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Abstract

Purpose: to reveal the styles of fighting veteran boxers on the basis of a multivariate analysis of
psychophysiological and biomechanical indicators.

Material and methods. The study involved 42 qualified veteran boxers (age 45-50 years). As research methods,
we used a biomechanical analysis of the indicators of the speed of movement of various points and the values
of the angles in the joints when performing a direct blow by boxers. The psychophysiological method was used
to determine the time of a simple and complex reaction under standard conditions and in various testing modes.
We used the method of cluster analysis to distribute athletes into groups using the SPSS - 17.0 program. Within
the groups, the athletes are as similar as possible to each other in terms of the analyzed indicators, and between
the groups they differ as much as possible. The analysis of the groups of athletes obtained with the help of
cluster analysis made it possible to identify athletes with the following styles of fighting: tempo, game, power.
Results. Cluster analysis of psychophysiological and biomehanical testing showed the presence of 3 groups of
athletes. The clusters were named as follows: Cluster 1 - "Speed and coordination endurance", corresponds to
the boxers of the pace of the fight; Cluster 2 - "Speed", corresponds to the boxers of the game style of fighting;
Cluster 3 - "Strength and speed", corresponds to the boxers of the pace of the fight. Biomechanical features of
boxers of different styles of fighting are reflected in the trajectories of the points of the fist, elbow, knee.
Conclusions. The results of this study should be used when planning the individual training of athletes in boxing
and to determine the optimal style of competitive competition for qualified veteran boxers. The proposed
methods of psychophysiological and biomechanical testing to determine the individual characteristics of boxers
are an effective, fairly accessible and convenient tool for revealing the predisposition of boxers to a certain style
of fighting.
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AHoOTAaLA

Kosin B.10., ®anboBa O.€., Kpety M., Airenno M. Bu3HaueHHA cTUAiB BeAeHHA NOEAUHKY KBanipiKoBaHUX
60KcepiB-BeTepaHiB Ha OCHOBI KNacTEPHOro aHanisy 6iomexaHiuHuX i ncMxodisioNnorivHMX NOKasHUKIB

MeTa: BMABMTM CTWAI BedeHHA MNOEAUMHKY OOKcepiB-BeTepaHiB Ha OCHOBI 6HaraToBMMIpHOro aHanisy
ncuxodisioNoriyHmx i biomexaHiuHMX NOKA3HMKIB.

Marepian i metogm. Y pocnigKeHHi B3aaun yyactb 42 keanidpikoBaHux 6oKcepa-BeTepaHa (Bik 45-50 pokis). B
AKOCTi MeTOAiB AOCNIAXKEHHSA iCNOb/b30BaNCA HioMmeXaHiYHM aHaNi3 NOKA3HUKIB LWBMAKOCTI pyXy PiSHUX TOYOK
i 3Hayvein KyTiB B cyrnob6ax Npu BUKOHaHHIO NpAMOro yaapy 6okcepamu. BukopuctosyBasca NcnxodisionorivHui
MeTOo/, BU3HAYEHHA Yacy NPOCTOi i CKNAaAHOI peakL|ii B CTAaHAAPTHUX YMOBAX i B Pi3HUX PEXMMax TeCcTyBaHHA. Mu
BUKOPMCTOBYBANM METOA KNAaCTEPHOro aHanNisy ANA pO3nNoAiny aTaeTiB Ha rpynu 3a 4onomoroto nporpamm SPSS
- 17.0. BcepeaunHi rpyn aT/ieT MakCMMaJIbHO CXOXKi MixK co60t0 M0 aHaNi30BaHUX MOKA3HMKaMM, a MiXK rpynamm
- MAKCMManbHO PO3PI3HAOTLCA MiX coboto. AHani3 OTPMMaAHMX 3a LOMOMOrOK KAACTEPHOrO aHanisy rpyn
aTtneTiB 403BO/IMB BUABUTU aTNIETIB 3 HACTYMHUMM CTUNAMM BELEHHA NOEAMHKY: TEMNOBOI, irPOBUIA, CUNOBUIA.
Pe3synbTtaTtbl. KnactepHuii aHani3 nokasHukis ncmxodisionoriyHoro ta 6iomexaHiyHOro TecTyBaHHA MOKas3as
HafABHICTb 3-x rpyn atneTiB. Knactepu 6ynm Ha3BaHi HacTymHMM 4YuHOM: Knactep 1 — «leudkicHa ma
KoopOuHayiliHa sumpueanicme», Bignosiaae bokcepam TEMMNOBOrO CTUIO BeAEHHA NOEAMHKY; Knactep 2 —
«LWBunakicTb», Bianosiaae 6okcepam irpoBoro CTUID BeAeHHA NOEAMHKY; Knactep 3 — «Cuna i WBMAKICTbY,
BignoBigae 6okcepam TEMMNOBOro CTU/IO BeAeHHA NOEAMHKY. BiomexaHiuHi ocobmMBoCTi 6OKcepiB PisHUX CTUAIB
BeAeHHsA AB0bio BigobpakaloTbCA B TPAEKTOPIAX PYXY TOUYOK KynaKa, NiKTA, Ko/iHa.

BUCHOBKKU. Pe3ynbTaTv AaHOro AO0CNIAMEHHA AOLINbHO BMKOPWUCTOBYBATM NPWU NAaHYBaHHI iHAMBIAYaNbHOT
NiArOTOBKM aTneTiB y GOKCi Ta ANA BU3HAYEHHA ONTMMANbHOIO CTU BEAEHHA 3MarajbHOro MOEAMHKY ANA
KBasipikoBaHMX OOKcepiB-BeTepaHiB. 3anpomnoHoBaHi MmeToau ncuxodisionorivHoro i HiomexaHiyHoOro
TECTYBaHHA A/1A BU3HAYeHHA iHAMBIAyaNbHUX ocobnumBocTelt BoKcepiB € ePeKTUBHUM, AOCUTb AOCTYMHUM i
3PYYHUM Yy 33CTOCYBaHHi 32CO60M BUABNEHHA CXMIbHOCTI HOKCEPiB A0 NEBHOrO CTUIO BEAEHHA NMOEANHKY.
KniouoBi cnoBa: TexHika, 60OKc, Knactep, HelMpoauHaMmKa, WBKUAKICTb, KYT B cyrnobi, ¢pisionoria, ncuxonoria

AHHOTALIUSA
Kosun B.HO., daneBa O0.€., Kpery M., flrenrno M. OnpepeneHue cTuneld BepeHUA NOEAUHKA
KBanudpuuMpoBaHHbIX 6GOKCEpPOB-BETEPAHOB HA OCHOBE K/IACTepHOro aHanausa 6MomMexaHUYeCcKUX u
ncuxodur3nonorMyecKnx noKasartenen
Uenb: BbiABUMTb CTUAW BefeHMA noeauHKa OOKcepoB-BETEPAHOB HA OCHOBE MHOFOMEPHOro aHa/Au3a
NcnxoPpusanoNornyecknx U BUOMexaHNYeCcKMX NoKasaTenein.
Martepuan un metoapl. B uccnegosaHum NpuHAAM yyactue 42 KBanuduumMpoBaHHbIX BoKcepa-BeTepaHa (Bo3pacT
45-50 net). B KayecTBe METOAOB MCCAEeA0BaHUA MCMO/b/Ib30BaACA BUOMEXaHUYECKMIA aHaNU3 NokKasaTtenen
CKOPOCTU ABUMKEHUSA PA3INYHbIX TOYEK M 3HAYEUs YI/I0B B CyCTaBax Npu BbINOJIEHUM NPAMOro yaapa bokcepamu.
Ncnonb3oBanca ncuxodr3nMoNorMyeckuii metTos, onpeaeneHna BpemMeHW MPOCTOM WU C/NOMKHOW peakuuu B
CTAaHZAPTHbIX YCNOBMAX W B Pas/IMYHbIX PeXMMax TecTMpoBaHMA. Mbl MCMONb30BaAM MeETOA, KnacTepHoro
aHanu3a ana pacnpeneneHua ataeTos Ha rpynmnbl C NOMOLLbIO nporpammsl SPSS — 17.0. BHyTpu rpynn aTtaeTsbl
MaKCMMAJIbHO CXOXKM MeXAay Coboi Mo aHann3MpyembiM MOKasaTenam, a MeXagy rpynnamum — MakcMmasabHO
pa3nnyalTca mexay coboi. AHaIM3 NOYYEHHbIX C MOMOLLbIO KACTEPHOTO aHa/M3a rpynn aT/IeToB NO3BONA
BbISIBUTb aT/IETOB CO C/IeAYIOLMMU CTUIAMU BEAEHMA NOeAMHKA: TEMMOBOW, UTPOBOM, CUIOBON.
Pe3synbratbl. KnactepHblii aHann3 nokasatenen ncmxodpusnonornyeckoro 1 BUoOMexaHM4eckoro TeCTUPOBaHMA
nokasan Hanuuue 3-x rpynn atnetos. Knactepbl 6bln Ha3BaHbI cieayrolmMm obpasom: Knactep 1 - « CKopocTHas
M KOOPAMHALMOHHAA BbIHOCIMBOCTb», OTBEYaEeT HOKcepam TEMNOBOIO CTU/A BeAeHMA NOeaMHKa; Knactep 2 -
«CKOpOCTb», OTBEYAET HOKCEPAM UIrPOBOTrO CTUAA BEAEHMA NOEAUHKA; KnacTep 3 - «Cuia n CKOpoCTb», oTBeYaeT
HboKcepam TEMNOBOro CTUAA BefAeHWUA noefuHKa. buomexaHuyeckme ocobeHHOCTM BOKCepPOB pPasHbIX CTUNEN
BeAleHNA NoeMHKa OTPAXKAKTCA B TPAEKTOPUAX ABUKEHNA TOUEK Ky/1aKa, JIOKTA, KONeHa.
BbiBoAbl. Pe3ynbTaTbl [aHHOMO WcCnefoBaHUA LenecoobpasHo WCMNOMb30BaTb MNpPU  NJAAHUMPOBAHMUM
WHOMBUAYaNbHOW NOArOTOBKW aTneToB B OOKce W AnA onpefeneHuA ONTUMANbHOTO CTUNA BeAeHuA
COpEBHOBATE/ILHOIO MOeAMHKA AN KBAaAMPUUMPOBaHHbIX H60OKcepoB-BeTepaHoB. [peanoXeHHble MeTozbl
ncnuxodusmonormyeckoro u  BMomexaHMYecKoro TeCcTUPOBAHUMA ANA  ONpefeneHus WHOMBUAYANbHbIX
ocobeHHocTelr 6oKcepoB sBAAOTCA 3QPEKTUBHLIM, AOCTAaTOYHO AOCTYMHLIM M YAO0OHBIM B MNPUMEHEHUU
CPeLCTBOM BbIABAEHUA NPeApacroioReHHOCTU BOKCePOB K onpeaeneHHOMY CTU0 BEAEHUA NOeAMHKaA.
KnioueBble cnoBa: TexHWKa, OOKC, KnacTep, HeMpogMHAMWMKA, CKOPOCTb, Yron B cycTaBe, ¢usnonorus,
ncuxosiorua
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Introduction

At the present stage of boxing development,
the style of fighting is a characteristic feature of
every professional boxer [1, 2, 3]. Yes, there are
boxers who are very forceful in the fight. They are
distinguished by the great force of the blow, the
desire for power victory of the enemy. Such boxers
include Mike Tyson, Vitali Klitschko, George
Foreman, David Tua and other attacking "security
officers" [4, 5, 6]. Some boxers fight, constantly
varying their actions, using a lot of feints, strikes in
the most unexpected moments. These are boxers of
game style - Roy Jones, Mohammed Ali, Floyd
Mayweather [2, 3, 4]. There are boxers who
"exhaust" the opponent at a high pace for many
rounds, and win when the opponent is no longer able
to withstand the imposed pace. These are boxers of
tempo style - Manny Pacquiao, Joe Fraser and others
[7, 8]. The most successful option is the ability to
combine different styles, and in different battles to
show different ways of fighting. However, the most
characteristic features of the movements of athletes
remain unchanged, which gives reason to talk about
the predominant individual style of fighting.

The doctrine of activity styles and, in
particular, of fighting styles, has its roots in antiquity
[1, 2, 9]. To date, the nature of the origin of different
styles is not fully understood. There are hypotheses
that suggest that the styles occurred as a result of
separate training of certain groups of people [1, 9].
There are also historical facts that indicate the origin
of the styles of dueling as an imitation of the manners
of movement and survival strategies of different
animals [9]. Thus copying was carried out both
external movements, and internal states. Martial arts
from the "crane style" have come down to our time,
as well as different styles of fighting within one
martial art.

There are a number of styles of wushu,
united by the common name of xiang xinquan - "style
of image and form" or "style of imitation of form."
They are based on imitating the movements and
habits of animals. In Xinxingquan, the state of
naturalness, spontaneous looseness (jizhan) is
achieved through complete self-identification with
the selected object, not only external, but most
importantly, internal. Man, mastering the "form and
manner" of the tiger, snake, dragon, reached the
natural looseness and natural power of the animal in
its "original state" [10, 11].

Imitation of animal movements has been
known in China for a long time [1]. In early totem
dances, the ancestors of the Chinese imitated the
manner of fighting the animal. The doctrine of
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activity styles and, in particular, of fighting styles,
has its roots in antiquity. There are historical facts
that indicate the origin of the styles of dueling as an
imitation of the manners of movement and survival
strategies of different animals. Thus copying was
carried out both external movements, and internal
states. It is logical to assume that the physiological
basis of style formation is relatively constant
genetically  determined functions, such as
neurodynamic processes and psychophysiological
capabilities [12, 13], and registration of these
indicators in the training process will help determine
the propensity of a boxer to a certain style of fighting.

There are many different methods for
measuring psychophysiological functions [14, 15].
At present, methods of studying psychophysiological
functions are becoming more widespread, which
make it possible to determine not only the reaction
rate, the sense of time, but also the typological
properties of the nervous system: strength, mobility,
resistance to stimuli in time [15, 16 — 18].

Currently, the study of psychophysiological
functions [19-22] in connection with the individual
characteristics of the technique of movements,
according to biomechanical indicators [23 —25], is of
great importance. This makes it possible to
quantitatively determine how and how the
peculiarities of brain activity affect the formation of
an individual style of human activity. For this
purpose, qualified veteran boxers are one of the most
suitable contingents for such studies for several
reasons [26]: 1 — as a person's age increases, there
is an improvement in technical skill while continuing
to engage in a certain type of activity, including
sports; 2 — as the age increases, the manifestation of
individual psychological and psychophysiological
traits occurs; 3 — the study of the peculiarities of
technical skill of qualified middle-aged and elderly
athletes in conjunction with the individual
characteristics of psychophysiological functions is
important as a tool for cognition of motor and
psychophysiological manifestations of various styles
of activity. However, there is much less scientific
research on veteran athletes today than on younger
active athletes.

In our previous studies [26], an attempt was
made to determine the individual styles of fighting
qualified veteran boxers on the basis of individual
factor values of the analysis of psychophysiological
and biomechanical indicators. With the help of factor
analysis, carried out by the method of principal
components, in the structure of complex readiness of
qualified veteran boxers, 2 main factors were
identified: "Speed" and "Speed and coordination
endurance”. Further, the individual factor structure
of the athletes' readiness was found on the basis of
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determining the percentage values of the severity of
each factor in each boxer. All athletes have different
severity of various factors, which indicates the
presence of significant individual differences. This
should be manifested in different styles of fighting
and the need to use individual training programs for
qualified veteran boxers [26].

Our previous studies have also shown that
for an accurate distribution of veteran boxers
according to fighting styles, it is necessary to use
modern methods of mathematical statistics, in
particular, cluster analysis [26]. Thus, this work is a
continuation of our previous research to determine
the fighting styles of qualified veteran boxers. In the
presented work, it was assumed that a multivariate
analysis of psychophysiological and ergonomic
indicators would allow the athletes to be divided into
groups that would correspond to different styles of
fighting qualified veteran boxers.

Purpose: to reveal the styles of fighting
veteran boxers on the basis of a multivariate analysis
of  psychophysiological and  biomechanical
indicators.

Material and methods

Participants

The study involved 42 qualified veteran
boxers (age 45-50 years, body length — 178.67 +
8.26 cm, body weight — 70.96 + 9.38 kg). The total
experience of boxing for the participants was 20 — 25
years. Athletes were selected as follows: a
prerequisite for participation in the study was the
presence of a sports qualification in the past not
lower than a candidate for master of sports (the
winners of competitions not lower than the level of
the city and region) and the regularity of training for
the last 10 years 3 — 4 times a week. The study was
carried out on the basis of sports clubs "KhTZ",
"Vostok", "Metalist" in Kharkov, Ukraine.

All participants were aware of the objectives
of the study and agreed to participate. All participants
gave written consent to participate in the study. The
research was conducted in compliance with WMA
Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013.

Procedure

The study was conducted from April 18 to
May 25, 2021. At the beginning, athletes were filmed
while performing a direct blow in boxing. Each
athlete performed a series of strikes alternately with
the right and left hands in the training session against
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the background of a visible object for subsequent
calibration with known dimensions. Video filming
was carried out at training sessions from 18-00 after
a short warm-up in the boxing gym of the KhTZ
sports club. During one training session, 10 — 12
people were filmed. The next day after the video
filming, the athletes underwent psychophysiological
testing also from 18-00. When conducting
psychophysiological testing, athletes were initially
asked to pass the proposed tests in a training mode.
Psychophysiological testing was carried out in the
classroom for theoretical studies of the sports club
"KhTZ".

Biomechanical Analysis of Direct Punch
Technique in Boxing

We have chosen the direct punch as the main
element for the analysis of the athletic technique of
qualified veteran boxers. The choice of the direct hit
was due to the fact that it is the main technical
element in boxing [26, 27, 28]. This stroke is the
most standardized of all boxing elements and
provides the least variability in execution. This
element is perfectly mastered by all qualified boxers,
in particular — veteran boxers. Also, the individual
style of movements is most traced precisely in those
movements performed most automatically, that is,
with minimal control from the side of consciousness.
This blow is the most convenient for biomechanical
analysis using video filming, since it is performed
practically in the same plane.

Biomechanical analysis of the direct kick
technique in qualified veteran boxers was carried out
using the Kinovea software, version 0.8.15. (Fig. 1).
The Kinovea program allows performing video
analysis of movements [29, 30]. It is intended for
athletes, coaches, healthcare professionals, and
sports research. Also, the software can be useful for
specialists in the field of ergonomics or animation.
The main function of Kinovea is to view and analyze
sports videos. The main tools used by users are
"Line", "Chronometer", "Tracking", "Angles". The
Line and Chronometer functions allow you to
measure distance and time, while the Semi-automatic
tracking tool can track both the path and time. When
working with Kinovea, you can use video from
external sources: video cameras, smartphones, and so
on.

To analyze the biomechanical parameters of
the direct strike technique of qualified veteran
boxers, 6 frames were selected at a speed of 26
frames per second. Thus, the time of one frame was
0.03-0.04 s (Fig. 1 — 3). The duration of the direct
impact was 0.13-0.16 s, depending on how many
frames were analyzed (5 or 6, respectively). Distance
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calibration was carried out along the length of a
special device, against the background of which
video filming was carried out (138 cm). The
movement time was determined by the stopwatch
indicators in the program. The speed of movement of
the fist, shoulder joint, elbow joint, knee joint was
determined (V, m « s%) (Fig. 2). Determination of the
angles between the shoulder and the torso (the angle
at the shoulder joint), between the shoulder and the
forearm (the angle at the elbow joint), between the
thigh and the lower leg (angle at the knee joint)
(degrees) also worked (Fig. 1).

A total of 10 videos of direct kick were
analyzed for each athlete. Averaged data for each
athlete was analyzed from 10 videos. The total
number of video recordings was 420. The point of the
greatest extension of the striking arm in the shoulder
joint was chosen as the end of the impact. In each

video, 6 frames were selected for analysis (duration
of a direct impact). If the impact ended on the fifth
frame, then the sixth frame was excluded from the
analysis. Earlier in the fifth frame, more than one
athlete did not end the direct hit. Thus, the total
duration of a direct blow in boxing among qualified
veteran boxers was 0.13-0.16 s. The point of the
minimum angle between the shoulder and the torso
(shoulder joint), from which the movement of the
striking arm begins [26, 29, 30], was chosen as the
beginning of the impact.

To analyze the angles in the joints, the
"Angles" tool was selected on the toolbar of the
Kinovea 0.8.15 program. The point of the apex of the
angle was selected, then the angle for analysis was
determined. The angle chosen for analysis was
determined in each frame (Fig. 1).

Fig. 1. Determination of the speed' of movement of various poihts of the body and angles in the joints when
performing a direct blow in boxing using the Kinovea 08.15 program

We carried out the following trajectory
tracking for the subsequent analysis of the distance
and speed of movement of each point (Fig. 1): 1 —
we chose a point for analysis; 2 — select the "Track
Path" option; choose the "End Path Edition™
function; 3 — the analyzed point was corrected for
each frame; 4 — Select the "Configuration™ function
and set the "Distance" function. The display showed
the distance from the beginning of the movement to
the selected segment of the path. To measure the
speed of a point, we selected the “Configuration”
function, and then we selected the “Speed” function.
We chose meters per second as the unit of
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measurement. The measurement results were

exported to the EXCEL program.
Psychophysiological methods

The following parameters characteristic of
the psychophysiological state, typological features of
the nervous system, indicators of the nervous system
efficiency, and attention indicators [12, 14, 15] have
been set using the computer program
"Psychodiagnostics” (Kharkiv, Ukraine, KhNPU):

— A set of indices for the time of a simple
visual-motor reaction (mean of 30 attempts (ms),
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standard deviation (ms), number of errors); duration
of exposure (signal) — 900 ms.

— A set of indicators of a complex visual-
motor reaction of selecting 2 element from 3 (mean
value of 30 attempts (ms), standard deviation (ms),
number of errors); duration of exposure (signal) —
900 ms.

— A set of indicators of a complex visual-
motor reaction of selecting 2 elements out of 3 in the
feedback mode, i.e. as the response time changes, the
signal delivery time changes. The ‘short version’ is
carried out in the feedback mode, when the duration
of exposure changes automatically depending on the
response of the subject: after a correct answer, the
duration of the next signal is reduced by 20 ms, and
after a wrong one, it increases by the same amount.
The range of the signal exposure change during the
test subject’s operation is 20-900 ms, with a pause
between exposures of 200 ms. The correct answer is
to press the left (right) mouse button while displaying
a certain exposure (image), or during a pause after
the current exposure. In this test, the time to reach the
minimum exposure of the signal and the time of the
minimum exposure of the signal reflect the
functional mobility (speed) of the nervous processes;
the number of errors reflects the strength of the
nervous processes (the lower these parameters, the
higher the speed endurance of the nervous system).
The duration of the initial exposure is 900 ms; the
amount of change in the duration of the signals with
correct or erroneous responses is 20 ms; pause
between the presentation of signals — 200 ms; the
number of signals is 50. The indicators are fixed: the
average value of the latent period (ms); root mean
square deviation (ms); number of mistakes; time of
test execution (s); minimum exposure time (ms);
time of exposure to the minimum exposure (s).

Statistical analysis

We used the method of cluster analysis to
distribute athletes into groups using the SPSS - 17.0
program. Within the groups, the athletes are
maximally similar to each other in terms of the
analyzed indicators, and between the groups they
differ as much as possible [31-33]. The analysis of
the groups of athletes obtained with the help of
cluster analysis made it possible to identify athletes
with the following styles of fighting: tempo, playing,
strength styles.

When conducting cluster analysis, we used
the following options of the SPSS program: Analyze
— Classify — Hierarchical cluster analysis. We first
printed the Agglomeration Schedule table without
setting the estimated number of clusters. Based on
the wvalues of the coefficients in the table
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"Agglomeration Schedule" during the formation of
clusters, we have determined the optimal number of
clusters for our study. To do this, we subtracted the
step number from the total number of cases (42), after
which the increase in the coefficients occurs
nonlinearly (39). As a result, we got the optimal
number of clusters equal to 3. Next, we performed
the cluster analysis again, setting the Cluster
Membership — Single solution option. We set the
number of clusters to 3. Thus, we got the cluster
membership of each athlete. Further, we combined
the results of determining individual factor values in
absolute and relative terms with the results of the
distribution of athletes into clusters (groups). Based
on the prevalence of the severity of various factors in
each group of athletes, we gave a name to each
cluster.

Results

The test for normality of distribution of test
indicators showed that all test indicators correspond
to the normal distribution (Asymptomatic
significance according to the Chi-square test> 0.05;
Significance according to the Monte Carlo test>
0.05) [26]. The distribution of indicators of the
analyzed sample does not significantly differ from
the Gaussian normal distribution.

To determine the optimal options for
combining qualified veteran boxers into groups
based on the principle of different styles of fighting,
a cluster analysis of testing indicators was carried
out. The results of the cluster analysis were compared
with the individual factor values, and the profiles of
the athletes were drawn up. On the basis of the data
obtained, the individual characteristics of qualified
veteran boxers were determined by the prevalence of
factors in the individual structure of preparedness
and the corresponding styles of fighting.

In hierarchical cluster analysis, each
individual case first forms its own separate cluster.
At each step, two separate clusters that are closest to
each other in their structure are combined into one
cluster. First, the athletes who are closest in terms of
the analyzed indicators are united, then athletes who
are similar in the analyzed indicators join the formed
pairs. Thus, groups of athletes appear, which can be
considered as the groups most similar in their
structure to the preparedness of the subjects.

Clusters were determined according to the
degree of "similarity" of athletes according to the
indicators of complex testing (Tables 1, 2, Fig. 2). In
order to find out how many clusters are optimal, one
should subtract the step number from the number of
analyzed athletes, from which the cluster coefficients
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begin to grow nonlinearly. In our case, this is step 39
(Table 1). Based on this, 42 — 39 = 3. That is, the
optimal number of clusters is 3 clusters.

The first cluster included athletes No. 2; 5, 8;
eleven; fourteen; 17; twenty; 23; 26; 29; 41 (n = 11)
(Tables 1, 2, Fig. 2). The second cluster includes
athletes No. 1; 4,7, 10, 13; 16; 19; 22; 25; 28; 31; 32;
34; 37; 38; 40 (n = 16) (Tables 1, 2, Fig. 2). The third
cluster included athletes No. 3, No. 6; nine; 12; 15;
eighteen; 21; 24; 27; thirty; 33; 35; 36; 39; 42 (n =
15) (Tables 1, 2, Fig. 2). The stages of the
combination of athletes into clusters are presented in

Table 1. It can be seen from the table that at the first
stage athletes No. 39 and No. 42 are united, in the
next step athletes No. 38 and No. 41 are united. In the
third step, athletes No 37 and No 40 are united. At
the fourth step, athlete No 3 joins athletes 39 and 42.
At the fifth step, athlete No 2 joins athletes No 38 and
41. At the sixth step, athlete No 1 joins athletes No
37 and 40. Further, each group of athletes is
alternately replenished with the next veteran boxer.
In total, 41 steps were taken to unite veteran boxers
into clusters, 1 less than the number of athletes (42).

Table 1

Agglomeration Schedule in cluster analysis of biomechanical and psychophysiological indicators of
qualified veteran boxers

Stage Cluster Combined Stage Cluster Last Appears Next Stage
Cluster 1 Cluster 2 Coefficients Cluster 1 Cluster 2
1 39 42 0.153 1 1 4
2 38 41 1.342 1 1 5
3 37 40 2.412 1 1 6
4 3 39 3.141 1 1 10
5 2 38 4.2705 1 2 11
6 1 37 5.2739 1 3 12
7 33 36 6.2773 1 1 10
8 32 35 7.2807 1 1 11
9 31 34 8.2841 1 1 12
10 3 33 9.2875 4 7 16
11 2 32 10.2909 5 8 17
12 1 31 11.2943 6 9 18
13 27 30 12.2977 1 1 16
14 26 29 13.3011 1 1 17
15 25 28 14.3045 1 1 18
16 3 27 15.3079 10 13 22
17 2 26 16.3113 11 14 23
18 1 25 17.3147 12 15 24
19 21 24 18.3181 1 1 22
20 20 23 19.3215 1 1 23
21 19 22 20.3249 1 1 24
22 3 21 21.3283 16 19 28
23 2 20 22.3317 17 20 29
24 1 19 23.3351 18 21 30
25 15 18 24.3385 1 1 28
26 14 17 25.3419 1 1 29
27 13 16 26.3453 1 1 30
28 3 15 27.3487 22 25 34
29 2 14 28.3521 23 26 35
30 1 13 29.3555 24 27 36
31 9 12 30.3589 1 1 34
32 8 11 31.3623 1 1 35
33 7 10 32.3657 1 1 36
34 3 9 33.3691 28 31 37
35 2 8 34.3725 29 32 38
36 1 7 35.3759 30 33 39
37 3 6 36.3793 34 1 41
38 2 5 37.3827 35 1 40

25
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39 1 4 38.3861 36 1 40
40 1 2 267.014 39 38 41
41 1 3 612.816 40 37 0

w

40

The order of accumulation of cases
(athletes) in clusters

S0

7: Case 37

~1: Case 1

e

Occasions (athletes)

S

1

3 2

Fig. 2. Distribution of qualified veteran boxers into clusters:
1 — cluster 1; 2 — cluster 2; 3 — cluster 3

Thus, we received 3 clusters (groups) of
veteran boxers, differing in their
psychophysiological and biomechanical indicators.
The athletes of these groups have different severity
of factors in the individual structure of preparedness
(Table 2). Individual severity of factors in the
structure of preparedness of qualified veteran boxers
was determined by us in our previous studies [26].

In the presented study, we found that in the
athletes of the first cluster, the severity of the factor
"Speed and coordination endurance” (more than
80%) and a small level of severity of the factor
"Speed" (less than 30%) prevail. In athletes of the
second cluster, the severity of the "Speed" factor
(more than 80%) and the average severity of the
"Speed and coordination endurance" factor (about
50%) prevail. Athletes of the third cluster have an
average severity of the "Speed" factor (about 50%)
and a small severity of the "Speed and coordination
endurance" factor (less than 30%) (Table 2).

If we consider examples of factor models
[26], built on the basis of individual values of the
factor structure of veteran boxers (Table 2), it can be
noted that the athletes of the first cluster have the
most pronounced factor “Speed and coordination
endurance”. This means that these athletes are
distinguished by their ability to maintain high speed
and accuracy (coordination) of actions for a long

26

time. That is why we named this cluster “Speed and
coordination endurance”. This cluster (group) of
athletes in terms of their performance can be
attributed to the style of fighting, requiring a high
level of endurance with the support of a relatively
high speed of movements. This is a style of fighting
— tempo. In the athletes of the second cluster, the
development of the first factor "Speed" and the
average severity of the factor "Speed and
coordination endurance" prevail. That is, these
athletes are capable of high — speed actions at the
beginning of movements and in average
expressiveness of speed and coordination endurance.
These qualities are most typical for boxers with a
style of fighting — playing. Athletes of the third
cluster have an average severity of the "Speed" factor
and a small severity of the "Speed and coordination
endurance” factor. We did not measure strength in
this study because biomechanical analysis does not
represent strength capability. We can draw
conclusions indirectly about the manifestation of
strength abilities. These athletes are characterized by
the manifestation of speed with low endurance.
Therefore, we named this cluster "Strength and
Speed". This most characterizes the style of fighting
— power.
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Table 2
Cluster Membership and individual severity of the factors of qualified veteran boxers based on the analysis
of biomechanical and psychophysiological indicators

o Individual values of factors, expressed as a
Absolute individual values of . .
Occasions Clusters factors percentage of the maximum values in a sample
of athletes
Factor 1 Factor 2 Factor 1 Factor 2
1 2 35.50 21.50 84.52 51.19
2 1 7.50 35.50 17.86 84.52
3 3 21.50 7.50 51.19 17.86
4 2 34.68 20.72 83.19 50.26
5 1 7.68 35.79 19.65 85.64
6 3 19.86 6.48 52.28 18.75
7 2 35.50 21.50 84.52 51.19
8 1 7,.50 35.50 17.86 84.52
9 3 21.50 7.50 51.19 17.86
10 2 34.68 20.72 83.19 50.26
11 1 7.68 35.79 19.65 85.64
12 3 19.86 6.48 52.28 18.75
13 2 35.50 2.,50 84.52 51.19
14 1 7.21 38.64 15.59 85.58
15 3 21.50 7.50 51.19 17.86
16 2 34.68 20.72 83.19 50.26
17 1 7.21 38.64 15.59 85.58
18 3 19.86 6.48 52.28 18.75
19 2 34.68 20.72 83.19 50.26
20 1 7.50 35.50 17.86 84.52
21 3 21.50 7.50 51.19 17.86
22 2 35.50 21.50 84.52 51.19
23 1 7.21 38.64 15.59 85.58
24 3 21.67 8.50 56.19 18.86
25 2 34.68 20.72 83.19 50.26
26 1 7.50 35.50 17.86 84.52
27 3 21.50 7.50 51.19 17.86
28 2 34.68 20.72 83.19 50.26
29 1 7.68 35.79 19.65 85.64
30 3 19.86 6.48 52.28 18.75
31 2 35.50 21.50 84.52 51.19
32 2 21.67 8.50 56.19 18.86
33 3 21.67 8.50 56.19 18.86
34 2 35.50 21.50 84.52 51.19
35 3 7.21 38.64 15.59 85.58
36 3 21.50 7.50 51.19 17.86
37 2 35.50 21.50 84.52 51.19
38 2 35.50 21.50 84.52 51.19
39 3 21.50 7.50 51.19 17.86
40 2 34.68 20.72 83.19 50.26
41 1 7.21 38.64 15.59 85.58
42 3 21.67 8.50 56.19 18.86

The revealed regularities of speed in the  coordination endurance” have the most pronounced
movement of points of the fist, elbow, knee and trajectory of the knee point movement (Fig. 2). Also,
angles in the joints are also reflected in the trajectory  the trajectory of movement of the knee point among
of movement of the points of the fist, elbow, knee athletes of cluster 1 "Speed and coordination
(Fig. 2 — 4). The athletes of cluster 1 “Speed and  endurance", which is typical for athletes of the tempo

27
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style, is the lowest of all analyzed groups of athletes
(Fig. 2).

The obtained facts can be explained by the
fact that tempo-style boxers compensate for the
lower level of speed of nervous processes by the

speed of movement, which requires more flexion of
the legs in the knee and hip joints. This causes a low
stance during the fight and is displayed in the lower
position of the knee point trajectory.

10T
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Fig. 3. Values of the trajectory of movement of the knee joint among qualified veteran boxers from different

clusters:

Cluster 1 — «Speed and coordination endurancey;

Cluster 2 — «Speed»;
Cluster 3 — «Strength and speed»

The athletes of the “Speed” cluster, which
corresponds to the boxers of the playing style, have
the highest trajectory of the fist point movement (Fig.
3). This is due to the fact that the high speed of hand
movement and the general variability of the boxers'
actions in this cluster allows them to act in a high
stance and execute strikes along a high trajectory. In
addition, for the development of a high speed of
movement of the fist point, the most favorable
position is a high stance of a boxer, since a high
stance requires the least strength and the least
manifestations of speed endurance. The lowest

trajectory of the fist point movement among boxers
of the tempo style, the cluster "Speed and
coordination endurance” (Fig. 3). This is due to the
lowest stance of the boxers in the tempo style of
fighting. The trajectory of the fist movement in
power style boxers, the “Strength and Speed” cluster,
occupies an intermediate position. In playing style
athletes, the point of fist ends the movement earlier
than the other two fighting styles. This is due to the
higher speed of execution of the blow by the boxers
of the playing style, cluster "Speed".
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The horizontal position of the point from the initial
value, cm

Fig. 4. Values of the trajectory of the fist movement among qualified veteran boxers from different clusters:
Cluster 1 — «Speed and coordination endurance;

Cluster 2 — «Speed»;
Cluster 3 — «Strength and speed»

The trajectory of movement of the elbow
joint is also the lowest in tempo style boxers, the
cluster "Speed and coordination endurance™ (Fig. 4).

28

This is also due to the lowest stance in the bout of
these athletes. Also, the trajectory of the elbow point
in tempo style athletes is characterized by an initial



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
-== 3A0poBbe, CNOPT, peabunurayus

\ gt

—_—

oo 2021
7(4)

A N
.’jpé{.‘; 7\"}9

S

movement of the elbow back for a small swing, and
then forward. At the end of the strike, the elbow point
is practically at the same level for boxers of all
analyzed styles. In playing style athletes, the elbow
point finishes the movement earlier than boxers of

60
40

N
o

the other two fighting styles (Fig. 4). This is due to
the higher speed of execution of the blow by the
boxers of the playing style, cluster "Speed".

The vertical position of
the point from the initial
value, cm
o

Cluster 1

Cluster 2

30 40 50 60

The horizontal position of the point from the initial

value, cm

Cluster 3

Fig. 5. Values of the trajectory of movement of the elbow joint among qualified veteran boxers from
different clusters:
Cluster 1 — «Speed and coordination endurancey;

Cluster 2 — «Speed»;
Cluster 3 — «Strength and speed»

Discussion

As far as we know, this study is one of the
first to determine the fighting styles of qualified
veteran boxers. In our study, we used cluster analysis
to distribute boxers into groups based on
biomechanical and psychophysiological indicators.
This method was applied for the first time to
determine the styles of competitive activity of
veteran boxers.

In our study, the hypothesis was confirmed
regarding the effectiveness of using the methods of
multivariate analysis (in our case, cluster analysis) of
biomechanical and psychophysiological indicators to
determine the styles of fighting qualified veteran
boxers.

Issues related to the style of activity have
occupied the attention of psychologists for several
decades, both in work and, especially, in sports. The
problem of the style of activity is the problem of the
highest level of achievement in the activity of each
person, the problem of mastery and its formation, the
problem of optimal “docking”, balancing the subject
with objective requirements [1, 2]. Therefore, the
most acceptable way of an individual approach is not
to adjust the trainees' characteristics to a certain
unified model, but to promote the formation of those
techniques and methods of action that are most
optimal for students and correspond to pronounced
abilities. A person should look for individually
unique ways of mastering the required qualities and
skills, taking into account his natural inclinations; the
insufficiency of some of them will have to be
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compensated for, while others will turn out to be
favorable. Thus, the problem arises of the formation
of an individual style of activity [3, 4]. Currently, the
most effective in terms of ease of use and information
content are psychophysiological indicators to
determine the individual genetically determined
factors in the formation of the style of activity [12—
15].

Analysis of the research results in the aspect
of comparing them with the available literature data
showed that this work is one of the first in terms of
determining the influence of the athlete's
psychophysiological indicators in combination with
the biomechanical data of individual technigue on the
formation of the style of fighting in boxing. The
authors dealing with the issues of determining the
styles of athletes' activity [3, 5], do not consider the
process of training athletes from the point of view of
the system, analysis of a wide range of indicators of
readiness. The authors dealing with this problem [6]
focused on visual observation of the boxer's activity,
without offering specific indicators for determining
the style of fighting. In our study, the effectiveness
of the use of objective indicators has been shown,
which makes it possible to determine the propensity
of a boxer to a certain style of fighting, which is the
data obtained for the first time. At the same time, the
possibilities of using congenital psychophysiological
characteristics are not considered.

Psychophysiological features are decisive in
the formation of an individual style of activity, one
of the manifestations of which is the style of fighting
in boxing. Our research expands, confirms and
supplements the data presented in the works [7-9,
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12] regarding the informativeness of
psychophysiological indicators for the current and
operational control of the functional state of athletes
and the determination of their individual
characteristics. This is most important for predicting
the results of competitive activity.

It should be noted that the problem
considered in our work closely intersects with the
problem of individualization of the training process
considered in works [31-33] and is consistent with
the concept of individualization presented in the
works of Kozina [32-36]. The concept of
individualization of the training process [31, 32] was
developed using the deductive method. It lies in the
fact that for the adequate construction of individual
training programs it is necessary:

1 — to conduct comprehensive testing of

athletes, which includes anthropometric,
biomechanical, psychophysiological and other
indicators;

2 — to carry out a factor analysis of the
obtained indicators;

3 — to determine the individual factor
structure of the complex fitness of athletes;

4 — to highlight the leading and lagging
factors in the individual factor structure of athletes'
fitness;

5 — to form groups of athletes according to
the degree of similarity among themselves according
to the individual factor structure of fitness or using
cluster analysis of indicators of complex testing of
athletes;

6 — develop and implement training
programs for athletes of each group (cluster).

On the basis of the theoretical concept of
individualization of the training process in sports,
developed by Kozina [32], we determined the groups
of boxers according to the indicators of complex
testing. The concept assumes the use of an algorithm,
which consists of the following stages [32, 33]:
testing athletes, including a set of tests of at least 10;
determination of the general structure of athletes'
fitness by means of factor analysis. Determination of
the main factors and drawing up their characteristics;
conducting a hierarchical cluster analysis of testing
indicators; determination of individual factor values;
based on individual factor values and cluster analysis
of compiling individual characteristics. Factor
analysis with the determination of the individual
severity of factors was carried out in our previous
study [26]. In the study presented in the current work,
the concept of individualization by Kozina was fully
implemented [31-33]. The effectiveness of this
concept was confirmed [32, 33] for determining the
individual characteristics of athletes. In particular,
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we have applied this concept to define the fighting
styles of qualified veteran boxers.

It should be noted that the methods of
psychophysiological and biomechanical testing
proposed in our work to determine the individual
characteristics of boxers are an effective, informative
and sufficiently accessible and convenient tool for
identifying the predisposition of boxers to a certain
style of fighting.

Prospects for further research

Further research suggests:

— identification of differences between
boxers of different styles of fighting according to
biomechanical and psychophysiological indicators;

—  development and substantiation of
recommendations regarding the construction of the
training process of qualified veteran boxers of
different styles of fighting.

Limitations

The study was conducted on qualified
veteran boxers, therefore, the data obtained apply
only to the studied contingent. Additional research is
needed to disseminate the obtained data to boxers of
other age and social groups, as well as to
representatives of other sports.

Conclusions

1. Cluster analysis of psychophysiological
testing showed the presence of 3 groups of athletes.
3 clusters (groups) of veteran boxers have been
identified, which differ in their psychophysiological
and biomechanical indicators. Athletes of the first
cluster are dominated by the expression of qualities
that determine the speed and coordination endurance
(over 80%) and a small level of expression of speed
qualities (less than 30%). This corresponds to the
pace of the fight. The athletes of the second cluster
are dominated by the expression of speed qualities
(over 80%) and the average level of expression of
qualities that determine the speed and coordination
endurance (about 50%). This corresponds to the
game style of the fight. Athletes of the third cluster
have an average expression of speed qualities (about
50%) and a small expression of qualities that
determine speed and coordination endurance (less
than 30%). Approximation of the obtained results to
the expression of different qualities made it possible
to determine the greatest manifestation of the speed
and strength qualities of the boxers of the third
cluster. This corresponds to the power style of the
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fight. The clusters were named as follows: Cluster 1
— "Speed and coordination endurance", corresponds
to the boxers of the pace of the fight; Cluster 2 —
"Speed", corresponds to the boxers of the game style
of fighting; Cluster 3 "Strength and speed",
corresponds to the boxers of the pace of the fight.

2. Biomechanical features of boxers of
different styles of fighting are reflected in the
trajectories of the points of the fist, elbow, knee. The
athletes of the “Speed and coordination endurance”
cluster (tempo style boxers) have the most
pronounced trajectory of knee point movement. The
trajectory of movement of the knee point in tempo
style athletes is the lowest of all analyzed groups of
athletes. The athletes of the “Speed” cluster, which
corresponds to the boxers of the playing style, have
the highest trajectory of the fist point movement. The
lowest trajectory of the fist point movement among
boxers of the tempo style, the “Speed and
coordination endurance” cluster. The trajectory of
movement of the elbow joint is also the lowest in
tempo style boxers, cluster "Speed and coordination
endurance”.

3. It is advisable to use the results of this
research when planning the individual training of
athletes in boxing and to determine the optimal style
of conducting a competitive combat for qualified

veteran boxers. The proposed methods of
psychophysiological and biomechanical testing to
determine the individual characteristics of boxers are
an effective, informative and fairly accessible and
easy-to-use tool for revealing the predisposition of
boxers to a certain style of fighting.
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