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Abstract

The representative from Slovak Republic, T.P., documented a noteworthy progression in sports performance
within swimming disciplines during ATC 2020-2021. Notably, the 400 freestyle event showcased an impressive
performance 3:49.03. In the analysis of the data, we used the method of studying the training diaries of the
athlete from the annual training cycle 2022. From the point of view of general training indicators, we focused on
days of loading (GTI 110), 111 training units (GTI 111), competitions / starts (GTI 112), load time (GTI 113),
regeneration time (GTI 114) and days of medical incapacity (GTI 115). Of the special training indicators, we
focused on total flown (STI 101), warm-up and swim-out (STI 102), aerobic endurance (STI 103), anaerobic
endurance (STI 104), swim in race pace (STI 105), elemental arm swimming (STI 106), elemental leg swimming
(STI 107), technical exercises (STI 108). A retrospective analysis delved into the classification of specialized
and general training resources, pinpointing those with the highest correlation to sports performance in
swimming. Employing non-parametric techniques, such as the Spearman correlation coefficient and decision
trees of CHAID, facilitated the identifications of interactions and predictions. Among the special training
indicators, factors influencing sports performance encompassed the volume of load swum at race pace (STI 105),
the volume of warm-up and swim-out (STI 102), as well as the volume of aerobic and anaerobic endurance (STI
103 and STI 104). General training indicators also played a crucial role, with indicators such as the number of
starts (GTI 112), occurrences of sick days (GTI 115), total load time (GTI 113), and number of training units
(GTI 111) being key determinants of year-round athletic performance. The precise identification of training
parameters in terms of volume and intensity the stage for rationalizing the periodization of the training process.
This approach aims to align conceptual foundations enhance the tuning system for the observed swimmer's
sports form, preparing them for upcoming top-tier world events.
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Introduction

Changes in levels in the area of sports performance are unthinkable without purposeful use and
manipulation of the training load. That is why sports performance is limited by factors that can be more or less
influenced in the training process. Also, the load in sports training and subsequent coping with it has a decisive
role in increasing the level of abilities or characteristics (Gussakov et al. 2023; Yakovlev et al. 2018).

As a result of properly adjusted periodization of the training load, athletes are able to achieve their
highest state of readiness at the top events (Platonov, 2019). By evaluating the training load, we are able to
identify and evaluate general and special training indicators. With this obtained data, coaches are able to predict
and forecast the sports performance of their trainees during the entire training. Therefore, the training process
should be constantly monitored (Pretorius, 2020; Makar et al. 2023).

For top swimmers, the most important thing is to swim faster and have better times than their

competitors, or to be the fastest swimmer ever and to break personal, national or even world records (Kachaunov
& Petrov, 2020).
Over the last few decades, we have seen a steady rise in the performance of swimmers. In the period between
2008 and 2009, we recorded a total of more than 130 world records broken. The sports public has attributed such
a number of broken records mainly to swimsuits, which have undergone significant changes. These swimsuits
were subsequently banned by the international swimming federation FINA, and the sports public thought that the
records swum in these swimsuits would remain unbroken for a long time. In fact, many of these records have
been broken to date.

It is the constant improvement in swimming performance that puts pressure on swimming coaches, and
coaches are thus forced to invent new training methods or optimize existing training methods.

According to Bompa (1999), the training process is characterized by its complexity and versatility, as it is
constantly changing as a result of applying the chosen load. The main task of the training load is to improve the
level of given activities, abilities and characteristics (Pla et al. 2019).

Each of the disciplines in swimming is characterized by its specificity of training load, volume swum in the
aerobic zone, anaerobic zone and especially the volume at a special (race) pace. The volumes of the different
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characteristics can also vary considerably among swimmers with the same specialization of disciplines. The task
of the race pace is to prepare the athlete for the course of the discipline itself. In the literature, we can find many
recommendations for the weekly volume of training load, such as: Chatard & Stewart (2011); Hellard et al.
(2019); Pollock et al. (2019) Solonenco et al. (2021); Gonzalez Rave et al. (2021); Hermosilla et al. (2021); Ravé
et al. (2022).

Based on recommendations from individual literature, we can develop a precise training load structure
for the microcycle. However, it is necessary to pay attention to the fact that the given recommendations and the
ratio of individual characteristics will not suit every swimmer, and the volume of the special (race) pace will be
different for each of them. There is therefore no exact template or recipe for the unambiquous application of the
training loads in sport training that is generally valid. So far, knowledge and information we are aware is only
generalized.

Problem

The identification of the training load, which limits the sports performance in swimming to 400 m Freestyle,
belongs to the necessary components in the field of management and rationalization of the training load for the
purpose of improving the quality of sports training and the system of tuning sports form for top world events
such as the European Championship, the World Cup and the Olympic Games.

Objective

The aim of the work is to highlight the intraindividual periodization of training load in the Slovak national
swimming representative (T.P.) and to identify the training indicators that determined the year-round level of
sports performance in the annual training cycle 2022.

Material & Methods

Representative of the Slovak Republic T.P. (born 2002) recorded a progressive growth of sports
performance in swimming disciplines between 2012 and 2019. In the annual training macrocycle 2020 - 2021,
T.P. so far his best personal performance in the discipline of 400 m Freestyle - 3:49.03 (February 19, 2021
Samorin).

General and specific training indicators from the training diary (tab. 1) are the starting point for the
detection of determinants of sport performance in the RTC 2022 annual training cycle. The basis of the analysis
was the weekly - volume training indicators GTI 110-115, STI 101- 108 and year-round sports performance (SP)
converted to point values according to FINA tables (tab. 1). The length of the annual time series was 52 weeks.
Sports performance in individual weekly microcycles was converted to point values from swimming
performances and tests for 50 m, 100 m, 200 m and 400 m.

Table 1. Volume of general and special training indicators in the annual training cycle 2022

Code Training indicators Sum Min Max M SD
SP Sport performance (points) 32023.00 460.00 779.00 615.83 99.24
110  Days of loading (n) 286.00 3.00 7.00 550  0.90
111  Training units (n) 490.00 5.00 13.00 9.42 1.83
GTI 112 Competitions / Starts (n) 102.00 0.00 14.00 1.96 3.40
113 Load time (h) 853.00 8.00 25.00 16.40 3.16
114 Regeneration time (h) 271.00 4.00 8.50 5.21 0.99
115 Days of medical incapacity (n) 11.00 0.00 2.00 0.21 0.57
101 Total flown (km) 2410.95 24.10 74.95 46.36  12.29
102 Warm-up and swim-out (km) 481.85 3.90 14.55 9.27 2.22
103 Aerobic endurance (km) 974.05 8.20 39.80 18.73 6.54
STI 104  Anaerobic endurance (km) 38.25 0.00 1.55 0.74 0.38
105 Swam in race pace (km) 180.53 0.18 6.90 3.47 1.85
106 Elemental arm swimming (km) 322.85 0.90 16.30 6.21 4.11
107 Elemental leg swimming (km) 316.80 2.60 10.50 6.09  2.07
108 Technical exercises (km) 94.00 0.00 5.70 1.81 1.39

Nonparametric procedures (Breiman et al. 1984, Lehmann 1975) were selected based on an assessment
of the normality of the distribution of the sets. The interaction between sports performance and training
indicators has been assessed by the Spearman correlation coefficient r*. (Cohen 1988).

The non-parametric algorithm CHAID - Chi-squared Automatic Interaction Detector and Trees
(Breiman et al. 1984) was used to construct decision trees. This technique can be used for prediction (an
alternative to parametric multiple regression), classification and detection of interactions between variables.

Results are obtained by automatically detecting relationships between independent variables based on
chi-square tests. The advantage of the CHAID (Classification and Regression Trees) technique is in a better
summary, interpretation and presentation of binary trees. CHAID creates trees that tend to have multiple
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branches (options). In each step of the analysis, it searches for one predictor that has the greatest influence on the
dependent variable categories (Camp & Slattery, 2002).

However, CHAID may not always find an optimal distribution for the variables. Once it finds that all
remaining categories are statistically different, it stops merging categories. For the models, we also present the
regression parameters (Linear Correlation R, Standard Deviation SD, Mean Absolute Error MAE; Mean Error
ME). Using them, we can define the prediction reliability of a non-parametric model as in linear regression. The
results were processed in MS Excel and IBM SPSS Modeler. The findings and conclusions are formulated on the
basis of objective and logical evaluation of the obtained results.

Results

The intraindividual periodization of the training load allowed the Slovak representative in swimming
(T.P.) to achieve the highest scoring performance in RTC 2022 with a value of 779 points in a discipline of 400
m VS with a achieved time of 3: 59.10. In the annual training cycle 2022, the swimmer had a total flown of
2410.95 km, which represents an average of 26.36 km per week (Min 24.10 km; Max 74.95 km). The number of
training units reached 490 at 286 days (Min 5; Max 13 training units per week). During the training cycles, the
swimmer spent 271 hours regenerating, which represents 31.77% of the total load time.

Out of the total load, the volume of warm-up and swim-out (STI 102) reached 481.85 km (19.98%) in
the calendar year. The largest volume of the swimmer was realized in aerobic endurance (STI 103) at the level of
974.05 km (40.40%). Anaerobic endurance (STI 104) with its volume of 38.25 km was the smallest part of the
load (1.58%).

The load volume swum in the race pace zone (STI 105) reached 180.53 km (7.48%). The elemental
swimming of the arm (STI 106) reached the level of swimming volume of 322.85 km (13.39%) and the
elemental swimming of the leg (STI 107) had the level of 316.80 km (13.14%). The last integral part was
technical exercises (STI 108) at the level of 94.00 km (3.89%).

Table 2. Correlation of sports performance and training indicators

Code Training indicators r’ p
110 Days of loading (n) 0.588 0.000
111 Training units (n) -0.120 0.398

GTI 112 Competitions / Starts (n) 0.792 0.000
113 Load time (h) -0.277 0.046
114 Regeneration time (h) 0.425 0.002
115 Days of medical incapacity (n) -0.129 0.362
101 Total flown (km) 0.014 0.919
102 Warm-up and swim-out (km) 0.180 0.201
103 Aerobic endurance (km) -0.139 0.325

STI 104 Anaerobic endurance (km) 0.355 0.010
105 Swam in race pace (km) 0.655 0.000
106 Elemental arm swimming (km) -0.120 0.395
107 Elemental leg swimming (km) 0.116 0.412
108 Technical exercises (km) -0.053 0.707

Through non-parametric procedures, we have been able to classify the interactions between sport
performance and training indicators or to detect the predictors that most significantly affected the average sport
performance of a swimmer in the annual training cycle 2022.

Statistically significant correlations (Tab. 2) of general training indicators with sports performance were
demonstrated with the number of loading days (GTI 110, r* = 0.588, p<0.01), the number of competitions/starts
(GTI 112, r* = 0.792, p<0.01), total loading time (GTI 113, r* = -0.277, p<0.05) and regeneration time (GTI 114,
r’ = 0.425, p<0.01). Of the special training indicators, the swimming volume of anaerobic endurance (STI 101, r*
= 0.355, p<0.01) and volume swam in race pace (STI 105, r* = 0.655, p<0.01) correlated with sports
performance.

The non-parametric CHAID algorithm built prediction models that achieve high reliability with
reasonable prediction error (Figs. 2 and 3, Tab. 3 and 4). The models included training indicators that showed a
low to high degree of tightness with sport performance in swimming. Training indicators shall consist of nodal
variables with limits on volume values for the ability to predict the number of performances at higher and lower
load volumes.
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Fig. 1. Periodization of training load in annual training cycle 2022 (mesocycles)

Third branch: Among the predictors of swimming performance (Fig. 2, Tab. 3), special training
indicators were selected: volume swum at race pace (STI 105), warm-up and swim-out (STI 102), aerobic
endurance (STI 103) and anaerobic endurance (STI 104).

The predicted average sports performance of 615 points (for n = 52 performances) is determined by the
volume swum at a racing pace with a weekly volume higher than 4.7 km (STI 105, F= 24.927; p<0.01; 721
points; n = 15), aerobic endurance with load variability from 13.25 km to 14.4 km (STI 103, F= 92.024; p<0.01;
592 points; n = 2), warm-up and swim-out with a load volume lower than 5.85 km (STI 102, F = o0; p<0.01; 606
points; n = 1). If aerobic endurance in a week varies from 14.4 km to 21.3 km, we can expect a sports
performance with 760 points (STI 103, F = 93.024; p<0.01; n=7).
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Second branch: For a lower predicted sports performance, the volume of the race pace from 1.6 to 4.7
km is sufficient (STI 105, F = 24.927; p<0.01; predicted sports performance 587 points; for n = 27
performances), volume of warm-up and swim-out lower than 9.8 km (STI 102, F = 12.154; p = 0.015; 556
points; n = 17), aerobic endurance volume higher than 11.6 km (STI 103, F = 21.951; p = 0.002; 544 points; n =
16) and anaerobic endurance volume higher than 0.8 km (STI 104, F = 17.640; p = 0.005; 574 points; n = 8). In
the case of aerobic endurance at a volume lower than 11.6 km we can expect (F =21.951; p = 0.002; 743 points,
n = 1). If the warm-up and swim-out will be at a level higher than 9.8 km, then the expected performance (F =
12.154; p=0.015; 639 points, n = 10).
From the point of view of general training indicators (Fig. 3), predictors of sports performance were selected:
competitions/starts (GTI 112), days of medical incapacity (GTI 115), number of training units (GTI 111) and
load time (GTI 113).

Second branch: The predicted average sports performance of 615 points (for 52 performances) is
determined by at least one start per week (GTI 112; F = 132.171; p<0.01; 735 points; n = 17) and the minimum
number of days of medical incapacity (GTI 115; F = 17.830; p = 0.001; 744 points; n = 16). If the number of
days of medical incapacity were higher, we can expect sports performance at the level of 606 points (F = 17.830;
p=10.001;n=1).

First branch: The second possibility of achieving an average swimming performance of 615 points is
conditional on the swimmer not having a competitive start or test every week (GTI 112; F = 132.171; p<0.01;
557 points; n = 35), with a maximum of 1 day of medical incapacity (F = 5.401; p = 0.010; 643 points; n = 3)
and a higher number of training units per week than > 8 (GTI 111; F = co; p<0.01; 726 points for n = 1).

Dicussion

The swimmer's training load structure was based on a two-peak model. Hermosilla et al. (2021)
recommend the most frequently used pyramid model of the periodization with subsequent volume reduction
leading up to the event. In our case, we can point to the individual periodization of the training load, which
includes adapting the training load to the swimmer's specific needs or goals. It can include a combination of
several types of periodization that are adjusted based on the swimmer's progress or recovery needs (Bompa &
Haff, 2009).

From the general training indicators, the swimmer completed a number of 490 training units with a total
load time of 853 hours in the annual training cycle 2022 and a total of 2410, 95 km flown. Czech elite swimmers
have completed 423 training units with a total load time of 780 hours and a volume of 2511.7 km (Vankova,
2010). In the case of the Olympic swimmer, the number of training units was 518 in the annual cycle with a total
volume of 2873 km. (Kr¢kova, 2013).

In the weekly microcycle, the swimmer had min. 5 and max. 13 training units, for this issue Finney
(2003) gives recommendations of 10-11 training units per week, and in the case of British swimmers, training
units were reduced to 9 in order to avoid overtraining (Meeusen et al. 2013). In the case of the total load time in
the microcycle, the values range from min. 8 and max. 25 hours. In the publication Finney (2003) describes a
weekly microcycle with a load of max. 23 hours.

The issue of sports training in swimming, or the influence of training load on sports performance was
discussed by Chatard & Stewart (2011); Hellard et al. (2019); Solonenco et al. (2021); Gonzalez Rave et al.
(2021); Hermosilla et al. (2021); Ravé et al. (2022); Rushall, 2018; Sylta et al. (2016). Pollock et al. (2019)
concluded on the periodization of the training load in relation to VO2 max (p = 0.204), the training load relation
to AEP (p < 0.01), the training load relation to ANP (p = 0.004) and the training load relation to the racing rate
(p<0.01).

From the point of view of the volume of the training load, we compared our achieved results with the
recommendations in the literature. Chatard & Stewart (2011) recommends a total microcycle load of 45-60 km.
A weekly load volume of 50—60 km has been established for the Italian national team (Bonifazi et al. 2000) and
the Australian Olympic team (Mujika et al. 2002). Radulescu et al. (2017) recommend a maximum training load
of 80 km in the microcycle.

For British swimmers, the volume was set at a range of 43-53 km to reduce the risk of training
(Meeusen et al. 2013). Compared to Gonzalez Rave et al. (2021) recommending a total load of 25-90 km in the
microcycle for swimmers with a sport performance of 850-900 points (FINA).

After several or months of high-volume training, there is a brief period of gradual reduction in the
amount of training load to four weeks, leading to a significant improvement in sport performance in order for the
swimmer to reach peak performance at the required moment (Chatard & Stewart, 2011), which corresponds to
our results before the top competition at the end of the year. Bompa & Haff (2009) describe that the phase of
aerobic endurance
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Fig. 2 Regression tree of selected special training indicators STT 101-108 to sports performance by the CHAID

method
(R: 0.93; SD: 36.59; MAE: 26.07; ME -0.0)
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(R: 0.914; SD: 40.231; MAE: 30.322; ME 0.0)
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Table 3: Prediction model of special training indicators for sports performance in swimming using the CHAID

method

Node Criterion Prediction Effect N %
1 STI 105<=1.6 535.4 -80.427 10 19.231
2 STI 105> 1.6 and STI 105 <=4.7 587.111 -28.716 27 51.923
| 4 STI 102 <=9.8 556.353 -30.758 17 32.692
10 STI 103 <=11.6 743 186.647 1 1.923
11 STI 103>11.6 544.688 186.647 16 30.769
14 | STI 104 <=0.8 515 -29.688 8 15.385
15 | STI 104>0.8 574.375 29.688 8 15.385
| 5 STI 102>9.8 639.400 52.289 10 19.231
| 3 STI 105>4.7 721.133 105.306 15 28.846
6 STI 103 <=13.25 753.200 32.067 5 9.615
7 STI 103 >13.25 and STI 103 <=144 592.500 -128.633 2 3.846
12 STI 102 <=5.85 606 13.5 1 1.923
13 STI 102 >5.85 579 -13.5 1 1.923
8 STI 103 > 14.4 and STI 103 <=21.3 760.571 39.438 7 13.462
9 STI 103 >21.3 542 -179.133 5 1.923

Table 4: Prediction model of general training indicators for sports performance in swimming using the CHAID

method

Node Criterion Prediction Effect N %
1 GTI 112<=0 557.486 -58.341 35 67.308
3 GTI 115<=0 522.00 -5.486 29 55.769
4 GTI 115>0 643.667 86.181 3 5.769
8 GTI 111 <=7 619 -24.667 1 1.923
GTI 111 >7 and GTI<=8§ 586 -57.667 1 1.923
10 GTI 111>8 726 82.333 1 1.923
[5 GTI 115> 1 524.333 -33.152 3 5.769
11 GTI 113<=11.5 513 -11.333 1 1.923
12 GTI 113>11.5and GTI <= 14.5 528 3.667 1 1.923
13 GTI 113> 14.5 532 7.667 1 1.923
| 2 GTI 112>0 735. 941 120.114 17 32.692
6 GTI 115<=0 744.062 8.121 16 30.769
7 GTI 115>0 606 -129.941 1 1.923

should last between 1-3 months in order to build a high aerobic potential, which will subsequently transform into
special endurance and later race pace, as we can see in Figure 1.

In the results section, we state that if the volume of the race pace is at a level higher than 4.7 km in the
microcycle, the predicted sports performance will be 721 points (FINA). Pollock et al. (2019) in their publication
gives race pace recommendations for middle distance swimmers at 17.3 £ 4.6 km, which is significantly higher
than the values in our results. From the point of view of the annual cycle, the swimmer swam 180.53 km at a
racing pace. In the work of Krckova (2013), the annual volume of a swimmer at a race pace is reported in the
analysis at the level of 70 km, which is a significantly lower value than in our results.

Despite the fact that this is an example of a highly intraindividual periodization of the training load in
relation to the observed athlete, we can state that the obtained results correspond to recommendations from
swimming and professional practice, such as Chatard & Stewart (2011); Gonzalez Rave et al. (2021); Hermosilla
et al. (2021). However, Pollock et al. (2019) recommends even higher weekly training load volumes compared to
ours. Nevertheless, the selection of the abovementioned training indicators into the prediction models was
logical and justified from the point of view of the continuity of the training means.

Conclusions

In the article, we pointed out the intraindividual periodization of the training load of the Slovak national
swimmer (T.P.) in the annual training cycle 2022. Using regression trees with the CHAID method, training
indicators were selected that showed high tightness with year-round sports performance. The optimal load was
characterized in terms of volume and intensity, or variability of sports performance prediction.

The influence of the volume of the load swum at race pace was demonstrated (STI 105) and a
significant role in the preparation was played by the warm-up and swim-out (STI 102), aerobic endurance (STI
103) and anaerobic endurance (STI 104). Among the general training indicators, the influence of the number of
competitions/starts (GTT 112), the number of days of medical incapacity (GTI 115), the number of training units
(GTI 111) and the load time (GTI 113) was proven.

Retrospective analysis classified the training means that were most involved in improving the
swimmer's sports performance. Their accurate identification will make it possible to rationalize the periodization
of the training process, harmonize the conceptual starting points of sports training and improve the system of
tuning the sports form of the swimmer himself towards the top competitions.
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