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The dynamics of performance in professional sport requires a systematic improvement of the training process. Such activities should
also include optimizing the children and youth training in these disciplines, where an early specialization operates. The main aim of this
paper was to search for the relationship between swimmer’s segmental kinematics (segmental velocities, stroke rate, stroke length, stroke
index); the relationship between swimmer’s technical skill level (in four competitive swimming techniques) and training overloads taking
into consideration gender and age effect. The study group consisted of 121 swimmers (69 female and 52 male), of the Polish 12—15 age
group swim team, volunteered to serve as subjects. Video-based methods and video equipment are being applied to assist qualitative and
simple quantitative analysis for immediate feedback and research in swimming. Both technical skill level preparation and segmental
kinematics of 12—15 year old swimmers proved to be highly conditioned by implemented training intensity (p < 0.001), as well as the
volume of training (high and average trade at a level of significance p < 0.001). Implemented training overloads expressed by both vol-
ume and intensity of training showed high and very high correlation with the swimming efficiency, presented segmental kinematics and
technical skill level, however, there appeared particularly pronounced relationship with the size of kinematic parameters taken into ac-

count in four competitive swimming techniques, components of the 100 m individual medley.
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1. Introduction

The dynamics of performance in professional sport
requires a systematic improvement of the training
process. Such activities should also include optimiz-
ing the training of children and youth in these disci-
plines, where an early specialization operates [1].
Researchers are constantly trying to find and classify
factors which determine the highest precision in the
swimming performance. This huge research has given
special emphasis to the energetic and biomechanical
assessments as the major determinants in enhancing
swimming performance. Barbosa et al. state that from
all the determinants the biophysical factors are getting
most attention in swimming science [2], [3].

Due to progressively decreasing age in obtaining
the peak performance among swimmers, it has be-
come significant to recognize the factors that influ-
ence performance of young boys and girls. Seifert et al.
claim that there are few factors deciding about higher
performance. They say that improvement in swimming
performance has been explained in terms of better
control of stroke rate and stroke length, in particular
with regard to race paces [4], skill due to age [5], [6]
and gender [7], [8]. Despite the factors Seifert listed,
and many more studies which have been published
discussing the anthropometric and characteristics of
the performance among young swimmers [9]-[14],
there is still a need to carry out further research.

Most of the studies mentioned above were con-
ducted exclusively in selected areas. It is appropriate
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then to further classify and clarify research including
both internal and external determinants of swimming
efficiency with the focus on all the factors: technique,
kinematics, age and gender.

The main purpose of this paper was to search for
the relationship between swimmer’s segmental kine-
matics (segmental velocities, stroke rate, stroke length,
stroke index); the relationship between swimmer’s
technical skill level (in four competitive swimming
techniques) and training overloads taking into consid-
eration gender and age effect.

2. Materials and methods

2.1. Participant characteristics

The study group consisted of 121 swimmers (69 fe-
male and 52 male), of the Polish 12—15 age group swim
team, volunteered to serve as subjects. The subjects were
informed about the methods and aims of the study and
gave their written informed consent to participate; pa-
rental consent was obtained for underage subjects. Fig-
ure 1 presents percentage age distribution by gender.
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Fig. 1. Percentage age distribution by gender

The research was conducted over a period of one
macrocycle lasting from 20 October 2008 to 25 Janu-
ary 2009, total 15 weeks. The purpose of this macro-
cycle was to prepare the swimmers to start in the Polish
Championships. The macrocycle consisted of a pre-
paratory period, the start-up and transition ones. The
paper focuses on the special sub-phase, which aimed
at the development of comprehensive features (speed,
special strength) on the basis of work done in previous
periods of training. Particular attention was paid to the
improvement of swimming technique combining its
implementation in parallel with the development of
physical attributes. The authors have focused on two
key areas: (i) quality of motor habit (forms and struc-
ture of the move) as the basis for the development
of a speed development dispositions were improved,
(i1) the swimmers worked on economics of movement
techniques as the basis for the development of special
strength.

This age group example shows a basic 15-week
macrocycle, broken into 4 mesocycles. Competitions
take place at irregular intervals within the macro-
cycle.

The recording and analysis of the data collected
during the training session were based on the Excel
spreadsheet database.

Computerized record workload of training was
based on the following assumptions:

1. Training card subject to the appropriate formu-
lations calculating both the duration of effort, and the
volume and intensity in different areas of training both
in the training unit statement, a daily, weekly and
overall statements.

2. A card with the formula calculating the swim-
mer’s Personal Best (PB) in particular areas of exer-
tions and taking into account a series of measures

Table 1. Age group swim team — basic 15-week macrocycle with ascending loading sequence

Week | Mesocycle Emphasis Weekly Volume| Competition
1 1 Preparation week | 45 kilometres
2 1 Preparation week | 50 kilometres
3 1 Endurance week | 55 kilometres
4 1 Endurance week | 60 kilometres
5 2 Quality week 50 kilometres | Competition
6 2 Mixed week 60 kilometres
7 2 Endurance week | 55 kilometres
8 2 Quality week 60 kilometres
9 3 Mixed week 55 kilometres
10 3 Endurance week | 60 kilometres
11 3 Quality week 55 kilometres | Competition
12 3 Mixed week 50 kilometres
13 4 Mixed week 45 kilometres
14 4 Taper week 40 kilometres
15 4 Taper week 35 kilometres | Competition
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used in the training of specialized and directed train-
ing. This was a key element in the diagnosis and pre-
diction of individual level of the swimmer training
tasks, and became a great predicator of functional
possibilities during training units (to include mini-
mum, maximum and average speed of swimming at
the planned distances specifying their duration).

3. The classification system of exertion zones and
their registration in the swimming training was cre-
ated on the basis of the guidelines proposed by British
Swimming Federation (www.whitedolphin.co.uk) [15].
Assumptions on the individual overload of training
were implemented through the selection of the per-
centage of swimming speed in the exertion zones,
calculated on the basis of the swimmers’s Personal
Best (PB) time for 200 m freestyle or style in which
they specialized. In addition, the authors took into
account the simulation of the speed of swimming
with the designated time limit (maximum, minimum
and average performance) for each exertion zone in
the individual swimmers’s personal best time.
Simulation time limits were made individually for
each swimmer.

2.2. Swim trial

The swimmers performed a 100-m individual med-
ley trial (100 IM) with an individually specific speed
in a 25-m pool. Each swimmer performed the test
individually, on a separately marked lane, according
to FINA rules. After each trial, all swimmers were
informed of their performance time, which was esti-

mated to be within +2.5% of the Personal Best (PB), if
not, the participant repeated the trial. The study was
carried out twice before preparation period and after-
wards. The participation in the examination of the
swimmer was organized according to the Polish
Swimming Association. During the startup the swim-
mer was recorded using the multi-camera motion
techniques registration system. The Multi-camera
Swimming Techniques Analysis System (Fig. 2) has
been developed by the Swimming Technique Labo-
ratory (www.l-t-p.pl) [16], and consisted of the fol-
lowing devices:

e Sliding platform on which the five camera sys-
tem was installed: four overwater cameras and one
underwater camera; the image recording speed was
25 frames per second.

e 1 m poles (tags) mounted along the line of the
entire length of track-side of the swimming pool, at
a meter, ranging from wall return basin, with special
consideration to longer poles at the Sth and 20th meter
of the swimming pool.

e Additional underwater camera recording the
image in the exercise of relapse, mounted on the wall
(on the opposite side of start bar).

The multi-camera motion techniques analysis sys-
tem has facilitated a detailed record of the swimmers’
movement techniques in the following areas:

e overwater side view — the whole distance of
100 meters,

e underwater side — view the entire 100 meters of
distance,

e underwater view — front of the plane of relapse
at 25 and 75 meter of the covered distance,

Dystans swimming

Swimming turn

Fig. 2. The Multi-camera swimming techniques analysis system
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e overwater view — front plane (top view) of the
total distance of 100 meters.

A competitive swimmer tries to travel a given
distance as fast as possible. So, mean swimming ve-
locity (V) is the best variable to assess swimming
performance [3]. The V values were obtained using
the equation [5]

V =SL-SR (1)

where V' represents mean swimming velocity, SL
stroke length, and SR stroke frequency. Swimming
velocity can be described by its independent variables:
stroke length (SL) and stroke frequency (SR). SL is
defined as a horizontal distance that the body travels
during a full stroke cycle. SR is defined as the number
of full stroke cycles performed within a unit of time
(strokes.min™') or Hertz (Hz) [3]. The SR was meas-
ured with a crone-frequency meter (EZ430-Chronos)
from three consecutive stroke cycles, in the middle
of each 25 m lap. The SL was calculated by the
equation [5]
vV
SRV~ @)
High stroke index (INDEX) values were strongly
associated with a low C [17], [18]. In this sense,
INDEX can also be used as overall swimming effi-
ciency estimation. INDEX was computed as

INDEX =SL-V . 3)

The research results were presented by the main
statistical characteristics. Detailed analysis and devel-
opment of the recorded material, obtained from five
cameras was done by a computer program using Vir-
tualDub. In this paper, an attempt was made at a com-
plex quantitative analysis of quality. The attempt was
based on the measurement of fair and rigorous analy-
sis by experts, who have expertise in the swimming
techniques being evaluated.

2.3. Statistical procedures

The normality of distribution was assessed on all
data using the Kolmogorov—Smirnov test. Means,
standard deviations, minimum and maximum values
were calculated for all parameters. Partial correlation
coefficients (rp) with age as control variable were
used to determine the degree of association between
assessment variables and swimming performance.
Pearson’s correlations coefficients were calculated in
relation to swimming performance and between
workloads. The level of statistical significance was set

at p < 0.05 and p < 0.01. All statistical calculations
were made using Statistica 8.1 (StatSoft Inc., 2009).

3. Results

The greatest impact on performance of 12—15 year
old swimmers, expressed as sports result in all its
forms in both sexes, is exerted by implemented train-
ing volume of a certain intensity of exercise (high
correlation relationships at p < 0.01, as well as the
measures of special effects (compounds and high av-
erage level (p < 0.01). Both technical skill level prepa-
ration and segmental kinematics of 12-15 year old
swimmers, proved to be highly conditioned by im-
plemented training intensity (p < 0.01), as well as the
volume of training (high and average trade at a level
of significance (p <0.01).

Analyses were made with regard to the so-called
division style: “long axis” (style and front crawl and
backstroke) and “short axis” (butterfly, breaststroke).
As is clear from the partial correlation analysis pre-
sented in Table 3 between segmental kinematics in
crawl and backstroke and training volume implemented
during the BPS (including the age control factor) there
was no statistically significant correlation in majority of
the cases analyzed. The only exception was the SL 4
parameter swimming, which showed a weak relation-
ship to the level of significance (p < 0.05) with most
of the signs included training loads, carried out in
different periods during the training sessions.

Based on partial correlation analysis presented in
Table 4 between segmental kinematics in butterfly and
breaststroke and training volume implemented during
the BPS (including the age control factor) it can be
noted that the vast majority (with the exception of
training used in the backstroke) implemented various
training loads in the different subperiods of training had
the greatest influence on the formation of all the pa-
rameters including the technical coordination and breast-
stroke. In most cases, the strength of the analyzed com-
pounds ranged probability level (p < 0.001), and these
relationships were the average o SR _3, S 3, Index 3
and V_3 Showed quite a different impact loads. The
fact was also that the means of training in different
styles affect the development of kinematic parame-
ters in these styles. And so, depending on the size of
the most numerous of these parameters occurred with
the measures the impact of comprehensive and tar-
geted used in this styles: QK — quality kick, EP — en-
durance pull, RPW — race — pace work, S&D — skills
and drills, D — distance in this technique.
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Table 2. Partial correlation analysis between the swimming efficiency, expressed as the technical skill level preparation
(in four competitive techniques) and training volume, implemented during the BPS (including the age control factor)

No. Training loads Points Points Points Points Points Individual
Butterfly Backstroke Breastroke Front crawl medley
1 Quality week .05 .07 .05 .10 .29
2 Mixed week 23 25 17 -.01 -10
3 Endurance week % OT** % .68** .68%*
4 Quality week JT3HE T4xE 73w T3EE J70%*
5 Mixed week Tk .69%* TR .69%* J70%*
6 Endurance week 34 20% 34% 34% 34%
7 Quality week .30%* .30% 38%* 29% 32%
8 Mixed week 29% 32% 32% 28% .30%
9 Mixed week -17 =22 —-.18 —-.18 -17
10 Taper week -.01 -.07 -.02 —-.04 .00
11 Taper week -.10 -.10 -.10 -11 -.09
QK_1 38%* ASHE A3k 22 23
= EP_1 38wk A5H* 43wk 22 23
g RPW 1 29% 33%* 38%* .30% 49%*
2 S&D 1 29% 33k 38wk .30% A9%*
D_1 29% 33wk 38wk .30% A9H*
QK 2 37H* —-.06 .09 17 12
£ EP 2 37% —.06 09 17 12
E RPW 2 38%** 31* —.18 .26 22
§ S&D_2 38%* 31* -.02 .26 22
D2 38%* 31* —-12 .26 22
QK 3 .08 .02 -.02 11 13
% EP 3 .08 .02 -.10 11 13
2 RPW 3 03 03 53k 34%% 31
:ﬁ S&D 3 .03 .03 53k 34 31*
D3 .03 .03 S53%* 34%% 31*
QK 4 .01 .09 17 .03 .02
- EP 4 .01 .09 17 .03 .02
E § RPW 4 06 14 14 15 11
S&D 4 -.06 .14 .14 15 A1
D 4 -.06 .14 .14 15 11
§ QK 5 07 —.05 19 22 24
g EP 5 .07 -.05 .19 22 24
Tg RPW 5 A1 -09 .16 .16 .00
E S&D 5 11 .09 .16 .16 .00
E D5 11 09 16 16 .00

*:p<.05,**% p<.001

Abbreviations used in Table 2:

QK — quality kick

EP — endurance pull
RPW - race —pace work
S&D - skills and drills

D — distance in this technique

_1 — Butterfly

_2 — Backstroke

_3 — Breaststroke

_4 — Front crawl

5 — Individual medley

119
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Table 3. Partial correlation analysis between segmental kinematics in crawl and backstroke
and training volume implemented during the BPS (including the age control factor)

Kinematics parameters Kinematics parameters
No. Training loads in backstroke in front crawl

T2 [V2 SR 2 |SL 2 |Index 2 |T 4 V_ 4 SR 4 |SL 4 |Index 4

1 |Quality week .05 .02 .10 —-.05 —-.03 .02 -.08 | —25 | —28* =22

2 |Mixed week —.04 11 .16 .08 .08 .08 —-.01 -10 | =13 =21

3 Endurance week .05 .02 .10 —-.05 -.03 .02 —.08 -25 | —=.28* -23

4 |Quality week .02 .08 17 .02 .01 .07 -05 | =19 | -23 -24

5  |Mixed week .06 -06 | —-01 11 —-.08 -05 | =10 | —-26 | —28* —.15

6  |Endurance week .06 -.01 .07 -.07 —-.05 .00 -09 | -26 | —.29* -21

7 Quality week .03 .07 .16 .01 .00 .06 -.05 =21 -24 =23

8  |Mixed week .06 -08 | -03 | —12 —.08 -06 | =10 | —25 | —28* —.14

9  [Mixed week .05 .02 .10 —-.05 —.04 .02 -.08 | -25 | —28* =22
10 |Taper week .01 .09 17 .03 .02 .07 -05 | =19 | =22 —24
11 |Taper week .07 -.05 .01 —11 -.08 -.03 - 10 -25 | —=.28* -16

QK 1 -08 | -03 | —13 .04 .05 -.04 .06 .20 22 17

= |EP_1 -.04 .13 .19 11 .08 11 .01 -06 | —08 -.19
E RPW 1 .04 .01 .09 —-.05 —-.03 .01 -09 | —-26 | —29* =23
5 S&D 1 -.07 .10 12 .10 .10 .07 .01 -.05 -.07 -17
D 1 —.08 .08 .08 .09 11 .05 .01 -03 | 05 —.14

o |QK 2 .02 -14 | =20 | -10 —.08 —11 —-01 .06 .09 .19
f? EP 2 —-.05 .14 .18 12 .10 11 .02 -.03 | -05 17
E RPW 2 -.09 .05 .04 .06 .09 .02 -01 —.06 —.08 —14
§ S&D 2 -.07 .10 12 .10 .10 .07 .01 -05 | -07 17
D 2 —.08 .09 .10 .10 11 .06 .01 -03 | 05 —.15

o QK 3 -07 | -04 | 14 .03 .04 —.05 .06 .20 22 .18
< |EP 3 -.04 .14 .19 A1 .09 11 .01 —-.05 —.08 —18
‘5 RPW 3 .03 .03 11 —.02 —-01 .03 -08 | =24 | =27 -24
c% S&D 3 -.07 11 13 .10 .10 .07 .01 -04 | -06 17
D3 -.07 .10 12 .09 .10 .07 .00 -.05 | —08 .17

QK 4 .07 —11 —.08 —.14 -.10 —.08 - 10 =22 | =30* —.08

23 EP 4 .07 -.02 .05 —-.09 -.07 —-01 -09 | -25 | —28* .17
S = |[RPW 4 .05 .04 13 —-.03 —-.03 .04 -07 | =23 | —=29* =22
e S&D 4 -05 | —08 | —13 | -.06 .01 -09 | =05 | =09 | —10 —.04
D 4 .06 -01 .08 -.07 -.06 .01 -.09 =25 | —=.28* -.20

_ QK 5 .07 -.02 .05 —.08 -.07 —-01 -09 | —26 | —.28* —.18
_‘é > |EP_5 .08 —-.03 .04 —-.09 —.08 —-01 -09 | =24 | —29* —.15
£ 3 |RPW_S5 .07 .01 .09 —.06 —.06 .02 —-.08 | —24 | —28* —-.19
B % |s&D 5 ~11 | .04 | —01 | .09 11 01 04 | .09 | .08 -01
D5 .07 —-01 .07 -.07 —-.06 .00 -09 | -25 | —28* —.18

*:p<.05, %% p<.001

QK — quality kick

EP — endurance pull
RPW — race —pace work
S&D — skills and drills

D — distance in this technique

_1 — Butterfly

_2 — Backstroke
3 — Breaststroke
_4 — Front crawl

5 — Individual medley

T time (s)

V — velocity — swimming speed (m.s™")
SR — stroke frequency (rate) (ccl. min™)

SL — stroke length (m)
Index — stroke index
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Table 4. Partial correlation analysis between segmental kinematics in butterfly and breaststroke
and training volume implemented during the BPS (including the age control factor)

Kinematics parameters Kinematics parameters
No. | Training loads in butterfly in breaststroke
T 1 V1 [SR1|[SL1|Index1| T3 | V3 |SR3| SL3 | Index 3
1 |Quality week .01 -.05 -.06 | —.04 —-.03 —-.19 17 -.07 —-.03 —.14
2 |Mixed week —.28%* —.20% =21 —15 -23 —60** | —60** | —35%* | —_45%* | _54%*
3 |Endurance week —.06 —.14 —11 -.07 -.09 —38** | —35%* | —.18 .17 —31%*
4 |Quality week -23 -29 =21 —-.16 -23 —5OFF | _59%* | _35FK | —45%* | _53**
5 |Mixed week —-10 -.19 —13 | —.08 —12 —A48** | —46** | —28* | —29*% | —39%*
6 |Endurance week | —.33%* | —34** | —_28* | —21 -.30%* —58** | —60** | —40%* | —57** | _5T7**
7 |Quality week -26 -22 =23 | =17 =25 —O1** | —62%* | —38F*F | —49%* | _56%*
8 |Mixed week —12 -21 —14 | —08 —-13 —52%F | —50** | —209% | —28*% | —43**
9 |Mixed week =33k | 34 | 27 | =21 =31 —56%* | —59%* | —40%*F | —57** | —56%*
10 |Taper week =22 =21 =21 —15 -22 —60** | —60** | —35%* | —44** | _54%*
11 |Taper week —-.09 -.17 -12 | —.08 —.11 —A45%* | —43*%* | —28% | —28*% | —37**
QK 1 =30% | =33*% | -24 | 18 —.28% —.00** | —62%* | —30%* | _54%* | _5T**
%‘ EP 1 .14 23 12 .06 13 S8** S6** 29% 32% AT
2 |RPW_1 .08 .01 .01 .02 .04 —.14 - 10 -01 .08 -.07
R S&D 1 —.24 =30* | =23 | -17 —.24 —58** | —59%* | —36%*F | —46%* | —54%*
D 1 .04 .01 -04 | —04 .00 .00 .01 .01 .06 .01
o QK 2 .03 .02 —-.04 | -.05 —-.01 .07 .07 .03 .06 .05
§ EP 2 -.09 .00 -01 -.03 —.05 17 13 .02 —.08 .09
Z |[RPW_ 2 12 .05 .03 .04 .07 —-.05 —.01 .04 15 .01
é S&D 2 —.04 -.02 -10 | —10 —.08 .05 .04 —.02 —.04 .00
D 2 .04 .01 -.04 | —04 .00 .00 .01 .01 .06 .01
2 QK 3 .04 .03 -.03 -.04 .00 .04 .05 .03 .07 .04
2 [EP3 12 22 11 .05 12 STH* S5** 28% 30% A6**
2 |RPW 3 .10 .02 .02 .03 .05 —12 —-.09 .00 .10 —-.05
§ S&D 3 -20 -.23 =20 | -.15 =21 —.56 -.55 -.32 —40 -.50
M D3 .05 .02 -.03 -.03 .01 .00 .02 .02 .07 .01
QK 4 .03 .00 -.04 | —.04 —-.01 —.02 —-.01 .00 .04 —-.01
3 EP 4 =33k | —32%* | —20% | =20 —.30% —A40%* | _53%* | 37K | —_56%* | —50%*
s |RPW 4 -26 =31* | =22 | -15 =25 —02%* | —63** | —38**F | —50%* | —56%*
© S&D 4 -17 =25 -17 —11 —18 —S8** | _STHF | 31k | _3T7** | _50%*
D 4 =23 —.14 =20 | =21 -22 .01 —-.05 —.14 -29 —11
QK 5 =20% | =31%F | =21 —-.15 —.28% —O2%F | —02%* | _3THEE | —48%* | —56%*
E [EP_S —28* | =32*%* | -23 | .16 —.29* —O2%* | —63** | 38k | _51** | _5T**
= % RPW 5 =20% | =31%* | -20 - 14 —.20% —O1** | —62%* | _37¥* | —49%* | _ S55%*
E E[S&D 5 =21 -28* | 18 | —12 -.20 —O2%F | —61** | —35%F | —43%¥ | _54%*
D 5 .09 .14 .03 —-.01 .06 38** J3T7H* .18 22 39%*

*:p <.05. %% p<.001

QK — quality kick

EP — endurance pull

RPW - race-pace work

S&D — skills and drills

D — distance in this technique

_1 — Butterfly

_2 — Backstroke

_3 — Breaststroke

_4 — Front crawl

_5 — Individual medley

T — time (s)

¥ — Velocity— swimming speed (m.s™")
SR — stroke frequency (rate) (ccl. min™")
SL — stroke length (m)

Index — stroke index
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Table 5 Partial correlation analysis between training intensity expressed such as energy zones system and swimming efficiency:

technical skill level (in four competitive techniques), segmental kinematics (including the age control factor)

Training zone Al A2 A3 AT CS RP Speed
Score Buterfly 10%* 65%* .68** .66%* .64%* .64%* S52%*
Score Backstroke J16%% 70%* J13%* T1E* .68%* JT1E* S5%*
Score Braststroke JITEE .69 * I3 J10%** O7F* J10%** 38*
Score Front crawl J15** .66%* J10%** OT** .64%* .68** S52%*
Score Idividual medley 16%* J10%* JT2¥* JT1E* .66** J13%* .65%*
T 1 —T7** —72%* —74** —73%* —.69%* —73%* —.58%*
V1 JT8** J70%* JT4%* JT2%* .68%* JT2%* A3H*
SR 1 J12¥* S58** .65%* .60%** S6%* .60** A8**
SL 1 —.73%* —.56%* —.65%* —.59%* —.55%%* —.59%%* —.54%*
Index 1 14%* S58%* O7H* .60%* STH* .60%* A48%*
T2 —72%* —.60** —.67** —61%* —.59%* —.61%* —.59%*
V2 16%* .60** J10%** 62%* 62%* S59%* STE*
SR 2 J15%* .60%** .68** 62%* S59%** 61%* .60**
SL 3 —T7** —.68%* —73%* —.69** —.68%* —.68%* —.58%*
Index 2 T 67** I3 .68** 67 .66** S50**
T3 —76** —.65%* —T1** —.66%* —.64%* —.65%* —.56%*
V3 JITEE .69%* T4%* J10%* .68** .69%* .63%*
SR 3 JITHR* 69** T4%* T .68%* J70%* .63%*
SL 3 —79%** —.69%* —15%* = 71** —.69%* —.69%* —.29%
Index 3 JT1EE OT** 69** .68** .64%* .68** A3
T4 —75%* —T1** —73%* —72%* —.69%* —72%* —.34*
V 4 J13%* 56%* OT7H* 58%* S59%* S55%* A44%*
SR 4 T3 L62%* .69%* .64%* L63%* 61%* A4k
SL 4 —79** —.69%* —715%* = T1** —.69%* —.69%* —.53%*
Index_4 S52%* AT** S50%* A8** A6** A8** S56%*

*:p <.05. %% p<.001
T — time (s)

¥ — velocity— swimming speed (m.s™")

SR — stroke frequency (rate) (ccl. min™")

SL — stroke length (m)
Index — stroke index
_1 — Butterfly

_2 — Backstroke

_3 — Breaststroke

_4 — Front crawl

_5 — Individual medley

Al —recovery work (to complement anaerobic and sprint work)

A2 — aerobic maintenance

A3 — greater aerobic stimulus to increase aerobic capacity
AT — anaerobic threshold

CS — high-performance endurance

RP — anaerobic (race pace training)

Speed — sprint

Further research activities undertaken to analyze
training intensity were expressed as energy zones
system and swimming efficiency: technical skill
level (in four competitive techniques), segmental
kinematics (including the age control factor). As is
clear from the data contained in Table 5, describing
the correlation between the intensity of the efforts

deployed and the level of swimming performance
shows that all energy zones considered exhibit very
high and high-level relationships of significance
(p <0.001) with the efficiency of swim, degrees of
technical training in all techniques and the size of
the kinematic parameters included in all swimming
techniques.
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4. Discussion

Detailed analysis of training loads, both in the in-
formation and energy areas, during the immediate
preparation for the winter Polish Championships al-
lowed us to assess progress in implementing the
training for individual swimmers in relation to the
intended objectives. The analysis revealed differences
in both the volume and intensity of training work in
relation to the size of the training loads. Barbosa
pointed out in his article [19] that during any swim-
ming event, a swimmer spends most of his/her abso-
lute or relative time in the swimming phase. There-
fore, the swimming phase is the most (but not the only
one) determinant moment of the swimming perform-
ance. In this sense, a large part of the biomechanical
analysis of competitive swimming is dedicated to the
four competitive swimming strokes: (i) the front
crawl; (ii) the backstroke; (iii) the breaststroke, and
(iv) the butterfly stroke. Front crawl is considered the
fastest swim stroke, followed by butterfly, backstroke
and breaststroke [5], [20]. Increases or decreases in V
are determined by combined increases or decreases in
SR (stroke rate) and SL (stroke length), respectively
[21], [22]. Those are polynomial relationships for all
swim strokes [23]-[25].

In our study, we are able to notice that kinematics
parameters such as stroke rate (SR) and swimming
speed (V), took the highest values during the compe-
tition period (relatively low intensity and volume).
Stroke length (SL) has been optimized with respect to
stroke rate and was observed to have substantial effect
on an increase in swimming velocity in four competi-
tive strokes. Additionally, we can give a possible
clarification that the motor control and stagnation in
the anthropometric characteristics could be the reason
for a significant increase in SR and stagnation in SL.
As a result we are able to observe that the training
process was the main reason for V' improvement, dur-
ing the winter season. A very similar observation was
made during the autumn season by Reis and Alves
[26]. It seems that kinematics parameters, in both
sexes, do not depend on training period. There was
observed a phenomenon of adapting swimming tech-
nique in terms of volume and changing training loads.
Kinematic parameters were relatively similar in ana-
lyzed periods. On the one hand, the state of the art as
regards the area under discussion is supported by
cross-sectional studies [27]. As swimming is a sport
of multi-factorial nature, performance improvement
does not only occur in response to one single domain
(i.e., anthropometrics) [28]. It could be speculated that

physical development (i.e., growth, maturation) could
lead young swimmers to change their motor control
strategies affecting the stroke mechanics and effi-
ciency. Morais et. al. [28] show in their study that
anthropometrics has the most important role in the
sphere of performance improvement and stability, and
kinematics, hydrodynamics and efficiency played
minor role. Comparable consequences in relation to
the stagnation in biomechanical parameters were re-
ported for the period of a training season for young
swimmers [29]. In swimming performance we are able
to see a special kind of tendency used for a V' increase
during the winter season, what is more, the changes in
biomechanical parameters, mainly in SR, can be the
determinant aspect for this /' improvement. On the
other hand, an individual study should be considered
to better explore the profit of the training process.

5. Conclusions

1. Implemented training loads expressed by both
volume and intensity of training showed high and very
high correlation with the swimming efficiency, pre-
sented as segmental kinematics and technical skill
level. However, among boys and girls there appeared
particularly pronounced relationship with the size of
kinematic parameters taken into account in four com-
petitive swimming techniques, components of the 100 m
individual medley.

2. It seems that kinematics parameters, in both
sexes, do not depend on training period. There was
observed a phenomenon of adapting swimming tech-
nique in terms of volume and changing training loads.
Kinematic parameters were relatively similar in ana-
lyzed periods.
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