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Abstract

The study purpose was to examine, analyze, and generalize the competitive activity structure based on the hierarchy of
technical and tactical indicators of skilled female basketball players in won and lost games using principal component

analysis.

Materials and methods. The study participants were 96 professional female basketball players, members of national
teams of Spain, France, Belgium, Greece, Turkey, Latvia, Italy, and Slovakia, which took the 1st-8th places in the

final tournament of the European Basketball Championship 2017. The study analyzed 16 main technical and tactical
indicators of skilled female basketball players in 52 official games to examine and interpret the obtained results using
principal component analysis. The total number of observations is 52.

Results. The experimental indicators obtained during the study made it possible to examine and analyze the grouping
of elements of the competitive activity structure of skilled female basketball players, to interpret the obtained results
in order to define informative criteria for optimizing training and improving the competitive activity effectiveness.
The study revealed considerable differences in the competitive activity structure in won and lost games: in accordance
with the most significant indicators of factor loadings, the percentage of a sample of elements that correlate with one

another is: for won games - 67.40%, for lost games — 69.52%.

Conclusions. Principal component analysis is quite effective and informative for studying the competitive activity
structure of skilled female basketball players. It was demonstrated that the greatest difficulties in studying the
competitive activity structure in basketball using principal component analysis are the selection of indicators that do
not duplicate one another and are not calculated, expert interpretation of the obtained results, and algorithmization of

special analysis of technical and tactical indicators.

Keywords: basketball, structure, technical and tactical activity, principal component analysis.

Introduction

Modern basketball is characterized by strong competi-
tion at the level of club and national teams (Okazaki, Ro-
dacki, & Satern, 2015; Sushko, Vysochina, Vorobiova, Dor-
oshenko, Pastuhova, & Vysochin, 2019). This determines the
popularity of basketball: increased attention of millions of
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fans and viewers, managers of business structures and in-
vestment companies, researchers and practitioners (Calvo,
Garcia, & Navandar, 2017; Kozina, Bazylyuk, & Boyko, 2017).
The high level of technical and tactical skills and training sys-
tem of top athletes suggests the need to search for new, non-
traditional approaches to creating the most effective methods
for increasing the competitive activity efficiency in sports
games (Tao Zhang, Gongzhu Hu, & Qi Liao, 2013; Krizan &
Mikulié, 2018). One of the most relevant issues in the mod-
ern system of training skilled athletes in sports games is the
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use of methods of multivariate mathematical analysis of the
competitive activity indicators (Kawabata & Mallett, 2012)
and their further interpretation (Makuts & Vysochina, 2015).
This makes it possible to integrate the multivariate methods
of mathematical and statistical analysis into the theory of
athletic training in basketball in order to improve the system
of long-term training and competitive activity of skilled ath-
letes (Wei Yin, 2014). These methodological approaches are
of great practical importance (Vlachopoulos, Karageorghis,
& Terry, 2000), and the problematic issues are promising
areas for effective implementation in the system of athletic
training (Li, Wang, Chen, & Dai, 2015) and improvement
of the competitive activity efficiency (Shepelenko, Kozina,
Cieslicka, Prusik, Muszkieta, Sobko, Ryepko, Bazilyuk, Pol-
ishchuk, Osiptsov, & Kostiukevych, 2017).

Among promising experimental studies in this research
area are the papers by Cieélicka, Sobko, Ulaeva, Ishen-
ko, Shepelenko, Tamozhanska, & Bugayets, 2019; Gryko,
Mikolajec, Maszczyk, Cao, & Adamczyk, 2017, which, based
on the material of team games and using the multivariate
methods of mathematical analysis, examined the physical
fitness structure of athletes with different positions and de-
termined the factor models of technical and tactical actions
in the competitive activity. At the present stage of sports sci-
ence development, one of the first experimental studies of
the competitive activity structure of skilled female basketball
players using factor analysis methods is the research paper
by Kyrychenko and Doroshenko (2006), which is based on
the material of technical and tactical indicators of the com-
petitive activity in the Euroleague and EuropaCup 2003-2005
official games. A distinctive feature of the study is a modified
use of principal component analysis with Kaiser normaliza-
tion, varimax orthogonal rotation of the primary R matrix
and subsequent interpretation of the obtained data to de-
velop an algorithm for special analysis of indicators of the
competitive activity in basketball.

This research area was further developed in the papers by
Calvo, Garcia, and Navandar (2017) (study of technical and
tactical indicators in the competitive activity of professional
athletes in the Spanish Basketball League); Gryko, Mikotajec,
Maszczyk, Cao, and Adamczyk (2017) (analysis of technical
and tactical indicators in the competitive activity of basketball
players in the final tournament of the European Championship
2015); Teck, Wang, and Mallett (2012) (technical and tactical
characteristics in the competitive activity of elite women’s bas-
ketball teams while preparing for youth Olympic tournaments).

The problems with using the methods of multivariate
mathematical analysis when grouping technical and tacti-
cal indicators in the competitive activity of basketball play-
ers, taking into account their differentiation into individual,
group, and team values, are described in the studies by Kozi-
na, Jagiello, and Jagiello (2015); Kozina, Bazylyuk, and Boyko
(2017), as well as when analyzing the hidden components of
the competitive activity structure (Sporis, Sango, Vuceti¢, &
Masina, 2006). The authors point out that the most important
problem is a high complexity of qualitative interpretation of
collected data, which is based on practical experience, theo-
retical and methodological knowledge of researchers, the use
of modern computer technology in the process of multivari-
ate mathematical analysis.

Modern methodological approaches to analyzing fac-
tor variables that determine the parameters of teamwork of
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skilled basketball players in the conditions of growing com-
petition, and to forming the groups of factors are presented
in the study by Bazanov, Véhandu, & Haljand, 2006. This
makes it possible to develop a set of necessary prerequisites
for improving the indicators of integrated team skills based
on the teamwork of individual members of the team: “point
guard - shooting guard”, “small forward - power forward -
center”, and others.

A similar approach was implemented in the study by
Sampaio, Janeira, Ibafiez, & Lorenzo (2006), which deter-
mines the individual characteristics of the integrated skills of
athletes with different positions (point guard, shooting guard,
small forward, power forward, center), using the methods of
mathematical modeling and multivariate mathematical anal-
ysis. The study showed the possibilities of theoretical mod-
eling in multivariate mathematical analysis of technical and
tactical indicators in the competitive activity in basketball
based on the formation of models of a player with a specific
role according to the principle of “leading qualities”. The use
of this principle in the training process is of great practical
importance, since it enables differentiation of the focus of
training effects in order to select the most effective exercises.

The formation of an algorithm for selecting test tasks that
meet the criteria of objectivity, reliability, validity, and in-
formativity (Kozina, Repko, Ionova, Boychuk, & Korobeini-
kov, 2016) and make it possible to determine the level of
development of various aspects of basketball players’ fitness
at different stages of long-term improvement, is one of the
most relevant tasks in applying the methods of multivariate
mathematical analysis for studying the competitive activity
in basketball (Koryahin, Dutchak, Iedynak, Blavt, Galaman-
djuk, & Cherepovska, 2018).

The use of the methods of multivariate mathematical
analysis of technical and tactical indicators in the competitive
activity of skilled basketball players is also highlighted in the
study by Scanlan, Dascombe, and Reaburn (2011), which,
on the basis of comparative analysis of elementary technical
and tactical actions of basketball players of the Australian
National Basketball League, shows the need to study the hid-
den structure of standard indicators of game efliciency in
basketball, which significantly supplements the modern ap-
proaches to special analysis of indicators of the competitive
activity and the formation of its algorithm. The discriminant
analysis of game indicators of basketball players with differ-
ent positions is shown as an adequate, reliable, and informa-
tive method for studying technical and tactical indicators
and is a necessary prerequisite for developing an algorithm
for special analysis of the competitive activity in basketball
(Villa & Lozano, 2018).

Consequently, the methods of multivariate mathematical
analysis are adequate both in the study of theoretical (Fer-
reira, Volossovitch, & Sampaio, 2014), and applied (Pluta &
Andrzejewski, 2018) problems of analyzing the competitive
activity structure of skilled athletes in basketball. The present
study has examined the indicators of the competitive activity
structure of skilled female basketball players in the official
games of the European Basketball Championship 2017, using
principal component analysis.

The study of the peculiarities of technical and tactical ac-
tions in the competitive activity of skilled female basketball
players and the interpretation of the obtained results using
principal component analysis will create the prerequisites for
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developing an algorithm for special analysis of indicators of
the competitive activity in basketball.

Hypothesis. The grouping of elements of the competi-
tive activity structure of skilled female basketball players us-
ing principal component analysis has significant differences
in technical and tactical indicators in won and lost games.
Therefore, it needs to be studied in order to increase the ef-
fectiveness of the training and competitive activity.

The study purpose was to examine, analyze, and general-
ize the competitive activity structure based on the hierarchy
of technical and tactical indicators of skilled female basket-
ball players in won and lost games using principal compo-
nent analysis.

Materials and methods

Study participants

The study object was technical and tactical indicators in
the competitive activity of 96 skilled female basketball players,
members of national teams of Spain, France, Belgium, Greece,
Turkey, Latvia, Italy, and Slovakia, which took the 1st-8th places
in the final tournament of the European Basketball Champion-
ship 2017. Principal component analysis was used to study the
competitive activity structure indicators to group the leading
factors, determine their hierarchy, and interpret the obtained
results regarding the differences in won and lost games. Dur-
ing experimental research, we processed 8,784 technical and
tactical indicators in the competitive activity of skilled female
basketball players in 52 games of the final tournament of the
European Basketball Championship 2017: 5,392 indicators of
the competitive activity of skilled female basketball players in
32 won games and 3,392 indicators in 20 lost games.

Study organization

On June 16-25, 2017, the Czech Republic hosted the final
tournament of the European Women’s Basketball Champion-
ship. Its participants were 16 strongest national teams. The
results of the top 8 teams (total number of games, number of
wins and losses) are given in Table 1.

Statistical analysis

To study the competitive activity structure of skilled fe-
male basketball players based on the materials of the final
tournament of the European Basketball Championship 2017,
principal component analysis was used as a form of factor
analysis (Jiang, 2014; Wei, 2014). The study performed an
analysis of the grouping of elements of the competitive activ-
ity structure by the individual technical and tactical indica-
tors of skilled female basketball players. The indicators in
won and lost games were differentiated and generalized. To
process the obtained results, specialists of the Department of
Physical Rehabilitation, Sports Medicine, Physical Education
and Health of Zaporizhzhia State Medical University used the
SPSS-12 computer program.

Results

Tables 2 and 3 present the factor coefficients that make
it possible to determine the competitive activity structure of
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Table 1. Final results with the ratio of wins and losses of
skilled female basketball players in the games of the final
tournament of the European Basketball Championship
2017,n =52

Place = Team Number of Won Lost Ratio
games

1 Spain 6 5 1 5
2 France 6 5 1 5
3 Belgium 6 5 1 5
4 Greece 7 3 4 0.75
5 Turkey 6 5 1 5
6 Latvia 7 3 4 0.75
7 Italy 7 4 3 1.33
8 Slovakia 7 2 5 0.4

Total 52 32 20 1.6

skilled female basketball players, that is, are its elements, with
differentiation into won and lost games.

To determine the specifics of the competitive activity
structure of skilled female basketball players in won and lost
games using principal component analysis, the correspond-
ing technical and tactical indicators of the athletes were stud-
ied (Table 2, won games - 32; Table 3, lost games - 20).

In the case of our study, for the grouping of elements of
the general competitive activity structure of skilled female
basketball players, in accordance with the most significant
indicators of factor loadings, the percentage of a sample of
elements that significantly interrelate (correlate) with one an-
other is: for won games - 67.40 % (Table 2), for lost games —
69.52 % (Table 3). The obtained data point to a fairly high
degree of reliability of the results.

The analysis of the distribution of technical and tactical
indicators of skilled female basketball players in the hierar-
chical competitive activity structure in won and lost games
reveals the existence of significant differences.

In the won games, the first factor “Ball control” in-
cludes the following technical and tactical indicators of
the competitive activity: offensive rebounds, defensive re-
bounds, total rebounds, and blocks. Taking into account the
specifics of the competitive activity in basketball, we state
that these technical and tactical indicators reflect a great
importance of ball control after attacking the opponent’s
basket: offensive rebounds and, partially, total rebounds.
The quantitative indicators of defensive rebounds, blocks
and, partially, total rebounds indicate a great importance
of ball control after the opposing team’s attacking technical
and tactical actions. In addition, ball control after rebounds
and, sometimes, after blocks enables the team to effectively
use offensive technical and tactical actions, taking into ac-
count the tactical game plan and current game situation. In
this case, the attacking team players may vary technical and
tactical actions, using fast or positional tactical variants of
attack, which significantly increases the competitive activ-
ity efficiency.

In the lost games, the first factor “Points scored in long-
distance attack” includes the quantitative and qualitative in-
dicators of 3-point shots, points scored, turnovers, and play-
ing time. The expert interpretation of the obtained results
shows that in the structure of basketball competitive activity
in the lost games the indicators of shooting skills are of great
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Table 2. The competitive activity structure of skilled female basketball players in won games, n = 32

Competitive activity indicators

Values of factor coefficients

Factor 1 Factor 2 Factor 3 Factor 4

Time, min. 0.446 0.594 0.355 0.331
2-point shots, n 0.403 0.066 0.623 0.406
2-point shots, % 0.454 0.086 0.609 0.397
3-point shots, n 0.013 0.865 0.144 -0.060
3-point shots, % 0.059 0.892 0.186 0.020
free throws, n 0.081 0.168 0.913 -0.019
free throws, % 0.165 0.137 0.906 -0.003
offensive rebound, n 0.717 -0.221 0.108 0.100
defensive rebound, n 0.769 0.268 0.217 0.046
rebounds, n 0.915 0.131 0.203 0.045
efficient assists, n 0.011 0.583 0.194 0.304
fouls, n 0.130 -0.045 -0.087 0.681
turnovers, n 0.008 0.173 0.302 0.651
steals, n 0.111 0.403 0.077 0.276
blocks, n 0.462 -0.217 0.264 -0.088
points, n 0.256 0.537 0.716 0.186
total variance 2.861 2.968 3.425 1.560
variance, % 17.8 18.5 21.4 9.70

Table 3. The competitive activity structure of skilled female basketball players in lost games, n = 20

Competitive activity indicators

Values of factor coefficients

Factor 1 Factor 2 Factor 3 Factor 4

Time, min. 0.563 0.425 0.461 0.311
2-point shots, n 0.490 0.401 0.013 0.547
2-point shots, % 0.490 0.457 0.038 0.499
3-point shots, n 0.870 -0.113 0.060 0.078
3-point shots, % 0.836 -0.098 0.194 0.197
free throws, n 0.132 0.133 0.088 0.926
free throws, % 0.152 0.165 0.071 0.925
offensive rebound, n -0.134 0.715 -0.112 0.158
defensive rebound, n 0.056 0.692 0.320 0.330
rebounds, n -0.008 0.838 0.212 0.327
efficient assists, n 0.386 0.028 0.705 0.094
fouls, n 0.167 0.301 0.275 0.001
turnovers, n 0.481 0.262 0.408 0.021
steals, n 0.045 0.075 0.761 0.108
blocks, n 0.130 0.654 -0.264 -0.026
points, n 0.720 0.220 0.064 0.633
total variance 3.268 2.958 1.824 3.069
variance, % 20.40 18.40 11.40 19.20

importance: quantitative and qualitative indicators of 3-point
shots, points scored. The emphasis on using 3-point shots is
usually conditioned by high-level defensive actions of the
winning team. In these conditions, the losing team is forced
to change the emphasis in offensive actions to throwing the
ball into the basket from long distances. The indicators of
turnovers, by their characteristics, are opposite to rebounds.
If in the won games the quantitative indicators of rebounds
belong to the first factor, which points to the predominant
indicators of ball control, then in the lost games, the first fac-
tor includes the indicators of turnovers, which determine the
reduced indicators of ball control in the competitive activity.
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The indicator of points scored in the lost games belongs to the
first factor, obviously due to a greater complexity and reduced
efficiency of offensive technical and tactical actions. The in-
dicator of playing time also belongs to the first factor, which
indicates the existence of difficulties associated with a short-
age of skilled athletes who can substitute players and increase
the effectiveness of the losing team’s technical and tactical
actions. In the competitive activity structure of skilled female
basketball players, the first factor is 17.8 % in the won games,
20.4 % - in the lost games.

The second factor in the hierarchical competitive activity
structure of skilled female basketball players includes: in the
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won games “Offensive actions from long distances” - quan-
titative and qualitative indicators of 3-point shots, playing
time, quantitative indicators of efficient assists and steals; in
the lost games “Ball control” - offensive rebounds, defensive
rebounds, total rebounds, fouls, and blocks.

The expert interpretation of the study results shows that
in the won games the second factor “Offensive actions from
long distances” includes the indicators of steals, which de-
termine the effectiveness of fast and positional offensive ac-
tions, and, as a result, efficient assists. The high efficiency
of quantitative and qualitative indicators of 3-point shots
usually allows the winning team to maintain a comfortable
advantage in the competitive activity. The indicator of play-
ing time in the second factor shows that the winning team
has skilled athletes, who are able to substitute other play-
ers in order to increase the competitive activity efficiency
and actively counteract the opposing team’s offensive actions
during defense. In the lost games, the second factor includes
the indicators of rebounds, blocks, and fouls. As we can see,
the composition of the second factor in the lost games “Ball
control” almost completely duplicates similar technical and
tactical indicators, which belong to the first factor in the won
games and determine the indicators of ball control. This cre-
ates the preconditions for increasing the effectiveness of of-
fensive technical and tactical actions, their variability (fast or
positional attacks), or their combinations. Exceptions are the
indicators of fouls, which significantly reduce the indicators
of ball control by the team in the competitive activity and, as a
result, the overall effectiveness and efficiency of the competi-
tive activity. In the competitive activity structure of skilled
female basketball players, the second factor is 18.5 % in the
won games, 18.4 % - in the lost games.

The third factor in the hierarchical competitive activity
structure of skilled female basketball players includes: in the
won games “Game and standard offensive actions” - quanti-
tative and qualitative indicators of 2-point shots, free throws,
points scored; in the lost games “Efficient assists” — quantita-
tive indicators of efficient assists and steals.

The expert interpretation of the obtained data shows that
the third factor of the hierarchical competitive activity struc-
ture in basketball in the won games “Game and standard
offensive actions” includes: indicators of shooting skills with
differentiation into variable (quantitative and qualitative in-
dicators of 2-point shots) and standard components (quanti-
tative and qualitative indicators of free throws). In addition,
this factor includes the indicators of total points as a logical
reflection of the effectiveness of shooting skills.

In the lost games, the third factor “Efficient assists” in-
cludes indicators that directly determine the indicators of
ball control by the team (steals) and the efficiency of offen-
sive technical and tactical actions (efficient assists). In the
competitive activity structure in basketball (based on the
material of skilled female athletes), the third factor is 21.4 %
in the won games, 11.4 % - in the lost games. Significant
differences in the obtained data resulted from the fact that
the won games have the most frequently used technical and
tactical indicators in the competitive activity of skilled fe-
male basketball players (quantitative and qualitative indica-
tors of 2-point shots and free throws, quantitative indicators
of points scored). In the lost games, the third factor includes
only the indicators of steals and eflicient assists.

The fourth factor in the hierarchical competitive activity
structure of skilled female basketball players includes: in the
won games “Turnovers” - fouls and turnovers; in the lost
games “Game and standard offensive actions” - quantitative
and qualitative indicators of 2-point shots and free throws.

The quantitative indicators of fouls and turnovers di-
rectly determine the reduced indicators of ball control by
the team in the competitive activity in the won games. In the
lost games, the fourth factor “Game and standard offensive
actions” includes quantitative and qualitative indicators that
characterize shooting skills in variable conditions of the com-
petitive activity (2-point shots) and in standard conditions
(free throws). In the competitive activity structure of skilled
female basketball players, the total contribution of the fourth
factor is 9.7 % in the won games, 19.2 % - in the lost games.

Table 4. Generalized data of the grouping of elements of the competitive activity structure of skilled female basketball
players in accordance with the values of factor coefficients in the won and lost games, n = 52

Competitive activity

Factors

“Ball control”  “Offensive actions from “Game and standard of- “Turnovers”
long distances” fensive actions”
won games rebound-O** time* 2-point shots* fouls*
rebound-D** 3-point shots** % 2-point shots* turnovers*
rebounds** % 3-point shots** free throws -
blocks efficient assists* % free throws -
- steals points -
“Offensive  actions“Ball control” “Efficient assists” “Game and standard offensive
from long distances” actions”
lost games time* rebound-O** efficient assists** 2-point shots*
3-point shots** rebound-D* steals** % 2-point shots
% 3-point shots**  rebounds** - free throws**
turnovers fouls - % free throws**
points** blocks** - -

* — with a factor coeflicient from > 0.5 to < 0.7; ** — with a factor coeflicient > 0.7; rebound-O - offensive rebounds; rebound-D - deffen-

sive rebounds
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Table 4 shows the elements of the competitive activity struc-
ture of skilled female basketball players in accordance with
the values of factor coefficients in the won and lost games.

Discussion

The present experimental study for the first time provided
data on grouping technical and tactical indicators of the com-
petitive activity of skilled female basketball players in the final
tournament of the European Basketball Championship 2017,
with differentiation into won and lost games. The study con-
firmed the experts’ opinion (Doroshenko, Sushko, Koryahin,
Pityn, Tkalich, & Blavt, 2019; Teck, Wang, & Mallett, 2012)
on the possibility of studying technical and tactical indicators
of the competitive activity of skilled female basketball players
using principal component analysis in won and lost games,
which makes it possible to develop prerequisites for improving
the training and competitive process, supplementing the sys-
tem of knowledge about the general theory of athlete training.

In the modern system of athletic training, principal com-
ponent analysis does not belong to the group of the most popu-
lar multivariate mathematical and statistical methods used in
physical education and sports, due to a fairly high complexity of
methods for selecting indicators and interpreting the obtained
results (Kozina, Bazylyuk, & Boyko, 2017; Shepelenko, Kozina,
Cieslicka, Prusik, Muszkieta, Sobko, Ryepko, Bazilyuk, Polish-
chuk, Osiptsov, & Kostiukevych, 2017). The main purpose of
using principal component analysis in the theory of athletic
training is to reduce the number of competitive activity indi-
cators based on their classification and determination of the
structure of internal relationships. By identifying and group-
ing the hidden (latent) factors that explain the relationships
between basketball players’ technical and tactical indicators
in the competitive activity, specialists have the opportunity to
analyze data on the identified factors, which, to a large extent,
determine factor loadings of the competitive activity indicators
(atalevel close to 70%) (Doroshenko, Sushko, Koryahin, Pityn,
Tkalich, & Blavt, 2019; Teck, Wang, & Mallett, 2012).

For the practice of athletic training and analysis of the
competitive activity, relevant are the tasks of analyzing large-
scale data - indicators of technical and tactical actions of
basketball players with different positions in the competitive
activity (Sampaio, Janeira, Ibafiez, & Lorenzo, 2006).

The application of principal component analysis,
classification, and further interpretation of the competitive
activity indicators of highly skilled female basketball players
enables solutions of such tasks and serves to achieve two
goals: first, to reduce technical and tactical indicators in
the competitive activity of highly skilled female basketball
players and to identify technical and tactical indicators with
the largest “factor weight”; secondly, to classify technical
and tactical indicators in basketball competitive activity on
the basis of identification and grouping of factors (Kozina,
Jagiello, & Jagiello, 2015; Kyrychenko & Doroshenko, 2006).

Additionally, researchers (Doroshenko, Sushko, Ko-
ryahin, Pityn, Tkalich, & Blavt, 2019) point out that the use
of principal component analysis for the competitive activity
has significant similarity with factor analysis when formulat-
ing tasks and a number of fundamental differences:

o principal component analysis does not use iterative
clustering methods to categorize the indicators of
basketball competitive activity into groups of factors;
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« differentiation of the competitive activity leading
indicators, which are used to extract principal
components, and auxiliary indicators of basketball
competitive activity;

o projection of auxiliary indicators of basketball
competitive activity onto the primary R matrix of factor
space;

o use of principal component analysis to classify both
leading and auxiliary indicators of the competitive
activity, as well as to make observations (when
differentiating into friendly, control, official games, etc.).
Besides, the issues of selecting the competitive activity

indicators and interpreting the obtained results using princi-
pal component analysis are debatable. The greatest difficulty
in selecting technical and tactical indicators of the competi-
tive activity structure of skilled female basketball players is
the need to differentiate technical and tactical indicators,
which, to some extent, duplicate factor loadings. In the case
of basketball, we are talking about the technical and tacti-
cal indicators in the competitive activity structure, which
are used to assess the effectiveness of integrated technical
and tactical skills (Simovi¢, Matkovi¢, Mijanovi¢, Koci¢, &
Vojvodi¢, 2012) - free throws, 2-point and 3-point shots. In
the process of studying the competitive activity structure,
these technical and tactical indicators, in some way, duplicate
the corresponding factor values during multivariate math-
ematical analysis. However, these technical and tactical indi-
cators have considerable differences, which is also of impor-
tance (Gryko, Mikotajec, Maszczyk, Cao, & Adamczyk, 2017)
for performing adequate procedures of multivariate math-
ematical analysis of the competitive activity using principal
component analysis — these groups of shots are differentiated
by the number of points scored. Researchers believe that it is
possible to use different methodological approaches to solve
this problem (Tyshchenko, Hnatchuk, Pasichnyk, Bubela, &
Semeryak, 2018). It is reasonable to apply duplicating techni-
cal and tactical indicators of the competitive activity struc-
ture in basketball (analysis of the indicators of free throws,
2-point and 3-point shots) in the process of multivariate
mathematical and statistical analysis by principal component
analysis, as changes in the primary R matrix are not statisti-
cally significant and will not essentially affect the grouping of
factors. Also justified is a methodological approach, in which
technical and tactical indicators that duplicate factor loadings
in the primary matrix - indicators of free throws, 2-point and
3-point shots are combined into a group of “shots” for further
analysis and interpretation.

Among unsolved issues are also the problems of inter-
pretation of technical and tactical indicators obtained as
a result of using multivariate mathematical and statistical
methods - applying principal component analysis with Kai-
ser normalization and varimax orthogonal rotation of the
primary R matrix. In this case, the debatable issues include
the problems of interpreting the “playing time” indicator,
which can be used both as a value to calculate the individual
(relative) effectiveness of the competitive activity of skilled
female basketball players, and as a separate technical and
tactical indicator, which integrally reflects the athlete’s level
of technical and tactical skills (Doroshenko, Sushko, Ko-
ryahin, Pityn, Tkalich, & Blavt, 2019). We believe that these
methodological approaches can be used in the procedures of
multivariate mathematical and statistical analysis of the com-
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petitive activity structure of skilled female basketball players
using principal component analysis, with the availability of
qualified specialists’ opinions in each individual case.

In addition to the above, in scientific discussion, of im-
portance are the issues of developing an algorithm for mul-
tivariate mathematical and statistical analysis to study the
competitive activity structure of skilled female basketball
players using principal component analysis. This algorithm
should contain the following elements: selection of technical
and tactical indicators of the competitive activity structure
in basketball; identification of principal components using
Kaiser normalization and varimax orthogonal rotation of
the primary R matrix; special analysis and interpretation of
technical and tactical indicators of the competitive activ-
ity structure in basketball; development of methodological
recommendations on improving the training and competi-
tive activity. Despite the existence of controversial points,
we believe that principal component analysis is adequate for
studying the competitive activity structure of skilled female
basketball players. The differentiation of technical and tacti-
cal indicators and their grouping in won and lost games will
enable the development of necessary preconditions to in-
crease the efficiency of the training and competitive activity.

The prospects for further research in this area are based
on specifying and detailing the algorithm for analyzing the
structure of the training and competitive activity of skilled fe-
male basketball players using principal component analysis.

Conclusions

The study of the competitive activity structure of skilled
female basketball players by methods of multivariate math-
ematical and statistical analysis (principal component analy-
sis) reveals considerable differences in won and lost games,
with four most significant indicators of factor loadings and
a sample of elements that correlate with one another, the
percentage is 67.40 % for won games and 69.52 % - for lost
games, which shows a high degree of reliability of the ob-
tained experimental results (about 70 %). The differences in
the hierarchical competitive activity structure of skilled fe-
male basketball players in won and lost games are recorded
in four factors.

The methods of multivariate mathematical and statis-
tical analysis (in particular, principal component analysis)
are effective and informative for studying the hierarchical
competitive activity structure of skilled female basketball
players. The greatest difficulties in studying the competitive
activity structure in basketball using principal component
analysis are the selection of indicators that do not duplicate
one another, expert interpretation of the obtained results, and
algorithmization of special analysis of technical and tactical
indicators.
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AHANI3 CTPYKTYPU 3MATAJIbHOIO MPOLIECY
KBAJTIOIKOBAHUX BACKETBONICTOK

Enyapn Jopomenko'A*°P, Pycrana Cymko**®<P, Bamepiit
ITamappin*“PE, Bonogumup [Ipuxonpko*“PE, Ipuna [llanoBanosa's,

Hap’s EniceeBa*™, Okcana [IemigoBa*’t, Aprem SIKoBeHKO

4DE

'3amopi3bKuii jepyKaBHUIT MEAVYHUIT YHIBEPCUTET

*KuiBcpkuit yHiBepcureT iMeHi bopuca Ipinuenka

*LleHTp nileH3yBaHHA YKpalHCbKoi QpyTO0/MBbHOI acowiaril
‘IIpupHinpoBcbKa iepkaBHa akajeMis Gi3NdHOI KY/IbTYpH i copTy

ABTOpPCHKMIT BKIAJ: A — Am3aiiH gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykorcy; E — 36ip komrtis

Pedepar. Crarts: 9 c., 4 Tabn., 33 mxeper.

Merta focmiyKeHHA — BUBYUTH, TIPOAHATIi3yBaTH i y3a-
TaJIbHUTY CTPYKTYPY 3MarajibHOTO IIPOIeCy Ha MifICTaBi BU-
3HAYeHH;I iepapxil TeXHIKO-TaKTMYIHIX TOKA3HMKIB KBaTii-
KOBaHIMX 6acKeTOOJIICTOK Y BUTPAHMX i IPOTPaHMX MAaTIax 3
BUKOPUCTAHHAM METOJIY TOJIOBHMX KOMIIOHEHT.

Marepiamu Ta Mmetogu. KoutuareHnT - 96 npodeciitanx
6acKeTOOMICTOK, TPaBIIiB HAI[iOHATBHUX 30ipHMX KOMaHT Ic-
nanii, @pannii, benprii, Ipenii, Typewunsn, Jlatsii, ITanii Ta
CroBawunHy, sAKi 3aitHsum 1-8 Miciyst B pinanpHOMY TypHIpi
yeMmionary €sponn 3 6acker6ony 2017 poky. IIpoanani-
30BaHO 16 OCHOBHMX TEXHIKO-TaKTMYHMX IIOKa3HUKIB KBa-
nidikoBaHNX 6ackeT6oMicTOK Vv 52 odiniiiuux irpax. Buko-
pUCTaHNIT METO, TOIOBHIX KOMITOHEHT. 3arajabHa Ki/lbKicTh
CIIOCTEPEXEHD — 52.

PesynbraTu. ExciepyMeHTanbHi NOKa3HUKH, AKi OTpU-
MaHi B XO[i JOCTi[I)KeHH, JO3BOIWIN BUBYUTY i IIpoaHa-
Ji3yBaTy TPYNYBaHH:A €/€MEHTIB CTPYKTYpPHU 3MaraabHOTO
npotecy kBayiikoBaHUX 6acKeTOOTICTOK, iHTepIpeTyBaTn
OTpUMaHi pe3y/IbTaTyl 3 METOI0 BU3HA4eHH: iH(pOpMaTuB-
HUX KPUTEPIIB I ONTUMI3allil TPEHYBa/JIbHOTO HisA/TbHOCTL

Ta HifiBUIeHHA e(eKTMBHOCTI 3MarajJpHOro Ipouecy. Bu-
ABJIEHO 3HAYYIi BITMIHHOCTI CTPYKTYpM 3MaraabHOro mpo-
1IeCy Y BUTPaHNX i IPOTPaHMX MaT4ax: BifIMOBiIHO IO Haii-
Oi/bII 3HAYYIIUX TTOKASHUKIB (PAaKTOPHUX HABAHTAXKEHb,
BiZICOTOK BUOIpKM €/1eMEHTIB, sIKi KOPEeIITh MK 06010,
CTaHOBUTb: JI/IA BUTPAHUX MaT4iB — 67,40 %, 114 Iporpanmux
MaryiB - 69,52 %.

BucHoBKM. MeToJ rOJIOBHUX KOMIIOHEHT € e(heKTUB-
HUM Ta iHpOPMATUBHUM /11 BUBYEHHA CTPYKTYPU 3Ma-
rajJibHOTO Ipolecy KBanipikoBauux 6ackerbomicrok. ITo-
Ka3aHo, I[0 HailOIIbIIy CKIAfHICTh B MpOLjeci BUBYEHHS
CTPYKTYpU 3MaraabHOTo Ipolecy B 6ackeT60Ii MeTOOM
TOJIOBHVX KOMIIOHEHT IIPefiCTaB/IAI0Th Bifi6ip ITOKa3HUKIB,
o He AyO/IIO0Th OOVH OZHOTO i He € pO3paxyHKOBUMU,
€KCIIepTHa iHTeprpeTanis OTPUMMAaHMX PE3Y/IbTaTiB Ta ajl-
rOpuTMi3alisg CIeliaJbHOrO aHali3y TeXHIKO-TaKTMYHMUX
MOKAa3HMKIB.

KmrouoBi cmoBa: 6ackeT60/1, CTPYKTYpa, TeXHiKO-TaK-
TUYHA aKTUBHICTh, aHaJIi3 TOTOBHNMX KOMIIOHEHT.
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