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HEALTHY LIFESTYLE

ABSTRACT. The article proposes an original approach to

evaluating the effectiveness of the sports management
system, which differs from the classical linear and non-
linear optimization methods due to its use of quantile
regression models. Three main indicators were chosen for
creating the quantile regressions: (i) number of
participants in the Olympic Games - as a feature of the
effectiveness of the high-achievement sports; (ii) total
number of people engaged in sports - as a feature of an
effective mass sports system, which ensures a healthy
lifestyle of the population; and (iii) state expenses on
recreational and sports services. The quality of quantile
regressions was validated by the Fisher test and the two-
factor variance analysis. The research focused on the data
of 30 European countries, which officially and publicly
provide access to statistical reports on these issues. The
countries were divided into two groups with above-
average and below-average effectiveness of the sports
management system. Two hypotheses were proposed and
tested in the study. Hypothesis H1 was that the
effectiveness of high-achievement sports depends on the
amount of state funding for developing the sports
industry. Research results confirmed this hypothesis for
countries with an above-average level of sports
management system effectiveness, but refuted it for the
other group. Hypothesis H2 stated that the more massive
the development of sport in a countty, ie., the more
people are engaged in sports and lead a healthy lifestyle,
the more likely this country is to achieve victories in high-
achievement sports. This hypothesis was confirmed for
both groups of countries.

JEL Classification: C12, C61, Keywords: bibliometric analysis, man and health, sport industry,
72 effectiveness of sports management, state expenses, quantile
regression.
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Introduction

Sport achievements are the results of the sports science development, the use of
advanced technologies for athletes’ training, and significant efforts in sports management.
Sports achievements depend not only on the personal skills of athletes and the hard work of
coaches but also on the quality of joint work by a significant number of specialists involved in
sports management processes. Their task is to organize effective supervision of athletes,
provide funding for their activities, work on advertising sports competitions to increase the
number of fans, etc. Services most often offered by sports management companies include
hiring and firing athletes, coordinating activities related to negotiations and conclusion of
contractual agreements, monitoring and controlling sports performance, searching and selecting
qualified specialists to work with a team or an individual, and scouting for talented athletes.

Quality of the sports management system at the state level is evaluated by the number
of podium finishes in various types of competitions (from the Olympic Games to local and
regional competitions) by age categories of participants (middle school, high school, seniors,
teenagers, etc.). At the same time, it must be emphasized that notable achievements in sports
competitions of any type, either physical sports or esports, depends on the quality of training,
which is affected by physical, biochemical, biological, moral, psychological, and mental factors
that determine the state of health (Lyeonov et al., 2021 (a), (b); Pozeriene et al., 2021).

This study proposed to consider the effectiveness of the sports management system the
high-achievements sports results, i.e., the country’s achievements at the Olympic Games. This
article tests two hypotheses regarding the determinants of a country’s success or failure in high-
achievements sports. According to the first hypothesis H1, the country’s success in the world
sports arena mainly depends on funding the state invests in developing sports and recreational
services. According to the second hypothesis, the dominant factor does not include the funding
but rather the prevalence of sports among the population, i.e., the number of people involved in
regular sports and those who lead a healthy lifestyle. The purpose of the article is to develop an
approach to evaluating the effectiveness of the sports management system based on quantile
regressions, to calculate this indicator for 30 European countries (for which there are relevant
statistics in the open access), to divide the studied countries into two groups (above- and below-
average level of the sports management system effectiveness), as well as check the validity of
the proposed hypotheses for each group of countries.

1. Literature review

Scientists from the United States of America, Canada, South Africa, and Colombia
actively study sports management systems. It is necessary to focus on 23 institutions when
considering their scientific sports schools, which prepare qualified professionals with
bachelor’s and master’s degree, as well as medical institutions, in which certain courses devoted
to rehabilitation sports exercises and therapeutic massage procedures are implemented (Fig. 1).
When requesting "sports management™ in the Scopus database for the period from 2016 to 2021,
there were 191 publications on the analysis of the economic and legal foundations of the sports
management system reform, taking into account their social aspects (Kuzmenko et al., 2020;
Smiianov et al., 2020 ( a), (b)) and financial and economic determinants, as well as the impact
on public health (Aliyeva, 2022; Oteh et al., 2021; Lyeonov et al., 2021 (a)) and the life quality
of the population by five or more researchers from different countries (Awojobi 2022; Louis
2022).
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Figure 1. Map of relationships between scientific, medical and educational institutions that are
actively engaged in researching the quality of the sports management system
Source: Compiled by the authors using VOSviewer software

The direction of ten leading sports education and medical institutions in the world is
shown in Table 1.

Table 1 Scientific institutions of the sports industry

Institution

Description

Oklahoma State University: Center for health
sciences (Oklahoma State University, 2022)

The institution educates Masters in Sports Training to
become competent and independent clinicians who will
improve patient care and advance the sports training
profession through practice and research.

Pediatric Brain Injury Program (Hennepin
Healthcare, 2022)

The institution rehabilitates children with traumatic brain
injuries. Team members evaluate patients to identify
problems with cognitive, behavioral, or physical function and
provide treatment to help each child reach their maximum
potential while providing family nurturing and support.

Seattle Children’s Research Division (Seattle
Children’s Hospital, 2022)

It is one of the best children’s hospitals in the United States,
as a pediatric and adolescent academic medical center. It is
also one of the top five pediatric research centers in the
country, internationally recognized for its work in
neuroscience, immunology, infectious diseases, prevention of
sports and other injuries

Research ~ University  of  Washington:
Harborview Injury Prevention and Research
Center (Harborview Injury Prevention &
Research Center, 2022)

Interdisciplinary lecturers and staff conduct research, educate
scientists and public health practitioners, and implement
preventive programs to achieve high quality of health,
including those related to sports injuries

University of lowa Center for Advancement:
Department of Health & Human Physiology
(The University of lowa, 2022)

The institution focuses on understanding health, sports, and
recreation through education, research, and community
collaboration

Wits Sport and Health (University of
Witwatersrand, 2022)

The institution implements sports and physical medicine
programs based on high-quality, internationally recognized
training programs to promote maximum performance and
rehabilitation. In addition, the university’s activities are
aimed at combining public and private services for the benefit
of sports science and medicine
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University of Illinois at Urbana-Champaign:
(College of Applied Health Sciences, 2022)

The main direction of activity is aimed at studying the
effectiveness of work, transmission and distribution of energy
related to physical culture, health, and the human body. It
provides studying the master’s and PhD programs in the
sports medicine.

American Sports Medicine Institute (American
Sports Medicine Institute 2022)

It is a non-profit sports medicine foundation engaged in
improving the understanding, preventing and treating sports-
related injuries through research and education.

The Micheli Center for Sports Injury
Prevention (The Micheli Center for Sports
Injury Prevention, 2022)

The institution conducts world-class medical and scientific
research aimed at preventing sports injuries and the impact of
exercises on health and well-being; develops innovative ways
to encourage children and adolescents to exercise using
evidence-based strategies that help reduce injury risk and
improve sport results.

Sports  Medicine  Fellowship:  Columbia
University’s Department of Rehabilitation and
Regenerative Medicine (Columbia University,
2022)

The sports medicine fellowship training program includes
sports medicine didactic material combined with orthopedic
surgery, radiology, adolescent medicine, and hands-on
training in sports medicine primary care

Source: built by the authors

The bibliometric analysis performed using modern Bibliometrix software (Aria et al.,
2017), the RStudio programming language and the R package, identified the top 30 scientific
journals indexed in the Scopus database, which publish articles investigating the issue of "sports

management" (Fig. 2).

Figure 2 shows the number of articles published in the specified journals. 10,924 articles
related to sports management for the period from 2017 to 2022 were found. It emphasizes the
importance and relevance of research issues on the sports management system effectiveness in

different countries.

N. of Documents

Figure 2. Top 30 journals by the number of articles published on the topic of "sports

management"

Source: compiled by the authors using Rstudio package and Bibliometrix sofware

Table 2 shows the most frequently mentioned keywords in sports management

publications and their frequency of use.
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Table 2. Most frequent words

Words Freguency Words Frequency Words Frequency Words Frequency
sports - L
human 765 athlete 207 medicine 120 diagnostic imaging 82
athletic . .
male 671 injuries 172 athletes 113 decision making 81
priority scoring :
female 587 journal 171 system 113 Pathophysiology 81
humans 585 exercise 170 follow up 105 retrospective studies 80
information retrospective :
sports 510 management 163 study 100 Incidence 78
treatment human resource
adult 449 outcome 154 students 97 management 74
: major clinical physical :
article 433 study 143 ac_ti\_/ity 91 Education 73
adolescent 369 procedures 143 2;3';'2' 90 Injury 73
child 258 return to sport 143 football 90 cohort analysis 71
sport injury 251 cogttlzgced 142 aged 89 outcome assessment 70
sport 241 middle aged 140 physiology 89 risk assessment 70
: : : organization and
young adult 231 united states 131 questionnaire 85 management 67
brain . . . .
concussion 225 review 123 risk factor 83 quality of life 67

Source: compiled by the authors using Rstudio package and Bibliometrix software (Aria et al.
2017)

Figure 3 shows the results of the bibliometric analysis, characterizing the formalized
relationships in the research environment in the coordinates "country - a scientific or
educational institution for training athletes or researching in the sports management
effectiveness - priority areas of research or work to improve the sports management system
quality ". The results of this analysis are visualized in a three-dimensional graph constructed by
means of the RStudio package and the Bibliometrix software developed by Aria et al. 2017.
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Figure 3. Three-dimensional graph of the scientific works’ distribution
Source: compiled by the authors using Rstudio package and Bibliometrix software
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2. Methodological approach

For ensuring the country’s success in high-achievement sports, it is necessary to have
the clearly defined system of multi-level selection of athletes, work with children and youth
sports clubs, mentoring programs for athletes at different levels of their careers, etc.
(Tovmasyan, 2022; Lopushniak et al., 2022). Sports management is a type of specific
management (Nguyen, et al., 2021), which regulates the development vectors of physical
culture and sports oriented organizations (Kollmann et al., 2022). Sports management considers
physical culture and sport (Nufer, 2019; Cingiené 2020) not only as human motor activity,
confirmed in the physical culture theory, but also as a set of special means (Caratas et al., 2021)
and methods (Gavurova et al., 2021), aimed at the development of people’s physical activity
(Sylwestrzak et al., 2022). In addition, physical culture and sports are objects of social
management (Winiarski et al., 2021; Seguer 2022; Vasilyeva et al., 2021), which function
thanks to various physical culture and sports organizations, sports schools, and clubs, sports
facilities and playgrounds, sports and health centers (Awojobi, 2022), sports teams in all
possible sports, sports federations, International sports federations.

The state funding of sports, the number of educational institutions training professional
athletes, coaches, doctors-rehabilitators of sports and other injuries (Cabinova et al., 2021,
Kumar et al., 2021; Sarihasan, 2022) directly and indirectly describe the sports management
system of any country (Afrifa et al., 2021; Marsova et al., 2021). At the same time, one should
emphasize that the investment decision-making process (Moskalenko et al., 2022; Prokopchuk
et al., 2022;) in financial markets is complicated in modern conditions due to chaotic behavior
and high uncertainty in the development of prices for investment instruments (Carmen et al.,
2022; Jankova et al., 2021; Millia et al., 2022).

The development of the social economy extends the scale of the sports industry.
Investing in sports is profitable for most countries of the world (Vasanicova et al., 2022; Ramli
et al., 2022). The dynamics of the contributions made by states of the European Union for the
period from 2007 to 2020 in the development of sporting and recreational services is shown in
Table 3 (Eurostat, 2020).

For most countries (Table 3), state expenses for developing the sports industry are
constantly increasing. However, there are also European countries where deductions in sports
in 2020 were significantly less than in 2007. These are Greece, Ireland, and Spain. In addition,
analyzing the sparklines of Table 3, one can see that the Czech Republic, Denmark, Germany,
Estonia, France, Italy, Luxembourg, Poland, Hungary, Finland, Sweden, Iceland, Norway, and
Switzerland have increased state deductions several times compared to the last decade in the
development of the sports industry. Slovenia and Bulgaria have left their contributions almost
unchanged over the past 13 years or with a small increase in 2010-2016.

Therefore, it is proposed to evaluate the quality of the sports management system based
on the analysis of state expenses for recreational and sporting services in 2020 (Classification
of the function of government, COFOG, Eurostat, 2022 (a)), the mass involvement of the
population in sports as of 2021 (Eurostat, 2022 (b)), and the performance of the country in high-
achievements sports (results of the participants of XXXII Summer Olympic Games (the games
of the XXXII Olympiad)) (Arba, 2021).
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Table 3 Recreational and sporting servicesy by EU counties, Million euro

Country/Year| 2007| 2008 2009 2010 2011| 2012 2013| 2014 2015 2016/ 2017 2018 2019| 2020|Sparkline
Belgium 1268,5(1324,9|1458,8|1502,0{1539,81784,3|1635,9|1479,1|1551,3| 1656 1679|1921,7|1910,8|1699,5| _.enlsamallll
Bulgaria 37,3 59,4 35,5 48,0 53,3 70,5 55,2| 249,7| 1812 81,4 1109 89 64,9 148,1

Czechia 611,9| 682,2| 731,2| 6684 628,6| 600,5| 592,1| 632,8| 646,5| 6607 810,98 1014|/1031,6/10271,5

Denmark 1086,5|1176,5|1084,6/1008,0) 995,9|1025,6(1029,4|/1017,3/1083,4| 1099/1108,3|1166,2|1214,3|1232,9

Germany 7140| 76598 7635 T7987| T7634| 7209 7217| T7421| 7594 T3T0| T7927| 8443| 8882 9541

Estonia 1,3 16,7 70,5 67.9 59,1 62,3 86,9 85,2 80,8 94,6/ 131,9| 137.4| 162,9| 1584

Ireland 476,1| B81,2| 328,0| 280,6| 247,7| 247,3| 276,4| 2B5,2| 270,9| 308,56) 281,3| 369.4 366| 361.6

Greece 461 491 467 385 361 397 412 587 618 633 665 789 187 844

Spain 4655 4802 S5172| S5727| 5040| 3857 3767| 3806 4207 4205 4488 4777| 5165 4959

France 10578| 10798| 11264| 11722| 12033| 12331| 12747| 12418| 12012| 12119| 12538| 12747| 13750| 12908

Croatia 181,6| 201,68 243,0| 237,8| 229,7| 220,3| 212,6| 219,3| 213,6| 186,9| 150,4| 165,6| 184,6| 187,3

Italy 3828| 3667 3723|/3625,1|3749,4|3377,4/4189,7|4306,0) 4315 4516| 4450 4694|4881,8|42390,2

Cyprus 74 80,1 84,0 8l.2 82,5 71,2 58,1 53,8 58,0 52,8 59,8 61,6 82,6 76,5

Latvia 82,1 85,1 50,3 37,6 98,4 38,8 39,8 62,3 64,1 63,9 86,5 83.4 76,1 68,8

Lithuania 49,0 60,1 58,2 49,6 81,3 48,8 48,7 57,9 53,9 70,9 87,9 89,1 122,7| 155,7
Luxembourg 129,7| 143,6| 164,0/ 170,5| 1653| 197,3| 240,2| 240,6| 241,1| 261,1| 293,5| 313,5| 333,3| 316,85

Hungary 353,5| 408,5| 352,7| 352,9| 341,6| 353,8| 380,3| 480,9| 578,1/1278,9|1464,1|1329,5|1579,3|1789,8

Malta 5.2 4,7 6,6 8,9 11,1 12,1 10,8 7.9 12,5 9,6 21,9 29,5 27,8 21,7

Netherlands 3391| 3722 4182| 3985 3833 3B93| 3589 3422| 3802| 37T12| 3732 3960 4168 4333|

Austria 849,3| ©10,8| 876,89 B866,9| 832,8| 877,9| 888,1| 937,9/1002,0/ ©80,1|1014,5(1077,8/1090,3|1111,8|_

Poland 1020,4|1484,3|1607,6|2277,4|2157,8|1849,4|1694,2|1770,8| 1658,0| 1 448,8|1776,8| 2 250,1|2352,1| 2 078,5| wallustn.allll
Portugal 649,9| 715,9| 715,8| 707,5| 676,4| 573,3| 624,2| 507,6| 576,2| 492,2| 5425\ 637,3| 668,3| 694.9|ullll.n_._.ull
Romania 445,7| 510,7| 421,5| 433,8| 466,6| 446,4| 358,2| 470,1| 468,0| 434,00 480,2| 5852  662,4| 6514

Slovenia 82,9| 107,8| 106,3| 232,3| 127,0{ 121,2| 119,8| 115,8/ 131,0) 110,2| 118,4| 14538| 134.,4| 137.9|_

Slovakia 81,4 96,9| 114,6| 157,9| 127,8| 1169 91,2| 103,8| 133,0) 122,6) 126,7| 1752 218,0) 219.2

Finland 764 839 840 876 889 973 970 936| 1016/ 1083| 1188 1331| 1370 1313|_

Sweden 1481,2|1648,1|1567,8|1882,1|2088,1|2206,2|2341,4|2471,8| 2422,6| 2562,8| 2 557,6( 2 588,6| 2 748.,8| 3 043,4|_

Iceland 278,6| 184,1| 150,4| 169,1| 148,1| 151,1| 174,1| 187,3| 226,2| 263,2| 319,7| 342,3| 333,1| 326.7

Norway 776,4| 848,6/1017,6(1103,2|/11568,7|1193,3(1191,3|/1251,3/1172,9/1401,8/1596,1| 1631| 1825|1703,8|_
Switzerland 1229|1351,3|1379,4| 1541,2|1785,4|1750,5|1748,5|1805,9|2096,3| 2096,0| 2 168,5(2 177,9| 2 335,4| 2517,6|___.aumemninll

Source: Created by the authors (Eurostat, 2022)

The study was conducted for 30 European countries: Belgium, Bulgaria, Czechia,
Denmark, Germany, Estonia, Ireland, Greece, Spain, France, Croatia, Italy, Cyprus, Latvia,
Lithuania, Luxembourg, Hungary, Malta, Netherlands, Austria, Poland, Portugal, Romania,
Slovenia, Slovakia, Finland, Sweden, Iceland, Norway, Switzerland. The choice of these
countries was determined by the availability of open and publicly available statistical data for
calculations.

A well-known powerful mathematical toolkit for substantiating or refuting a significant
relationship between factor features (factors, predictors, extrapolators, prognostic parameters
(Cima et al., 2021; Musetescu et al., 2022)) and dependent features (outcome indicators) are
the methods of multivariate statistical analysis and multidimensional scaling (Fadilah et al.,
2021), namely: methods of descriptive statistics, correlation-regression analysis (Valdes et al.,
2022) using both clear metric features (Kolkova et al., 2022), and fuzzy non-metric (Abada et
al., 2021; Jencova et al., 2021), cluster analysis (He et al., 2021; Lewicki et al., 2021; Vinska
et al., 2021), canonical analysis (Lyoenov et al., 2021 (c)), discriminant analysis, variance
analysis, factor analysis (Nastisin et al., 2021), principal component analysis, structural
modeling (Nikonenko et al., 2021). Such a mechanism allows developing statistically
significant accurate and adequate models, which can be used for further application and the
adoption of well-founded objective management decisions (Szostek 2021; Ahmed 2021).

Recently, the development of median and quantile regressions, which is a useful,
convenient, and flexible tool for evaluating the effectiveness of the financial economy, risk
management, and stress testing, has been of great interest to scientists around the world (Abafe
et al., 2022; Agarwal et al., 2022). Median regression investigates what the median of the
dependent outcome measure depends on. The quantile regression is a generalization of median
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regression. It models the links between a set of predictor variables (independent indicators) and
defined percentiles or quantiles of the target variable (Koenker et al., 2001; Abdullah, 2022).
Unlike linear regression, which uses least squares to determine the conditional mean of a
specific distribution, considering various changes, quantile regression, firstly, is not based on
assumptions about the distribution of the target variable, and secondly, it is more robust to
outlier observations (Koenker et al., 2001; SuperDataScience Team, 2021; Aghamohammadi
et al., 2022). Consequently, quantile regression is widely used for research in practical fields
such as ecology (El Amri et al., 2020; Keliuotyté-Staniuléniené et al., 2021), health care (Kraft,
2021; Kaya, 2021) and financial economics (Jeon, 2021).

Quantile regression model equation o for quantile order 7 is shown in formula (1) (Dye,
2020; Adebayo 2022):

Qr(yi) = :BO(T) + :BI(T)xil + -t ﬁp(r)xip'i =1..,n (1)

where t — the quantile indicator, which determines its order; p — number of features in
the model; n — number of data points; 8 — a function of dependency on the current quantile.
When searching for 8 values, it is necessary to minimize median absolute deviation:

1 n
MAD = - Z pr (i — (Bo(T) + Brxis (T) + - + Bp (D)%) )

where p —a verification function that determines the asymmetric weights of the error of
a certain variable depending on the quantile and the sign of the error and is calculated by
formula:

p(a) =max(t X a,(t—1) X a) (3)

If the error is negative, the verification function is defined as the product of the error
and (r — 1), and if the error is positive, the verification function p for quantile order 7 is
calculated by 7 X a (Ahmed et al., 2021).

3. Conducting research and results

The following input data were used to assess the quality of the sports management
system: K1 - the number of participants of XXXII Summer Olympic Games held in Tokyo
(Japan) in 2021 (Arba, 2021), units; K2 — the number of the population regularly engaged in
sports (Eurostat, 2022 (b)), men and women, thousands of people; K3 — state expenses for
recreational and sporting services (Eurostat, 2022 (a)), million Euro.

Table 4. Initial data for research

Country/Indicator K1 K2 K3
Belgium 121 25,7 1699,5
Bulgaria 42 10,9 148,1
Czechia 115 29,8 1027,5
Denmark 107 27,9 1232,9
Germany 425 223,0 9541,0
Estonia 33 49 158,4
Ireland 116 20,0 361,6
Greece 83 22,7 844,0
Spain 321 221,1 4959,0
France 385 279,1 12908,0
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Croatia 59 7,6 187,3
Italy 372 103,9 4390,2
Cyprus 15 3,8 76,5
Latvia 33 6,0 68,8
Lithuania 41 6,6 155,7
Luxembourg 12 1,6 316,5
Hungary 166 27,3 1789,9
Malta 6 0,8 21,7
Netherlands 278 82,2 4333,0
Austria 75 26,0 1105,7
Poland 210 64,4 20785
Portugal 92 36,6 694,9
Romania 101 12,1 651,4
Slovenia 53 7,9 137,9
Slovakia 41 10,0 219,2
Finland 45 33,1 1313,0
Sweden 134 70,1 3043,4
Iceland 4 54 326,7
Norway 85 30,8 1703,8
Switzerland 107 47,3 2517,6

Source: compiled by the authors based on (Eurostat, 2022 (a), (b); Arba, 2021)

Since the input sample of indicators demonstrates data presented in different units of
measurement, it is necessary to carry out a standardization procedure for their future use in the
development of quantile regressions (Ahmed et al., 2021). Many transformations use additive
(Chen et al., 2003) and multiplicative methods and their combination (Celen, 2014). All
subsequent calculations depend on the quality of these methods. At the same time, weighting
coefficients of the normalization functions can be: 1) weights that determine measures of the
central tendency of the indicator (median, mode, average value), measures of variability
(dispersion, minimum, maximum value of the variable, range, coefficients of asymmetry and
kurtosis); 2) weighted indicators; 3) weights, which are formed based on the results of expert
judgments. A logistic function using the values of the stimulus indicators was used to carry out
the data standardization procedure:

1

(x; —me)
(max — me)

N =

(1+e (-3 ) )

where N — normalized value of the observed country, x; — the current value of the input
indicator (i = 1,..,31), me — the median of the input indicator, max — the maximum value of
the input indicator (Us et al., 2018).

Results of normalization according to the formula (4) are presented in Table 5.

Table 5. Normalized data

Country/Indicator K1 K2 K3
Belgium 0,564946 0,499111 0,552985
Bulgaria 0,389254 0,455374 0,456845
Czechia 0,551617 0,511258 0,511406
Denmark 0,533732 0,50563 0,524158
Germany 0,952574 0,911738 0,896851
Estonia 0,37016 0,437799 0,45748
Ireland 0,553844 0,482228 0,470046
Greece 0,479741 0,490223 0,5

Spain 0,887261 0,909909 0,735613
France 0,93337 0,952574 0,952574
Croatia 0,426218 0,445691 0,459264

Economics & Sociology, Vol. 15, No. 4, 2022



273

Vitaliia Koibichuk, Serhii Drozd, ISSN 2071-789X
Angéla Somogyi

RECENT ISSUES IN ECONOMIC DEVELOPMENT
Italy 0,925706 0,715724 0,707205
Cyprus 0,333212 0,434593 0,45243
Latvia 0,37016 0,441011 0,451956
Lithuania 0,387114 0,442765 0,457314
Luxembourg 0,327234 0,428196 0,467253
Hungary 0,660756 0,503852 0,558535
Malta 0,315447 0,425876 0,449056
Netherlands 0,842331 0,660638 0,704251
Austria 0,461786 0,5 0,516264
Poland 0,743275 0,611864 0,57615
Portugal 0,5 0,531369 0,490732
Romania 0,520259 0,458904 0,488029
Slovenia 0,413055 0,44657 0,456215
Slovakia 0,387114 0,45273 0,461235
Finland 0,395698 0,521027 0,529124
Sweden 0,593482 0,627783 0,633424
Iceland 0,311569 0,439258 0,467885
Norway 0,484239 0,51422 0,55325
Switzerland 0,533732 0,562784 0,602569

Source: built by the authors

Thus, the development of quantile regression models for evaluating the effectiveness of
the sports management system, based on the indicators of state expenses for recreational and
sporting services (Eurostat, 2022 (a)), employment of the population in sports (Eurostat, 2022
(b)), the number of participants in XXXII Summer Olympic Games (Arba, 2021) was carried
out using the R programming language, Quantreg, SparseM libraries in the RStudio software.
The Quantreg package is used to develop quantile regression models: linear and non-linear,
parametric and non-parametric models for conditional quantiles (Koenker, 2020). The SparseM
package provides the basic functionality of linear algebra, without which it is impossible to
develop testable statistical hypotheses regarding the obtained results quality, for example, the
calculation of Student’s test values based on a previously calculated covariance matrix
(Koenker, 2018). Therefore, the Quantreg package library cannot work without the SparseM
package.

The code for developing quantile regressions for quantiles of 0,17 and 0,83 order and
classical linear regression, in which the method of least squares is used to estimate the residuals
of the model, is:

# install.packages("quantreg")

library(quantreg)

mydata<- read.csv("'C:/Econometrics/Data/123456.csv")
attach(mydata)

# Define variables

Y <- chind(k1)

X <- cbind(k2,k3)

# Descriptive statistics

summary(Y)

summary(X)

# OLS regression

olsreg <- Im(Y ~ X, data=mydata)
summary(olsreg)

# Quantile regression

Quantregl7 <- rq(Y ~ X, data=mydata, tau=0.17)
summary(quantregl7)

quantreg83 <- rq(Y ~ X, data=mydata, tau=0.83)
summary(quantreg83)
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# ANOVA test for coefficient differences

anova(quantregl7, quantreg83)

library(ggplot2)

library(tidyverse)

ggplot(data = mydata, aes(K1,K2)) +

geom_point() +

geom_abline(intercept=coef(olsreg)[1], slope=coef(olsreg)[2])+
geom_abline(intercept=coef(quantreg17)[1],color = "red",, slope=coef(quantregl17)[2])+
geom_abline(intercept=coef(quantreg83)[1],color = "blue", slope=coef(quantreg83)[2])
ggplot(data = mydata, aes(K1,K3)) +

geom_point() +

geom_abline(intercept=coef(olsreg)[1], slope=coef(olsreg)[2])+
geom_abline(intercept=coef(quantreg17)[1],color = "red",, slope=coef(quantregl17)[2])+
geom_abline(intercept=coef(quantreg83)[1],color = "blue", slope=coef(quantreg83)[2])

The results of code execution are shown in the tables 6-11.

Table 6 shows the results of the numerical features of the normalized data (the 1st stage
of the software code implementation), which are necessary for the further development of
quantile regressions for evaluating the sports management effectiveness according to the
dependent indicator K1 (the number of participants of XXXII Summer Olympic Games) and
the independent indicators K2 (employment of population in sports in the country), K3 (state
expenses for recreational and sporting services).

Table 6. Descriptive statistics

> summary(Y) > summary(X)

K1 K2 K3
Min. 0,3201 0,4264 0,4430
1st Qu. 0,3962 0,4466 0,4537
Median 0,5000 0,5000 0,5000
Mean 0,5449 0,5444 0,5463
3rd Qu. 0,5930 0,5553fe 0,5667
Max. 0,9526 0,9526 0,9526

Source: built by the authors

So, for indicator K1 (Table 6), 1st Qu (lower quartile) means that 17% of observations
of normalized input data are lower than the number 0,3962. The 3rd Qu (upper quartile) means
that 83% of observations take a value less than 0,9526.

The next step of the software code (Table 7, 8) is to develop a multiple linear regression.
It describes the impact of independent indicators (employment of the population in sports, K2
and public expenses for recreational and sporting services, K3) on the dependent indicator (the
number of participants in XXXII Summer Olympic Games, K1). Table 6 displays the residuals
of the observed variables, representing the difference between the change in K1 and the
estimated value of K2 and K3.

Table 7 Residuals of linear regression analysis
Min 1Q Median 30Q Max

-0,13073 -0,04971 -0,02373 0,05276 0,17051
Source: built by the authors

Table 8 shows the obtained coefficients of the regression model and the verification of
its statistical significance using the Student’s test and the value of the standard error.
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Table 8 Regression model: coefficients of the model and significance testing

Coefficients Estimate Std. Error t value Pr(>|t))
(Intercept) -0,15050 0,06817 -2,208 0,0359
K2 0,69413 0,39316 1,766 0,0888
K3 0,58118 0,44133 1,317 0,1989

Source: built by the authors
Notes: Estimate — values of model coefficients; Std. Error — Standard Error; t value — the value
of the calculated T-Statistic, Pr — predictor.

The equation of the obtained econometric model, which describes the influence of
indicators of population employment in sports and state expenses for recreational and sporting
services on the number of participants of XXXII Summer Olympic Games, is given by formula

5):
K1 = —0,15050 + 0,69413K2 + 0,58118K3 (5)

Table 8 shows that both independent input variables have an insignificant link with the
indicator of the athletes” number at the Olympic Games. The Pr(>|t|) column contains the
predictor variable related to the value in the t value column. If the p-value is less than a certain
significance level (e.g., a = 0,05), the predictor variable has a statistically significant
relationship with the variable in the model (Ibn, 2016). In model (5), the p-value for variable
K2 and variable K3 exceeds 5%, indicating a statistically insignificant link with the resulting
variable K1.

Thus, model (5) is statistically insignificant. However, it does not mean that the quantile
regressions will also be statistically insignificant. Quantile regression and classical regression
answer different questions.

The logic of choosing the quantile regressions order is based on the division of countries
into groups by the level of the sports management system effectiveness . The K1 indicator was
selected as an indicator of the effectiveness. The authors suggested dividing all 30 countries
into two groups: countries with a below-average sports management system effectiveness, and
countries with an above-average sports management system effectiveness. At the same time, to
determine whether a country belongs to a certain group, it is necessary to apply the following
interval scale with respect to the percentile value (quantile of order 7): 0% < K1 < 15% — low
effectiveness of the sports management system; 15% < K1 < 50% - the below-average
effectiveness of the sports management system; 50% < K1 < 70% — the average effectiveness
of the sports management system; 70% < K1 < 85% — the above-average effectiveness of the
sports management system; 85% < K1 < 100% — high effectiveness of the sports management
system.

The next step is to develop quantile regressions. It is proposed to develop two quantile
regressions for the studied countries, corresponding to quantiles of the order of 0,83 and 0,17
The quantile regression of order t = 0,83 describes 83% of countries, which have an above-
average level of sports management (Maris, 2022). The quantile regression of order T = 0,17
describe 17% of countries with below-average level of sports industry management (Table 9).
This is the difference between quantile and ordinary regressions, which determine the tendency
of a change in the resulting feature only in the average value.
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Table 9 Quantile regression of the 0,17 order

Indicator Coefficients Lower limit Upper limit
(Intercept) -0,15224 -0,24177 -0,11682
K2 1,15810 -2,63502 1,16203

K3 -0,01820 -0,01820 3,38122

Source: built by the authors
The mathematical model for quantile regression of order 0,17 is:
K1 = —-0,15224 + 1,15810K2 — 0,01820K3 (6)

Figure 4 shows the quantile regression equations describing the influence of the
independent variable of the population employment in sports (K2) on the dependent variable of
the participants’ number in XXXII Summer Olympic Games (K1). The red line characterizes
the quantile regression (6) of order T = 0,17, blue line — quantile regression (7) of order t =
0,83.

Figure 4. Quantile regressions of the influence made by the indicator of population employment
in sports on the participants’ number of XXXII Summer Olympic Games
Source: built by the authors

The mathematical model for quantile regression of order 0,83 is as follows:
K1 = —-0,36737 + 1,16665K2 + 0,65090K3 (7

The free terms in models (6) and (7) are negative both for countries with a below-
average level of sports management system effectiveness (Table 9) and for countries with an
above-average level of sports management system effectiveness (Table 10). It means that if
people in general are not engaged in sports and sport is not invested by the state, for 83% of
countries with an above-average level of sports management, the number of participants in the
Olympic Games will decrease by 0,36737 for each country represented in the study. For 17%
of countries with a low effectiveness of the sports management system, the number of
participants in the Olympic Games will decrease by the amount of 0,15224 for each country.
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Table 10. Quantile regressions of the order 0,83

Indicator Coefficients Lower limit Upper limit
(Intercept) -0,36737 -0,84444 0,12032
K2 1,16665 0,42855 2,21936
K3 0,65090 -0,05867 2,33644

Source: built by the authors

Figure 5 displays quantile regression equations describing the effect of the independent
variable of public expenses on recreation and sporting services (K3) on the dependent variable
of participants’ number in XXXII Summer Olympic Games (K1). The red line corresponds to
the quantile regression (6) of order T = 0,17, and blue line — quantile regression (7) of order
T =0,83.

Figure 5. Quantile regressions of the impact of public expenses for recreational and sporting
services on the performance indicator of the participants’ number in XXXII Summer Olympic
Games.

Source: built by the authors

A comparative analysis of the coefficients of models (6) and (7) using ANOVA analysis
tested the statistical significance of the calculated quantile regression models (Ibn, 2016) (Table
11).

Table 11. The results of testing the statistical significance of quantile regressions of order 0,17
and 0,83

Df Resid Df F value Pr(>F)

2 58 7,4789 0,001289
Source: built by the authors
Notes: Df — the number of freedom degrees, Resid Df — the number of degrees of residues
freedom , F value — calculated value of Fisher’s test

The last column of Table 11 describes the significance of the difference between models
(6) and (7). The value of 0,001289 indicates the statistical significance of the difference between
models (6) and (7) at the confidence level of 95% (p-value significance level = 5%) and
confirms the statistical significance of the developed quantile regressions (6), (7) (SAS Institute
Inc., 2022).
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According to the results of the two-factor variance analysis (two-way ANOVA), the F-
statistic is 7,4789 (Table 11). It is greater than the F-table (critical) 3,1504 for the significance
level of p-value 0.05, indicating a statistical significance of quantile regressions (6) and (7).

Conclusion

The conducted research made it possible to divide the sample of 30 observed countries
that are members of the European Union into two groups by the level of sports management
effectiveness. These are countries with an above-average sports effectiveness and countries
with a below-average sports management effectiveness. The effectiveness of the sports
management system is determined by the performance of high-achievements sports. (it is
believed that the greater the participants’ number in the Olympic Games in various types of
competitions and the greater the number of podium finishes, the higher the quality of the sports
management system in the country) (Andreas et al., 2020). 83% of countries have an above-
average level of sports management system effectiveness, including the following countries:
Germany, France, Italy, Spain, Netherlands, Poland, Hungary, Sweden, Belgium, Ireland,
Czechia, Denmark, Switzerland, Romania, Portugal, Norway, Greece, Austria, Croatia,
Slovenia, Finland, Bulgaria, Lithuania, Slovakia. The list of these countries is ranked from the
largest number of participants in the Olympic Games to the smallest for countries that are in
the group with an above-average level of effectiveness of the sports management system. For
example, the largest number of participants of XXXII Summer Olympic Games was from
Germany in 2021 — 425 participants, followed by France — 385 athletes, and Italy — 372
participants. The European countries with a below-average sports management level are
Estonia, Latvia, Cyprus, Luxembourg, Malta, and Iceland. For comparison, we note that at XXII
Summer Olympic Games, there were only 33 participants from Estonia and Latvia and only 4
from Iceland.

The proposed hypothesis H1, which suggested that the amount of public expenses for
recreational and sporting services is a stimulating factor for improving the effectiveness of the
sports management system, was refuted for countries with a below-average level of sports
effectiveness. Even an increase in state funding of the sports industry by 1 million Euro will
not increase the number of participants in the Olympic Games; the coefficient for this variable
is negative, although it is quite small (0,01820). Thus, Estonia, Latvia, Cyprus, Luxembourg,
Malta, and Iceland should look for other ways to ensure the performance of high-achievements
sports and reform the management of the sports industry than increase state funding (Chen et
al., 2021; Daubaraite-Radikiene et al., 2022) and reform the sports industry management for
improving its quality. For countries with an above-average effectiveness of the sports
management system, hypothesis H1 is confirmed: if state expenses increase by 1 million Euro,
the total number of participants in the Olympic Games will increase by 0,006509 (i.e., by
0,65%).

The second hypothesis in the research, H2, suggested that the total number of the
population that regularly engages in sports is a positive factor in increasing the number of
participants in the Olympic Games, was confirmed for both groups of countries. Thus, for
countries with an above-average sports effectiveness , if the population increases by 1,000
people engaged in sports, the number of athletes participating in the Olympic Games will
increase by 1,166%. And for Estonia, Latvia, Cyprus, Luxembourg, Malta, and Iceland, the
number of people who do sports permanently will increase the number of participants of the
Olympic Games by 1,158. The coefficients for the variables characterizing the number of
people engaged in sports for both groups are very close. Thus, general conclusions can be drawn
that the main stimulating factor for the development and improvement of the sports
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management system effectiveness for each country is the increase in the number of the
population engaged in sports and lead a healthy lifestyle (Kuzior et al., 2022 (a), (b) );
Letunovska et al., 2021).
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