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Abstract

and Volleyball has a unique feature of combining both tall attackers and small, fast liberos in one

team. The purpose of the study was to develop individual programs of the educational and
training process of volleyball players at the stage of specialized basic training based on factor
models of their readiness.

The women's volleyball team of the Children's League of Ukraine of sports boarding school
No. 1 in the city of Kharkiv took part in the study, in the number of 12 players aged 15-16
years. The testing was carried out on 10 tests of physical fitness. From the methods of
statistical analysis, the method of descriptive statistics, factor analysis by the method of
principal components with the determination of the individual manifestation of each factor in
female athletes, and cluster analysis were used.

On the basis of the factor analysis, the structure of the preparedness of volleyball players at
the stage of specialized basic training was determined, in which four pronounced factors were
revealed. The model of the existing or possible belonging of the players to the role according
to the determined factor structure is determined: in the forwards of the first tempo, the factors
"speed-power readiness" and "power endurance" come to the fore, in the attackers of the
second pace - "speed-power readiness” and "speed endurance”, in "communication” - "speed
endurance” and "special (aerobic-anaerobic) endurance”, in libero - "power endurance™ and
"special (aerobic-anaerobic) endurance”. Using this scheme, you can determine the individual
potential opportunities of different players to play in different roles.

As a result of the cluster analysis, the functions of volleyball players were clarified and the
players most similar to each other in terms of their preparation structure were identified,
which sometimes causes some difficulties for coaches when working with athletes with
implicitly expressed game functions. Individual profiles of players were compiled and
individual recommendations for training volleyball players were developed based on the
individual values of readiness factors and the results of cluster analysis.

volleyball, preparedness, game roles, factor structure
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MOKA3HUKIB iHTErpajbHOr0 TeCTyBaHHS

AHoOTALIA

0c00IMBOCTI
BoJIeii0oicTOK pi3HOro irpoBoro ammiaya Ha eTami

creniajTizopaHoi 0a30B0I MiATOTOBKH

Boeiibon Bimpi3HSAETHCS YHIKATBHOI OCOOJMBICTIO TOEJIHYBATH B OJHIA KOMaHJI SIK
HAMATHUKIB, TaK 1 MaJCHBKHX MIBUAKHX Ji0epo. MeTa IOCITimKEHHS
mojisirana 'y — po3poOili iHIUBIAyabHUX MPOTpaM HABYAILHO-TPEHYBAIBHOTO IMPOLECY
BOJICHOONIICTOK Ha eTami creniaii3oBaHoi 0a30BOi MiATOTOBKM Ha OCHOBI (DaKTOPHHX

VY nmocnmimKeHHI B3SIM yd4acTh JKiHOYa BOJICHOONBbHA KOMaHAA IHTAYOI JITH YKpaiHU
cnoptuBHOTO iHTepHaTY Ne 1 micta XapkoBa y KigbkocTi 12 rpaBmiB BikoMm 15-16 poki
TectyBanHs mpoBommwiocs mo 10 Tectam 3 (i3MYHOI MIATOTOBICHOCTI. 3 METOMIB
CTATHCTHYHOT'O aHANI3y 3aCTOCOBYBAIICH METOJI OTIMCOBOI CTATUCTUKH, PAKTOPHUIN aHAIi3
METOJIOM T'OJIOBHUX KOMITOHET 3 BU3HAUEHHSM 1HMBIyalbHOTO MPOSBY KOXKHOTO (hakropa

¢dakTopHOro aHamizy Oyja BHU3HA4Y€HAa CTPYKTypa MiArOTOBJIEHOCTI
BOJICHOOIIICTOK Ha eTari crieriaai3oBaHol 6a30Boi MiATOTOBKH, Y SIKii BHSBHIIOCS YOTHPH
BUpaXeHHUX (akropu. BuzHaueHO Mojenb HasiBHOT YM MOXKJIMBOI HAJIC)KHOCTI TPaBIiB /0
amInIya 3riJHO 70 BH3HA4YeHOl ()aKTOPHOI CTPYKTYpH: Y HalaJHHKIB MEPLIOr0 TEMIy Ha
NEepUIMi IUIAaH BUCTYMAIOTh (HaKTOPU «IIBHIKICHO-CHIJIOBA MiATOTOBJIICHICTH» Ta «CHIIOBA
BUTPHUBAJIICTBY», Y HANIAJHUKIB APYrOro TEMITy — «IIBHIKICHO-CHJIOBA IiATOTOBICHICTEY Ta
«UIBUJKICHA BHTPHUBATICTEY, Y «3B'SI30K» — «IIBHAKICHA BUTPUBATICTB» Ta «cCIeLiajbHA
(aepoOHO-aHaepoOHA) BUTPUBATICTEY, Y TIOEPO — «CHIOBAa BUTPHUBAIICTE» Ta «CHeMiadbHA
(aepoOHO-aHaepoOHa) BUTpUBAIiCTE». KOPUCTYIOUHCH TAaHOK CXEMOI0, MOJKHA BH3HAYHTH
IHAWMBITyaIbHI MOTEHINabHI MOKIIMBOCTI PI3HUX TPABIB 0 TPA B Pi3HUX aMILIya.

OOrpyHTyBaHHS
i MeTa BHUCOKOPOCITUX

MOJ€JIeH TX MiArOTOBIEHOCTI.
Marepiaa i
METOaH

Y CIIOPTCMEHOK Ta KJIACTepHUI aHAIi3.
Pe3yabTaTn Ha mincrasi
BucHoBkH

KirouoBsi ciioBa

VY pe3ynbTaTi KJIACTEPHOIO aHa i3y YTOYHEHO (YHKINI BOJICHOOJICTOK Ta BHUSBJICHI
HAMOLIBII CXOXKI MIXK COOOIO TPABIIl 32 CBOEID CTPYKTYPOIO IMiATOTOBJICHOCTI, 110 BUKJIHKAE
iHOZI JAesiki TPYyAHOLIl B TPEeHepiB mpH poOOTi 31 CHOPTCMEHAMH 3 HESIBHO BHUPAKEHUMHU
irpouMu  pyukiismu. CxaameHo iHIUBiAyadpHI mpodini TpaBIiB Ta PO3pOOJICHO
IHMBI Ty aIbHI PEKOMEH/IAIIIT 1010 TPCHYBAHHS BOJICHO0JIICTOK HA OCHOBI 1HIHBITyaTbHIX
3Ha4eHb (DAKTOPIB MiIrOTOBICHOCTI 1 PE3yJIbTATIB KJIACTEPHOTO aHAIII3Y.

BOJICHOOII, IMiATOTOBJICHICTB, iIrPOBi aMIUTya, (haKTOpPHA CTPYKTYpa

Introduction

complicates the educational and training
process, this is the primary requirement of

The individualization of the training
process is key to the future of sports
competitions, including volleyball [1, 2, 3]. One
distinctive aspect of volleyball is the
combination of tall attackers and short, quick
liberos on the same team [2, 3]. Although the
necessity to research and implement a unique
method to each team member considerably

contemporary sports.

Players in the same game functions as
well as those in separate roles both require an
individual strategy. It is now feasible to
precisely describe an athlete's unique traits and
create so-called "ideal” models of athletes
thanks to modern scientific approaches [4, 5].
But these techniques are rarely used. However,



such methods are rarely wused, which
significantly reduces the effectiveness of the
educational and training process.

At all levels of sports training,
particularly for players on professional teams,
an individualized approach to athletes is
required [6]. This time period is crucial in the
development of a high-class athlete since it is
when athletes in volleyball are more rigorously
separated into roles and have their unique game
profiles established.

Theoretical generalization of literary
sources [7—11] revealed that the variables that
affect volleyball's sporting outcomes serve as
the cornerstone of systematic methods to the
process's individualization. Individualization of
physical, psychological, and technical-tactical
training are the three categories that they fall
under [1, 12, 13]. At the same time, none of the
authors [14, 15] suggests a particular approach
where a fusion of all three aspects is feasible for
volleyball players' individual training. The time
is right to create an algorithm that combines all
forms of training and, consequently, all
systematic approaches to individualization in
order to individually tailor the training process
for volleyball players.

An algorithm for determining the
individual complex structure of readiness was
created in our earlier studies [1-5], which
shown its efficacy for raising volleyball players'
competence. Individual characteristics of
difficult preparation for particular players are
compiled on the basis of this algorithm. The
stages of this algorithm are as follows:-
conducting testing of female athletes, which
includes a set of at least 10 tests;

- using factor analysis to determine the
general structure of athletes' readiness.
identifying the key variables and compiling
their traits;

- doing a hierarchical cluster analysis
on the testing indicators;

- based on cluster analysis of individual
features and the determination of the individual
factor values.

This algorithm has proven to be
effective in identifying the unique qualities of
players in a variety of game roles across a range
of game sports [1-5]. But at the stage of
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specialized basic training, it was not used to
identify the unique qualities of volleyball
players. In the study, it was proposed that it
would be effective to combine statistical
modeling with data on volleyball players'
unique characteristics at the stage of specialized
basic training., it will be effective to apply
statistical modeling to the combination of
factorial and cluster analysis of testing
indicators of female athletes.

In this regard, the purpose of the study
was to develop individual programs of the
educational and training process of volleyball
players at the stage of specialized basic training
based on factor models of their readiness.

Material and methods
Participants

The women's volleyball team of the
Children's League of Ukraine of the sports
boarding school No. 1 of the city of Kharkiv in
the number of 12 players aged 15-16 years
participated in the study.

Procedure

In this study, a ascertaining experiment
was conducted in September 2021, in which the
players of the team of sports boarding school
No. 1 of the city of Kharkiv took part. On the
basis of the obtained data, the structure of the
readiness of volleyball players was determined
and the individual features of the factor
structure of the readiness of volleyball players
of various playing roles were determined.

Testing methods

Testing was conducted on 10 physical
fitness tests [16—-20]. When performing each
test, 3 attempts were given, and the best result
was recorded. The tests were conducted during
2-3 training sessions.

Description of tests

1. Running to 4 points (Fig. 1). The
execution time was fixed.
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Fig. 1. The "run to 4 points" test on half of the volleyball court

2. Running to determine the speed of
movement on the volleyball court for a distance
of 30 m (9-3-6-3-9 m). The starting point was
the serving line of the volleyball court. From the
starting position of the high start on the
command "March" the player ran 9 m to the
middle line and touched the ball No. 1; after that
he returned to 3m and touched ball No. 2; after
that he ran to the other side of the court (6 m)
and touched ball No. 3; then returned to the 3 m
line to ball No. 1 and, after touching it, finished
on the serving line of the second half of the
court. The test execution time was fixed.

3. Jump up from a place. Height was
measured with a raised hand, after which a jump
was performed with fixation of reaching the
highest point on the shield or stand. The
difference between these values in cm was
calculated.

4. Jump up from acceleration. The testing
was carried out using the same method as
measuring the height of the standing jump.

5. Throwing a stuffed ball from a sitting
position.

6. Throwing a stuffed ball from a lying
position.

7. Lifts of the trunk from the position of
lying on the back in 20 seconds (number of
times).

8. Lifts of the trunk from the position
lying on the stomach in 20 seconds (number of
times).

9. Bending-extending the arms in a lying
position in 20 seconds (number of times)

10. The standing long jump was
performed from the initial position standing in
front of the starting line. Simultaneously with

the withdrawal of the arms back, the player's
legs were bent at the knee joints, and then with
the active extension of the arms forward, a jump
forward and up was performed. Players were
given two attempts, the best result was
recorded.

Statistical analysis

The results obtained in this study were
processed using appropriate well-known
mathematical and statistical methods. The
following methods were used for mathematical
processing of test data:

1. Calculation of "simple statistics".

2. Factor analysis 2. reducing the
number of test signs and figuring out how
volleyball players' specific preparation is
structured utilizing the principal components
technique. It was first necessary to ascertain the
general structure of athletes' preparedness in
order to ascertain the individual structure of
preparedness, on the basis of which it is feasible
to individualize the educational and training
process. In order to achieve these goals, a factor
analysis was used in this study. Through this
method, a significant number of variables—11
in this case—that are connected to the studied
cases—athletes—were condensed into a
manageable number of independent values
known as factors.In this way, complex factors of
female athletes' preparedness were found,
which explain as fully as possible the
relationships observed between variables (that
is, testing indicators).

At the first step of the factor analysis
procedure, the given values of the variables



were standardized using the z-transformation;
then, using the standardized values of the
variables, Pearson correlation coefficients were
calculated between the considered variables.

Based on the correlation matrix, the
relative variances of simple components
(factors) or the eigenvalues of factors, the
number of which coincides with the number of
indicators, were determined.

The eigenvalues of the components
(factors) were sorted in descending order, after
which the main factors with eigenvalues greater
than one were selected. To obtain unambiguous
solutions, orthogonal rotation was carried out
using the varimax method.

3. Cluster analysis to determine the
most similar players according to testing
indicators for planning a differentiated
approach to the training process.

Processing of indicators was carried out
with the help of modern computer programs -
"EXEL" and "SPSS".
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In order to develop individual programs
for volleyball players at the stage of specialized
basic training, a comprehensive analysis of their
testing indicators was carried out.

In order to obtain a general
characteristic of the group of examinees, the
average indicators for all tests were first
calculated (Table 1). It should be noted that in
the team that was surveyed, the majority of
players are declared as second-rate strikers with
a clear shortage of players of other functions.
Therefore, in order to draw up individual
training programs, it was necessary, first of all,
to establish the extent to which the players differ
from each other in terms of testing indicators.

To develop individual training models,
it is necessary to rely on mathematically
identified features of players, and therefore we
applied the algorithm developed in this study to
determine the team and individual structure of
players' training.

Results
Table 1. Indicators of testing volleyball players at the stage of specialized basic training
Ne 1 2 3 4 5 6 7 8 9 10 11
1 149 | 91 230 50 55 5.5 6 19 24 23 200
2 15 8.9 235 35 40 55 | 5.7 20 28 20 190
3 15 9 239 41 51 55 | 5.8 18 25 20 215
4 15 9 225 45 53 55 | 6.5 16 22 21 208
5 149 | 8.8 207 43 67 55 | 6.1 25 30 24 210
6 149 | 9.2 235 40 45 55 | 5.9 18 22 23 200
7 15 | 10.3 | 238 37 42 6.2 | 6.1 18 30 20 170
8 15 9 238 40 42 6 6.1 15 28 20 208
9 17 9.8 238 41 44 5.2 | 6.1 19 32 27 200
10 149 | 8.7 235 45 55 6.4 | 65 16 26 20 215
11 145 | 9.2 228 32 47 4.3 5 19 30 20 180
12 16.5 9 225 38 53 4 45 20 24 20 180
X 15.22 | 9.17 | 231.08 | 40.58 | 49.50 | 5.43 | 5.86 | 18.58 | 26.75 | 21.50 | 198.00
G 0.74 | 045 | 913 | 485 | 7.70 | 0.69 | 058 | 257 | 3.39 | 2.28 | 14.86
Minimum | 145 | 8.7 207 32 40 4 45 15 22 20 170
Maximum 17 | 10.3 | 239 50 67 6.4 | 65 25 32 27 215

Notes: 1 - Run to 4 dots (s), 2 - Run "93639" (s), 3 - Body length with raised arm 9 (cm), 4 - Jump up
from a place (cm), 5 - Jump up from the run (cm),. 6 - Throwing a stuffed ball while sitting (m), 7 -
Throwing a stuffed ball lying down (m), 8 - "Press" 20 s (number of times), 9 - "Back™ 20 s (number of
times), 10 - "Push-ups" 20 s (number of times), 11 - long jump (cm)

10



In this study, the number of factors
whose eigenvalue exceeds one turned out to be
four (Table 2). Thus, four factors were
identified in the general structure of the
preparedness of volleyball players at the stage
of specialized basic training.

At the next stage of the study, the
characteristics of the main factors were

2023

1(2) @2

o~
so?

determined, for which the correlation
coefficients between these factors and the test
indicators were calculated. The resulting
returned component matrix is presented in
Table 3.

Table 2. Explained total variance of testing indicators of volleyball players at the stage of specialized

basic training

Components Primary eigenvalues The sum of squares of the loads is returned
Sum | % dispersion | Cumulative % Sum % dispersion | Cumulative %
1 3.37 30.64 30.64 2.89 26.30 26.30
2 2.87 26.12 56.76 2.73 24.81 51.11
3 1.98 18.03 74.80 2.14 19.44 70.55
4 1.25 11.39 86.19 1.72 15.64 86.19
5 0.65 5.93 92.12
6 0.34 3.07 95.19
7 0.21 1.90 97.09
8 0.17 1.53 98.61
9 0.11 0.96 99.57
10 0.03 0.25 99.83
11 0.02 0.17 100.00

To explain the main factors for each test
indicator (variables), the largest factor loadings,
that is, the largest correlation coefficients
between the variables and the main factors,
were determined.

The full characteristics of the factors
are presented in Table 3. The first factor
included the following test indicators: throwing
a stuffed ball while lying down, throwing a
stuffed ball while sitting, long jump from a
standing position, high jump from a standing

position. It is not difficult to notice that
throwing a stuffed ball while lying down and
sitting are naturally interdependent: it is natural
that with an increase in the speed and power
capabilities of the muscles of the hands, the
performance of such tests as throwing a stuffed
ball from different starting positions increases.
In the same way, the results of the standing
jump and long jump tests, which were also
included in the first factor (Table 3), are related.

Table 3. Returned correlation matrix of the main components (factors)

Factors
Indexes
1 2 3 4

Throwing a stuffed ball lying down (m) 0.97

Throwing a stuffed ball while sitting (m) 0.89

Long jump (cm) 0.67 -0.54

Jump up from a place (cm) 0.66 -0.53

Body length with raised arm (cm) -0.94

"Press" 20 s (number of times) 0.84

11
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Jump up from acceleration (cm) 0.84
"Back" 20 s (number of times) 0.87
Run "93639" (c) -0.41 0.72

Run to 4 dots (s)

0.87

"Push-ups" 20s (number of times)

0.81

Notes: 1 — factor “Speed-Strength Fitness”, 2 — factor “Strength Endurance”, 3 — factor “Special
(aerobic-anaerobic) Endurance”, 4 — factor “Speed Endurance”

Analyzing the common cause that
unites the indicators included in the first factor,
it can be noted that all these indicators
(throwing a stuffed ball from different starting
positions, jumping up from a place, long jump
from a place) reflect the development of speed-
power abilities , because all these motor actions
are performed within a short time (several
seconds) and require the manifestation of both
strength and speed for the maximum
implementation of test tasks. Since, according
to the basic provisions of the physiology of
muscle activity, strength and speed are
interconnected by feedback, and exercises that
require the manifestation of both strength and
speed, that is, the manifestation of maximum
power, are called speed-power exercises. In the
practice of sports, there are a large number of
such exercises, and the indicators included in
the first factor in our study are "purely" speed-
power actions. Therefore, the first factor was
named "speed-power readiness".

The second factor included such

indicators as the length of the body with an
outstretched arm (with feedback), "Abs" and
jump up from acceleration.
Since the "Press" exercise, performed for 20
seconds, can be attributed to the manifestation
of strength abilities, in particular, strength
endurance, and growth with an outstretched arm
is a reflection of body length, it can be argued
that the fact of a drop in results in the "Press"
exercise with increasing growth indicators, is a
manifestation of the biomechanical regularity of
a drop in relative strength with increasing body
length. Since this factor included the indicator
of a jump up from acceleration, which is also
partly a reflection of strength capabilities, the
second factor was named "strength endurance"
(Table 3).

12

The third factor included such
indicators as shuttle running "9-3-6-3-9" and
raising the body from the position of lying on
the stomach for 20 seconds. Since these
indicators reflect different types of endurance
required in volleyball, the third factor was
called "special endurance" (Table 3). The fourth
factor included performance indicators of the
tests "running to the 4th point" and flexion-
extension of the arms in a lying position. The
"weightier" indicator of the fourth factor is the
result of the "run to 4 dots" test. According to
the indicators included in the fourth factor, it
was called "speed endurance" (Table 3).

Analyzing the percentage contribution
of various factors to the total variance, we note
that it is practically the same for all four factors
(26.30%, 24.81%, 19.44% and 15.64%,
respectively (Table 2)). This testifies to the
almost equal importance of the identified
factors in the structure of the preparedness of
volleyball players at the stage of specialized
basic training, although the first and second
factors "speed-power preparedness” and
"power endurance" - are mainly expressed. This
coincides with data from the literature [16, 18]
regarding the advantage of speed-power
qualities of fitness in volleyball.

To determine the individual structure of
volleyball players' readiness, individual factor
values were calculated, which are presented in
Table 4. Each individual factor value can vary
from -3 to +3, and expressed as a percentage -
from 0 to 100%. In our study, the first factor
(speed-power  preparedness) was  most
pronounced in female athletes Nos. 4, 5, and 10
(Table 4). The second factor (strength
endurance) is most evident in sportswomen
Nos. 1, 5 and 11. The third factor (Special
Endurance) is most evident in sportswomen
Nos. 7, 9 and 11, the fourth factor (Speed



Endurance) is most evident in sportswomen No.
No. 1,9 and 12.

According to a certain individual factor
structure of volleyball players, graphic models
were built for each player and leading and
underdeveloped qualities were determined. In
accordance with the team test indicators, a scale
for evaluating test results was also developed
(Table 5).

At the next stage of the research, model
characteristics were determined for players of
various game roles. For this purpose, the most
characteristic players for each role were
selected (libero, 1-pace attacker, 2nd-pace
attacker, "link"). Having analyzed the
individual factor models of these players, we
created a model of existing or possible
affiliation of players to the role according to the
factor structure. This model is presented in fig.
2. According to the obtained experimental data,
the attackers of the first pace should differ in the
most developed first and second factors. In
addition, there is also a tendency for first pace
hitters to develop a fourth factor. In hitters of
second pace, the most developed factors are the
first and fourth, and there is a tendency to
develop the first factor more. In connecting
players, the most developed factors are the
third, fourth, and also the first. In libero, the
most developed factors are the second and third.
Thus, in forwards of the first pace, such factors
as speed-strength fitness and strength endurance
come to the fore, in forwards of the second pace
- speed-strength fitness and speed endurance, in
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link players - speed endurance and special
endurance , the libero has power endurance and
special endurance. The resulting patterns of
prevalence of different qualities in players of
different roles are schematically depicted in fig.
2. By substituting the schemes of individual
factor structures of preparedness (Fig. 4) on the
scheme in Fig. 2, it is possible to determine
individual tendencies towards one or another
role. In addition, after testing "new" players on
the leading tests of each factor, it is possible to
determine an approximate score for each factor
according to the rating scale presented in Table
5, and determine the individual features of the
readiness structure of "new" players. In
addition, using this scheme (Fig. 2), it is
possible to determine individual potential
opportunities of different players to play in
different roles.

The actual and potential game roles of
female volleyball players were also clarified, as
well as the players with the most similar
structure in terms of preparedness, using a
hierarchical cluster analysis of test indicators.
Each unique case in hierarchical cluster analysis
initially creates a distinct cluster of its own.
Two distinct clusters that are closest to one
another in terms of structure are joined into a
single cluster at each step. The stages of cluster
unification are shown in the dendogram (Fig. 2),
where it can be seen that players #3 and 6 were
first merged into one cluster, followed by #2
and 11 and 1 and 4.

Table 4 shows the individual values of the criteria for the primary team's athletes

Special
Speed and Power (aerobic- Speed
Ne | strength training endurance anaerobic) Endurance
endurance
1 2 3 4
1 75 91.67 25 83.33
2 25 50 66.67 16.67
3 41.67 41.67 41.67 50
4 83.33 66.67 8.33 58.33
5 91.67 100 75 66.67
6 33.33 25 50 75
7 50 16.67 100 33.33

13
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8 66.67 8.33 58.33 41.67
9 58.33 33.33 91.67 100
10 100 58.33 33.33 25

11 16.67 83.33 83.33 8.33
12 8.33 75 16.67 91.67

The similarity of these players is illustrated by
their individual factor structure of preparedness
in fig. 4.

From this it follows that these players
are the closest in terms of their preparedness
structure, which must be taken into account
when conducting training sessions and games.

Table 5. Rating scale of testing indicators of volleyball players at the stage of specialized basic

training

=
o 2
< ©
= S 1 2 3 4 5 6 7 8 9 10 11
o 2

357

o
5 X+2S | 145 | 8.7 239 50 67 6.4 6.5 25 32 27 215
4 X+S | 1512 | 9.1 231 | 455 | 60.25 | 5.8 6 225 | 295 | 25.25 | 203.7
3 X 1575 | 95 223 41 535 | 5.2 5.5 20 27 235 | 1925
2 X-S |16.38| 9.9 215 | 36.5 | 46.75| 4.6 5 175 | 245 | 21.75 | 181.2
1 X -2S 17 10.3 | 207 32 40 4 4.5 15 22 20 170

Notes: 1 - Run to 4 dots (s), 2 - Run "93639" (s), 3 - Body length with raised arm 9 (cm), 4 - Jump up
from a place (cm), 5 - Jump up from the run (cm),. 6 - Throwing a stuffed ball while sitting (m), 7 -
Throwing a stuffed ball lying down (m), 8 - "Press" 20 s (number of times), 9 - "Back™ 20 s (number
of times), 10 - "Push-ups" 20 s (number of times), 11 - long jump (cm)

Players who are most similar in their
factorial structure can be paired in training, can
replace each other in games or, on the contrary,
depending on the tasks of training or the
features of the game, the coach can make other
decisions using this information .

Let's consider the mathematical method
of dividing players into groups. First, the
optimal number of clusters is determined. It is
equal to the difference between the number of
players who appeared in the cluster analysis and

14

the step number at which the cluster coefficients
begin to grow non-linearly. In our case, the
number of the step at which the cluster
coefficients begin to grow non-linearly is the
eighth (Fig. 3). Thus, in our case, the optimal
number of clusters is equal to:

12 (number of players) - 8 (step
number) = 4 (clusters). In volleyball, this
corresponds to four playing roles.
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Fig. 2. The scheme for determining the playing roles of volleyball players based on indicators of
special physical fitness:
1 — factor “speed-strength preparedness”, 2 — factor “relative strength”, 3 — factor “special (aerobic-
anaerobic) endurance”, 4 — factor “speed endurance”;
A - players with a combination of factors 1 and 2 - attackers of the first pace; B - players with a
combination of factors 2 and 3 - libero; C - players with a combination of factors 3 and 4 - "connections™;
D - players with a combination of factors 4 and 1 - attackers of the second pace.
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Fig. 3. Dendogram of players' clustering
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According to the dendogram (Fig. 3)
and from calculations based on the total number
of clusters (Table 6), we determine the obtained
groups of players.

Cluster 1 - numbers 3, 6, 7, 8, 9.
Cluster 2 - Nos. 2, 11.
Cluster 3 - numbers 1, 4, 10.
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Cluster 4 - No. 5, a player who occupies a
central position and can be assigned to different
groups, and player No. 12, who, on the contrary,
differs from the others in terms of his
preparation structure (Fig. 3).

Table 6. Membership of the clusters of players of the women's volleyball team at the stage of
specialized basic training

Player number

Cluster number
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Thus, as a result of the cluster analysis,
the functions of volleyball players were
clarified and the players most similar to each
other in terms of their preparation structure

a

were identified, which sometimes causes some
difficulties for coaches when working with
athletes with implicitly expressed game
functions.

Fig. 4. Examples of similar players by factor structure according to cluster analysis data:

a - Player 1 — attacker of the 2nd pace, b — Player 2 — attacker of the 1st and 2nd pace; 1 — the
“speed-strength preparedness” factor, 2 — the “relative strength” factor, 3 — the “special (aerobic-
anaerobic) endurance” factor, 4 — the “speed endurance” factor



The conducted research made it
possible, based on the individual values of
readiness factors and the results of the cluster
analysis, to draw up individual profiles of
players and develop individual
recommendations for the training of volleyball
players. We give examples of individual
profiles of volleyball players and individual

recommendations regarding the training
process.

Individual characteristics of the studied
athletes

Athlete No. 1

Function - striker of the first pace.

The most manifested factors 1, 2 and 4
are speed-strength preparedness, strength
endurance, speed endurance. The manifestation
of the "speed endurance" factor makes it
possible to conclude that this player can also
perform the function of an attacking second
pace. When building an individual educational
and training process for this player, it is
necessary to rely on the most strongly
developed qualities, that is, on speed and
strength, to develop those that are lagging
behind, that is, special endurance. In the game,
this athlete needs to focus on attacking attacks.
Developing your strengths and building on
them, it is worth working on "lagging™ qualities,
such as the ability to work for a long time in the
glycolytic mode of energy supply. To increase
the third factor, it is worth using iron-containing
drugs and working on the development of
endurance and speed, for example, playing in
defense. The most similar player is Oh. These
players can be paired in training for mutual
reinforcement of strengths, or, on the contrary,
separated to develop lagging qualities.

Athlete No. 8

Function is a second-pace hitter and, as
shown by the study of the individual factor
structure of preparedness, can be a connecting
player.

The most manifested factor 1 is speed-
power preparedness, at the average level the
manifested factors No. 3 and 4 are "special
endurance” and "speed endurance", which
makes it possible to draw a conclusion about the
ability of this player to play as a link. The least
manifested factor 2 is strength endurance. When
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building an individual educational and training
process for this player, it is necessary to rely on
the most strongly developed qualities, that is, on
speed, to develop those that are lagging behind,
that is, strength endurance. In the game, this
athlete needs to focus on quick attacks, on
actions that require quick decision-making,
non-standard thinking. While developing your
strengths and building on them, it is worth
working on "lagging" qualities, such as strength
abilities. The most similar player in terms of
individual factor structure is P-k, whose
function is a second-tempo striker, but well-
developed qualities of speed and special
endurance make it possible to play well in
defense.

Athlete No. 2

The function is libero.

The most manifested factors 2 and 3 are
power endurance and special endurance, the
least manifested factors 1 and 4 are speed-
power preparedness and speed endurance.
When building an individual educational and
training process for this player, it is necessary to
develop those that are lagging behind, relying
on the most strongly developed qualities, that is,
strength endurance and special endurance. In
the game, this athlete needs to focus on
movements that allow her to perform ball
techniques for a long time without reducing
intensity and efficiency. While developing your
strengths and building on them, it is worth
working on "lagging" qualities, such as speed-
strength fitness and speed endurance. The most
similar player is I-a, who is a second-tempo
forward, but as a result of her individual fitness
factor structure can also serve as a libero.

Athlete No. 5, the function is a libero,
but the well-developed first and second factors
make it possible to conclude that this player has
the skills of a striker, and if necessary, could
perform this function.

This player has well-developed forward
factors and, combined with libero factors, gives
the opportunity to perform versatile actions in
the game. This player can work with each
member of the team, adapting to their individual
characteristics.

Based on factor models and certain
game functions, individual training programs



were developed for each player of the
"HOVUFKS" volleyball team, according to
which they trained for four months. When
organizing individual work at each training
session, time was set aside for individual tasks,
and the players thus improved their individual
skills.

An example of an individual training
program for a volleyball player — libero, No. 5
is given.

This player has the least developed
factor 1 - speed-power qualities. Therefore, an
individual program was planned for this player,
which consisted of the following exercises:

1. Exercises using external resistance:

a) resistance is used as an object
(exercises with stuffed balls, dumbbells, a
barbell, etc.);

b) resistance is provided by the partner
(squatting, leaning, walking, with the partner on
the shoulders);

c) the resistance of the external
environment is used (jumping, running on soft
sand, soil, snow, in water). These exercises are
more often used in off-season meetings.

2. Exercises burdened with the weight
of one's own body, for example, climbing a
rope, pulling up, jumping.

3. Exercises using various simulators,
blocks, mechanisms.

All these exercises are aimed at the
general development of strength and
musculoskeletal system. Volleyball includes
general physical training with special. The
specific work of a volleyball player is the
execution of game techniques, the effectiveness
of which is determined by the level of strength
development and speed endurance.

Discussion

On the basis of the algorithm developed
in our previous studies [1-5], a hypothesis was
put forward: to determine the individual
characteristics of volleyball players at the stage
of specialized basic training, it will be effective
to wuse statistical modeling based on a
combination of factor and cluster analysis of
testing indicators of female athletes. This
hypothesis was fully confirmed as a result of the
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conducted research. Statistical modeling of the
individual characteristics of female athletes
based on factor analysis with the determination
of the individual factor structure of the
preparedness of female athletes in combination
with the results of cluster analysis showed high
efficiency for determining a differentiated
approach to the training process.

The conducted study is one of the first
to determine the individual factor structure of
volleyball players' readiness at the stage of
specialized basic training. The results of other
authors [13, 14], who investigated the problem
of individual characteristics of volleyball
players, testify to the predominance of the
psychological approach to the individualization
of the training process. Our approach involves
the use of statistical modeling of individual
characteristics of female athletes based on
factor and cluster analysis.

The cited authors [13, 14] only take into
account  psychological differences when
addressing the issue of individual differences;
they do not address the issue of
individualization when addressing it from the
perspective of viewing a person as a system that
integrates a complex of different indicators.
Therefore, our study exhibits some uniqueness
when seen from this perspective. However, it
should be emphasized that some authors [16,
17] attempt to provide a comprehensive
assessment of individuality by taking into
consideration a wide range of markers. Such
signs include the development of specific
physical traits and psychophysiological skills,
as well as the characteristics of the nervous
system combined with the dominance of one
cognitive type. The characteristics of individual
differences are provided separately for each
category of indicators in this instance, rather
than being integrated. When individual
preparation or competitive activity schemes are
created for each group of indicators separately
[11, 12], and such a structure consists of
individual indicators, not factors, each of which
includes a complex of interrelated indicators as
suggested in our study, this is how the
assessment of individual differences in sports
takes place. We provide an algorithm for
constructing individual models of complicated



readiness in this regard. This algorithm enables
evaluation of individual differences by
individual indicators as well as holistic systemic
integration of all measured indicators.
Individual differences are categorized in sports
physiology and sports medicine based on the
ways in which the circulatory and neurological
systems respond to stress. It is now possible to
combine physiological, psychological, and
psychophysiological markers into a single
integral assessment of the athlete's personal
characteristics thanks to our concept and the
associated methodologies and algorithms for
developing individual programs.

Athletes are typically categorized in
sporting events according to function, or game
role [1, 3, 11, 15]. The issues of individual
differences  regarding  other individual
characteristics (psychological, physiological,
and psychophysiological) of athletes-players
are practically not covered in the
recommendations for the training of players of
various game roles. As a result, our suggested
statistical models for identifying the key
variables, which take into account a variety of
examined indicators in the organization of
athletes' training, provide a novel approach to
the issue of individualized volleyball player
training.

Conclusions

1. Based on the factor analysis, the
structure of volleyball players' readiness at the
stage of specialized basic training was
identified. Four standout factors were
identified: The first factor to consider is speed-
power readiness, followed by strength
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