92 27 61 13 76 55 55 24 6 2
25 [ 21.39+£0. | 19.96+1. | 67.72+2. | 68.38+3. | 86.41£3. | 63.78+4. | 79.27+2. | 74.21+2. | 8567+2 | 646629
58 37 02 93 81 00 55 50 07 8
26 | 21.47+0. | 20.05+1. | 67.91£2. | 68.34%3.| 88.3843. | 64.21+3. | 80.26+1. | 74.82+2. | 8555+2 | 6457430
74 19 14 36 68 52 94 31 08 7
27 | 21.67£0. | 20.27+1. | 67.98+2. | 67.28+3. /| 88.36+4. | 64.93+3. | 81.20+2. | 74.70+2. | 8618+2 | 6582+21
56 42 59 01 59 27 39 15 52 3
28 | 21.48+0. | 20.51=£1. | 68.77+2. | 67.06+3. | 88.17+£3. | 65.28+2. | 81.77+£2. | 75.86+2. | 8680+1 | 6506+21
69 07 51 05 02 19 73 56 62 4
29 | 21.40+0. | 20.29+1. [ 68.61£2. | 67.32+3. | 88.58+3. | 67.20+1. | 80.90+£3. | 75.25+3. | 8626+2 | 651712
51 14 22 62 15 53 34 00 44 5
30 | 21.64+0. | 20.18+0. | 68.70+2. | 67.28+4. | 89.15+4. | 66.05+2. | 80.96+3. | 76.16+2. | 8510+2 | 6533+25
67 82 32 15 41 67 03 97 50 2
31 | 21.70+0. | 20.10+0. | .68.13+£2. | 67.51+4. | 88.41+2. | 65.61+1. | 82.32+2. | 75.31+4. | 853142 | 6538422
71 94 02 11 95 88 73 35 43 7
32 | 21.71£0. | 20.38%0. | 68.11+£1. | 65.01+£5. | 88.22+1. | 65.74+2. | 81.34+£2. | 75.07+3. | 8425+2 | 6494+24
56 89 54 45 34 48 33 88 32 5
33 | 21.5140. | 20.25+1. | 67.65+1. | 67.05£2. | 88.06£1. | 65.83+1. | 80.65+2. | 74.63+2. | 8370+2 | 6245+15
61 44 80 67 83 94 40 68 48 2
34+ 21.4440. | 20.39+1. | 67.53+2. | 67.35+1. | 88.01+1. | 65.94+1. | 80.30+1. | 74.21+1. | 8185+l
61 26 86 51 87 83 95 97 67
35 | 21.5740. | 19.65+1. | 66.45+2. | 64.88+0. 65.87+0. [ 80.63+2. 818442
56 74 36 88 95 47 31
36 | 21.00£1. | 19.45+1. | 66.67+2. 79.64+2.
28 49 79 64
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37 | 20.56+0. | 19.79+1. | 67.10+2. 79.74£2.
99 01 26 54
38 | 20.68+0. | 19.25+1. | 67.05+2. 78.74+2.
99 68 41 83
39 67.38+1. 78.68£2.
62 40
40 66.10+3.
37

Continued
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An Analysis for Prediction of Athletes' Performance
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Prediction Model for Discus Thrower Performance
(Young Men)

e \\/Orld Top Athletes
== == Young Athlete

50
45
40
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Age (Y)
17y
16y
18 19 ...ooveennn ., 23
W=95 kg Distance (Meters) 40 46 ............... 64.53

Rt=0.4371939(Rt-1-m.Rt-1) +0.1263533(Rt-2-m.Rt-2)+0.9590520m.Rt +0.0230944w; Rt23=64.53

Graphical Abstract
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