€Y Routledge

g Taylor &Francis Group

Measurement in
Physical Education
and Exercise Science

Measurement in Physical Education and Exercise Science

HE=T ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi’/hmpe20

Speeding up or Slowing Down? Analysis of Race
Results in Elite-level Swimming from 2011-2019 to
Predict Future Olympic Games Performances

Emmet Crowley, Kwok Ng, Ifiigo Mujika & Cormac Powell

To cite this article: Emmet Crowley, Kwok Ng, Ifiigo Mujika & Cormac Powell (2022) Speeding
up or Slowing Down? Analysis of Race Results in Elite-level Swimming from 2011-2019 to Predict
Future Olympic Games Performances, Measurement in Physical Education and Exercise Science,
26:2, 130-140, DOI: 10.1080/1091367X.2021.1952592

To link to this article: https://doi.org/10.1080/1091367X.2021.1952592

© 2021 The Author(s). Published with
license by Taylor & Francis Group, LLC.

ﬁ Published online: 13 Jul 2021.

\]
[:1/ Submit your article to this journal &

||I| Article views: 1553

A
h View related articles &'

@ View Crossmark data &'
CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=hmpe20


https://www.tandfonline.com/action/journalInformation?journalCode=hmpe20
https://www.tandfonline.com/loi/hmpe20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1091367X.2021.1952592
https://doi.org/10.1080/1091367X.2021.1952592
https://www.tandfonline.com/action/authorSubmission?journalCode=hmpe20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=hmpe20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1091367X.2021.1952592
https://www.tandfonline.com/doi/mlt/10.1080/1091367X.2021.1952592
http://crossmark.crossref.org/dialog/?doi=10.1080/1091367X.2021.1952592&domain=pdf&date_stamp=2021-07-13
http://crossmark.crossref.org/dialog/?doi=10.1080/1091367X.2021.1952592&domain=pdf&date_stamp=2021-07-13

MEASUREMENT IN PHYSICAL EDUCATION AND EXERCISE SCIENCE
2022, VOL. 26, NO. 2, 130-140
https://doi.org/10.1080/1091367X.2021.1952592

Routledge

Taylor & Francis Group

39031LN0Y

8 OPEN ACCESS ’ W) Check for updates

Speeding up or Slowing Down? Analysis of Race Results in Elite-level Swimming
from 2011-2019 to Predict Future Olympic Games Performances

Emmet Crowley (5>°, Kwok Ng@P”<9, Inigo Mujika

ef and Cormac Powell (b9

2Sport and Human Performance Research Centre, Physical Education and Sport Science Department, University of Limerick, Limerick, Ireland;
bPhysical Activity for Health Cluster, Health Research Institute, University of Limerick, Limerick, Ireland; “Department of Physical Education and
Sport Sciences, University of Limerick, Limerick, Ireland; 9School of Educational Sciences and Psychology, University of Eastern Finland,
Joensuu, Finland; ¢Department of Physiology, Faculty of Medicine and Nursing, University of the Basque Country, Leioa, Basque Country;
fExercise Science Laboratory, School of Kinesiology, Faculty of Medicine, Universidad Finis Terrae, Santiago, Chile; SHigh Performance Unit,

Sport Ireland, Sport Ireland National Sports Campus, Dublin, Ireland

ABSTRACT

The aim of this study was to examine the trends in Olympic Games (OLY) and World Long Course
Championships (WLC) across three performance categories (15-39, 4™-8™ and 9™-16™), and to
make predictions for the 2024 OLY. Top 16 rankings were obtained for all OLY and WLC competi-
tions between 2011 and 2019. Linear regression and forecasting models were used to examine
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trends and predictions. A total of 3,061 individual race results were included. For both genders,
significant changes were observed in 13 of 14 Olympic events, with most changes highlighting
those events have improved (mean: —0.72% (+ 0.81%) for Men; —0.60% (+ 0.81%) for Women). For
the 2024 predictions, events fall into five groups: improving; declining; converging; diverging; and
stable. These results offer insights about trends in times required to be a semi-finalist, finalist, and
medalist. This, coupled with the 2024 predictions, may allow high-performance programs to target

specific OLY events.

Introduction

The Olympic Games (OLY) and the Fédération
Internationale de Natation (FINA) World Long
Course Championships (WLC) are the pinnacle of
elite swimming competitions. Qualification for such
events depends on an athlete achieving a pre-
determined qualifying standard, or consideration stan-
dard at a designated competition, and/or during
a defined period. With finite resources available to
most National Governing Bodies (NGBs), effectively
identifying athletes who have the potential to achieve
international representation is essential in the talent
identification (TI) process (Allen et al., 2014; Allen
et al.,, 2015; Vaeyens et al., 2009). Previously, retro-
spective analyses of top 16 finishers at both the 2008
and 2012 OLY showed that male swimmers improved,
on average, by 2.3% and 9.4% in the four and eight
years leading to their peak performance, respectively,
while females improved by 2.6% and 9.6% in the same
time periods (Svendsen et al, 2018). Furthermore,
Costa et al. (2010) examined the performance stability
of male world ranked swimmers across all freestyle
(Free) events between the 2004 and 2008 OLY. They

reported that performance enhancement was around
0.6% to 1% between seasons leading up to the OLY, and
around 3% to 4% for the overall timeframe analyzed.
The performance stability (using Cohen’s Kappa
Coefhicient (k)) based on the overall timeframe was
moderate for all Free events (k > 0.43), except in the
50 m Free, where it was low (k = 0.39) (Costa et al,,
2010). This analysis identifies that there is
a progression required to be an elite performer at the
OLY; however, what is unknown is what time is
required to compete at the OLY.

There is a growing interest in world trends in elite
swimming, with retrospective longitudinal research pre-
senting a distinct opportunity “to look to the past to shed
light on the future” (Barnett & Ulrich, 2021). Data from
OLY and WLC finalists between 1992 and 2013 indicate
that performances have improved, and the ages of athletes
competing have increased, for most events (Konig et al.,
2014). Both OLY and WLC performances improved
across the years for males and females, in all strokes and
distances: an extremely large effect was observed for OLY
(d = 52.1( 47.6)) and WLC (d = 20.1(+ 8.4)), and espe-
cially in the Women’s 100 m and 200 m Breaststroke
(Breast) (d = 198) at OLY (Konig et al., 2014).
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Modeling performance progression has been pre-
viously applied to monitor progression in sport perfor-
mance (Berthelot et al., 2008; Nevill & Whyte, 2005;
Seiler et al., 2007). This previous research has high-
lighted that when modeling performance progression,
the acknowledgment of variation is important as pro-
gression in performance is never linear. Brammer et al.
(2012) stated that a single power curve, one that carries
a certain range of error and asymptotically approaches
a describable limit, better describes the systematic pro-
gression of athletic performance. Brammer and collea-
gues successfully predicted the outcomes of the 2000 and
2004 OLY with only a few notable outliers. In 2000, the
outcome of only one of 26 events exceeded predictions
(Men’s 100 m butterfly (Fly)), and in 2004, only two
events (Men’s 100 m Fly and 200 m Individual Medley
(IM)). Between 1988 and 2004, 87% of all events were
successfully predicted; however, at the 2008 OLY, only
34% of the events were predicted by the models. The
2008 OLY were affected by the inclusion of polyurethane
suits, which resulted in 10 out of 13 (77%) Men’s and 7
out of 13 (54%) Women’s events recording mean times
for the eight finalists that were significantly faster than
the predicted outcomes, with some events showing up to
five standard deviations away from the predicted mean.
Additionally, Stager et al. (2010) tested the accuracy of
their predictions by comparing them to actual perfor-
mances at each of the previous six OLY (1988-2008).
They found that events two decades prior to the current
competition were shown to have little predictive value
on future competitions occurring more than twenty
years later. These findings show that many factors can
affect the prediction models and that technology and
historical data needs to be considered with caution.

The aforementioned studies highlight those perfor-
mances of elite athletes have progressed throughout the
years (Konig et al., 2014). Brammer et al. (2012), based on
the pre-2008 prediction curve (“super suit” era), predicted
that performances in 4 out of 13 men’s and 9 out of 13
women’s events would be faster in 2012 vs. 2008.
However, the impact of the “super suit” era resulted in
only the women’s 100 m Breast progressing from 2008 to
2012. Therefore, due to the variability of swimming times
over the years, and the impact of such technological
factors, studies are needed to examine the current perfor-
mance patterns within elite swimming. Presently, it is not
known if the performances required to be a semi-finalist
(top 16), finalist (top 8), or a medalist (top 3), have
improved, or declined over the last near decade at OLY
and WLC level. Recent trends across all OLY events
(50 m, 100 m, 200 m, 400 m, 800 m and 1500 m Free;
100 m and 200 m Fly, Backstroke (Back) and Breast; and
200 m and 400 m IM) are unknown, particularly post the
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banning of “super suits,,. The primary aim of this study
was to examine, observe and classify performance pat-
terns and trends across the OLY and WLC between 2011
and 2019. A secondary aim was to make performance
predictions for the 2024 OLY from the trends observed at
OLY and WLC level between 2011 and 2019. This infor-
mation has the potential to be very informative for coa-
ches and practitioners who are targeting top-level
performances at major international events.

Materials and methods
Swimming performances

The results for the top ranked 16 swimmers from the
WLC (2011 (Shanghai), 2013 (Barcelona), 2015 (Kazan),
2017 (Budapest), 2019 (Gwangju)) and OLY (2012
(London) and 2016 (Rio)) were obtained through
Gracenote Sports (https://www.gracenote.com/sports/
global-sports-data/). Data were collated for all indivi-
dual OLY and WLC events for Men and Women. Non-
Olympic events at the WLC were excluded. Across the
seven competitions, there were 3,072 (1,536 male/1,536
female) individual race files. The collated data contained
the following information for each individual swim:
competition; year; event; gender; athlete; nationality;
age; result; and rank. Only the OLY and WLC swimmers
between 2011 and 2019 were included, as all swimmers
competed in FINA approved textile swimwear (i.e., post
the “super suit” era). As this study involved secondary
analyses of publicly available data, institutional review
board approval was not needed nor obtained.

Data were pooled, to create three distinct perfor-
mance categories, from the OLY and WLC. Data were
extracted for both the athlete’s age and performance
result, with each variable separated into swimmers
ranked 1°%-3" (medalists), 4"-8" (finalists, but not med-
alists), and 9™-16" (semi-finalists, but not finalists).
Where a swimmer was disqualified (DQ’d), they were
automatically ranked as either 8" (DQ’d in the final) or
16" (DQ’d in the semi-final) place on the official rank-
ings. For DQ’d athletes, no information relating to either
age or result was available. In total, 11 swimmers were
DQ’d: 8 Men (6 semi-finalists, 2 finalists) and 3 Women
(all finalists).

Statistical analyses

To examine the performance trends between 2011 and
2019, time was set as the dependent variable, with year
as the independent variable. Repeated separate linear
regression models were created for each combination
of sex, event, and performance category. Repeated
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linear regression models were created for each event
and performance category, for Men and Women. The
constant reported represents the intercept for 2011
and the estimate for the coefficient for each year
from 2011 to 2019. The adjusted r* was used to deter-
mine the variance of the data, with analyses per-
formed on SPSS (v26.0) (SPSS Inc., Chicago, USA).
The alpha level was set at 0.05. Further, the model was
adjusted for age as a covariate in the regression ana-
lyses to highlight results irrespective of the age of the
swimmer for each event. The focus of the analyses
were on the changes over time, rather than accounting
for the effect of age on the progression of time. The
same regression model for all events and categories
was applied to ensure they were uniform across all
events.

There were no competitions in 2010, 2014, and 2018,
and with missing time points, a time series approach
was not suitable to create predictions for the 2024 OLY.
The predictions were created using the exponential
smoothing technique forecast function (forecast.ets)
in Microsoft Excel 2016 (Microsoft, Washington,
USA). The forecast function is a machine learning
algorithm that uses additive error, additive trend, and
additive seasonality from historical data for its predic-
tions (Held, Moriarty, Richardson, 2019). The
target year was 2024, the values were the age-adjusted
mean times used in the trend analyses with average
aggregation, and the timeline was 2011 to 2019. The
forecast algorithm was used to initially test the predic-
tion ability from the historical data period between
2011 and 2017, and subsequently make predictions
for 2019. The actual results from 2019 were then com-
pared with the predicted times from the algorithm. The
median (IQR) difference between the predicted and
actual 2019 times was —0.17% (-0.62%, 0.13%), with
the differences deemed to be not statistically significant
(p = .919), when assessed using a Mann-Whitney
U Test. The negative median difference suggests that,
on average, the predicted times are faster than the
actual times (i.e., the swimmers were slower by 0.17%
than predicted), but that these differences are not sta-
tistically significant and very small. In absolute terms
(mm:ss.ms), the median (IQR) difference between the
predicted and actual 2019 times were 0.43 (0.14, 1.16).
The smallest absolute difference was observed for the
Men’s 50 m Free rank 9"-16" (predicted = 00:21.97 vs.
actual = 00:21.98). Therefore, the accuracy of the pre-
dicted times for 2019 provides evidence that the same
function could be used to predict times for 2024.
Furthermore, these predictions can be updated, as
and when results from future OLY and WLC are
available.

For illustrative purposes, figures have been created to
report the historical data and the predictions for 2024
for all events (available online in Supplementary
Figures 1-28). Times for each event and category were
plotted for each sex to show the variance from the linear
regression and prediction line. Points further away from
the line would suggest lower prediction power compared
with points closer to the line. Figures were provided to
classify observed performance patterns and trends as it is
clear that performance trends are complex, not always
increasing, and therefore we used this additional cate-
gorical approach for illustrative purposes to support our
research findings.

Results

The final analyses included 3,061 race results (1,528 Men
and 1,533 Women). Men and Women trends across all
events are presented in Table 1, which indicates the
events that have become significantly faster, slower, or
have remained the same. Thirteen of the 14 Men’s (all
but the 400 m IM) and Women’s (all but the 1500 m
Free) events have seen a statistically significant change
(positive: an event has become slower; negative: an event
has become faster) for at least one the performance
categories.

Performance trends

For Men, the times for the 50 m Free, 100 m Breast,
100 m Fly, 200 m Breast, and 800 m Free for each of the
three performance categories have become faster. For
the 200 m Free and the 200 m IM, those ranked 4™-8™
and 9™-16"™, have become faster; however, for those
ranked 19-3"%, the times have become slower.
Similarly, for the 200 m Back, the time required to be
a semi-finalist have become faster, but to be a finalist has
not changed, and to be a medalist has become slower.
For both the 400 m and the 1500 m Free, the time
required to be ranked 9™-16"™ has become faster, but
there has been no change in the time to be ranked 4™-8"
or 1°-3", It is worth noting that at international level,
there are no semi-finals in these events (just heats and
finals), which may go some way to explaining why the
times for those ranked 9™-16™ have improved (i.e., the
need to swim fast in the heats, to make it back for
a second swim).

In the Women’s 50 m Free, 100 m Back, 100 m Fly,
100 m Free, and 200 m Free improvements were seen
across the three performance categories. The 200 m Fly is
the only event that has seen a decline in the three per-
formance categories. For the 100 m Breast and the 200 m
IM, the times required to be a finalist and a semi-finalist
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Figure 1. Figure 1. Five broad groups for predicted times in 2024; a) all performance categories improving (e.g., Women’s 100 m Fly); b)
all performance categories declining (e.g., Women'’s 200 m Fly); ¢) performance categories converging (e.g., Men’s 200 m Free); d)
performance categories diverging (e.g., Women’s 400 m Free); and e) all performance categories staying stable (e.g., Men's 400 m IM).
Data points are age-adjusted mean times for 2011-2019, with the 2024 data point being the predicted time. Linear trend lines have
been added for ease of interpretation. (Rank 1-3" = Squares, Rank 4™-8™ = Diamonds; Rank 9"-16"" = Circles).

have improved, but the time to be a medalist has
remained unchanged. In the 400 m and 800 m Free, the
times to be ranked either 1°-3", or 4™-8" have improved
(with a regression for those ranked 9™-16™), but there
has been no change in the 1500 m Free.

Table 1 also contains the mean percentage difference for
all events, comparing performances from 2019, to 2011.
For Men and Women, there have been average percentage
improvements across all events (-0.72% (+ 0.81%) and
—0.60% (+0.81%)), for those ranked 1°-3" (-0.57%
(+0.96%) and —0.81% (0.70%)), for those ranked 4"-8"

(=0.73% (+0.76%) and —0.70% (+0.86%)) and for those
ranked 9"-16™ (=0.88% (+0.71%) and —0.29% (+0.82%)).
When examined collectively, it appears as if elite-level
swimming has become faster in the last near decade.

Performance predictions

The predicted times for 2024 for the three performance
categories are presented in Table 2 (Men’s events) and
Table 3 (Women’s events). For the Men’s events, pre-
dictions showed clear progressions across all
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Table 1. Times for 2011 (constant) and significance of slope of competition year, positions by event and gender. Mean percentage
difference (2019 vs. 2011) included for each event and performance category.

Men Women
Event Metric 15t.3rd 4th_gth oth_16t 15t.30d 4th_gth 9th_16th
m onstant :21. —-2.14% :21. -1.68% 122, -1.05% :24. —0.92% 124, -1.55% :25. -1.65%
50 C 00:21.68 2.14% 00:21.96 1.68% 00:22.17 1.05% 00:24.32 0.92% 00:24.73 1.55% 00:25.21 1.65%
Free Year —0.056%** —0.043*** —0.028%** —0.046%** —0.056%** —0.068***
95% Cl -0.077, —-0.056, —-0.038, —-0.068, —-0.068, —-0.081,
, -0.035 -0.03 -0.018 -0.024 -0.043 -0.056
Adj r 0.609 0.560 0.368 0.478 0.710 0.687
m onstant 47. -1.20% :48. .15% :48. —0.26% :53.. —2.26% :54. -1.55% :54. -0.17%
100 C 00:47.95 1.20% 00:48.12 0.15%  00:48.70 0.26% 00:53.55 2.26% 00:54.14 1.55% 00:54.40 0.17%
Free Year -0.061* 0.011 —0.018%** —0.1771%** —0.147%** —-0.047*
95% Cl -0.106, —0.002, -0.027, -0.202, -0.183, -0.084,
-0.016 0.024 -0.009 -0.139 -0.111 -0.010
Adj r? 0.264 0.057 0.229 0.865 0.670 0.090
m onstant 44. .53% 46. —0.42% 48. —1.68% :55. =1.17% :57. —0.82% :58. —0.33%
200 C 01:44.56 0.53% 01:46.50 0.42% 01:48.21 1.68% 01:55.69 1.17% 01:57.30 0.82% 01:58.30 0.33%
Free Year 0.089%* —0.095%** —0.230%** —0.157%** —0.190%** —0.086***
95% Cl 0.040, -0.134, -0.252, -0.233, —-0.248, -0.112,
0.138 -0.057 -0.208 -0.080 -0.132 -0.060
Adj r 0.404 0.423 0.891 0.467 0.559 0.431
m onstant 43, —0.09% A47. —-0.29% 48. .04% :03.. -1.37% :06.. —0.66% :08. .28%
400 C 03:43.09 0.09%  03:47.48 0.29% 03:48.53 0.04%  04:03.33 1.37% 04:06.55 0.66% 04:08.36 0.28%
Free Year -0.018 -0.275 -0.129* —0.4571%** —-0.190** 0.166**
95% Cl —0.150, —0.425, -0.236, -0.657, -0.299, 0.055,
0.113 -0.125 -0.022 -0.246 -0.081 0.278
Adj r? —0.048 0.276 0.081 0.502 0.254 0.126
m onstant 42, —0.20% 49. -0.57% :56. —0.98% :18. —0.99% :28.. -1.52% :29. .72%
800 C 07:42.51 0.20% 07:49.62 0.57% 07:56.59 0.98% 08:18.79 0.99% 08:28.32 1.52% 08:29.09 0.72%
Free Year -0.170* -0.303* —0.654%** —-0.723*% —0.822%** 0.757%**
95% Cl -0.311, -0.573, —0.856, -1.298, -1.190, 0.584,
-0.029 -0.033 -0.453 -0.148 -0.453 0.931
Adj r 0.294 0.155 0.520 0.229 0.366 0.579
1500 m  Constant  14:41.66 -0.43% 14:59.83 -0.71% 15:10.18 -0.94% 15:47.05 -0.79% 16:06.61 —0.84% 16:23.28 —0.51%
Free Year —0.348 -0.513 —1.322%*% —-0.492 —-0.398 —0.044
95% Cl —-1.020, —1.076, -1.614, -1.97, -1.302, —-0.738,
0.324 0.051 -1.030 0.986 0.506 0.650
Adj r? 0.009 0.069 0.596 —0.036 —0.007 —0.026
100 m Constant  00:51.40 —-0.96% 00:51.93 -0.90% 00:52.37 -0.67% 00:57.04 -1.29% 00:57.86 -0.93% 00:58.81 -1.16%
Fly Year —0.118*** —0.096*** —0.071%** —0.125%** —0.095%** —0.108***
95% Cl -0.165, -0.130, —-0.090, -0.187, -0.140, -0.129,
-0.072 -0.061 -0.052 -0.064 -0.051 —-0.088
Adj r 0.576 0.476 0.507 0.462 0.350 0.674
200 m Constant  01:54.16 —-0.96% 01:55.25 0.25% 01:56.62 0.35% 02:04.85 0.99% 02:06.39 1.41% 02:08.43 1.19%
Fly Year -0.115 0.032 0.064** 0.181** 0.205%** 0.148***
95% Cl —0.235, —0.023, 0.024, 0.061, 0.153, 0.078,
0.005 0.087 0.103 0.300 0.257 0.217
Adj r? 0.131 0.012 0.145 0.312 0.651 0.237
100 m Constant  00:52.86 —0.40% 00:53.41 0.08%  00:54.18 -0.58% 00:58.90 —0.51% 00:59.69 -0.42% 01:00.61 -0.41%
Back Year —-0.053* —0.036 —0.055%** —-0.042* —0.055%* —0.041**
95% Cl -0.101, —0.074, -0.070, —-0.083, —-0.095, —-0.069,
-0.005 0.002 -0.041 -0.002 -0.015 -0.013
Adj r 0.180 0.076 0.521 0.158 0.168 0.124
200 m Constant 01:53.77 047% 01:56.68 —-0.24% 01:58.68 —-0.89% 02:06.21 -0.63% 02:08.94 -0.21% 02:10.22 0.49%
Back Year 0.079** -0.073 —0.118%** —0.042 -0.122*% 0.032
95% Cl 0.030, —0.164, -0.165, —0.146, -0.225, —-0.038,
0.129 0.019 -0.071 0.063 -0.019 0.103
Adj r? 0.336 0.046 0.311 —-0.016 0.124 —0.003
100 m Constant  00:59.39 -191% 01:00.36 -1.89% 01:00.66 -1.95% 01:0584 -0.53% 01:07.25 -0.88% 01:08.23 -1.45%
Breast Year —0.171%** —0.170%** —0.142%** —-0.079 —0.074%** —0.142%**
95% Cl -0.217, -0.181, —-0.164, —0.185, -0.102, —-0.166,
-0.124 -0.159 -0.119 0.027 -0.045 -0.118
Adj r 0.744 0.968 0.750 0.067 0.442 0.716
200 m Constant  02:08.80 -1.70% 02:10.40 -2.11% 02:11.99 -220% 02:21.52 -0.68% 02:2446 -0.82% 02:26.52 -0.28%
Breast Year —0.266%** —0.319%** —0.335%** —-0.007 —-0.149 —0.149*%*
95% Cl -0.332, -0.413, -0.383, —-0.189, —0.318, —0.246,
-0.200 -0.225 —0.288 0.175 0.020 -0.051
Adj r? 0.779 0.579 0.784 —-0.052 0.061 0.131
200 m Constant  01:55.16  1.05% 01:58.85 -1.35% 02:00.17 -0.95% 02:08.70 -0.57% 02:11.95 -1.57% 02:13.51 -0.94%
IM Year 0.176** —0.227%** —0.146%** —-0.106 —0.255%** —0.205%**
95% Cl 0.065, —-0.260, —-0.180, -0.233, -0.321, -0.249,
0.286 -0.195 -0.112 0.021 -0.190 -0.162
Adj r 0.335 0.855 0.572 0.094 0.661 0.619

(Continued)
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Men Women
Event Metric 1st.37d 4th.gth oth16™h 15t.31d 4th_gth o1
400 m Constant  04:08.84 —0.01% 04:14.07 -0.52% 04:16.87 -0.57% 04:32.04 -0.66% 04:35.26 0.62%  04:40.48 0.12%
IM Year —0.003 -0.079 —0.051 —-0.150 0.271** 0.053
95% Cl —-0.251, —0.247, —-0.157, —0.380, 0.111, —-0.103,
0.245 0.090 0.054 0.080 0.432 0.210
Adj r? —-0.053 —0.003 —0.001 0.041 0.242 -0.010
Mean Percentage Change (+ SD)
Grouping Change (%) Change (%)
All events —0.72% (£ 0.81%) —0.60% (+ 0.81%)
Rank 15%-3' —0.57% (£ 0.96%) —0.81% (+ 0.70%)
Rank 4™-g™" —0.73% (+ 0.76%) ~0.70% (& 0.86%)
( )

Rank 9t-16™" —0.88% (+ 0.71%)

—0.29% (+ 0.82%

® (Constant = the intercept (mean time in 2011) for each event and for those ranked 1%%-3', 4-8t" and 9™-16™.

Year = the slope of the line year of data.
95% Cl = 95% Confidence Intervals, upper and lower limits.

Bold values = significance at * p < 0.05, ** p < 0.01 and *** p < 0.001.

Adj r* = Adjusted r* value, which shows the degree of fit for the slope of the line from 2011 to 2019 (adjusted for age).
Free = freestyle; Back = backstroke; Breast = breaststroke; Fly = butterfly; IM = individual medley.

Negative percentage (-) values for each event and performance category = on average, the event has become faster for that respective performance

category (when comparing the mean adjusted performances from 2019 vs. 2011); positive percentage (+) values for each event and performance category =
on average, the event has become slower for that respective performance category (when comparing the mean adjusted performances from 2019 vs. 2011).
® Negative mean percentage change (-) for grouping = on average, the grouping has become faster for that respective cohort (when comparing the mean
adjusted performance from 2019 vs. 2011); positive mean percentage change (-) for grouping = on average, the grouping has become slower for that
respective cohort (when comparing the mean adjusted performance from 2019 vs. 2011).
® Percentage changes (- or +) are provided to give an overall summary of how an event has changed between 2011 and 2019.

performance categories in the 50 m Free, 100 m Fly,
Breast and Back, 200 m Breast, 800 m Free, and 1500 m
Free. Additionally, improvements were observed for the
100 m Free and 200 m Fly for 1%-3™, 200 m Back for
9™_16™ 200 m Free, 200 m IM, and 400 m Free for 47—
8™ and 9™-16™. While no event showed clear predicted
decline across all categories, the 100 m Free for 4th_gth
200 m Fly for 9™-16", 200 m Back, Free and IM for 1°-
3™, are all predicted to decline. Predictions to remain
constant were observed for the 200 m Fly and Back for
4™_8™ and 400 m IM across all performance categories.
Events that showed predicted convergence were 200 m
Free across all performance categories and the 200 IM
for 123" and 4™-8"™ and 1500 m Free for 4™-8™ and
9'"_16"™. Only the 200 m Fly showed predicted diver-
gence for Men. For the Women’s events, predicted
improvement across all performance categories was
observed for the 50 m Free, 100 m Fly, Breast, Back
and Free, and 200 m Free and IM. Additionally, pre-
dicted improvement were observed for the 200 m Breast
for 4"-8" and 9™-16", 200 m Back for 4™-8™, 400 m
and 800 m Free for 1°'-3"¢ and 4™-8™ and 400 m IM and
1500 m Free for 1°-3"", The 200 m Fly showed
a predicted decline across all performance categories,
with a predicted decline also seen for the 200 m Breast
for 123, 200 m Back, 400 m Free and 800 m Free for
9*-16"™, 400 m IM for 4™-8"™ and 9™-16" and 1500 m
Free for 4™-8", Predicted stabilization was observed for
the 200 m Breast for 1%-3", 200 m Back and 400 m IM
for 1-3" and 9™-16™ and 1500 m Free for 9"-16".
Additionally, the Women’s 200 m Breast demonstrated

predicted convergence and the 400 m Free, 400 m IM
and 800 m Free demonstrated predicted divergence.

The findings outlined above demonstrate that the
predicted times fall into five groups, as illustrated in
Figure 1 (graphical representations of the 2024 pre-
dictions for all events are available online in
Supplementary Figures 1-28). Group one (e.g.,
Women’s 100 m Fly) is predicted to improve across
the three performance categories; group two (e.g.,
Women’s 200 m Fly) is predicted to decline across
the three performance categories; group three (e.g.,
Men’s 200 m Free) is predicted to converge, where
some of the performance categories catch up with,
and surpass, the other categories; group four (e.g.,
Men’s 400 m IM) is predicted to stabilize across the
three performance categories; and group five (e.g.,
Women’s 400 m Free) is predicted to diverge, with
performance  categories moving in  opposite
directions.

Discussion

This study aimed to examine performance trends across
the OLY and WLC between 2011 and 2019, and to
predict times for the 2024 OLY. The identification of
events which present opportunities for fast tracking
athletes to international representation may be of inter-
est to NGBs. Recent research has investigated progres-
sions in swimming from 1972 to 2008 and identified
large variation in performance progressions in 2008,
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Table 2. Age-adjusted mean Men's times for 2011-2019 (by event and performance category) and predicted times (95% Cl) for 2024

based on the available pooled data.

Event Performance Category 2011 2012 2013 2015 2016 2017 2019 2024
50 m Free 15630 00:21.78  00:21.49 00:21.43 00:21.42 00:21.43  00:21.28 00:21.31  00:21.08 (00:20.69, 00:21.47)
4th_gth 00:22.01 00:21.80 00:21.73 00:21.86 00:21.82 00:21.63 00:21.64 00:21.45 (00:21.08, 00:21.82)
916t 00:22.21  00:22.07 00:21.98 00:22.20 00:21.97 00:21.97 00:21.98 00:21.85 (00:21.65, 00:22.05)
100 m Free 15831 00:47.86 00:47.62 00:47.79 00:47.97 00:47.74 00:47.64 00:47.29 00:47.03 (00:46.44, 00:47.63)
4th_gth 00:48.18  00:48.02 00:48.22 00:48.27 00:48.09 00:48.13 00:48.25 00:48.27 (00:48.11, 00:48.43)
gth-16™" 00:48.69 00:48.64 00:48.69 00:48.65 00:48.45 00:48.65 00:48.57 00:48.50 (00:48.38, 00:48.62)
200 m Free 15630 01:44.70 01:4433 01:45.04 01:4524 01:45.03 01:4489 01:4526 01:45.58 (01:45.15, 01:46.00)
4th_gth 01:46.19 01:46.36 01:46.37 01:46.48 01:4574 01:4586 01:45.75 01:45.30 (01.44.64, 01:45.97)
gth-16th 01:48.11 01:47.40 01:47.66 01:47.45 01:46.95 01:46.95 01:4630 01:45.52 (01:45.11, 01:45.93)
400 m Free 15831 03:43.14 03:4230 03:43.75 03:43.64 03:42.24 03:43.05 03:42.95 03:42.82 (03:41.79, 03:43.84)
4th_gth 03:45.64 03:47.46 03:47.73 03:47.67 03:4544 03:4546 03:4499 03:43.66 (03:39.64, 03:47.67)
gth-16™h 03:48.27 03:4841 03:49.48 03:47.69 03:46.31 03:47.43 03:4835 03:46.66 (03:45.07, 03:48.24)
800 m Free 15630 07:41.79 07:42.89 07:41.60 07:41.65 07:40.88 07:39.95 (07:39.10, 07:40.79)
4th_gth 07:48.31 07:49.46  07:48.25 07:49.80 07:45.64 07:45.50 (07:42.23, 07:48.77)
916t 07:55.58 07:56.47  07:51.64 07:53.95 07:50.91 07:48.96 (07:47.16, 07:50.77)
1500 m Free 15831 14:4142 143699 14:43.00 14:43.98 14:3830 14:40.23 14:37.64 14:37.12 (14:32.47, 14:41.77)
4th_gth 15:03.13 145412 14:5827 15:02.22 14:51.91 14:58.46 14:56.73  14:54.83 (14:45.92, 15:03.73)
gth-16™" 15:09.59 15:06.13  15:09.75 15:04.09 14:59.27 15:03.06 15:01.00 14:54.88 (14:51.01, 14:58.75)
100 m Fly 15630 00:51.04 00:51.36 00:51.32  00:50.80 00:50.89  00:50.44  00:50.55 00:49.75 (00:49.36, 00:50.13)
4th_gth 00:51.95 00:51.87 00:51.60 00:51.34 00:51.51 00:50.97 00:51.49 00:50.78 (00:50.35, 00:51.21)
gth-16th 00:52.39  00:52.25 00:52.17 00:52.08 00:51.99 00:51.64 00:52.04 00:51.51 (00:51.22, 00:51.80)
200 m Fly 15831 01:54.01 01:53.06 01:54.81 01:53.75 01:53.46 01:53.75 01:5291 01:52.62 (01:51.62, 01:53.62)
4th_gth 01:55.29 01:54.95 01:55.99 01:55.12 01:55.56 01:55.19  01:55.59  01:55.10 (01:54.59, 01:55.61)
gth-16h 01:57.10  01:56.46 01:56.70 01:56.99 01:56.83 01:56.57 01:57.51 01:57.65 (01:56.57, 01:58.24)
100 m Back 15830 00:52.83  00:52.68 00:53.09 00:52.51 00:52.23 00:52.51 00:52.62 00:52.20 (00:51.83, 00:52.58)
4th_gth 00:53.22  00:53.45 00:53.71 00:53.12 00:52.96 00:53.12  00:53.26 00:53.07 (00:52.22, 00:53.91)
916t 00:54.03 00:54.07 00:54.22 00:53.82 00:53.96 00:53.82 00:53.72 00:53.48 (00:53.25, 00:53.71)
200 m Back 15831 01:53.92 01:53.71 01:54.22 01:54.24 01:53.85 01:54.29 01:5446 01:54.76 (01:54.42, 01:55.11)
4th_gth 01:57.28 01:56.77 01:56.31 01:55.61 01:55.84 01:55.86 01:56.99 01:56.73 (01:55.52, 01:57.93)
gth-16™" 01:58.88 01:58.09 01:58.64 01:58.00 01:57.52 01:5839 01:57.82 01:57.40 (01:56.57, 01:58.24)
100 m Breast 15630 00:59.21  00:58.96 00:59.14 00:58.73  00:58.23 00:58.44 00:58.08 00:57.32 (00:57.04, 00:57.59)
4th_gth 01:00.23 01:00.00 00:59.90 00:59.68 00:59.45 00:59.26  00:59.09 00:58.33 (00:58.22, 00:57.44)
gth-16th 01:00.63 01:00.04 01:00.31 01:00.16 01:00.19  00:59.70  00:59.45 00:58.95 (00:58.56, 00:59.35)
200 m Breast 15831 02:08.70  02:07.67 02:08.24 02:07.97 02:07.56 02:07.24 02:06.51 02:05.64 (02:05.02, 02:06.27)
4th_gth 02:10.70  02:09.07 02:09.49 02:09.44 02:07.96 02:08.98 02:07.94 02:06.79 (02:05.43, 02:08.15)
gth-16™h 02:11.97 02:10.61 02:11.08 02:10.60 02:10.93  02:09.97 02:09.07 02:08.03 (02:07.11, 02:08.95)
200 m IM 15830 01:55.28 01:55.13 01:55.86 01:56.42 01:56.11 01:55.95 01:56.49 01:57.15 (01:56.57, 01:57.74)
4th_gth 01:58.74 01:58.15 01:58.14 01:58.25 01:57.74 01:57.16  01:57.14 01:56.12 (01:55.65, 01:56.59)
916t 02:00.00 01:59.85 01:59.47 01:59.61 02:00.06 01:59.07 01:58.87 01:58.39 (01:57.86, 01:58.91)
400 m IM 15831 04:10.09 04:07.66 04:09.13 04:09.48 04:07.50 04:07.81 04:10.08 04:08.95 (04:06.34, 01:11.56)
4th_gth 04:15.93  04:12.68 04:13.20 04:13.62 04:13.45 04:12.73  04:1461 04:14.23 (04:09.37, 04:19.08)
gth-16™ 04:17.91  04:15.44 04:16.98 04:16.71 04:1558 04:17.56 04:16.44 04:16.60 (04:14.36, 04:18.83)

® Free = freestyle; Fly = butterfly; Back = backstroke; Breast = breaststroke; IM = individual medley
® The 800 m Free was not a Men’s event for the 2012 and 2016 OLY but is a WLC event. It will appear at the Tokyo OLY for the first time.

due to the inclusion of polyurethane suits (Brammer
et al., 2012). The current analyses revealed that across
the majority of OLY events, performance categories
have changed over the last near decade, with only two
events (Men’s 400 m IM and Women’s 1500 m Free)
showing no change across any performance category.
Moreover, the time frame included in the current ana-
lyses is after “super suits” were banned, which allows for
a large portion of the variation seen in 2008, to be
accounted for. Furthermore, Brammer and colleagues
concluded that their results illustrate those prior results
allow for the prediction of future results to a high degree
of accuracy, unless a bias is introduced into the compe-
titive environment (i.e. 2008 OLY). With little knowl-
edge known around the current trends in elite
swimming, our predictive analyses for the 2024 OLY

revealed that events fall into five broad groups: 1)
improving; 2) declining; 3) converging; 4) stable;
and 5) divergence, and offer NGBs potential benchmark
times, for different performance categories.

The results for Men indicated that events such as the
50 m Free, 100 m Breast, 100 m Fly, 200 m Breast, and
800 m Free have progressed throughout the period of
2011-2019. This progression would identify that these
events are potentially the most difficult to be successful
in, due to the improvements seen across the included
years. However, results also highlight events that could
provide a less difficult opportunity for athletes and coa-
ches. For example, in the 200 m Free and IM, the times
to be ranked 4™-8™ and 9™-16™ have progressively
become faster, but the time required to be ranked 1%-
3™ has become slower. This trend can also be seen in
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Table 3. Age-adjusted mean Women's times for 2011-2019 (by event and performance category) and predicted times (95% Cl) for
2024 based on the available pooled data.

Event Performance Category 2011 2012 2013 2015 2016 2017 2019 2024
50 m Free 15630 00:24.30 00:24.24 00:24.16  00:24.22  00:24.09 00:23.84 00:24.08 00:23.76 (00:23.58, 00:23.93)
4th_gth 00:24.72  00:24.57 00:24.68 00:24.45 00:2432 00:24.44 00:24.33  00:24.09 (00:23.94, 00:24.23)
916t 00:25.22  00:25.03  00:25.11  00:24.85 00:24.74 00:24.71  00:24.81 00:24.50 (00:24.15, 00:24.86)
100 m Free 15831 00:53.52  00:53.27 00:52.88 00:52.68 00:52.80 00:52.42 00:52.31 00:51.58 (00:51.05, 00:52.11)
4th_gth 00:53.93  00:53.71 00:53.93 00:53.89 00:53.20 00:52.98 00:53.10 00:52.28 (00:51.81, 00:52.76)
gth-16™" 00:53.91  00:54.23 00:54.78 00:54.39 00:54.29 00:54.00 00:53.82 00:53.56 (00:52.46, 00:54.65)
200 m Free 15630 01:55.91  01:55.00 01:55.22 01:55.32 01:54.24 01:55.03 01:54.55 01:53.95 (01:53.06, 01:54.84)
4th_gth 01:57.18 01:57.02 01:57.16 01:56.36  01:55.65 01:56.05 01:56.22 01:55.05 (01:54.47, 01:55.63)
gth-16th 01:58.26  01:58.34 01:57.88 01:58.12 01:57.52 01:57.66 01:57.86 01:57.33 (01:56.97, 01:57.70)
400 m Free 15831 04:03.35 04:02.08 04:02.06 04:01.83 03:59.87 04:01.04 04:00.01 03:58.14 (03:56.82, 03:59.45)
4th_gth 04:06.66 04:05.38 04:06.57 04:06.03 04:05.00 04:05.68 04:05.02 04:04.39 (04:03.43, 04:05.36)
gth-16™h 04:08.93 04:07.91 04:09.60 04:09.28 04:07.43 04:10.52 04:09.64 04:10.90 (04:09.12, 04:12.68)
800 m Free 15630 08:19.69 08:17.90 08:16.25 08:14.40 08:12.44 08:15.12 08:14.76 08:11.89 (08:06.55, 08:17.24)
4th_gth 08:28.24 08:25.80 08:27.52 08:22.10 08:22.41 08:27.78 08:20.54  08:20.00 (08:15.64, 08:24.36)
916t 08:30.80 08:29.40 08:30.60 08:33.60 08:30.96 08:35.82 08:3446 08:39.61 (08:37.58, 04:41.64)
1500 m Free 15831 15:54.40 15:40.04  15:37.57 15:45.52  15:46.91  15:43.49 (15:25.63, 16:01.35)
4th_gth 16:07.77 16:03.55  16:00.21 16:13.11  15:59.68  16:11.15 (15:56.96, 16:25.35)
916t 16:21.71 16:20.02  16:25.42 16:31.60 16:16.71  16:20.70 (16:10.12, 16:31.28)
100 m Fly 15630 00:56.96  00:56.60 00:56.91 00:56.72 00:56.19  00:56.03 00:56.22 00:55.49 (00:55.12, 00:55.86)
4th_gth 00:57.68 00:57.41 00:57.96 00:57.87 00:56.96 00:57.17 00:57.14 00:56.61 (00:55.98, 00:57.23)
gth-16th 00:58.54 00:58.49 00:58.84 00:58.38 00:58.24 00:58.18 00:57.86 00:57.38 (00:56.70, 00:58.06)
200 m Fly 15831 02:05.68 02:04.93 02:0499 02:06.16 02:04.98 02:05.56 02:06.92 02:07.33 (02:05.62, 02:09.03)
4th_gth 02:06.32 02:06.89 02:07.09 02:07.69 02:07.25 02:07.28 02:08.10 02:08.89 (02:07.74, 02:10.04)
gth-16h 02:08.69 02:08.74 02:09.41 02:08.88 02:08.46 02:08.92 02:10.21 02:10.18 (02:09.36, 02:11.00)
100 m Back 15830 00:59.09  00:58.61 00:58.90 00:58.62 00:58.65 00:58.42 00:58.79 00:58.45 (00:57.90, 00:59.00)
4th_gth 00:59.64 00:59.44 00:59.87 00:59.57 00:58.99 00:59.34 00:59.38 00:58.98 (00:58.57, 00:59.39)
916t 01:0048 01:00.25 01:00.97 01:0042 01:00.48 01:00.25 01:00.23 01:00.01 (00:59.52, 01:00.49)
200 m Back 15831 02:06.31 02:05.51 02:06.07 02:06.33 02:06.53 02:06.00 02:0552 02:05.82 (02:05.12, 02:06.52)
4th_gth 02:08.50 02:08.23 02:09.71 02:08.57 02:08.64 02:07.14 02:08.23 02:07.14 (02:05.57, 02:08.70)
gth-16™" 02:10.01  02:09.97 02:11.04 02:11.09 02:09.49 02:10.22 02:10.65 02:10.44 (02:09.20, 02:11.69)
100 m Breast 15630 01:05.94 01:05.83 01:0499 01:06.15 01:0537 01:04.74 01:0559 01:04.94 (01:04.06, 01:05.81)
4th_gth 01:07.31  01:07.07 01:06.79 01:06.97 01:07.13 01:06.62 01:06.72 01:06.37 (01:05.96, 01:06.77)
gth-16th 01:08.29 01:07.78 01:08.03 01:07.50 01:07.26 01:07.34 01:07.30 01:06.61 (01:06.09, 01:07.14)
200 m Breast 15831 02:22.83 02:2041 02:20.62 02:22.12  02:21.52  02:21.11  02:21.86  02:21.86 (02:18.07, 02:25.64)
4th_gth 02:25.99 02:23.56 02:23.75 02:23.18 02:22.88  02:22.73  02:24.78  02:24.09 (02:20.19, 02:27.98)
gth-16™h 02:26.54 02:26.51 02:27.12  02:24.54 02:24.96 02:2549 02:26.14 02:24.83 (02:23.46, 02:26.20)
200 m IM 15830 02:09.01 02:0822 02:08.92 02:07.78 02:07.42 02:08.21 02:08.28 02:07.55 (02:06.50, 02:08.61)
4thgth 02:11.77  02:11.20 02:11.10  02:10.78 02:11.43  02:10.16  02:09.69  02:08.83 (02:08.17, 02:09.49)
916t 02:13.33  02:13.33  02:12.89 02:12.55 02:12.20 02:12.27  02:12.07 02:11.11 (02:10.86, 02:11.36)
400 m IM 15831 04:33.41  04:30.87 04:31.10 04:31.54 04:29.97 04:31.46 04:31.60 04:31.02 (04:27.29, 04:34.76)
4th_gth 04:36.54 04:34.85 04:35.82 04:37.69 04:35.06 04:3644 04:38.26 04:38.73 (04:36.29, 04:41.16)
gth-16™ 04:41.41  04:40.12 04:41.68 04:40.09 04:38.05 04:41.80 04:41.76 04:41.64 (04:38.92, 04:44.36)

® Free = freestyle; Fly = butterfly; Back = backstroke; Breast = breaststroke; IM = individual medley
® The 1500 m Free was not a Women's event for the 2012 and 2016 OLY but is a WLC event. It will appear at the Tokyo OLY for the first time.

other events, such as the 200 m Back, where the time to
be a semi-finalist has become faster, but the time
required to be a finalist remains unchanged. Like the
Men’s events, the Women’s events show progression for
the 50 m Free, 100 m Back, 100 m Fly, 100 m Free and
200 m Free, with all showing improvements across the
three performance categories. However, in the 100 m
Breast and 200 m IM, the required time to be a medalist
has not changed across the studied time period,
although the times required to be a finalist, or a semi-
finalist have become increasingly more difficult.

The clear progression in 50 m and 100 m events for
both Men and Women highlights the popularity of the
events. This may be a result of the increased professio-
nalization of swimming through competitions such as
the International Swim League (ISL) (International

Swimming League Ltd., 2020), and could also explain
the continued progress in sprint events, as swimmers on
the ISL circuit have an increased racing demand, thus
limiting the time for extended blocks of aerobic devel-
opment. Additionally, the ISL does not currently include
events greater than 400 m, and all racing is done in
a short course format. This is also evident in the
Women’s Fly events, as although the 100 m Fly is show-
ing progression across all performance categories,
a regression can be seen across all performance cate-
gories in the 200 m event. Potentially for that reason,
this provides an opportunity for athletes to excel in the
middle-distance (i.e., 200 m and 400 m) and some of the
distance events. For example, the recent inclusion of the
Men’s 800 m Free in the OLY program gives athletes
who may not be able to progress in the 1500 m Free an
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opportunity to step down to the 800 m. This is further
evident as the Men’s 400 m and 1500 m Free are improv-
ing in the 9™-16"™ positions, but not in the other per-
formance categories.

The 200 m Free and IM are commonplace in most age
group programs; however, little progression has been seen
in the top end of these events. This plateau for the 200 m
Free may be a result of a greater number of multi-eventers
and less Free specialists in recent years. However, the
plateau in the 200 m IM may be due to the athletes who
set these global standards surpassing their peak perfor-
mance age or even retiring. The same trend can be
observed with the Women’s 400 m and 800 m Free
improving, but the 1500 m Free staying constant. The
Women’s 100 m Breast and 200 m IM have not pro-
gressed for those ranked 1°-3™, suggestive that athletes
who set these standards have either surpassed their peak
or have retired. It is also important to note that individual
sports often see athletes who dominate select events over
a period, with athletes such as Katinka Hosszu (200 m and
400 m IM) and Kathleen Ledecky (400 m, 800 m, and
1500 m Free), dominating their signature events.
However, despite being the best athletes in said events,
their personal bests (which are also the current Long
Course World Records) were set between 2015 and 2018
(Fédération Internationale de Natation. Overall rankings,
2020). Therefore, progress in such events may depend on
a new generation of athlete coming through, which may
take a considerable amount of time.

The predicted times for 2024 OLY fall into five broad
groups. Events that demonstrate predicted progression
and divergence can be highlighted as the most difficult
events to win a medal. However, events that show pre-
dicted regression, convergence, and no change provide
noteworthy opportunities for athletes to become suc-
cessful at an international level. For Men, events such
as 200 m Free and IM, for those ranked 1°-3™ are
becoming slower, and athletes who are continuing to
progress within the 4™-8"™ and 9™-16™ position may
find themselves with an opportunity to be a medalist in
the coming years. Similar predictions can be seen for
Women, with the 200 m Breast, Back and 400 m IM
showing little predicted advances in 1%-3™ position.
Additionally, some events are providing opportunities
for athletes to break onto the world stage, such as the
200 m Fly and 400 m IM for Men, and the 200 m Fly and
Back, 400 m Free and IM and 800 m Free for Women.
From this observation, a greater opportunity presents
itself for Women than for Men within elite swimming.
Previous research by Heazlewood (2006) examined how
the predicted mean times for the Free events at the 2000
and 2004 OLY (based on the times achieved at the 1996
OLY) (Lackey & Heazlewood, 1998), compared to the

actual times from those Games. Results indicated con-
gruence for the Men’s 50 m Free, and the Women’s 50 m
and 100 m Free. In all other Free events, the predicted
times were faster than actual times, indicating that rate
of progression in these events appears to have slowed
down based on data up to 1996. This indicates the
prediction equations overestimated the rates of
improvement. With five broad categories identified in
the current analyses for predicted times for 2024, it will
be of interest to see how the 2024 predicted times com-
pare to the actual 2024 times. Future work can look to
see how these times compare.

There are various potential factors to explain why
some events have improved (or are predicted to improve).
Previous research by Ganse & Degens (2020), for
instance, highlighted that performance can improve due
to improvements in technology and sport science, and
decline due to a decreased interest in the sport, or poor
talent ID practices. However, there are various, potential,
factors to explain why some events have declined (or are
predicted to decline) such as a greater investment of time
and value given to strength training for swimming per-
formance (Crowley et al., 2017). Accommodating addi-
tional strength training could result in a reduction in
aerobic training load. This may explain the lack of pro-
gress in some middle-distance events, and to a greater
extent, distance events, as the reliance on the oxidative
system for success is much greater. Berryman and collea-
gues provide clear recommendations on how to optimize
concurrent training for middle-distance and distance
events, with frequency, modality, and sequence being
key considerations to improve energy cost of locomotion
and time to exhaustion (Berryman et al, 2018).
Additionally, the type of pool-based training that swim-
mers are engaging in may be contributing to the trends
observed in this study. While the quality vs. quantity
debate is a long-standing point of discussion (Aspenes &
Karlsen, 2012; Nugent et al., 2017), the popularity of more
race pace oriented training has increased recently, parti-
cularly Ultra-Short Race Pace Training (USRPT). While
the efficacy of this type of training remains to be fully
determined (Nugent et al., 2019), it may be that this type
of modality is more suited to shorter events, and that long
events may require a more traditional training approach
(Laursen & Buchheit, 2019; Pyne & Sharp, 2014).

The current findings may allow NGBs to target cer-
tain events (i.e., those that have seen very little change
and/or those which are declining) with bespoke training
programs, which could enable athletes to be successful
in achieving international representation. In addition,
NGBs could use the current findings to determine if
athletes under their care are “on-track” to be a semi-
finalist, a finalist, or a medalist for the 2024 OLY, and



offer funding and support at an appropriate level. The
primary strength of the current study is the large num-
ber of OLY and WLC performances that were included
in the analyses, providing a true reflection of what is
happening at elite level swimming. In addition, by only
including events where FINA approved race suits were
allowed (i.e., post 2009), any performance benefit asso-
ciated with the wearing or not wearing of specific race
suits (e.g., polyurethane suits) was negated. On the other
hand, predictions were based on results from 2011
onwards, as there were no WLC in 2010, giving
a relatively short window of competition. However,
Stager et al. (2010) tested the accuracy of their predic-
tions by comparing them to actual performances at each
of the previous six OLY (1988-2008). They found that
events two decades prior to the current competition
were shown to have little predictive value on future
competitions occurring more than twenty years later,
providing support to our research design. There were
no OLY or WLC in either 2014 or 2018, meaning that
for the included period (2011-2019), there were two
years with no results, limiting the possibilities for time
series analyses. It is important to note that while the time
to be a finalist will never actually be faster than the time
to be a medalist (due to the nature of predictions from
retrospective data, this could occur in theory, but not in
practice). Overall changes in a short time to provide
predictions for 2024 may have wide confidence intervals,
and therefore times for 2024 should be considered with
caution. Nevertheless, the 2024 predictions could be
updated and fine-tuned with swimming performances
achieved at Tokyo 2020 OLY (to be held in 2021),
Fukuoka WLC (2022) and Doha WLC (2023).
Retrospective analyses after the Paris OLY (2024)
could be undertaken to compare the predictions put
forth in this study, to the actual outcomes, to examine
their accuracy and to further refine predictions and
expected rates of progression (or regression) for later
OLY (e.g., 2028, 2032, etc.). Future research should
investigate the application of classification algorithm to
identify events for selected athletes based on perfor-
mance progression, and other environmental factors.
This would be like research by Gerrard-Longworth
et al. (2020) who demonstrated the effectiveness of
a generic classification algorithm across individuals
with different BMI, to identify specific activity profiling
in weight-loss programs.

Conclusion

Over the last near decade, most swimming events have
seen progress in at least one performance category. For
both Men and Women, it appears as if 200 m events and
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down have progressed the most. Very few events have
not changed, with only the Women’s 200 m Fly seeing
aregression in all three performance categories. If trends
continue in the same manner, come 2024, events are
predicted to fall into five broad categories: 1) progres-
sion; 2) decline; 3) convergence; 4) stable; and 5) diver-
gence. However, the predictions for 2024 were created
through a machine learning algorithm based on histor-
ical data; therefore, the predictions may need to be
interpreted with caution. The results from the current
study offer coaches, support staff and athletes alike, an
insight into what is required to be a semi-finalist, finalist,
and medalist at senior international level.
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