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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. 
Key words: technique, boxing, cluster, neurodynamics, speed, joint angle, physiology, psychology 
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Анотація 
Козін В.Ю., Фальова О.Є., Крету М., Ягелло М. Визначення стилів ведення поєдинку кваліфікованих 
боксерів-ветеранів на основі кластерного аналізу біомеханічних і психофізіологічних показників 
Мета: виявити стилі ведення поєдинку боксерів-ветеранів на основі багатовимірного аналізу 
психофізіологічних і біомеханічних показників. 
Матеріал і методи. У дослідженні взяли участь 42 кваліфікованих боксера-ветерана (вік 45-50 років). В 
якості методів дослідження іспольльзовался біомеханічний аналіз показників швидкості руху різних точок 
і значеія кутів в суглобах при виконанню прямого удару боксерами. Використовувався психофізіологічний 
метод визначення часу простої і складної реакції в стандартних умовах і в різних режимах тестування. Ми 
використовували метод кластерного аналізу для розподілу атлетів на групи за допомогою програми SPSS 
- 17.0. Всередині груп атлети максимально схожі між собою по аналізованих показниками, а між групами 
- максимально розрізняються між собою. Аналіз отриманих за допомогою кластерного аналізу груп 
атлетів дозволив виявити атлетів з наступними стилями ведення поєдинку: темпової, ігровий, силовий. 
Результаты. Кластерний аналіз показників психофізіологічного та біомеханічного тестування показав 
наявність 3-х груп атлетів. Кластери були названі наступним чином: кластер 1  – «Швидкісна та 
координаційна витривалість», відповідає боксерам темпового стилю ведення поєдинку; кластер 2  –  
«Швидкість», відповідає боксерам ігрового стилю ведення поєдинку; кластер 3 – «Сила і швидкість», 
відповідає боксерам темпового стилю ведення поєдинку. Біомеханічні особливості боксерів різних стилів 
ведення двобію відображаються в траєкторіях руху точок кулака, ліктя, коліна. 
Висновки. Результати даного дослідження доцільно використовувати при плануванні індивідуальної 
підготовки атлетів у боксі та для визначення оптимального стилю ведення змагального поєдинку для 
кваліфікованих боксерів-ветеранів. Запропоновані методи психофізіологічного і біомеханічного 
тестування для визначення індивідуальних особливостей боксерів є ефективним, досить доступним і 
зручним у застосуванні засобом виявлення схильності боксерів до певного стилю ведення поєдинку. 
Ключові слова: техніка, бокс, кластер, нейродинамика, швидкість, кут в суглобі, фізіологія, психологія 

 

Аннотация 
Козин В.Ю., Фалева О.Є., Крету М., Ягелло М. Определение стилей ведения поединка 
квалифицированных боксеров-ветеранов на основе кластерного анализа биомеханических и 
психофизиологических показателей 
Цель: выявить стили ведения поединка боксеров-ветеранов на основе многомерного анализа 
психофизиологических и биомеханических показателей.  
Материал и методы. В исследовании приняли участие 42 квалифицированных боксера-ветерана (возраст 
45-50 лет). В качестве методов исследования испольльзовался биомеханический анализ показателей 
скорости движения различных точек и значеия углов в суставах при выполении прямого удара боксерами. 
Использовался психофизиологический метод определения времени простой и сложной реакции в 
стандартных условиях и в различных режимах тестирования. Мы использовали метод кластерного 
анализа для распределения атлетов на группы с помощью программы SPSS – 17.0. Внутри групп атлеты 
максимально схожи между собой по анализируемым показателям, а между группами – максимально 
различаются между собой. Анализ полученных с помощью кластерного анализа групп атлетов позволил 
выявить атлетов со следующими стилями ведения поединка: темповой, игровой, силовой. 
Результаты. Кластерный анализ показателей психофизиологического и биомеханического тестирования 
показал наличие 3-х групп атлетов. Кластеры были названы следующим образом: кластер 1 - «Скоростная 
и координационная выносливость», отвечает боксерам темпового стиля ведения поединка; кластер 2 - 
«Скорость», отвечает боксерам игрового стиля ведения поединка; кластер 3 - «Сила и скорость», отвечает 
боксерам темпового стиля ведения поединка. Биомеханические особенности боксеров разных стилей 
ведения поединка отражаются в траекториях движения точек кулака, локтя, колена.  
Выводы. Результаты данного исследования целесообразно использовать при планировании 
индивидуальной подготовки атлетов в боксе и для определения оптимального стиля ведения 
соревновательного поединка для квалифицированных боксеров-ветеранов. Предложенные методы 
психофизиологического и биомеханического тестирования для определения индивидуальных 
особенностей боксеров являются эффективным, достаточно доступным и удобным в применении 
средством выявления предрасположенности боксеров к определенному стилю ведения поединка. 
Ключевые слова: техника, бокс, кластер, нейродинамика, скорость, угол в суставе, физиология, 
психология 
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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 

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 

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-1) (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 points 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 

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 values of the coefficients in the table 

"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 
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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 

 

 
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 

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  

Occasions Clusters 

Absolute individual values of 
factors 

Individual values of factors, expressed as a 
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 

movement of points of the fist, elbow, knee and 

angles in the joints are also reflected in the trajectory 

of movement of the points of the fist, elbow, knee 

(Fig. 2 – 4). The athletes of cluster 1 “Speed and 

coordination endurance” have the most pronounced 

trajectory of the knee point movement (Fig. 2). Also, 

the trajectory of movement of the knee point among 

athletes of cluster 1 "Speed and coordination 

endurance", which is typical for athletes of the tempo 
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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. 

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

clusters: 

Cluster 1 – «Speed and coordination endurance»; 

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". 
 

 
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). 

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 
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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 

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". 
 

 
Fig. 5. Values of the trajectory of movement of the elbow joint among qualified veteran boxers from 

different clusters: 

Cluster 1 – «Speed and coordination endurance»; 

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 

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 technique 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, 

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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