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Objective: To determine the relationship between success at peak performance
age and quantity of within-sport distance variety and compare the dose-time-
effect between swimming and track running by determining probability of
becoming an international-class female athlete based on the number of
different race distances the athletes compete in each year throughout their
development process.

Methods: Race times of female Tier 2 to Tier 5 freestyle pool swimmers
(n=2,778) and track runners (n = 9,945) were included in the present study. All
athletes were ranked according to their personal best at peak performance
age. Subsequently, number of different race distances during each year were
retrospectively extracted from peak performance to early junior age. Personal
best performance points at peak performance age were correlated with the
number of different race distances across the various age categories. Poisson
distribution determined the dose-time-effect of becoming an international-
class athlete based on the number of different swimming strokes.

Results: At peak performance age, correlation analysis showed a larger within-sport
distance variety for higher ranked athletes, particularly for track runners (r<0.35,
P<0.001). Despite reaching statistical significance, the effects were small to
moderate. While swimmers showed a generally larger within-sport distance variety
than track runners, Poisson distribution revealed a dose-time-effect for the
probability of becoming an international-class swimmer. Sprint and middle-
distance swimmers benefit from competing in three race distances during junior
age and a transition to two race distances at 17-18, 18-19, 20-21 and 25-26
years of age for 50 m, 100 m, 200 m and 400 m races, respectively. Long-distance
swimmers should maintain three different race distances throughout peak
performance age. Probability analysis showed a consistent benefit of competing in
one or two race distances for 100 m, 200 m, 400 m and 800 m track runners.
Conclusion: Within-sport distance variety is not a continuum but an ever-
evolving process throughout the athletes’ careers. While swimmers generally
show larger variety than track runners, the progressive specialization towards
peak performance age improves success chances to become an international-
class swimmer.

KEYWORDS
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Introduction

Sport specialization is a heavily discussed topic among talent
development experts: as such, some previous studies showed the
benefits of sport variety during junior age for success at adult
age (1-3). Other studies, however, found that specialization and
performance level during junior age are related to adult success
(4, 5). These conflicting findings may result from different
methodological approaches evaluating involvement in different
sports: between-sport variety (1-3), or involvement in different
disciplines of a particular sport: within-sport variety (4, 5).
Moreover, sport variety may not be a fixed variable, but rather
an evolving factor throughout the development process of young
talents. A previous study assessed within-sport variety regarding
the involvement in different swimming strokes and showed
a dose-time-effect for the probability of becoming an
international-class swimmer. As such, a larger within-sport
variety during early junior age and successive specialization in
fewer swimming strokes were most beneficial for adult age
success (6). However, the mentioned study only assessed
involvement in different swimming strokes across the various
200 m events and warrants further investigations into the dose-
time-effect of involvement in various race distances, ie., sprint,
middle- and long-distance events.

A recent study compared development of performances
and race times of athletes’ main and secondary events (quality
of variety) in swimming and track running (7). These two
conditions

sports have

(1) standardized distances on a flat course with limited

comparable during competitions:
environmental effects and electronical time measurements (8, 9),
(2) time-wise equal race lengths (10, 11) and (3) similar
physiological and metabolic demands (12-16). Despite these
similarities, training regimes are substantially different between
the two sports. Track runners emphasize under-distance and
high-intensity training (17-19), while swimmers typically rely on
long aerobic sets and over-distance training (20-22). Since
quantity of variety has never been investigated in, nor compared
between swimming and track running, determining the dose-
time-effect of the number of different race distances the athletes
compete in each year may provide deeper insights into the topic
of variety and new inputs for prevailing training and
development strategies.

Since female study participants are traditionally underrepresented
in sport science articles (23), recent editorials and changes in journal
policies demand more studies with particular attention to female
athletes (24-26). This is particularly justified in swimming, since
the considerably different anthropometrics and biological
maturation of female compared to male athletes affect development
of swimming performance (27, 28) and long-term athlete
development programs (29). Due to a lower center of mass, slightly
higher and better distributed body fat content even before puberty,
and a more hydrodynamic body shape, female swimmers
experience a lower leg sinking torque (30-33). Their greater joint
mobility also contributes to swimming performance (34, 35). The
more advantageous body composition and improved buoyancy

allows female swimmers to focus on the development of key
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technical elements related to propulsion, such as hydrodynamic lift,
catch of the water at the beginning of the arm stroke, and rotation
along the longitudinal axis, at a younger age than males (36-39).
Moreover, on average, growth velocity peaks two years earlier in
females - specifically by the age of 11.9+1.0 years compared to
14.1 £ 1.1 years in males (40).

As a result, female swimmers perform closer to the world
record at a younger age, but also show an earlier performance
plateau towards peak performance age (41, 42). Sex-specific
analyses are warranted to assess all facets of the complexity of
within-sport variety across the various race distances and
improve long-term athlete development of female swimmers and
track runners. Therefore, the aims of the present study were to
(1) determine the
performance age and quantity of within-sport distance variety

relationship between success at peak
and (2) compare the dose-time-effect between female swimmers
and track runners by determining probability of becoming an
international-class female athlete based on the number of
different race distances the athletes compete in each year. The
hypotheses were that higher ranked swimmers show a larger
within-sport distance variety, however, with a dose-time-effect
that allows for successive specialization towards peak
performance age. Due to the over-distance oriented training,
swimmers are expected to show a generally larger within-sport

distance variety compared to track runners.

Methods
Subjects

with
electronical time measurements were provided by the databases

Race times from officially licensed competitions
of the European swimming (43) and World athletics federations
(44). A total of n=2,778 individual female freestyle pool
swimmers and n=9,945 individual female track runners were
included in the present study. Tier 2 to Tier 5 athletes (45) with
>550 performance points at peak performance age (as described
in detail later) were included. No explicit written informed
consent was required, as only publicly available race times were
included and analyzed anonymously. The study was preapproved
by the institutional review board of the Swiss Federal Institute of
Sport (Reg.-Nr. 222_LSP_Born_03_2024) and
conducted according to the guidelines of the World medical

Magglingen

association for medical studies

(Declaration of Helsinki).

involving human subjects

Procedure

All athletes, who were still competing at peak performance
age, were ranked based on their personal best in the respective
race distance. Subsequently, the number of different race
distances during each year were retrospectively extracted from
peak performance age throughout adolescence until early junior
age (13 years of age). Ranking at peak performance age was
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of different
race distances the athletes competed in each year as the

considered as the dependent and number
independent variable.

The ranking was based on performance points calculated as the
division of the specific event’s world record time by an individual
swimmer’s race time, then to the power of three, and multiplied by
one thousand (9). As such, performance points can range from
1,000 (equal to the prevailing world record) to theoretically zero.
However, since the present study aimed to find contributing
factors to high-performance sports, only athletes reaching >550
performance points as their personal best at peak performance
age (regional-class level) were included (46). The point system of
the world governing body of swimming was used for both sports,
since the study was conducted from the perspective of swimming
with the aim of taking insights from land-based sports to further
develop aquatic sports.

Only long-course (50 m pool length) freestyle swimming
events (50 m, 100 m, 200 m, 400 m, 800 m, 1,500 m) and
running events held on 400 m tracks (100 m, 200 m, 400 m,
800 m, 1,500 m, 3,000 m, 5,000 m, 10,000 m) were included.
Freestyle was chosen, since this swimming stroke encompasses
the widest range of race distances (6 vs. 3 in the other
swimming strokes) (9). As such, the number of different race
distances ranged from 1 to 6 in swimming and from 1 to 8 in
running. To facilitate data interpretation and reduce multiple
comparisons for the correlation analysis, the numbers of
different race distances were averaged across two-year age
categories, i.e., 13-14, 15-16, 17-18, 19-20, 21-22, 23-30
(23+) years of age. Peak performance age was set at 23-30
years of age based on previous research studies (47, 48) and
the newly introduced U23 European junior championships,
which should help swimmers transition from international
junior to adult championships (49).

Data analysis

To rank athletes at peak performance age, race times from
the 2016-2023 databases were used. The retrospective tracking
of the number of different race distances was conducted also
using the 2006-2015 databases. Initial data extraction from the
databases, calculation of performance points, establishment of
ranking at peak performance age, and retrospective extraction
of the number of different race distances per year were
conducted in Python (version 3.11.5, Python Software
Foundation, Beaverton, USA) using the “pandas” library for
data analysis (version 2.2.1, pandas-dev/pandas, Zenodo,
Geneve, Switzerland). All subsequent data handling, including
the calculation of probabilities using Poisson distribution, was
conducted with Microsoft Excel 365 (version 2406, Microsoft
Corporation, Redmond, WA, USA). The data analysis was
coded by an experienced data scientist, holding a master’s
degree and PhD. The procedures were validated by another
independent data analyst and the other scientists involved in

the study.
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Statistical analysis

The relationship between ranking at peak performance age and
within-sport distance variety, ie., number of different race
distances the athletes competed in each year, within the various
age categories was assessed with Pearson’s correlation coefficient
(r). Spearman’s rho was calculated if Q-Q plot or Shapiro-Wilk
test showed non-normally distributed data. The magnitude of the
correlation coefficients were interpreted as follows: trivial (<0.10),
small (0.10-0.29), moderate (0.30-0.49), high (0.50-0.69), very
high (0.70-0.89) and practically perfect (>0.90) (50, 51). Since
the present study evaluates a population rather than a sample,
ie, all swimmers and runners still competing at peak
performance age with >550 performance points, a post-hoc rather
than 4 priori power analysis was conducted with G*Power
(version 3.1.9.7). Using the point biserial model for two-tailed
correlations, coefficients were used for effect sizes with their
corresponding alpha-levels and sample sizes. Underpowered
correlations with a statistical power <0.80 were disregarded from
the data interpretation, regardless of their effect size or statistical
significance (52).

The dose-time-effect of within-sport distance variety across the
development process from junior to adult age was determined
athletes
[personal best of >750 performance points at peak performance
age (46)]. The Poisson distribution reveals the probability that an
independent event occurs, such as becoming an international-

using Poisson distribution for international-class

class athlete at peak performance age, based on the number of
different race distances the athletes competed in each year. The
likelihood of an independent event occurring is expressed
between 0 and 1 for each point on a constant time scale using
the probability mass function. Statistical analyses were conducted
with JASP statistical software package (version 0.19, JASP-Team,
University of Amsterdam, Amsterdam, The Netherlands). An
alpha-level of 0.05 indicated statistical significance.

Results

Table 1 shows the correlation analysis between personal best
performance points at peak age (in the respective race distance)
and number of different race distances the athletes competed in
during the various age categories. Although correlations are
highly significant (P <0.001), magnitude of the coefficients are
small to moderate. For swimmers, the effects increase towards
peak performance age and show that higher ranking is associated
with larger variety. Sprint and long-distance swimming events,
ie, 50m and 1,500 m, showed fewer significant effects. In
contrast, runners indicate highly significant effects over all race
distances for the 19-20 year and older age categories.

The probabilities of becoming an international-class athlete at
peak performance age are indicated in Figures 1, 2. Sprint and
middle-distance swimmers benefit from competing in three race
distances during junior age with a later transition to two race
distances. This transition point occurs at an older age the longer
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TABLE 1 Correlation analysis between personal best performance points at peak age (in the respective race distance) and number of different race
distances the athletes competed in during the various age categories. The correlation analysis included female world-class finalists, international-,

national- and regional-class swimmers or runners (>550 performance points as personal best at peak performance age).

Age categories [years]

17-18 19-20
Swimmers
50 m n=1875 0.01 0.00 -0.01 0.04 0.05* 0.10%**
100 m n=1825 0.04 0.03 0.02 0.04 0.11%* 0.10%*
200 m n=1333 0.02 0.06* 0.06 0.07* 0.14%* 0.14%%
400 m n=822 0.08 0.08* 0.10%* 0.11%* 0.20%+* 0.18***
800 m n=>518 0.08 0.06 0.14** 0.15%* 0.174%* 0.10*
1,500 m n=275 0.05 0.03 0.09 0.00 0.04 -0.04
Runners
100 m n=3435 0.18%** 0.22%%% 0.25%** 0.26%** 0.23%*
200 m n=4,068 0.21%* 0.28%** 031+ 0.35%+* 0.35%%%
400 m n=2,.893 0.11%* 0.21%%* 0.23*%% 0.26%** 0.274*
800 m n=2,048 0.08 0.12%%* 0.22%%* 0230+ 0.18*+*
1,500 m n=2,581 0.14** 0.12%4% 0.17%+% 0.19%+* 0.29%+*
3,000 m n=1274 0.22%* 0.10* 0.19%* 0.18+* 0.28**+*
5,000 m n=2,033 0.03 0.09* 0.18%** 0.14%* 0.22%4%%
10,000 m n=1,130 0.15%** 0.11%* 0.10%*

Level of significance: *P < 0.05, **P < 0.01, ***P < 0.001.
Correlation coefficients with low statistical power (<0.80) are marked with gray color.

the race distances, i.e., 17-18, 18-19, 20-21 and 25-26 years of
age for 50m, 100 m, 200 m and 400 m races, respectively,
indicating that long-distance swimmers (800 m and 1,500 m)
should maintain three different race distances throughout peak
performance age. Low probabilities of becoming an
international-class athlete were evident when competing in five
to six race distances. Competing in only one race distance
showed the second highest probability of becoming an
international-class swimmer at 22-23 years of age for 50 m
races. The advantage of competing in a single race distance
diminishes as the swimming race distances increase. For track
competing in 100m, 200m, 400m or 800 m,

probability analysis showed a consistent benefit of competing

runners

in one or two race distances. Long-distance track runners
benefit from two race distances with three or a single race
distance showing the second highest probabilities of becoming
an international-class athlete.

Tables 2, 3 show the most common race distance combinations
for all race distances and age categories. At peak performance
age, 50m, 100 m and 200 m swimmers typically compete in
all those three race distances (50 m-200 m), the 400 m and
800 m swimmers compete in all available race distances
(50 m-1,500 m), and the 1,500 m swimmers in all 200 m and
longer races (200 m-1,500 m). Track runners typically compete
in the neighboring race distances of their main event. There are
few sprinters who also compete in middle-distance races, while
800 m runners commonly also compete in the 400 m distance. In
detail, most 400 m runners (47.3%) additionally compete in
100 m and 200 m races but only a few (8.8%) compete in 800 m
races, while the most common combination (28.9%) of the
Whereas 800 m
runners compete in races of no longer than 1,500 m, the 1,500 m

800 m runners also involves 400 m races.
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and long-distance runners commonly compete in both middle-
and long-distance races.

Discussion

The main findings of the present study are that the higher
ranking of Tier 2 to Tier 5 female athletes correlates with a
larger within-sport distance variety, especially towards peak
performance age. As hypothesized, however, optimal variety for
swimmers is not a continuum but an evolving process
throughout the athletes’ careers. As such, Poisson distribution
shows the highest probability of becoming an international-class
swimmer when competing in three to four race distances during
junior age with a progressive reduction to two to three race
distances towards peak performance age. International-class track
runners generally show lower distance variety than swimmers.
Competing in one to three race distances throughout the career
appears most beneficial to become an international-class athlete.
Within-sport distance variety is larger for long-distance athletes
vs. sprinters for both runners and swimmers.

Correlation analysis revealed a small but significant
relationship between a larger within-sport distance variety and
success at peak performance age. However, increasing distance
variety should not be interpreted as a causal effect that improves
success chances, as better athletes may be capable of successfully
competing in a larger number of race distances. For instance, at
national championships and regional competitions, high-level
athletes are important representatives for their home clubs. Due
to their overall superior performance level, they typically
compete in the relays, although these races do not necessarily

cover their favorable or strongest distances. Moreover, the
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FIGURE 1
Dose-time-effect as probability (p) of becoming an international-class female swimmer based on the number of different race distances per year
throughout adolescence until peak performance age. International-class was defined as a personal best of >750 performance points at peak
performance age.

present study assessed quantity rather than quality of distance
variety [refer to a previous article (7)] and therefore does not
distinguish between primary and secondary race distances. Since
high-level swimmers commonly use local competitions to
compete in multiple secondary events for training purposes and
to improve their competition routine (53), this may explain the
larger within-sport distance variety in higher ranked athletes.

In both swimming and running, distance variety increases the
longer the race distances. After crossing the transition point to
mainly aerobic energy production in the 200 m swimming and
800 m running races, this metabolic energy system appears to be
used in and adapted to longer race distances too (12, 13, 16, 54).

Frontiers in Sports and Active Living

The high reliance on over-distance training and aerobic sets in
swimming particularly favors distance variety across middle- and
long-distance races (20, 22). In contrast, the aerobic and
anaerobic metabolic energy systems cannot be maximized at the
same time and sprint swimmers may benefit from an earlier and
larger degree of specialization to further improve performances,
according to track sprinters’ specialization pattern of 1-2 race
distances. Additionally, sprint swimmers show specific stroke
mechanics: the high cadence, extended elbow during the
overwater movement, and fast hand entry at the beginning of
the underwater phase of each arm stroke combined with the
higher drag experience at such speeds require more energy
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FIGURE 2

Dose-time-effect as probability (p) of becoming an international-class female track runner based on the number of different race distances per year
throughout adolescence until peak performance age. International-class was defined as a personal best of >750 performance points at peak
performance age.
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TABLE 2 The three most common combinations of race distances for 50 m, 100 m, 200 m, 400 m, 800 m and 1,500 m female freestyle swimmers with
>750 performance points at peak performance age across the various age categories.

Age categories [years]

17-18 19-20
50 m 27.39,15% 100, 200] 30.89%!5% 100, 200] 38.205150 100, 200] 44,3950 100, 200] 45.995% 100, 200] 38,3950 100, 200]
23.8915% 100, 200, 400, 800] 22.995150 100, 200, 400] 25.29150: 100, 200, 400] 25794150 100] 30.89%5% 100] 34.50150: 100]
20.39%!5% 100, 200, 400] 20.49%5% 100] 19,3950 100] 16,1950 100, 200, 400] 11,9950 100, 200, 400] 16.296/50 100, 200, 400]
100m | 26.1%!5% 100, 200, 400, 800] 25,0050 100, 200] 32,70, [50; 100, 200] 37.30[50, 100, 200] 44,3950 100, 200] 36.8950 100, 200]
21,6950 100 200] 23.396150 100, 200, 400] 27,2950 100, 200, 400] 19,6950 100, 200, 400] 19.996[50 100] 24.295150 100]
19.196[50 100, 200, 400] 20.8915% 100, 200, 400, 800] | 3 7o/[50, 100, 200, 400, 800] 17.706150- 100] 15.496!50 100, 200, 400] 19.69[50 100, 200, 400]
200m | 27.3%!5% 100, 200, 400, 800] | 55 5o,[50, 100, 200, 400, 800] 19,4950 100, 200, 400] 21,2950 100, 200, 400] 23,8950 100, 200] 22,1950 100, 200]
17.20550 100, 200] 19.50650: 100,200, 400] 18,0950 100, 200, 400, 800] 19.806[50 100, 200] 16,8950 100, 200, 400] 21,2950 100, 200, 400]
16.096[50 100, 200, 400] 18.59150: 100, 200, 400, 800, 17.59[50 100, 200] 13.496150: 100, 200, 400, 800] | 1 40, (50, 100, 200, 400, 8001 | 11 0[50, 100, 200, 400, 800]
1500]
400m | 35.49%/5% 100, 200, 400, 800] | 30 <o/ [50, 100, 200, 400, 800, | 5~ 30, (50, 100, 200, 400, 800, | |5 5o, (50, 100, 200, 400, 800, | 15 50,1200, 400, 800, 1500] | |5 go, (50, 100, 200, 400, 800,
1500] 1500] 1500] 1500]
1240%[100, 200, 400, 800] 21_3%[50, 100, 200, 400, 800] 17.5%[50, 100, 200, 400, 800] 14_5%[50, 100, 200, 400, 800] 14_5%[50, 100, 200, 400, 800, 15.4%[50, 100, 200, 400]
1500]
11.296[50 100, 200, 400, 800, 87495150 100, 200, 400] 12.896[100 200, 400, 800, 13.59[100. 200, 400, 800, 1500] | 1 4 (1,150, 100, 200, 400, 800] | 4 50, (50, 100, 200, 400, 800]
1500] 1500]
800 m | 37.99%!5% 100, 200, 400, 800] | 33 30,150, 100, 200, 400, 800, | 35 30/[50, 100, 200, 400, 800, | 4 4o, 200, 400, 800, 1500] | oz 30,1200, 400, 800, 1500] | 55 0[50, 100, 200, 400, 800,
1500] 1500] 1500]
1347%[100, 200, 400, 800] 15_5%[50, 100, 200, 400, 800] 19.0%[50, 100, 200, 400, 800] 21_1%[100, 200, 400, 800, 1500] 16.9%[50’ 100, 200, 400, 800, 20_2%[200, 400, 800, 1500]
1500]
12.69[50 100, 200, 400, 800, 14.895[100 200, 400, 800, 16,9910 200, 400, 800, 20,4950 100, 200, 400, 800, 16.195/100- 200, 400, 800, 14.796150 100, 200, 400, 800]
1500] 1500] 1500] 1500] 1500]
1,500 m | 35.79!5% 100, 200, 400, 800, | 5, (0, (50, 100, 200, 400, 800, | 4~ (0, [50, 100, 200, 400, 800, | 33 30, [200, 400, 800, 1500] | 3¢ go, (200, 400, 800, 1500] | 33 30, (200, 400, 800, 1500]
R . . . . 5 .
1500] 1500] 1500]
14951100 200, 400, 800, 26.9961100 200, 400, 800, 29,4020 400, 800, 1500] | g 0[100, 200, 400, 800, 15001 | 5 o, [100, 200, 400, 800, 32,2050 100, 200, 400, 800,
1500] 1500] 1500] 1500]
21.495/200- 400, 800, 1500] 17.396[200 400, 800, 1500] 220961100 200, 400, 800, 26.39!150 100, 200, 400, 800, | 55 (10, [50, 100, 200, 400, 800, | {7 g, [100, 200, 400, 800, 1500]
1500] 1500] 1500]

Bold values indicate the most common combination of race distances for the particular distance and age category.

and make the sprint-specific stroke mechanics uneconomically to
maintain over longer race distances (55-60). To learn transfer
this high cadence into propulsion, swimmers may have to
accumulate a high amount of race pace specific training
throughout their development process, hence sprinters transition
from three to two race distances at a younger age than middle-
and long distances swimmers, as revealed by the present
study (Figure 1).

The present analysis showed that 50 m, 100 m and 200 m
swimmers most commonly compete over all these three race
distances at peak performance age (Table 2). The 50 m-200 m
events provide the opportunity to compete in up to four different
swimming strokes (9). As such, previous studies showed that
freestyle swimmers commonly also compete in butterfly or
backstroke physiological
specialization in the shorter events (6). In contrast, the most
400 m and
800 m swimmers involve the full range of 50 m-1,500 m

events, allowing for a higher

common combinations of race distances for
races. As 400 m and 800 m races provide little alternatives to
freestyle, swimmers seem to spread their physiological capacity
and increase their distance variety in order to maximize
medal chances.

Although the present probability analysis revealed that
sprinters showed the earliest transition from three to two race
distances in swimming, track sprinters show an even earlier and
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larger degree of specialization on one to two race distances. The
earlier performance plateau of female compared to male sprint
swimmers (41) and the insights from track sprinters may
motivate female sprint swimmers to focus even earlier on the
specific development of their anaerobic energy system in order to
maximize performance progression towards peak performance
age. While female athletes are traditionally associated with lower
trainability in muscular strength and power due to lower levels of
testosterone and absolute muscle mass (61, 62), many other
anabolic hormones and mechanical stress response induce
substantial strength gains after resistance training (63-68).
Besides the hypertrophic response, maximal strength gains due to
neuro-muscular adaptations contribute significantly to swimming
performance (69, 70). Therefore, taking resistance training
seriously from an early stage of female swimmers’ careers and
developing specific resistance training and periodization protocols
will help maximize progression of sprint performances towards
peak performance age (71, 72).

Limitations and future directions

The present study is limited to the quantification of variety
based on the number of different race distances athletes

competed in each year, without considering absolute
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TABLE 3 The three most common combinations of race distances for 100 m, 200 m, 400 m, 800 m, 1,500 m, 3,000 m, 5,000 m and 10,000 m female

track runners with >750 performance points at peak performance age across the various age categories.

Age categories [years]

19-20

100 m 66.0%100> 200] 7219100, 200] 68.79%/100> 200] 69.39!100, 200] 60.59%[100> 200]
22.491100] 14.69/100 200, 400] 19.996100, 200, 400] 23.19!100, 200, 400] 33.09!100: 200, 400]
11.4961100 200, 400] 13.2961100] 10.99(100] 730511001 6.1%!100]
200 m 53,0910 200] 56.00%/100> 200] 51,5010 200] 50.89%.100> 2001 45.19100> 200, 400]
16.191200- 4001 21.996[100 200, 400] 28.191100 200, 400] 30.591100; 200, 400] 41.391100. 200]
15.1961100 200, 400] 14.295/200 400] 12.096/200. 400] 13.996/200 400] 9.09200, 400]
400 m 46.8%!4001 34.49,1200, 400] 38,1920 4001 40.39%!100> 200, 400] 47.395[100, 200, 400]
34.0961200 400] 30.59,1100; 200, 400] 33.691100; 200, 400] 37.2951200, 400] 28.9951200 400]
12.791100, 200, 400] 22.091400] 16.19%4001 970514001 §.805/200 400, 800]
800 m 45.99800] 29.6%/8001 27,99 800, 1500] 32.19/800, 1500] 28.99 400, 800, 1500]
26495400 800] 29,205,400, 800] 2319400, 800] 22,505,400, 800, 1500] 24,69 800, 15001
17.29,(800, 15001 15.69 (890, 1500] 20,9400 800, 1500] 20,59 400, 800] 11.69400. 800]
1500 m 31.99%/1500] 28.39/800, 1500] 40.39[800, 1500] 4919800, 1500] 25305, (800, 1500, 3000, 5000]

27.69\800: 1500]

20.49!15°!

16.591400, 800, 1500]

12.595400: 800, 1500]

24,6800, 1500]

14,80, 1500, 3000] 18.1941400- 800, 1500]

11.49!1500)

8 7%[800, 1500, 3000] 10 3%[800, 1500, 3000, 5000, 10,000]

3,000 m 38.8%7 227930001

33 3%[1500, 3000, 5000]

22.4%[800, 1500, 3000, 5000] 24.3% [800, 1500, 3000, 5000]

27751800, 1500, 3000] 20.495!1590: 3000, 5000]

15 0%[800, 1500, 3000, 5000]

22 4%[1500, 3000, 5000] 20 3%[800, 1500, 3000, 5000, 10,000]

11.191500. 3000, 5000] 18,1980, 1500, 3000]

13 3%[1500, 3000, 5000, 10,000]

13 7%[3000, 5000, 10,000] 19 5%[1500, 3000, 5000, 10,000]

5,000 m 40.093000> 5000] 38.89[1500, 3000, 5000]

36.69! 1500 3000, 5000]

18-0%[1500, 3000, 5000] 20-5%[800, 1500, 3000, 5000, 10,000]

30, 0%[1500. 3000, 5000] 38 8%[3000, 5000]

15 5%[1500, 3000, 5000, 10,000]

15'0%[800. 1500, 3000, 5000] 20'0%[800, 1500, 3000, 5000]

20.0%!5°°°) 11.19!5000

14. 4%[800, 1500, 3000, 5000]

15 O%[SOOO, 5000, 10,000] 20 0%[1500. 3000, 5000, 10,000]

10,000 m

37 0%[1500, 3000, 5000, 10,000]

48.295/5000; 10,000] 27.29, (1500, 3000, 5000, 10,000]

29 6%[3000, 5000, 10,000]

26 7%[3000, 5000, 10,000] 23 9%[3000, 5000, 10,000]

25.99515000, 10,000]

17 8%[1500, 3000, 5000, 10,000] 19 0%[5000, 10,000]

Bold values indicate the most common combination of race distances for the particular distance and age category.

performance differences between the various events. As discussed
earlier, swimmers may compete in events outside their main race
distance for training purposes, to represent their home club, or
due to a lack of specific competition and development strategies.
Therefore, the results of this study should be interpreted
alongside previous research that accounts for performance
differences between the main and secondary race distances,
which is the quality of variety (7).

It is important to note that the correlation analysis, which
associates larger variety with more success at peak performance
age, does not indicate a causal effect. Since the correlation
analysis involved Tier 2 to Tier 5 (45) swimmers (550-1,000
performance points at peak performance age), the results may be
affected by low-level (regional-class) swimmers having not the
same professional support and coaching staff like top-elite
swimmers, hence a larger variety due to less specific development
strategies. Therefore, the results of the probability analysis for
international-class swimmers (>750 performance points) should
be prioritized, which provides a more sophisticated analysis of
the dose-time-effect of specialization throughout the swimmers’
careers and showed the advantage of a large distance variety
during early junior age but gradual specialization towards peak
performance age.

Since the present analysis is limited to retrospective data, it is
important to distinguish between descriptive data on the most
common race distances in Tables 2, 3, and the probability
analyses in Figures 1, 2. As best practice does not always provide
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the optimal development pathway for upcoming talents, future
strategies should be developed based on a close interaction
between practical experience and evidence-based knowledge (73).
Therefore, specific training intervention studies are warranted to
determine the causal effect of increased variety during junior age
on success at peak performance age.

Conclusion

The findings of the present study show that within-sport
distance variety is not a continuum but an ever-evolving process
throughout the athletes’ careers. While swimmers generally show
larger variety than track runners, the progressive specialization
towards peak performance age improves success chances to
become an international-class swimmer. Coaches and swimmers
should establish their long-term development strategies based on
the transition points at which the number of different race
distances should be reduced together with the most commonly
combined race distances. While long-distance athletes maintain a
larger within-sport distance variety than sprinters, the insights
from track running may motivate sprint swimmers to adopt an
even earlier and higher degree of specialization for the optimal
development of their anaerobic energy system and consequent
implementation of resistance training from an early stage of their
careers. The present study shows how the comparison between
two sports with similar competition formats, but different
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training regimes, opens new perspectives and fuels the discussion
about optimal long-term athlete development.
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