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Abstract

This article provides the effectiveness of the application of the k-Shape clustering algorithm to the tactics analysis in
endurance sports, such as swimming, skiing, cycling, etc. To popularize the sport of finswimming, this study is conducted on
one of the events of this sport. The most and the least efficient tactical schemes for 400 meters distances in finswimming for
men and women were found. To achieve that, we apply an effective and modern clustering algorithm named k-Shape. The
cross-correlation measure is used as a distance measure between event splits organized as time series. Our study shows that the
most productive tactics at 400 meters disciplines in finswimming represent even pacing strategy with fast 1* lap, gradual
slowdown from 2™ to 3" lap, constant speed from 4" to 7" and speed-up at the 8™ lap.
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AHHOTanms

B faHHOM cTaTbe mMpe/CTaB/ieHbl pe3ynbTaThl 3(MQEeKTUBHOCTH TPUMEHEHHs ajroputMa KiaacTepusauuu k-Shape ans
aHa/MM3a TaKTUMKW B CHW/IOBBIX BHUJAX CIOpPTa, TaKUX KakK IJlaBaHWe, JIbDKH, BeIOCHOPT M T. A. C Le/iblo MOMy/nspy3alviy
T/IaBaHus B JlacTax JaHHOe UCC/e[0BaHue TIPOBOJUTCS Ha OHOM U3 COPeBHOBaHMWI 10 3TOMY BUJY CIOPTa. Bblny BbIsSIB/IEHBI
Hanbosee U HauMeHee 3¢deKTUBHbIe TaKTHUECKHe CXeMbl [/is ArcTtaHLuii 400 MeTpOB B IJIaBaHUM B J1acTax Jyisi My>KUUH U
>KeHIWH. [y 3TOro Mbl TipuMeHsieM 3((deKTHUBHBIN ¥ COBPEMEHHBIN alropuTM KJlacTepu3alldi Tof Ha3BaHueM k-Shape. B
KauecTBe Mepbl PaCCTOSHUS MEXKY OTpe3KaMH COPEBHOBAHUM, yIOpsI0YeHHBIMU B BUJie BPEMEHHBIX DsZIOB, MCIIONb3yeTCs
Mepa Kpocc-Koppessiiuu. Haitie vcciiejoBaHye moKa3biBaeT, UTo Haubosiee MPOAyKTUBHAS TaKTHKa Ha AucTtaHiuu 400 MeTpoB
B TJIABaHUM B JIaCTax TpeJCTaB/seT CoOOW CTpaTerurd paBHOMEPHOrO Temria C OBICTPBIM TEpPBBIM KPYrOM, MOCTENeHHbIM
3ame[|yIeHUeM CO BTOPOTO TI0 TPETH KPYT, IOCTOSIHHOM CKOPOCTBIO C UETBEPTOTO IO CeJbMOM KPYT U YCKOpeHHeM Ha BOCbMOM
Kpyre.

KrroueBble c/10Ba: 1iaBaHue B jlacTax, k-shape, knactepusarysi, CriopTrBHBIE pe3y/bTaThl, TaKTHKA, COPeBHOBaTe/IbHas
JlesITe/IbHOCTb.

Introduction

Tactics is an essential part of the training process and competitions at any level. Different groups of sport arts have
different tactical characteristics [1], [4]. Endurance sport arts have time-trial [9] competitions and represent repetitions of
similar actions during a race. Competition rules restrict the variety of technical and tactical actions. Therefore, it may
misrepresent the absence of necessity of the integral preparation for competitions. Unfortunately, the sports research
community don’t investigate this topic enough.

Tactics in endurance sport arts (skating, running, finswimming, swimming, cycling and others) is mostly considered as
pacing [11]. Athletes aim to choose the most suitable race pace based on their individual skills and theoretical knowledge.
Analysis of tactics in this group of sports might be seen as the analysis of time series [8]: athletes repetitively execute
standardized laps several times during a competition race which makes it convenient to find similar patterns in the data.

The most appropriate way to analyze tactics in cyclic sport is to use diverse methods of applied statistics. The discriminant
method is the most popular way in research of this kind [7]. This method assumes distribution of data into formerly created
classes. This method has many disadvantages: results largely rely on researcher’s opinion and on the rules that they create the
classes with; it is very time consuming; it is not scalable [6].

Swimming tactics pieces of research are also usually done with the discriminant method. For example, a group of British
scientists [10] studied tactics in 400 meters freestyle, comparing tactical schemes with six standard options described in
another study [1]: parabolic, fast-start-even, positive, negative, even, variable. The comparison showed that elite swimmers
used only three out of six schemes: parabolic, fast-start-even and positive, while the athletes preferred tactical schemes with a
quick start and a parabolic change in speed, but none of the tactical schemes had a significant impact on the final result [10].
Disadvantages of this study are the same: it is highly subjective, time consuming, and carries high risk of producing incorrect
data.
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A more appropriate and scientific way of analyzing time series is clustering. Studies of this kind in finswimming were not
found.

Research methods and principles

2.1. Clustering

Clustering aims to find homogeneous groups in unlabeled data [3]. Over the past decades, a lot of different approaches for
measuring similarities were introduced. Among those, we can name shape-based, feature-based and model-based approaches
[8]. In the shape-based approach, shapes of two time-series traces are matched as well as possible by a non-linear stretching, e.
g. utilizing the DTW distance. In the feature-based method, raw data are transformed into a lower-dimensional representation.
Some examples of this transformation might be value-based principal component analysis [13] or singular value decomposition
[6]. In model-based approaches, raw data are used to train a model. Then, conventional clustering algorithms are applied to the
residuals of the fitted model [14].

In this study, we leverage one of the shape-based clustering algorithms, and namely k-Shape [12]. In comparison to other
approaches, this algorithm offers a scalable and interpretable solution to the time series clustering problem. Indeed, k-Shape
has time complexity O(max(nm?, m?)), but a significantly better accuracy in comparison to k-Means [8].

2.2. Frameworks

All parts of this software were developed in Python 3.7.8. For data preprocessing and scaling (MinMaxScaler), pandas
1.4.2, numpy 1.21.0 and scikit-learn 1.1 were used. For clustering, a built-int implementation of k-Shape of tslearn 0.5.2 was
utilized. All experiments were run on a laptop with a "Intel Core i7 CPU @2.8 GHz" processor and 16 GB RAM.

Main results

We analyzed 594 results at 400 meters surface, bifins and immersion disciplines for men and women at top world
competitions from 2010 to 2021 years during this research. Time for 50 meters laps were calculated for every performance. We
performed k-Shape clustering for k = 2, 3, 4, and 5. We found that k = 2 and 3 gave us the most distinct shapes for different
disciplines. Each performance was assigned a number of points using the ranking system developed earlier [2]. All the
performances were ranged into four groups divided by three quantiles. Productivity of every tactical scheme was evaluated by
the percentage of its results that are in the range higher than 0,75 quantile (table 1).

Table 1 - Frequency of use of different tactical schemes at 400 meters disciplines in finswimming
DOI: https://doi.org/10.60797/IRJ.2026.165.74.1

Number of points

Ne 0,75 quantile 0,75-0,5 quantile | 0,5-0,25 quantile 0,25 quantile
n % n % n % n % n %
400 meters surface men
27 32,93 24 29,27 19 23,17 12 14,63 82 57,75

Overall

2 8 14,81 9 16,67 14 25,93 23 42,59 54 38,03
0 0 3 50 2 33,33 1 16,67 6 4,23
400 meters surface women
1 30 25 29 24,17 31 25,83 30 25 120 88,24
2 4 25 5 31,25 3 18,75 4 25 16 11,76
400 meters bifins men
1 11 27,5 10 25 10 25 9 22,5 40 64,52
2 4 18,18 6 27,27 5 22,73 5 22,73 22 34,48
400 meters bifins women
1 12 27,27 10 22,73 11 25 11 25 44 73,33
2 3 18,75 5 31,25 4 25 4 25 16 26,67

400 immersion men
20 27,4 21 28,77 16 21,92 16 21,92 73 72,28

2 6 21,43 4 14,29 9 31,14 9 31,14 28 27,72
400 meters immersion women
9 36 3 12 4 16 9 36 25 26,88

17,65 6 35,29 4 23,53 4 23,53 17 18,28
12 23,53 14 27,45 15 29,41 10 19,61 51 54,84

Note: n=594

It was found that the most productive tactical schemes represent parabolic pacing strategy (picture 1). All the athletes
swam the 1* lap faster than others because of the speed-up after jump off the blocks, the big amount of phosphocreatine and
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glycogen in the muscles and high level of adrenaline in the blood due to the pre-competition stress. At the 2™ to 3™ lap the
phosphocreatine level is very low while glycogen level is decreasing which leads to a gradual slowdown. Starting from the 4™
lap the less powerful aerobic pathways take a bigger role in the ATP resynthesis which causes a slower but even speed. At the
last 50 meters athletes go "all-in" and try to spend the rest of their energy. The least productive schemes represent constant
slowdown from start to finish or significant slowdown at 7" lap and speed-up at 8" lap (picture 2). For the better visualization
comparison, all the results were scaled from 0 to 1.

0,9
0,8
0,7
0,6
0,5
0.4
03
02
0.1

1 2 3 4 5 6 i 8

SF men sl SF women BF men
== == BF women IM men — esdpu— N women

Figure 1 - The most productive tactical schemes at 400 meters distances for men and women
DOI: https://doi.org/10.60797/IRJ.2026.165.74.2
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Figure 2 - The least productive tactical schemes at 400 meters distances for men and women
DOI: https://doi.org/10.60797/IRJ.2026.165.74.3

Discussion

In this study, different pacing strategies were extracted by the applying a state-of-the-art data-driven approach. The similar
shape-based groups were found by the utilization of k-Shape algorithm. As shown in the literature, this approach is used for
natural signals in finance, medicine, biology and many other fields [13]. However, to the best of our knowledge, this approach
has never been applied to the sports tactics analysis. It should be admitted that the new approach proved to be superior to the
previously applied methods such as the discriminant method, which might be characterized as subjective and strongly affected
by the initialization. These drawbacks have been overcome by the state-of-the-art data-driven algorithm of k-Shape clustering.
However, this algorithm was only applied to middle-distance and, certainly, can be extended and used for long distances.
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Unfortunately, this method is not suitable for sprint distances. The future pieces of research should consider expansion of
clustering algorithms for short distances. This will be the objective of our future studies.

Conclusion

K-Shape clustering algorithm is proven to be an appropriate and modern method to analyze tactic patterns in cyclic sports.
This method allows to avoid subjectivity and provides more scientific and valid data than others. The most productive tactics at
400 meters disciplines in finswimming represent even pacing strategy with fast 1% lap, gradual slowdown from 2™ to 3™ lap,
constant speed from 4™ to 7" and speed-up at the 8" lap.
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