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Abstract 

 
Purpose: to reveal the fighting style of veteran boxers based on the individual factor structure of 
psychophysiological and biomechanical indicators. 
Material and methods. The study involved 42 qualified veteran boxers (aged 45-50). A biomechanical analysis 
of the indicators of the movement speed of various points and the values of the joint angles while performing a 
direct blow by boxers has been used as a research method. The psychophysiological method has been used to 
determine the time of a simple and complex reaction under standard conditions and in various testing modes. 
Descriptive Statistics and Factor Analysis have been applied as methods of statistical analysis. 
Results. Two main factors have been identified in the structure of the complex performance of qualified veteran 
boxers,. Factor 1 (55.063% of the total aggregate variance) is named "Speed". Factor 2 (44.937% of the total 
aggregate variance) stands for “Speed Endurance”. Individual factor structure, which is characterized by the 
distinctive factor "Speed and Coordination Endurance" by more than 80% as well as by the marked factor 
"Speed" by less than 30% is considered to be a particularity of the tempo style boxers. Individual factor structure, 
which is characterized by the intensity of the factor "Speed" by more than 80%, and by the distinctive factor 
"Speed and Coordination Endurance" by less than 30% is considered to be typical for the playing style boxers. 
The individual factor structure, which is characterized by the marked factor "Speed" by more than 50%, and by 
the intencity of the factor "Speed and Coordination Endurance" by less than 30% is seen to be peculiar to the 
strength style boxers. 
Conclusions. It is shown that the psychophysiological features of boxers of different fighting styles are reflected 
in the features of the direct strike technique. The lack of speed at the beginning of the movement in tempo style 
boxers is supplemented and compensated by the high speed of movement. Playing style boxers are 
characterized by a high speed of movement at the very beginning of the strike. Strength style boxers are 
characterized by the gradual development of movement speed. 
Key words: technique, boxing, neurodynamics, speed, joint angle, physiology, psychology 
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Анотація 
Козін В.Ю., Бойчук Ю.Д., Скалій О.В., Зеленський Р.М., Гончаренко В.І., Цеслицка М., Бейтка М. 
Індивідуальна факторна структура біомеханічних і психофізіологічних показників, як основа для 
визначення стилю ведення бою кваліфікованих боксерів-ветеранів  
Мета: виявити стиль ведення поєдинку боксерів-ветеранів на основі індивідуальної факторної структури 
психофізіологічних і біомеханічних показників. 
Матеріал і методи. У дослідженні взяли участь 42 кваліфікованих боксера-ветерана (вік 45-50 років). В 
якості методів дослідження використовувався біомеханічний аналіз показників швидкості руху різних 
точок і значення кутів в суглобах при виконанні прямого удару боксерами. Використовувався 
психофізіологічний метод визначення часу простої і складної реакції в стандартних умовах і в різних 
режимах тестування. В якості методів статистичного аналізу застосовувався метод описової статистики 
(Descriptive Statistics) і метод факторного аналізу 
Результати. В структурі комплексної підготовленості кваліфікованих боксерів-ветеранів виділено 2 
основних фактори. Фактор 1 (55,063 % від загального сумарної дисперсії) названий «Швидкість». Фактор 
2 (44,937% від загальної сумарної дисперсії) був названий «Швидкісна та координаційна витривалість». 
Індивідуальна факторна структура, яка характеризується виразністю фактору «Швидкісна та 
координаційна витривалість» більш, ніж на 80%, і виразністю фактору «Швидкість» менш, ніж на 30%, 
характерна для боксерів темпового стилю. Індивідуальна факторна структура, яка характеризується 
виразністю фактору «Швидкість» більш, ніж на 80%, і виразністю фактору «Швидкісна та координаційна 
витривалість» менш, ніж на 30%, характерна для боксерів ігрового стилю. Індивідуальна факторна 
структура, яка характеризується виразністю фактору «Швидкість» більш, ніж на 50%, і виразністю фактору 
«Швидкісна та координаційна витривалість» менш, ніж на 30%, характерна для боксерів силового стилю. 
Висновки. Показано, що психофізіологічні особливості боксерів різних стилів ведення поєдинку 
відображаються на особливостях техніки прямого удару. Недолік швидкості на початку руху у боксерів 
темпового стилю доповнюється і компенсується високою швидкістю переміщень. Боксери ігрового стилю 
відрізняються високою швидкістю рухів на самому початку виконання удару. Боксери силового стилю 
відрізняються поступовим розвитком швидкості руху. 
Ключові слова: техніка, бокс, нейродинамика, швидкість, кут в суглобі, фізіологія, психологія 

 

Аннотация 
Козин В.Ю., Бойчук Ю.Д., Скалий А.В., Зеленский Р.Н., Гончаренко В.І., Цеслицка М., Бейтка М. 
Индивидуальная факторная структура биомеханических и психофизиологических показателей, как 
основа для определения стиля ведения боя квалифицированных боксеров-ветеранов 
Цель работы: выявить стиль ведения поединка боксеров-ветеранов на основе индивидуальной 
факторной структуры 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. В качестве методов статистического анализа 
применялся метод описательной статистики (Descriptive Statistics) и метод факторного анализа  
Результаты.В структуре комплексной подготовленности квалифицированных боксеров-ветеранов 
выделено 2 основных фактора. Фактор 1 (55,063% от общего суммарной дисперсии) назван «Скорость». 
Фактор 2 (44,937% от общего суммарной дисперсии) был назван «Скоростная выносливость». 
Индивидуальная факторная структура, которая характеризуется выраженностью фактора «Скоростная и 
координационная выносливость» более чем на 80%, и выраженностью фактора «Скорость» менее, чем 
на 30%, характерная для боксеров темпового стиля. Индивидуальная факторная структура, которая 
характеризуется выраженностью фактора «Скорость» более чем на 80%, и выраженностью фактора 
«Скоростная и координационная выносливость» менее, чем на 30%, характерная для боксеров игрового 
стиля. Индивидуальная факторная структура, которая характеризуется выраженностью фактора 
«Скорость» более чем на 50%, и выраженностью фактора «Скоростная и координационная выносливость» 
менее, чем на 30%, характерная для боксеров силового стиля. 
Выводы. Показано, что психофизиологические особенности боксеров различных стилей ведения 
поединка отражаются на особенностях техники прямого удара. Недостаток скорости в начале движения 
у боксеров-темпового стиля дополняется и компенсируется высокой скоростью перемещений. Боксеры 
игрового стиля отличаются высокой скоростью движений в самом начале выполнения удара. Боксеры 
силового стиля отличаются постепенным развитием скорости движения. 
Ключевые слова: техника, бокс, нейродинамика, скорость, угол в суставе, физиология, психология 
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Introduction 

 
Currently, the development of veteran sports 

is being observed. Boxing is no exception [1, 2]. 

Boxing for middle-aged and elderly people has 

different motives: maintaining physical fitness, 

maintaining and acquiring skills and abilities of self-

defense, relieving psychological stress, and others 

[2]. Boxing is of particular importance for athletes 

who have already finished their sports career and 

who have a certain sports qualification [3–5]. For 

qualified veteran boxers, in addition to the motives 

of maintaining their physical shape, maintaining and 

improving self-defense skills, relieving 

psychological stress, continuing boxing is important 

to improve individual skill, sharpening technique, the 

ability to continue fighting in the ring with equal and 

superior opponents, the opportunity to feel at the 

peak struggle and feel like a winner [2, 5]. 

The continuation of sports by qualified 

athletes has certain specific features. This is due to 

the fact that with age after 30 years, sarcopenia 

occurs - a decrease in muscle mass [6]. This is mainly 

due to the loss of fast muscle fibers, which are 

responsible for the development of speed and 

strength. [7, 8] In this case, endurance decreases in a 

different way than strength and speed, in some cases, 

up to 35-40 years, endurance even increases [8]. 

How does the compensation for the loss of 

strength and speed occur in middle-aged and elderly 

people who continue boxing? Masters of ancient 

martial arts continued active classes all their lives, 

improving their technical skills [1]. This indirectly 

helps to preserve physical qualities as well [9]. In this 

regard, the study of the individual technical skill of 

qualified veteran boxers is important not only for 

building the training process of middle-aged and 

elderly boxers, but also from the point of view of a 

deep understanding of the patterns of individual skill 

development as sports continue. 

The famous martial artist Bruce Lee pointed 

out that any movement is a manifestation of the 

human soul [1]. This means that as technical skill 

improves, there is also an increase in the 

manifestation of individual psychological and 

psychophysiological characteristics that characterize 

the features inherent only in this particular person [3, 

10, 11]. Therefore, it is important to study the 

relationship between the individual characteristics of 

the technical skill of qualified veteran boxers and 

their psychophysiological functions. 

Psychophysiological indicators are a physiological 

reflection of mental processes, that is, manifestations 

of the soul, which can be measured instrumentally 

using objective research methods [12]. A number of 

studies have shown that psychophysiological 

indicators are the basis for the style of fighting boxers 

[3, 12, 13]. 

In the modern European tradition, there are 

several classifications of fighting styles in boxing [3, 

14]. For example, the classical international 

classification of styles in boxing mixes such 

categories as the distance between opponents and the 

nature of the blows [15]. This classification 

distinguishes between outfighters, punchers, 

swarmers (infighters), sluggers. The outfighter uses 

fast long strikes. Fighters of this style must have a 

high impact speed and excellent reaction. The 

puncher strives to fight at medium range and tries to 

defeat the opponent with a series of punches. 

Swarmers or infighters deliver multiple 

combinations of punches. The most important 

qualities of a swarmer: Speed and coordination 

endurance and the ability to maintain good 

coordination of movements and aggressiveness for a 

long time to impose a tempo on the opponent. A 

slugger or brawler often lacks good footwork, which 

is compensated for by the force of the blow. The most 

important qualities for a slugger are strength and 

reaction speed. In the classification adopted in the 

CIS countries, fighting styles are based on physical 

qualities [3]. Thus, boxers who win through strong 

knockout blows are distinguished by high blow 

power. Power is determined by the product of 

strength and speed. Therefore, these boxers are 

characterized by the manifestation of speed-strength 

abilities, mainly due to strength. This style of fighting 

is called power. Boxers who win due to their high 

speed abilities and agility, as well as due to the ability 

to quickly vary their actions, belong to the playing 

style of the fight. Boxers who impose a tempo on the 

opponent and are able to maintain this tempo for a 

long time to wear down their opponents belong to the 

tempo style of fighting [16]. 

Currently, no studies have been carried out to 

identify analogies between the European 

classification and the classification adopted in the 

CIS countries. However, both the European 

classification and the classification adopted in the 

CIS countries have some common features. So, the 

reaction speed is one of the defining qualities for the 

formation of the style of the duel [17–20]. The 

reaction speed is one of the manifestations of 

psychophysiological functions that determine the 

style of fighting [3, 12, 19]. 

There are many different methods for 

measuring psychophysiological functions: direct 

methods that are directly related to surgical 

intervention in the brain and indirect, but no less 

objective [21-24]. For example, indirect methods for 

studying the psychophysiological characteristics of a 
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person include measuring the speed of reaction to a 

viewed object, to sound, to an object that changes its 

position in space, the ability to accurately reproduce 

certain intervals of time, and others [21, 23]. 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. It can be noted that at 

present psychophysiological methods of research 

make it possible to instrumentally objectively record 

the manifestations of the “soul” [12, 13]. 

The features of a technical master, which are 

the basis for the style of activity, are determined 

using biomechanical research methods, which 

involve video analysis of the trajectory, speed, time 

of movement of various points of the body in space, 

as well as analysis of criminality in the joints in the 

dynamics of movements [15, 25–27]. 

Currently, the study of psychophysiological 

functions in connection with the individual 

characteristics of the technique of movements 

according to biomechanical indicators 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 [3, 12, 13]. For this purpose, qualified 

veteran boxers are one of the most suitable 

contingents for such studies for several reasons: 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 mastery 

of qualified athletes of middle and elderly age 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 [2]. 

However, there is much less scientific 

research on veteran athletes today than on younger 

active athletes. This provision concerns all aspects of 

studying the characteristics of the training process of 

qualified athletes: the development of physical 

qualities (strength, speed, endurance, flexibility, 

dexterity), psychological preparation, improvement 

of technical skill, alternation of load and rest, the use 

of various methods of restoration of working 

capacity and other aspects [28] ... Despite the high 

relevance, the least studied issue is the relationship 

between the characteristics of technical skill and 

psychological (psychophysiological) functions. 

Therefore, the determination of the relationship 

between psychophysiological and biomechanical 

indicators at the present stage is a relatively new, 

previously not studied, task. 

The study of relationships is traditionally 

carried out using correlation analysis [29]. At the 

present stage, the use of factor analysis is also very 

widespread [30]. Factor analysis is used when it is 

necessary to identify the relationship between a large 

number of indicators and reduce these indicators to a 

smaller number of factors. Each factor brings 

together a group of the most interrelated indicators. 

Indicators included in different groups, while little 

related to each other. Thus, the determination of the 

factor structure of various aspects of any state 

(including the fitness of athletes) allows us to reveal 

the hidden relationships between different indicators 

reflecting different aspects of this state, in our case, 

the fitness of athletes [31]. 

In sports, it is also relevant to identify the 

individual severity of each factor for each case 

(athlete). This makes it possible to analyze the 

characteristics of the readiness of each athlete not 

only by individual indicators, but in a complex way, 

by groups of interrelated indicators. Thus, an 

individual factorial structure of athletes' fitness is 

obtained [31, 32]. 

In this regard, in order to identify the 

relationship between the peculiarities of the nervous 

system and the technical skill of athletes, it is most 

expedient at present to determine the general and 

individual factor structure of readiness based on the 

analysis of biomechanical and psychophysiological 

indicators. 

 

Purpose: to reveal the fighting style of 

veteran boxers based on the individual factor 

structure 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 differed in the following way: 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 (winners 

of competitions not lower than the city and regional 

level) 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. 
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All participants were aware of the objectives 

of the study and agreed to participate. 

 

Procedure 

 

The study was conducted from April 18 to 

May 25, 2021. At first, video filming of athletes was 

carried out when 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 direct hit was 

due to the fact that it is the main technical element in 

boxing. 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 that are 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). 

Kinovea software allows you to perform video 

motion analysis. It is intended for athletes, coaches, 

health 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 path and time. When working with Kinovea, 

you can use video from external sources: video 

cameras, smartphones, and so on [33, 34]. 

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). The 

distance was calibrated 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, ms-1) (Fig. 1). We also determined 

the angles between the shoulder and the torso (angle 

at the shoulder joint), between the shoulder and 

forearm (angle at the elbow joint), between the thigh 

and lower leg (angle at the knee joint) (degrees) (Fig. 

1). 

A total of 10 videos of a direct hit were 

analyzed for each athlete. Of the 10 videos, the best 

movement speed metrics were analyzed for each 

athlete. The total number of video recordings was 

420. The point of greatest extension of the striking 

arm in the elbow and shoulder joints 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 up with 

a direct hit. Thus, the total duration of a direct blow 

in boxing among qualified veteran boxers was 0.13-

0.16 s: the first frame - 0 s (start of movement), the 

second frame - 0.03 s, the third frame - 0.06 s, the 

fourth frame is 0.10 s, the fifth frame is 0.13 s, and 

the sixth frame is 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, was chosen as the start of the strike. Some 

athletes performed a swing first and pulled their arm 

back before starting the strike. For these athletes, the 

point was taken as the beginning of the strike, from 

which the forward movement of the striking arm 

began. The angle at the shoulder joint in this case had 

a negative value. 

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). 
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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 

program Kinovea 08.15 

 

Tracking the trajectory for the subsequent 

analysis of the distance and speed of movement of 

each point, we carried out as follows (Fig. 1): 1 - 

select 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 

 

With the help of the computer program 

"Psychodiagnostics" (Kharkiv, Ukraine, KhNPU), 

the following parameters were established that 

characterize the psychophysiological state, 

typological features of the nervous system, indicators 

of the performance of the nervous system and 

indicators of attention [35]: 

- a set of indicators of the time of a simple 

visual-motor reaction (average 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 choosing 2 elements out of 3 

(average 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 the choice of 2 elements out of 3 in 

the feedback mode, i.e. when the response time 

changes, the signaling 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 the correct answer, the duration of 

the next signal is reduced by 20 ms, and after the 

wrong one, it increases by the same amount. The 

range of variation of the signal exposure during the 

work of the subject is 20–900 ms, with a pause 

between exposures of 200 ms. The correct answer is 

to press the left (right) mouse button when displaying 

a certain exposure (image) or during a pause after the 

current exposure. In this test, the time to reach the 

minimum signal exposure and the time to the 

minimum signal exposure reflect the functional 

mobility (speed) of nervous processes; the number of 

errors reflects the strength of nervous processes (the 

lower these parameters, the higher the speed 

endurance of the nervous system) [12, 13, 36]. The 

duration of the initial exposure is 900 ms; the value 

of the change in the duration of signals with correct 

or erroneous answers is 20 ms; pause between signal 

presentation - 200 ms; number of signals - 50. 

Indicators. which were recorded: the average value 

of the latency period (ms); standard deviation (ms); 

number of mistakes; test execution time (s); 

minimum holding time (ms); time to reach minimum 

signal exposure (s). 

  

Statistical analysis 

 

We used the following statistical analysis 

methods using the SPSS - 17.0 program. 

1. Descriptive statistics (Analyze - 

Descriptive Statistics). We used this method to get an 

overview of the analyzed sample of qualified veteran 

boxers. We calculated the following indicators: 

Minimum, Maximum, Mean value (𝑥)̅̅ ̅, standard 

deviation (S). In total, 52 indicators were analyzed, 

of which - 42 indicators of the biomechanics of the 

direct hitting technique in boxing and 10 indicators 

of the psychophysiological capabilities of athletes. 

2. Factor analysis by the method of principal 

components. We used factor analysis to identify 

hidden relationships between variables and to reduce 

52 analyzed indicators to fewer factors. We also used 

factor analysis to determine the individual severity of 

each factor for each athlete. For each athlete, the 

values of a large number of variables were translated 

into values of a small number of factors. 

Before carrying out the factor analysis, all 

indicators of the examined athletes were checked 

using the Chi-square test for compliance with the 
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normal distribution. After obtaining the results 

confirming the compliance with the normal 

distribution of all indicators used in factor analysis, 

further calculations were carried out, requiring 

compliance with the normal distribution of the 

analyzed indicators. At the beginning of the factor 

analysis procedure, we analyzed the correlation 

matrix. Correlation analysis showed that most 

indicators are closely correlated with each other (r = 

0.7-0.9; p <0.05; p <0.01 p <0.001) (Appendix 1). 

Factor analysis was performed using the 

following SPSS 17.0 software options: Analyze - 

Dimension Reduction - Factor. We have chosen to 

infer the following data: Initial solution, Correlation 

matrix, eigenvalues of factors. When generating the 

factors, the default option was left: the eigenvalues 

of the factors are greater than 1. Thus, in the 

explained Total Variance Explained, the factors were 

formed only by those components whose eigenvalues 

are greater than 1. The maximum number of 

iterations for convergence was also left the default is 

25. The rotation method was chosen Varimax with 

Kaiser normalization. The option was used to derive 

factor loadings (correlation coefficients between 

individual variables and factors) after rotation. Factor 

loads were sorted in descending order. The derivation 

of factor loadings (correlation coefficients of 

indicators with factors) less than 0.7 was excluded. 

The derivation of indicators with unreliable factor 

loadings was also excluded. Based on the analysis of 

the indicators that were included in each factor, we 

gave names to the factors. 

We used the values of the factors for each 

case (for each athlete) in absolute values and in 

values expressed as a percentage of the maximum 

value for a given sample. Thus, we have obtained a 

general and individual factor structure of the 

complex readiness of qualified veteran boxers based 

on the analysis of biomechanical and 

psychophysiological indicators. 

 

Results 
 

The analysis of biomechanical and 

psychophysiological indicators of qualified veteran 

boxers showed the following (Table 1). The average 

values of the speed of a simple visual-motor reaction, 

a choice reaction, a choice reaction in the feedback 

mode, the time to reach the minimum signal 

exposure, the time of the minimum signal exposure, 

the total test execution time among qualified veteran 

boxers does not differ from the values of qualified 

boxers and representatives of other martial arts aged 

18-25 years [3, 11]. However, the number of errors 

in the selection reaction test in the feedback mode in 

our sample was less than in younger athletes. For 

young qualified boxers this value was 22-23 errors, 

for veteran boxers this value was 18.67 ± 1.26, 

Minimum = 17, Maximum = 20. The data obtained 

indicate that qualified veteran boxers have a higher 

ability to maintain high efficiency of the nervous 

system when performing tasks that require high 

speed and accuracy within a certain period of time 

(90-120 s). This also indicates that qualified veteran 

boxers have higher speed and coordination 

endurance of the nervous system. 

The greatest scatter in the values of the 

angles in the joints was detected at 1-2 frames (0-0.03 

s from the beginning of the movement) (Table 1). 

This is due to the fact that some boxers, at the 

beginning of a direct blow, perform a backward 

movement with their hand for a swing. As a result, 

the maximum angle at the shoulder joint at the 

beginning of the movement is (-7.00) degrees. 

However, most athletes perform this movement from 

a positive shoulder position. At the end of the 

movement (4-6 frames, 0.10-0.16 s from the 

beginning of the movement) the value of the angle in 

the shoulder joint is 65.33 ± 0.95 degrees (Table 1). 

The angles in the elbow joint range from 65.33 ± 0.95 

to 158.33 ± 10.66 degrees. The angles in the knee 

joint are 135.00 ± 7.16 degrees to 154.67 ± 12.04 

degrees (Table 1). 

Thefist movement speed ranges from 2.28 ± 

0.83 m·s-1 to 9.78 ± 1.64 m·s-1. The shoulder 

movement speed ranges from 1.60 ± 0.66 m·s-1 to 

3.34 ± 1.73 m·s-1. The elbow movement speed ranges 

from 1.68 ± 0.20 m·s-1 to 5.75 ± 1.84 m·s-1. The knee 

movement speed ranges from 0.55 ± 0.16 m·s-1 to 

2.31 ± 0.18 m·s-1 (Table 1). 

 

Table 1 

Values of biomechanical and psychophysiological indicators of qualified veteran boxers 

 
Indicators Minimum Maximum 𝑥̅ S 

Simple visual-motor reaction time (ms) 292.00 314.00 302.00 9.20 

Selection response time (ms) 525.00 590.00 561.00 27.32 

Errors in the test for reaction of choice (number) 1.00 13.00 8.67 5.50 

Standard deviation of selection response time (ms) 3.61 3.72 3.65 0.05 

Selection response time in feedback mode (ms) 449.00 513.00 471.67 29.63 
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Errors in the selection reaction test in the feedback 
mode (number) 

17.00 20.00 18.67 1.26 

Standard deviation of response time of selection in 
feedback mode (ms) 

3.84 4.05 3.98 0.10 

The minimum signal exposure time in the test for the 
selection reaction in the feedback mode (ms) 

400.00 540.00 460.00 59.59 

Total time to complete the test for the selection 
reaction in the feedback mode (s) 

94.00 107.00 99.33 5.63 

Time to reach the minimum exposure of the signal in 
the test for the selection reaction in the feedback mode 
(s) 

43.00 73.00 55.33 12.97 

Shoulder angle at position * 1 (degrees) -12.00 37.00 12.25 16.45 

Shoulder angle at position 2 (degrees) -7.00 38.00 15.50 17.63 

Shoulder angle at position 3 (degrees) 55.00 77.00 67.00 9.20 

Shoulder angle at position 4 (degrees) 78.00 86.00 82.33 3.34 

Shoulder angle at position 5 (degrees) 75.00 96.00 86.33 8.76 

Shoulder angle at position 6 (degrees) 75.00 96.00 86.33 8.76 

Elbow angle at position 1 (degrees) 58.00 91.00 70.67 14.70 

Elbow angle in position 2 (degrees) 64.00 66.00 65.33 0.95 

Elbow angle at position 3 (degrees) 49.00 82.00 69.33 14.70 

Elbow angle at position 4 (degrees) 107.00 160.00 130.67 22.27 

Elbow angle at position 5 (degrees) 144.00 169.00 158.33 10.66 

Elbow angle at position 6 (degrees) 122.00 177.00 150.00 22.74 

Knee angle in position 1 (degrees) 119,00 147,00 137,00 12,91 

Knee angle in position 2 (degrees) 125.00 140.00 135.00 7.16 

Knee angle in position 3 (degrees) 128.00 148.00 137.67 8.28 

Knee angle in position 4 (degrees) 142.00 157.00 147.33 6.93 

Knee angle in position 5 (degrees) 143.00 163.00 151.67 8.48 

Knee angle in position 6 (degrees) 143.00 171.00 154.67 12.04 

Fist movement speed in position 1 (m·s-1) 0.00 0.00 0.00 0.00 

Fist movement speed in position 2 (m·s-1) 1.15 3.09 2.28 0.83 

Fist movement speed in position 3 (m·s-1) 4.63 17.52 9.78 1.64 

Fist movement speed in position 4 (m·s-1) 6.47 11.50 8.37 1.26 

Fist movement speed in position 5 (m·s-1) 2.07 8.74 5.56 1.76 

Fist movement speed in position 6 (m·s-1) 0.86 3.31 2.47 0.15 

Shoulder speed in position 1 (m·s-1) 0.00 0.00 0.00 0.00 

Shoulder speed in position 2 (m·s-1) 1.29 2.37 1.88 0.45 

Shoulder speed in position 3 (m·s-1) 1.74 5.71 3.34 1.73 

Shoulder speed in position 4 (m·s-1) 1.06 2.52 1.60 0.66 

Shoulder speed in position 5 (m·s-1) 1.06 2.41 1.79 0.56 

Shoulder speed in position 6 (m·s-1) 0.66 0.91 0.80 0.11 

Elbow speed in position 1 (m·s-1) 0.00 0.00 0.00 0.00 

Elbow speed in position 2 (m·s-1) 1.65 2.89 2.45 0.57 

Elbow speed in position 3 (m·s-1) 3.17 7.04 5.75 1.84 

Elbow speed in position 4 (m·s-1) 4.32 5.94 5.36 0.75 

Elbow speed in position 5 (m·s-1) 1.51 4.74 3.27 1.35 

Elbow speed in position 6 (m·s-1) 1.50 1.96 1.68 0.20 

Knee speed in position 1 (m·s-1) 0.00 0.00 0.00 0.00 

Knee speed in position 2 (m·s-1) 1.39 3.81 2.31 0.18 

Knee speed in position 3 (m·s-1) 0.83 5.10 2.29 2.01 

Knee speed in position 4 (m·s-1) 0.36 3.81 1.70 1.53 

Knee speed in position 5 (m·s-1) 0.29 0.91 0.55 0.16 

Knee speed in position 6 (m·s-1) 0.23 1.69 1.11 0.64 
Notes: * position 1 - frame 1, 0 s from the beginning of the movement (the beginning of the movement); position 2 - 
frame 2, 0.03 s from the beginning of the movement; position 3 - frame 3, 0.06 s from the beginning of the movement; 
position 4 - frame 4, 0.10 s from the beginning of the movement; position 5 - frame 5, 0.13 s from the beginning of the 
movement; position 5 - frame 6, 0.16 s from the beginning of the movement 
 

The test for normality of distribution of test 

indicators showed that all test indicators correspond 

to the normal distribution (Asymptomatic 

significance according to the χ2 test>0.05; 

significance according to the Monte Carlo test> 

0.05). The distribution of indicators of the analyzed 

sample does not significantly differ from the Gaus 

normal distribution (Table 2). 
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Table 2 

χ2 testtest results of biomechanical and psychophysiological indicators of qualified veteran boxers 

(n=42) 
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χ2 1.71 3.71 0.00 4.286 0.00 0.00 0.00 

df 41 41 41 41 41 41 41 

Asymp. Sig. 0.2 0.90 0.009 0.09 0.99 0.99 0.99 

Monte Carlo 
Sig. 

Sig. 0.48 0.90 0.999 0.525 0.99 0.99 0.99 

95% 
Confidence 

Interval 

Lower Bound 0.47 0.00 0.976 0.515 0.97 0.97 0.97 

Upper Bound 0.49 0.01 0.999 0.534 0.99 0.99 0.99 
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Chi-Square 0.00 1.71 7.71 0.00 4.286 4.286 0.00 0.00 4.286 2.571 5.143 0.00 5.143 0.00 

df 41 41 41 41 41 41 41 41 41 41 41 41 41 41 

Asymp. Sig. 0.99 0.42 0.90 0.99 0.509 0.50 0.99 0.99 0.50 0.46 0.27 0.99 0.273 0.99 

Monte 
Carlo 
Sig. 

Sig. 0.99 0.48 0.00 0.99 0.525 0.52 0.99 0.99 0.52 0.49 0.27 0.99 0.279 0.9 

95% 
Confide

nce 
Interval 

Lower 
Bound 

0.97 0.47 0.00 0.97 0.515 0.51 0.97 0.97 0.51 0.48 0.27 0.99 0.27 0.97 

Upper 
Bound 

0.99 0.49 0.01 0.99 0.534 0.53 0.99 0.99 0.53 0.50 0.28 0.99 0.288 0.99 

Notes: * position 1 - frame 1, 0 s from the beginning of the movement (the beginning of the movement); position 2 - 
frame 2, 0.03 s from the beginning of the movement; position 3 - frame 3, 0.06 s from the beginning of the movement; 
position 4 - frame 4, 0.10 s from the beginning of the movement; position 5 - frame 5, 0.13 s from the beginning of the 
movement; position 5 - frame 6, 0.16 s from the beginning of the movement 

 

At the beginning of the factor analysis 

procedure, we analyzed the correlation matrix. 

Correlation analysis showed that most indicators are 

closely correlated with each other (r = 0.7-0.9; p 

<0.05; p <0.01 p <0.001). 

With the help of factor analysis, carried out 

by the method of principal components, in the 

structure of the complex readiness of qualified 

veteran boxers, 2 main factors were identified by the 

methods of Total Variance Explained and Kettel's 
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"scree" (Table 3, Fig. 2). It should be noted that the 

total variance explains almost 100% of the squares of 

factor loadings (Table 3). This testifies to the large 

number and high reliability of the relationships 

between the indicators selected for factor analysis. 

To characterize each factor, the indicators included 

in it were analyzed. 

The first factor (55.063% of the total total 

variance) (Table 3) included the following indicators: 

the angle at the shoulder joint at the beginning of 

movement (r = 0.999), the speed of the fist at the 

beginning of the movement (r = 0.974), the speed of 

the shoulder at the beginning movement (r = 0.972), 

angle at the knee joint at the end of the movement (r 

= 0.67), choice reaction time (r = -0.956), time of 

simple visual-motor reaction (r = -0.802), shoulder 

movement speed at the end movements (r = -0.789), 

errors in the selection reaction in the feedback mode 

(r = 0.782), the total time of the test for the selection 

reaction in the feedback mode (r = -0.707) (Table 4). 

It should be noted that the first factor 

included indicators reflecting the level of speed of the 

nervous system (the time of a simple visual-motor 

reaction, the reaction time of choice, the total time of 

the test in the feedback mode) with a negative 

correlation coefficient. The shorter the reaction time, 

the higher the speed of the nervous system. For this, 

it can be noted that the first factor includes indicators 

reflecting the speed of the nervous system. In 

addition, the first factor included indicators reflecting 

the speed of movements at the beginning of a direct 

blow in boxing (shoulder speed and speed of fist 

movement) with a positive correlation coefficient 

and the speed of shoulder movement at the end of a 

direct blow in boxing with a negative correlation 

coefficient. 

That is, the speed of the nervous system is 

positively related to the speed of movements at the 

beginning of a direct strike and is negatively related 

to the speed of shoulder movement at the end of a 

direct strike. It is no coincidence that the first factor 

included the indicator of the angle in the shoulder 

joint at the beginning of the strike with a positive 

relationship. The greater the speed of movement of 

the shoulder, the greater the value and angle in the 

shoulder joint. But the first factor also included the 

indicator of the number of errors in the test for the 

response of choice in the feedback mode. This 

indicates that with an increase in the speed of 

movements and the speed of the nervous system, the 

speed endurance of the nervous system decreases, 

that is, the ability to maintain high accuracy with 

increasing speed over time. As for motor abilities, 

this fact has an explanation, since endurance and 

speed are antagonists [31, 32]. 

From the data obtained, it follows that the 

work of the nervous system has the same regularities 

as the work of the muscular apparatus. This is not 

accidental, since the muscular work characteristic of 

any movement is guided by the nervous system [37–

39]. And therefore, the properties of the nervous 

system also affect the speed and accuracy of 

movements over time. Thus, the first factor included 

indicators that reflect the speed of movements at the 

beginning of a direct blow in boxing, the speed of 

the nervous system and are negatively associated 

with the speed endurance of the nervous system. 

Based on the analysis of the indicators included in 

the first factor, this factor was named "Speed". 

The second factor (44.937% of the total total 

variance) (Table 3) included the following 

indicators: the speed of the shoulder movement at 

the end of the movement (r = 0.892), the number of 

errors in the selection reaction test in the feedback 

mode (r = -0.985), the total time of the test for the 

selection reaction in the feedback mode (r = 0.707), 

the angle at the shoulder joint at the end of the 

movement (r = 0.995), the speed of the fist at the end 

of the movement (r = 0.982), the angle at the elbow 

joint at the end of the movement ( r = 0.978), the 

minimum signal exposure time in the test for the 

selection reaction in the feedback mode (r = 0.96), 

the speed of the knee (r = 0.918) and elbow (r = 

0.914) movements at the end of the movement, the 

speed of the elbow at the beginning movement (r = 

0.886), time to reach the minimum signal exposure 

(r = 0.874), angle in the knee joint at the beginning 

of movement (r = -0.845), speed of knee movement 

at the beginning of movement (r = 0.766) (Table 4). 

It should be noted that the second factor 

included indicators that reflect the endurance of the 

nervous system, if necessary, to maintain a high 

speed and accuracy of response (the number of 

errors in the selection reaction in the feedback mode 

with a negative correlation coefficient). The second 

factor included indicators opposite to the speed of 

the nervous system under short-term stimuli, 

reflecting the mobility of the nervous system (total 

time of the test for the speed of reaction in the 

feedback mode, the reaction time in the test for the 

speed of reaction in the feedback mode, the time for 

reaching the minimum exposure of the signal in the 

test for the speed of reaction in the feedback mode) 

with positive correlation coefficients. 

Accuracy of movements and accuracy of the 

nervous system is a manifestation of coordination 

[13]. Speed and coordination (precision) endurance 

is oppositely related to the mobility and mobility of 

the nervous system. This also follows from the 

general laws of the relationship of various qualities: 

endurance and speed are antagonists [32]. Also, the 
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second factor included indicators of the speed of 

movements of the shoulder, elbow and fist at the end 

of the movement with a positive correlation 

coefficient. This indicates that the second factor 

reflects the ability to develop speed at the end of the 

movement, which is typical for people with a large 

development of endurance. But the second factor 

also includes the rate of elbow movement at the 

beginning of the movement, which is a reflection of 

the speed. In combination with other indicators of 

the second factor, this is a reflection of speed 

endurance. That is, the second factor is characterized 

by a high level of speed and coordination endurance 

at a relatively lower speed of the nervous system at 

the beginning of movements and during short-term 

tasks. 

The second factor also included the indicator 

of the angle in the knee joint with a negative 

correlation coefficient and the indicator of the knee 

movement speed with a positive correlation 

coefficient. That is, to ensure a high level of speed 

and coordination endurance at a relatively low speed 

of a simple visual-motor reaction and a choice 

reaction, leg work acts as a compensatory 

mechanism. This leads to an increase in the speed of 

movement, requires greater flexion of the legs in the 

hip and knee joints and a decrease in the angles in 

the joints of the legs, in particular, a decrease in the 

angle in the knee joint [15]. Based on the analysis of 

the indicators that were included in the second 

factor, this factor was named "Speed endurance". 

 

Table3 

Explained total variance in factor analysis of biomechanical and psychophysiological indicators of 

qualified veteran boxers 

 

Total Variance Explained 

Component 

 
Initial Eigenvalues 

Extraction Sums of 
Squared Loadings 

Rotation Sums of Squared 
Loadings 

Total % of Variance 
Cumulative 

% 
Total % of Variance Total % of Variance Cumulative % 

1 28.54 63.421 63.421 28.54 63.421 24.778 55.063 55.063 

2 16.46 36.579 100 16.46 36.579 20.222 44.937 100 

3 2.77E-15 6.15E-15 100 
     

4 2.65E-15 5.90E-15 100 
     

5 2.41E-15 5.35E-15 100 
     

6 2.18E-15 4.83E-15 100 
     

7 2.06E-15 4.57E-15 100 
     

8 1.85E-15 4.11E-15 100 
     

9 1.75E-15 3.88E-15 100 
     

10 1.64E-15 3.64E-15 100 
     

11 1.38E-15 3.07E-15 100 
     

12 1.34E-15 2.98E-15 100 
     

13 1.27E-15 2.82E-15 100 
     

14 1.02E-15 2.26E-15 100 
     

15 8.17E-16 1.82E-15 100 
     

16 7.51E-16 1.67E-15 100 
     

17 6.84E-16 1.52E-15 100 
     

18 4.99E-16 1.11E-15 100 
     

19 3.82E-16 8.48E-16 100 
     

20 3.46E-16 7.68E-16 100 
     

21 2.01E-16 4.46E-16 100 
     

Notes. Extraction Method: Principal Component Analysis. 
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Fig. 2. Component Eigenvalue Plot - Kettell Scree 

 

Table 4 

Rotated component matrix in factor analysis of biomechanical and psychophysiological indicators of 

qualified veteran boxers 

Indicators 

Rotated Component Matrix(a) 

Component 

1 
«Speed» 

2 
«Speed and coordination 

endurance» 

Shoulder angle at position 3*(degrees) 0.999 
 

Fist movement speed in position 3 (m·s-1) 0.974 
 

Shoulder speed in position 3 (m·s-1) 0.972 
 

Knee angle at position 5 (degrees) 0.967 
 

Selection response time (ms) -0.956 
 

Simple visual-motor reaction time (ms) -0.802 
 

Shoulder speed in position 5 (m·s-1) -0.789 0.892 

Errors in the test for reaction of choice (number) 0.782 -0.985 

Total time to complete the test for the selection reaction in 
the feedback mode (s) 

-0.707 0.707 

Shoulder angle at position 5 (degrees) 
 

0.995 

Fist movement speed in position 5 (m·s-1) 
 

0.982 

Elbow angle at position 5 (degrees) 
 

0.978 

The minimum exposure time of the signal to the test for the 
selection reaction in the feedback mode (ms)  

0.96 

Knee speed in position 5 (m·s-1) 
 

0.918 

Elbow speed in position 5 (m·s-1) 
 

0,914 

Elbow speed in position 3 (m·s-1) 
 

0.886 

Time to reach the minimum exposure of the signal in the 
test for the selection reaction in the feedback mode (s)  

0.874 

Knee angle in position 2 (degrees) 
 

-0.845 

Knee speed in position 2 (m·s-1) 
 

0.766 

Notes. Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization. Rotation converged 
in 3 iterations. Shown are the correlation coefficients of indicators with factors (factor loadings) greater than 0.7. * position 1 - frame 
1, 0 s from the beginning of the movement (the beginning of the movement); position 2 - frame 2, 0.03 s from the beginning of the 
movement; position 3 - frame 3, 0.06 s from the beginning of the movement; position 4 - frame 4, 0.10 s from the beginning of the 
movement; position 5 - frame 5, 0.13 s from the beginning of the movement; position 5 - frame 6, 0.16 s from the beginning of the 
movement 
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Further, the individual factor structure of the 

athletes' fitness was determined. For this, the 

percentage values of the severity of each factor were 

determined for each boxer (Table 5). Table 5 shows 

that all athletes have different severity of both 

factors, which indicates the presence of significant 

individual differences. This should be manifested in 

different fighting styles and in the need for individual 

training programs for qualified veteran boxers. 

Table 5 

Individual severity of the factors of complex readiness of qualified veteran boxers based on the analysis of 

biomechanical and psychophysiological indicators 

Case 

Absolute individual values of 
factors 

Individual values of factors, expressed as a 
percentage of the maximum values in the sample 

of athletes 

Factor 1 Factor 2 Factor 1 Factor 2 

1 35.50 21.50 84.52 51.19 

2 7.50 35.50 17.86 84.52 

3 21.50 7.50 51.19 17.86 

4 34.68 20.72 83.19 50.26 

5 7.68 35.79 19.65 85.64 

6 19.86 6.48 52.28 18.75 

7 35.50 21.50 84.52 51.19 

8 7.50 35.50 17.86 84.52 

9 21.50 7.50 51.19 17.86 

10 34.68 20.72 83.19 50.26 

11 7.68 35.79 19.65 85.64 

12 19.86 6,48 52.28 18.75 

13 35.50 21,50 84.52 51.19 

14 7.21 38,64 15.59 85.58 

15 21.50 7.50 51.19 17.86 

16 34.68 20.72 83.19 50.26 

17 7.21 38.64 15.59 85.58 

18 19.86 6.48 52.28 18.75 

19 34.68 20.72 83.19 50.26 

20 7.50 35.50 17.86 84.52 

21 21.50 7.50 51.19 17.86 

22 35.50 21.50 84.52 51.19 

23 7.21 38.64 15.59 85.58 

24 21.67 8.50 56.19 18.86 

25 34.68 20.72 83.19 50.26 

26 7.50 35.50 17.86 84.52 

27 21.50 7.50 51.19 17.86 

28 34.68 20.72 83.19 50.26 

29 7.68 35.79 19.65 85.64 

30 19.86 6.48 52.28 18.75 

31 35.50 21.50 84.52 51.19 

32 21.67 8.50 56.19 18.86 

33 21.67 8.50 56.19 18.86 

34 35.50 21.50 84.52 51.19 

35 7.21 38.64 15.59 85.58 

36 21.50 7.50 51.19 17.86 

37 35.50 21.50 84.52 51.19 

38 35.50 21.50 84.52 51.19 

39 21.50 7.50 51.19 17.86 

40 34.68 20.72 83.19 50.26 

41 7.21 38.64 15.59 85.58 

42 21.67 8.50 56.19 18.86 
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The analysis of table 5 shows that some 

athletes (group 1) have a predominant severity of the 

factor "Speed and coordination endurance" (more 

than 80% of the maximum value) and insignificant 

(less than 30% of the maximum) severity of the 

factor "Speed" (athletes 2; 5; 8; 11; 14; 17; 20; 23; 

26; 29; 41) (n = 11)) (Table 5, Fig. 3). 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 

group “Speed and coordination endurance”. This 

group of athletes, according to their indicators, can 

be attributed to the style of fighting, requiring a high 

level of endurance with the support of a relatively 

high speed of movements. It is logical to assume that 

these athletes gravitate towards the tempo style of 

fighting. 

In athletes of the second group, the severity 

of the factor "Speed" prevails (more than 80% of the 

maximum) and the average (about 50% of the 

maximum) severity of the second factor "Speed and 

coordination endurance" (athletes No. 1, 4, 7, 10, 13, 

16, 19, 22, 25, 28, 31; 32; 34; 37; 38, 40 (n = 16)) 

(Table 5, Fig. 3). That is, these athletes are capable 

of high-speed actions at the beginning of movements 

and in average severity of speed and coordination 

endurance. These qualities are most typical for 

boxers with a playing style of fighting. 

There is also a group of athletes (group 3) in 

whom the factor "Speed" is less pronounced than in 

athletes of the second group and more than in athletes 

of the first group (about 50% of the maximum), with 

a slight severity of the factor "Speed and 

coordination endurance" ( less than 30% of the 

maximum) (athletes No. 3; 6; 9; 12; 15; 18; 21; 24; 

27; 30; 33; 35; 36; 39; 42 (n = 15)) (table . 5, Fig. 3). 

Since all the athletes who participated in the 

experiment were equally successful in sparring in the 

ring, it can be considered that the athletes of the third 

group achieve success due to other qualities, in 

particular, speed-strength qualities. Speed-strength 

qualities require the development of maximum 

power, which is defined as the product of strength 

and speed [31, 32]. According to Hill's equation, 

strength and speed are antagonistic qualities and are 

in a hyperbolic relationship with each other [31, 32]. 

Therefore, the maximum value of the product of 

strength and speed is found with an average 

expression of both qualities. 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 

an average manifestation of speed with low 

endurance. Therefore, we can conclude that these 

athletes are dominated by strength and speed. This 

most characterizes the power style of fighting, since 

the maximum impact force requires the development 

of power, that is, strength and speed [3, 11]. 

 

 
Fig. 3. Individual values of the factors of athletes (examples) 

1 - athlete 1, the factor "Speed and coordination endurance" prevails with a slight severity of the factor "Speed" (tempo 
style of fighting); 
2 - athlete 2, the factor "Speed" prevails with an insignificant severity of the factor "Speed and coordination endurance" 
(playing style of conducting a duel); 
3 - athlete 3, the average severity of the "Speed" factor with an insignificant severity of the "Speed and coordination 
endurance" factor (strength style of fighting) 

 

The analysis of the indicators that were 

included in each factor, in accordance with the 

individual severity of the factors, made it possible to 

determine the individual biomechanical 

characteristics of athletes - representatives of 

different styles of fighting. The indices, which 

formed each factor, determine the peculiarities of the 

fighting style of qualified veteran boxers. The 

greatest differences among athletes of different styles 

of fighting are observed in the angle of the knee joint 
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(the angle between the thigh and the lower leg): the 

smallest value both at the beginning and at the end of 

the movement is observed among boxers of the 

tempo style - “Speed and coordination endurance” 

(Fig. 4). The same applies to the speed of movement, 

that is, the speed of movement of the point of the 

knee joint (Fig. 5). 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. 

The speed at the beginning of the movement 

(0-0.06 s from the beginning of the movement) of the 

fist and shoulder is the highest among the 

representatives of the “Speed” group (playing style) 

(Fig. 5). That is, the speed capabilities determine the 

execution of movements at maximum speed at the 

beginning of the movement. Representatives of the 

groups of tempo style (“Speed and coordination 

endurance”) and power style (“Strength and speed”) 

develop the highest speed at the end of the movement 

(Fig. 5). 

According to the indices included in each 

factor (Table 4), qualified veteran boxers with a high 

level of speed and coordination endurance 

manifestation (tempo style of fighting) are 

characterized by the least number of errors when 

performing the test for choice reaction in the 

feedback mode and average speed development 

reaction, work in a low stance with a high speed of 

movement and the development of maximum speed 

at the end of the movement or evenly throughout the 

movement. 

Qualified veteran boxers with a high level of 

manifestation of speed capabilities and an average 

level of manifestation of speed and coordination 

endurance (playing style of fighting) are 

characterized by a high level of development of 

reaction speed, a relatively large number of errors in 

the test for the choice reaction in the feedback mode, 

work in a high stance and development of maximum 

speed at the beginning of the movement. 

 Qualified veteran boxers with an average 

level of speed abilities and a low level of speed and 

coordination endurance manifestation (strength style 

of fighting) are characterized by a high number of 

errors when performing the test for the choice 

reaction in the feedback mode and a high level of 

development of reaction speed, work in a high stance 

and development of maximum speed at the end of the 

movement.  

 

Fig. 4. Examples of the values of the angles between the thigh and the lower leg in qualified veteran boxers 

of different styles of fighting: 
Athlete 1: the factor "Speed and coordination endurance" prevails with a slight severity of the factor "Speed" (tempo 
style of fighting); 
Athlete 2: the factor "Speed" prevails with a slight severity of the factor "Speed and coordination endurance" (playing 
style of the fight); 
Athlete 3: average severity of the "Speed" factor with an insignificant severity of the "Speed and coordination 
endurance" factor (strength style of fighting); 
1 - the initial value of the movement, 0.00 s; 
2 - second frame from the beginning of the movement, 0.03 s; 
3 - third frame from the beginning of the movement, 0.06 s; 
4 - the fourth frame from the beginning of the movement, 0.10 s; 
5 - the fifth frame from the beginning of the movement, 0.13 s 
6 - the sixth frame from the beginning of the movement, 0.16 s 
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Fig. 5. Examples of the values of the speed of movement of the knee joint, fist and shoulder joint among 

qualified veteran boxers of different styles of fighting: 
Athlete 1: the factor "Speed and coordination endurance" prevails with a slight severity of the factor "Speed" (tempo 
style of fighting); 
Athlete 2: the factor "Speed" prevails with a slight severity of the factor "Speed and coordination endurance" (playing 
style of the fight); 
Athlete 3: average severity of the "Speed" factor with an insignificant severity of the "Speed and coordination 
endurance" factor (strength style of fighting); 
1 - the initial value of the movement, 0.00 s; 
2 - second frame from the beginning of the movement, 0.03 s; 
3 - third frame from the beginning of the movement, 0.06 s; 
4 - the fourth frame from the beginning of the movement, 0.10 s; 
5 - the fifth frame from the beginning of the movement, 0.13 s 
6 - the sixth frame from the beginning of the movement, 0.16 s 
 

Thus, the psychophysiological features of 

boxers of different styles of fighting are reflected in 

the features of the direct strike technique. The lack of 

speed at the beginning of the movement in tempo 

style boxers is supplemented and compensated by the 

high speed of movement. This ensures the 

maintenance of speed throughout the entire fight and 

creates the conditions for victory due to the fact that 

boxers of other fighting styles cannot maintain high 

endurance for accurate and fast actions for a long 

time, realizing their potential at the very beginning of 

the movement. Playing style boxers are characterized 

by a high speed of movement at the very beginning 

of the strike. This provides the possibility of short 

rest breaks and thus creates conditions for variability 

of actions. Power style boxers are distinguished by 

the gradual development of the speed of movement, 

which creates conditions for the implementation of 

the power of the blow. 

 

Discussion 
 

As far as we know, this study is one of the 

first in several respects. This is the first study to 

determine the style of fighting by combining 

psychophysiological and biomechanical indicators. It 

is also one of the first studies to determine the 

fighting style of veteran boxers. The purpose of our 

research was to identify the style of fighting veteran 

boxers based on the individual factor structure of 

psychophysiological and biomechanical indicators. 

The set goal assumed that the determination of the 

individual factor structure of the complex readiness 

of veteran boxers on the basis of psychophysiological 
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and biomechanical indicators will make it possible to 

determine the hidden relationships between a wide 

range of psychophysiological and biomechanical 

indicators, combining the analyzed indicators into 

groups (factors) and determine the individual 

severity of each factor in each athlete ... 

After analyzing the individual severity of 

each factor for each athlete, we identified 3 groups of 

athletes: group 1 - the severity of the factor "Speed 

and coordination endurance" prevails (more than 

80% of the maximum value) and insignificant (less 

than 30% of the maximum) severity of the factor " 

Speed". This means that these athletes are 

distinguished by their ability to maintain high speed 

and accuracy (coordination) of actions for a long time 

[37–39]. That is why we named this group “Speed 

and coordination endurance”. This group of athletes, 

according to their indicators, can be attributed to the 

style of fighting, requiring a high level of endurance 

with the support of a relatively high speed of 

movements. It is logical to assume that these athletes 

gravitate towards the tempo style of fighting. 

In athletes of the second group, the severity 

of the factor "Speed" prevails (more than 80% of the 

maximum) and the average (about 50% of the 

maximum) severity of the second factor "Speed and 

coordination endurance" That is, these athletes are 

capable of high-speed actions at the beginning of 

movements and in average expressiveness of speed 

and coordination endurance [40, 41]. These qualities 

are most typical for boxers with a playing style of 

fighting. 

There is also a group of athletes (group 3) in 

whom the factor "Speed" is less pronounced than in 

athletes of the second group and more than in athletes 

of the first group (about 50% of the maximum), with 

a slight severity of the factor "Speed and 

coordination endurance" ( less than 30% of the 

maximum). Since all the athletes who participated in 

the experiment are equally successful in sparring in 

the ring, we can assume that the athletes of the third 

group achieve success at the expense of other 

qualities, in particular, speed-strength qualities. 

Speed-strength qualities require the development of 

maximum power, which is defined as the product of 

strength and speed. According to Hill's equation, 

strength and speed are antagonistic qualities and are 

in a hyperbolic relationship with each other [30–32]. 

Therefore, the maximum value of the product of 

strength and speed is found with an average 

expression of both qualities. 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 

an average manifestation of speed with low speed 

endurance. Therefore, we can conclude that these 

athletes are dominated by strength and speed. This 

most characterizes the power style of fighting, since 

the maximum power of the blow requires the 

development of power, that is, strength and speed. 

The goal set in the work was achieved: the 

styles of conducting a duel of veteran boxers were 

determined on the basis of the individual factor 

structure of biomechanical and psychophysiological 

indicators. We identified 3 groups of athletes, which 

are characterized by the following manifestations of 

psychophysiological functions in combination with 

biomechanical indicators: group 1 - endurance to 

speed and coordination actions; group 2 - speed at 

short time intervals; group 3 - power (combination of 

speed and strength) with a predominance of strength. 

It should be noted that the traditional 

definition of the strength of the nervous system 

implies 2 manifestations: 1 - resistance to a one-time 

strong stimulus; 2 - resistance to a long-acting 

stimulus of medium or low strength [12, 13]. In our 

opinion, the concepts of "strength" and "endurance" 

of the nervous system should be separated by analogy 

with the classification of physical qualities. This 

seems to us quite logical, since the muscular 

apparatus is controlled by the nervous system. 

Therefore, it is quite natural that the properties of the 

nervous system, traditionally divided into "strength", 

"mobility", "poise", should be divided into categories 

similar to physical qualities: "strength", "endurance", 

"speed" (quickness) and "switchability" (agility). As 

for the "speed" of nervous processes, it will be logical 

that the speed of nerve impulses determines the speed 

of muscle contractions and, accordingly, the physical 

quality of speed. The ability to quickly switch from 

one task to another can also be attributed to the 

manifestation of the speed of the nervous system. 

This is typical for the mobility of the nervous system 

and the physical quality "dexterity" [12, 13]. These 

provisions are based on the relationships identified in 

our study using factor analysis between 

psychophysiological and biomechanical indicators. 

In this regard, it is logical that the strength 

and speed of the nervous system are antagonists in 

the same way as physical qualities. Many movements 

require the development of both strength and speed 

(jumping, throwing, lifting the barbell). These 

movements are referred to as movements requiring 

high power (the product of force and speed). 

Maximum power is achieved at the level of average 

development from maximum strength and speed. The 

same is true for the combinations of endurance and 

strength, endurance and speed (quickness). The less 

the strength or speed of the muscle contraction (and, 

accordingly, the nerve impulse), the longer the 

muscle contraction can take place. In this case, we 
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are talking about endurance, both physical quality 

and endurance of the nervous system. Therefore, it is 

quite logical to define the ability to maintain a 

relatively high speed of movements for a long time 

as "speed endurance" and to correlate this concept 

with both physical qualities and the properties of the 

nervous system. This can explain the fact, obtained 

in our study, that the maximum speed endurance is 

observed at relatively low speed indicators. 

Thus, the classification of boxers' fighting styles can 

be represented as a manifestation of physical 

qualities and properties of the nervous system: 

"High-speed athletes" (speed prevails), "Endurance 

athletes" (endurance prevails with average speed 

development), "Powerful athletes" (average severity 

prevails) strength and speed). Accordingly, the styles 

of the duel reflect the manifestations of these 

physical qualities and properties of the nervous 

system: tempo style - speed endurance; power style - 

power (strength and speed), play style - speed and 

switchability (agility). 

 

Prospects for further research 
 

Further research suggests: 

- checking the distribution of qualified 

veteran boxers by means of cluster analysis; 

- 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 
 

1In the structure of the complex readiness of 

qualified veteran boxers, 2 main factors have been 

identified. The first factor (55.063% of the total 

variance) according to the indicators included in it, 

was named "Speed". The second factor (44.937% of 

the total variance) according to the indicators 

included in it, was named "Speed endurance". The 

styles of fighting qualified veteran boxers were 

revealed on the basis of the analysis of the general 

and individual factor structure of biomechanical and 

psychophysiological indicators. It is shown that the 

individual factor structure, which is characterized by 

the expressiveness of the factor "Speed and 

coordination endurance" by more than 80%, and the 

severity of the factor "Speed" by less than 30%, is 

typical for boxers of the tempo style. The individual 

factor structure, which is characterized by the 

expressiveness of the factor "Speed" by more than 

80%, and by the severity of the factor "Speed and 

coordination endurance" by less than 30%, is typical 

for boxers of the playing style. Individual factorial 

structure, which is characterized by the 

expressiveness of the factor "Speed" by more than 

50%, and by the severity of the factor "Speed and 

coordination endurance" by less than 30%, is typical 

for boxers of the strength style. 

2. Qualified veteran boxers with a high level 

of speed and coordination endurance manifestation 

(tempo style of fighting), are characterized by the 

least number of errors when performing the test for 

the choice reaction in the feedback mode and the 

average development of the reaction speed, work in 

a low stance with a high speed of movement and 

development of maximum speed at the end of the 

movement or evenly throughout the movement. 

Qualified veteran boxers with a high level of 

manifestation of speed capabilities and an average 

level of manifestation of speed and coordination 

endurance (playing style of fighting) are 

characterized by a high level of development of 

reaction speed, a relatively large number of errors in 

the test for the choice reaction in the feedback mode, 

work in a high stance and development of maximum 

speed at the beginning of the movement. 

 Qualified veteran boxers with an average 

level of speed abilities and a low level of speed and 

coordination endurance manifestation (strength style 

of fighting) are characterized by a high number of 

errors when performing the test for the choice 

reaction in the feedback mode and a high level of 

development of reaction speed, work in a high stance 

and development of maximum speed at the end of the 

movement. 

3. It is shown that the psychophysiological 

characteristics of boxers of different styles of 

fighting are reflected in the characteristics of the 

technique of direct blow. The lack of speed at the 

beginning of the movement in tempo style boxers is 

supplemented and compensated by the high speed of 

movement. Playing style boxers are characterized by 

a high speed of movement at the very beginning of 

the strike. Power style boxers are characterized by 

the gradual development of movement speed. 
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