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Abstract. The indicators of regional sports development in the Russian Federation are analyzed 

to find regions with a similar sports development strategy (according to the chosen methodolo-

gy and measures of closeness) and identify dynamic groups in a four-year period. Some cluster-

ing and pattern analysis methods are described, and their use in the study is validated. The re-

sults obtained by classical clustering and ordinal-invariant pattern clustering methods are com-

pared. The main state programs in the field of sports in the Russian Federation are highlighted 

and analyzed. The key aspects and problems of the state regulation of sports activities in the 

Russian Federation are indicated. Some ways for improving the existing regulatory and legal 

acts based on the dynamic analysis of regional patterns are proposed. 
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INTRODUCTION 

Over the past 15 years, reforms have been carried 

out in the Russian Federation to improve the sports 

infrastructure and increase the generalized indicators 

characterizing the health level of the citizens. As has 

long been known, sports improve well-being and in-

crease the quality and duration of life. 

When studying this topic, a problem consists in 

the operationalization of the very concept of “sports”: 

“sports” and “physical culture” are often mixed. Sev-

eral factors contribute to this ambiguity. As noted in 

the monograph [1], misunderstanding arises due to the 

similarity of these terms. In 2007, Federal Law no. 

329 “On Physical Culture and Sports in the Russian 

Federation” was adopted in Russia to eliminate confu-

sion and give precise definitions. This law contains 

sports concepts and their explanations and the rights 

and obligations of sports entities, forming a system of 

sports federations at all public authority levels. For 

example, the concept of “sports” is defined as “the 

sphere of social and cultural activities as a set of par-

ticular sports in the form of competitions and special 

practice of training a person for them” [2]. Hence, we 

conclude the following: although sports are part of 

physical culture, it differs significantly by content. 

This paper uses a basic system of indicators for a 

comprehensive study of sports development efficien-

cy. To the best of authors’ knowledge, only single 

indicators were estimated previously: infrastructure 

development [3], personnel policy [4], and the effi-

ciency of state programs and regulatory legal acts [5].  

Nowadays, sports, physical culture, and health 

care are socially popular and “in a growth trend” [6]: 

compared to 19% in 2011, the share of Russians in-

volved in sports increased to 39.4% in 2018. This re-

sult is due to the state socio-economic policy consid-

ering the population’s needs in sports and physical 

education in Russia. The government approves state 

programs encouraging people to participate in sports 

and improving the sports infrastructure in the country. 

An example is the Federal Target Program “Devel-

opment of Physical Culture and Sports in the Russian 

Federation for 2006–2015,” aimed at involving all 

segments of the population in sports by creating nec-

essary conditions (developing sports infrastructure).
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Table 1   

Predicted and factual results of FTP “Development of Physical Culture and Sports in the Russian Federation  

in 2006-2015”  

Indicator Predicted results [7] Factual results
1 

Share of citizens of the Russian 

Federation systematically involved in 

sports (%) 

Increase to 30% of the total 

population of the Russian Federation 

Before: 15.9 

After: 31.7 

Provision of population of the Russian 

Federation with sports objects (%) 

Increase  to 30 objects per 100 000 

people (one object per 3 000 people) 

Before: 22.7 

After: 30.1 

Number of qualified trainers occupied in 

sports and health work (in 1000 people) 

Increase to 300 000 people 

(approximately 1 active trainer per 

420 people) 

Before: 295.6 

After: 361.3 

Share of sports events (%) Increase from 3% in 2012 to 6% in 

2020  

Within the Unified Schedule of 

interregional, all-Russian, and 

international sports events, the number of 

such events increased by almost 6% 

compared to 2014. (More than 11 600 in 

total.)  

       
Despite relatively high values achieved for all in-

dicators (see Table 1), the following problems were 

identified in the report
2
 of the Ministry of Sports fol-

lowing the results of this state program: 

– no effective system for the development of chil-

dren’s and youth sports, 

– a weak level of competition in elite sports, 

– average statistical opportunities for improving 

physical development and health among citizens, 

– lagging in innovative sports technologies. 

As mentioned earlier, the values of the sports de-

velopment indicators were nevertheless successfully 

increased. Thus, some problems have already been 

partially solved. For example, a technologically inno-

vative sports base and infrastructure have been creat-

ed (thanks to hosting the 2018 FIFA World Cup, 

which improved the investment climate and enhanced 

Russia’s image in the world sports arena). However, 

there are some problems [8]: 

– high market entry barriers for new manufactur-

ers of sports goods, 

– the lack of research and development projects in 

the field of sports, 

– an insufficient demand for domestic sports 

goods and an insufficient share of Russian goods at 

the world level.  

For solving them in 2019, the Government of the 

Russian Federation approved the Strategy for the De-

velopment of the Sports Industry until 2035 [9], with  

 

 
________________________________ 
1https://www.minsport.gov.ru/activities/reports/9/28555/  

(Accessed January 17, 2021). 
2https://minsport.gov.ru/activities/reports/fiz-ra-i-sport-

skryt/26361/ (Accessed January 17, 2021). 

a focus on creating a new system of sports education 

for the population and elaborating and implementing 

active promotion measures for a healthy lifestyle, and 

providing efficient conditions for the development of 

physical education in educational institutions. The 

strategy is expected to increase to 55% the share of 

the population systematically involved in sports and 

to 67 years the average healthy life of the population. 

In addition, it is planned to renovate about 20 000 

sports grounds, providing them with modern equip-

ment, and increase the exports of Russian sports 

goods by 30% by 2024 (up to approximately $113 

million). 

1. METHODOLOGY FOR DETECTING         

HOMOGENEOUS GROUPS OF REGIONS                          

BY SPORTS DEVELOPMENT STRUCTURE 

Even under a fixed system of indicators, detecting 

structurally similar regions by the level of sports de-

velopment is difficult. Various detection methods 

have certain features determining the difference in the 

final results. According to the problem statement, the 

following approaches can be used: linear convolution 

and threshold aggregation; formation of aggregate 

ratings (when applying the theory of individual and 

social choice); data classification, data clustering, and 

pattern analysis methods. Let us discuss each ap-

proach in detail. 

A unified aggregate rating based on linear convo-

lution and threshold aggregation allows identifying 

single groups of regions and has several positive as-

pects. First of all, it is simple and transparent calcula-

tions. Assigning each region a particular numerical 

https://www.minsport.gov.ru/activities/reports/9/28555/
https://minsport.gov.ru/activities/reports/fiz-ra-i-sport-skryt/26361/
https://minsport.gov.ru/activities/reports/fiz-ra-i-sport-skryt/26361/
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characteristic (linear convolution) or a particular rank 

(threshold aggregation) shows how much regions lag 

behind others. In addition, the time costs are mini-

mized since these methods do not require intensive 

computing (given a basic system of indicators). How-

ever, the complexity of such an approach lies in de-

termining the weight of each indicator (justifying their 

equal significance), which is often impossible. When 

compiling a unified aggregate characteristic, linear 

convolution allows compensating the small values of 

some indicators with the high values of others. Note 

that building a unified rating of regions by the level of 

sports development goes beyond the scope of this 

study. 

Another approach involves aggregate ratings (if 

possible, within the theory of individual and social 

choice). Different quantitative indicators allow using 

different procedures (e.g., Borda’s rule, Hare’s rule, 

Nanson’s procedure) to compile the unified aggregate 

rating. Thus, the closeness of the regions can be de-

termined by their rank in the rating. 

The practical application of data classification 

methods in this study is complicated by the uncertain-

ty about the finite number of classes and their typical 

representatives. It is difficult to compile a learning 

sample, and using such methods is therefore compli-

cated.  

The main difference between the two remaining 

approaches (cluster analysis and pattern analysis) is 

that the latter methods are independent of the absolute 

values of indicators. Data clustering methods were 

considered in many surveys; for example, see [10, 

11]. This study aims at dividing all regions into 

groups, each containing elements with a similar set of 

features. Hence, clustering methods seem to be one of 

the possible solutions. We adopt the concept of a 

“cluster” defined in the paper [11, p. 4]: “a piece of 

data…standing out from the rest of the data by some 

homogeneity of elements.” Among the numerous 

methodologies, we employ two approaches with good 

interpretations of the final results: hierarchical cluster-

ing and k-means. All calculations were performed in 

Orange (Fig. 1) with the Manhattan distance L1 and 

the Euclidean distance L2 as the measures of close-

ness. For comparison, in the applied pattern analysis 

methods, the Hamming distance is used to estimate 

the proximity of objects. 

Pattern analysis is less known in the Russian-

language literature than cluster analysis. (On February 

25, 2021, the Google Academy resource provided 

76 000 search results for the user query “кластерный 

анализ” vs. 42 000 search results for the user query 

“анализ паттернов” and more than 4.5 million search  

 
 
Fig. 1. Cluster methods realization in Orange. 

 

is understood as “a combination of certain qualitative-

ly similar features” [12, p. 139]. The methods should 

group objects with a similar structure of indicators 

under the endogenous composition and number of the 

groups. We select pattern analysis methods with the 

paired comparison of indicators (ordinal-fixed and 

ordinal-invariant pattern clustering). Their algorithmic 

implementation was presented in the papers [12–14]. 

Ordinal-fixed pattern clustering involves a predeter-

mined sequence of the indicators and is often used to 

obtain preliminary (“rough”) results. Ordinal-

invariant pattern clustering assumes that the results 

are independent of the chosen initial sequence of indi-

cators. A complete description of this methodology, 

including main properties, was given in the paper 

[12]. 

At present, pattern analysis is used in various 

fields: science, education, and innovations [15], mac-

roeconomic analysis, political science, and regional 

innovative development assessment [16], and elec-

toral behavior analysis [17]. In the paper [18], the be-

havior of commercial banks was analyzed, and the 

state capacity was estimated in [19]. 

This method prevails due to the possibility of ana-

lyzing both the current position of the objects (statics) 

and the dynamic trajectories of development (when 

studying regional pattern changes over time). 

2. INDICATORS OF REGIONAL SPORTS DEVELOPMENT 

IN RUSSIAN FEDERATION 

The efficiency of sports and physical culture de-

velopment in the country depends on many factors. 

Among them, we mention, e.g., economic (wages, 

construction of the necessary infrastructure), demo-

graphic (the standard of living of the population), and 

political factors (state programs and funding, state 

support for sports life). The Ministry of Sports of the 

Russian Federation formed a system of indicators 
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characterizing all sport life areas. Regular reports on 

these indicators are published on the official website 

of the Ministry of Sports of the Russian Federation. 

The initial variables are the indicators for the peri-

od 2014–2017 (see the annual reports of the Ministry 

of Sports of the Russian Federation). For clarity, each 

region    in year t is described by the vector 

1 2 3 4 5 6 7( , , ,  , ,  ,  )t t t t t t t t

i i i i i i i ir r r r r r r r with the following nota-

tions:  

1

t

ir  is the factual share of citizens systematically 

involved in sports in year t; 

2

t

ir  is the factual share of schoolchildren and stu-

dents systematically involved in sports in year t; 

3

t

ir  is the number of sports objects per 100 000 

people in year  t; 

4

t

ir  is the factual provision of population with 

sports objects, based on the capacity of sports objects 

in year  t; 

5

t

ir  is the number of rated sportsmen trained in 

year t; 

6

t

ir  is the amount of sports funding per one resi-

dent in year t (RUB); 

7

t

ir  is the number of sports staff in year t.  

The data for the period 2018–2020 were not con-

sidered due to some differences in their acquisition 

and the methodology for calculating some indicators. 

These data will be studied in future as one line of fur-

ther research. 

Before analysis, the data were preprocessed. Cor-

relation analysis with the Pearson correlation coeffi-

cient was carried out; see Table 2 presenting the re-

sults for the year 2017. Each indicator was normalized 

using linear scaling by the formula 

 
_min

_max _min

,

t t

ij jt

ij t t

j j

r r
r

r r





 

where 
_max

t

jr  and 
_min

t

jr  denote the maximum and 

minimum values of indicator j in year t, respectively. 

Correlation analysis for the four years showed a 

strong correlation (at the level of 0.83) between the 

factual share of citizens and the factual share of 

schoolchildren and students systematically involved 

in sports. Therefore, one of these indicators should be 

excluded from further analysis: a strong correlation 

may negatively affect the grouping of patterns. Also, 

note a positive correlation between the number of 

sports objects per 100 000 people and the factual pro-

vision of population with sports objects (0.73) and a 

weak correlation between the factual share of citizens 

systematically involved in sports and the factual pro-

vision of population with sports objects (0.28). This 

fact is partially explained by the relative efficiency of 

the government’s policy to promote sports develop-

ment and involve the population in sports. However, 

despite the increasing demand from the population for 

sports, the number of sports objects is not enough. 
 

3. ANALYSIS RESULTS  

       We studied 340 objects: 85 Russian regions 

over four years. The results yielded by pattern analy-

sis methods were compared with those of cluster 

analysis. Then groups of regions were identified and 

combined using different methodologies. Note that 

1/3 of the studied objects were classified as “unique” 

(one pattern for one region). Let us describe some of 

the groups obtained. 

 

Table 2  

Correlation analysis of indicators for year 2017  

 

2017

1ir  
2017

2ir  
2017

3ir  
2017

4ir  
2017

5ir  
2017

6ir  
2017

7ir  

2017

1ir  1 

      2017

2ir  0.83 1 

     2017

3ir  0.31 0.37 1 

    2017

4ir  0.34 0.36 0.76 1 

   2017

5ir  0.26 0.21 –0.17 –0.23 1 

  2017

6ir  0.44 0.37 0.14 0.12 0.46 1 

 2017

7ir  –0.16 –0.20 –0.14 –0.17 0.02 –0.07 1 
 

 Group 1. A distinctive feature of this 

regional group is a relatively great number 

of people involved in sports, although 

sports funding and staffing are relatively 

low. Possible explanations are as follows: 

similar to the availability of sports objects, 

the share of citizens involved in sports is 

high since the regional policy aims at in-

creasing this share by actively promoting a 

healthy lifestyle and increasing the number 

of free and outdoor sports grounds. (For 

example, more than 800 sports events were 

organized in Omsk oblast.) The regional 

data are visualized below by piecewise lin-

ear functions in a parallel coordinate sys-

tem for ease of comparison. 
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Figure 3 visualizes Group 2. In Vologda oblast, 

the share of citizens involved in sports is sufficient, 

but the number of sports staff has decreased compared 

to the year 2014. There was a massive downsizing due 

to small funding in the subsequent years. The regional 

authorities should support sportsmen who graduated 

from professional sports institutions and sports clubs 

and include the corresponding articles in the budget). 

In Kursk oblast, the provision of population with 

sports objects lags the normative values. Note that the 

municipal administration of this region and PJSC 

Gazprom concluded a cooperation agreement, increas-

ing the number of sports objects in the region and im-

proving the availability of sports for the population. 

Group 3 includes only one region for two years: 

Krasnodarskii krai (Fig. 4). This region has medium 

and relatively high values of most indicators. Note 

that the 2014 Winter Olympic Games were held there, 

and the level of sports development sharply increased. 

The second task of this study is to construct dy-

namic trajectories for the development of different 

regions of the Russian Federation in the period 2014–

2017 based on the selected structure of sports indica-

tors. The following question arises: Are there any 

changes in the sports development trajectory of these 

 

 

 
Fig. 2. Visualization of Group 1 in parallel coordinates.  

 

 

 

 
Fig. 3. Visualization of Group 2 in parallel coordinates. 

regions and their belonging to patterns? It can be an-

swered using dynamic pattern analysis, the methods 

described in detail in [14, 15, 17]. In short, after parti-

tioning the regions into groups, each region is as-

signed a vector  2014 2015 2016 2017, , ,  ,riy y y y y  

where ty  is the number of the group to which region i 

belongs in year t. Thus, dynamic groups are identified 

according to the change in strategies: 

– absolutely stable (the region stays in the same 

group during the period), 

– stable (the region changes its group only once); 

– unstable (the region changes its strategy annual-

ly). 

The dynamic groups were formed according to 

this approach. For example, consider three regions––

Vladimir, Kostroma, and Orenburg oblasts––that 

changed their groups once (the stable type of dynamic 

groups, see Fig. 5). 

The unstable group contains 32 regions. However, 

some regions returned to the original sports develop-

ment strategy after changing it. Note that changes 

from “best” to “worst” strategies (and conversely) 

were not considered: ranking of regions goes beyond 

the scope of this study. 

 

 

 
Fig. 4. Visualization of Group 3 in parallel coordinates. 

 

 

 

 
Fig. 5. Example of regions with strategy change by the system of 

indicators. 
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4. PROPOSALS FOR IMPROVING THE EXISTING 

LEGISLATION 

According to the study results, it seems reasonable 

to revise the sports law completely and develop a sin-

gle codified act––the Sports Code of the Russian Fed-

eration (SC RF). The code will fill the existing gaps in 

law and regulate public relations in sports as widely 

as possible: in the absence of relevant legal norms, 

these relations cannot develop properly. (In particular, 

the matter concerns the mechanisms for replicating 

and deploying best regional practices among the “lag-

ging” regions of the Russian Federation.) Positive 

expectations from this code are based on foreign ex-

perience: for example, a similar document was adopt-

ed in France. The French Sporting Code compiles all 

existing normative and legal acts regulating sports 

activities, and new laws are not adopted. 

Social relations in sports and associated areas have 

substantial and unique specifics. In interaction and 

interconnection, they differ by completeness, and 

most importantly, by systemic integrity: they can be 

treated as an independent area of state-legal manage-

ment and regulation. The SC RF is the most efficient 

way of regulating and systematizing sports norms into 

a single whole [20]. 

Today, sports undergo various changes: new kinds 

of sports appear in the “snowball” (e.g., extreme 

sports and “active” cybersport), which are not includ-

ed in the state classification of physical culture. It is 

very difficult to register a sport or a sports federation 

at the state level. This procedure should be transpar-

ently regulated and simplified as much as possible. 

                                                         

CONCLUSIONS 

The previous studies raised the issue of analyzing 

sports clusters only. The definition of this concept 

included the construction of a sports infrastructure 

[21]. Increasing the number of sports objects that 

meet all technical requirements is a priority task of the 

state program, but some adjustments are needed. In 

this paper, “sports clusters” have been therefore de-

fined as groups of regions with a similar sports devel-

opment strategy. They have been combined using 

cluster and pattern analysis. According to the obtained 

results, each group contains one region with the indi-

cator values differing from those of all other regions 

in the group. The sports development strategy in such 

a region is most efficient; therefore, the authorities of 

all other regions in the group should pay attention to 

the lagging indicators, undertaking some measures to 

improve them based on the best regional practice. 

To the best of authors’ knowledge, this paper ap-

plied pattern analysis methods to study sports activi-

ties in the Russian Federation for the first time in the 

literature. Some features of this method have been 

highlighted. Although pattern analysis is a relatively 

young data analysis method, it has already demon-

strated high effectiveness in many areas. Identifying 

regions with a similar structure of indicators allows 

modifying the state and regional policies according to 

the regional sport life characteristics. The recommen-

dations have been supplemented with some proposals 

for improving the current legislation. 
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