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ABSTRACT: The article performs the analysis of the structure of multidimensional data on the factor of 
development of human capital and digital resources of Russia. The objects under observation were the 
subjects of the Russian Federation, the factors of each object under observation were the average annual 
indicators of the corresponded factors of the monitoring of the information society development in the 
Russian Federation for the period from 2010 to 2017. The article substantiates an increasing role of digital 
resources in improving the quality of human capital of clusters of the subjects of the Russian Federation 
which differ in the level of development of digital infrastructure, social conditions and the peculiarities of 
rendering electronic services. The theses of this study can serve as methodological instructions for the 
formation of regional cluster networks aimed at improving the competitiveness of the subjects of the 
Russian Federation that form clusters. To determine the optimal number of clusters, several models were 
applied with the subsequent selection of the best number by means of the BIC (Bayesian Information 
Criterion) assessment. The structuring of data through cluster analysis was performed using the EM method 
(Expectation Maximization) and the Ward Hierarchical Clustering method. These methods were implemented 
in the R studio integrated development environment. As a result of applying the methods of clusterization, 
clusters of the regions of the RF that differ in the level of development of resource base, processes and 
results of using digital technologies for the development of constituent entities of the Russian Federation 
have been singled out. A stable cluster of the subjects of the RF differing from the majority of the subjects of 
the RF by special characteristics of human capital development and electronic technologies has been 
identified. 
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I. INTRODUCTION 

In modern hyper-competitive global economy the 
regions are as much innovative and competitive as they 
effectively capitalize human capital and apply digital 
technologies. The subjects of the Russian Federation 
are experiencing a shortage not only in STEM-workers 
(Science, Technology, Engineering and Mathematics) 
but also in specialists who master the skills to 
implement innovations that create competitive 
advantages. 
Ensuring sustainable growth of regional economies 
requires balancing the requirements of employees skills 
at different levels of the hierarchy. The role of human 
capital of managers of organizations that the owners 
tend to attract as strategic business partners is 
becoming stronger. This is a complex task, and to 
accomplish it, the heads of the HR department of firms 
use digital technologies that accelerate the 
accumulation of human capital through the digitalization 
of jobs and, above all, the working conditions of talented 
employees. This specifies the growing importance of 
digital self-sufficiency as a modern HR management, as 
well as working and potential employees. The more 
valuable is today the ability to manage the activities 
using online services that provide a higher level of job 
satisfaction and productivity. Human capital 
development digitization transforms human resource 

management via supporting electronic technologies. 
They comprehend: 
– E-education, 
– E-Health, 
– E-culture.  
This paper is concerned with a consistent clustering of 
the subjects of the Russian Federation on the factors of 
human capital development and the use of electronic 
technologies in the subjects of the Russian Federation. 
The subjects of the RF were chosen as the objects of 
observation, and the average annual values of the 
relevant factors for the period considered in monitoring 
were chosen as the factors of each object of 
observation [1]. 

II. METHODS 

The following analytical procedures were used within 
the framework of the cluster analysis of 
multidimensional data: 
– Prestarting procedures for cluster analysis: 
Step 1.Standardization procedure. Standardization of 
the initial matrix of factors. 
Step 2. Carrying out the procedure for reducing the 
dimension of the standardized matrix of factors by the 
PCA method. 
Step 3. Determination of the optimal set of clusters in a 
group of 30 indices. 
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Cluster analysis of multidimensional data (research 
results to identify homogeneous clusters that integrate 
the characteristics of groups of initial factors): 
-  the EM method -Expectation Maximization, 
- the Hierarchical Clustering method (Ward.D2) 
comparative analysis of multidimensional data in the 
identified clusters (data analysis of individual clusters). 
To determine the optimal number of clusters, several 
models were applied with the subsequent selection of 
the best number by means of the BIC (Bayesian 
Information Criterion) assessment. The structuring of 
data through cluster analysis was performed using the 
EM method (Expectation Maximization) and the Ward 
Hierarchical Clustering method.  
These methods were implemented in the R studio 
integrated development environment, using the library 
m-clust - for statistical data processing and working with 
graphics for clustering, classification and density 
estimation on the ground of the models based on the 
final modeling of Gaussian mixture of distributions 
(GMM - Gaussian mixture models).It provides a set of 
tools and functions for estimating parameters using the 
EM algorithm for ordinary mixture models with different 
covariance structures and functions for simulation 
modeling of these models. The EM algorithm is used to 
find the estimates of maximum likelihood for the 
parameters of probabilistic models, in the case when 
the model depends on some hidden variables. Each 
iteration of the algorithm involves two steps. At the E-
step (expectation), the expected value of the likelihood 
function is calculated, at the same time the hidden 
variables are treated as observables. At the M-step 
(maximization), the maximum likelihood estimate is 
calculated, thus increasing the expected likelihood 
being calculated at the E-step. This value is then used 
for the E-step at the next iteration. The algorithm runs 
until convergence [2]. When using the Ward method 
inside clusters, the minimum dispersion is optimized, as 
a result, the clusters of approximately equal sizes are 
created [3]. 
To carry out a complex procedure of cluster analysis, 
the problem of optimization in order to reduce their 
dimension by the method of Principal Components 

(Principal Component Analysis, PCA)was preliminarily 
solved for each multidimensional matrix of factors [4]. 
The data transformation matrix to the main components 
consists of the vectors of the main components that are 
arranged in decreasing order of eigen values. Most of 
the data variation will be concentrated in the first 
coordinates, which makes it possible to move to a 
space of a smaller dimension. The resulting first two 
main components are used to create a dot data chart, 
where Dim1 is the first main component, Dim-2 is the 
second. The percentages in the dot chart indicate the 
percentage of information disclosure for the entire 
sample. 

III. RESULTS AND DISCUSSION 

First, we consider the results of the cluster analysis of 
the factors of dataset“ Human capital”. Multiple factors 
that characterize human capital include: the rate of 
employment population aged 25-64 years old, having a 
higher educational attainment to the ratio of population 
of relevant age group; student population enrolled in 
educational programs of higher education –Bachelor’s 
programs, Specialist’s programs, Master’s programs, 
per 10,000 population; adult literacy rate; the proportion 
of students of educational institutions in the total 
population; the proportion of students enrolled in the 
training program for skilled workers and employees to 
general population; the proportion of students enrolled 
in the training programs for mid-level specialists to 
general population; the proportion of organizations that 
conducted remedial ICT education and training of the 
staff to the overall number of organizations surveyed. 
Following the results of the evaluation of the BIC 
criterion, we will model a scattering diagram with 4 
clusters localized in it. 
The scattering diagram with the localization of three 
clusters is shown in Fig. 1. 
The set of clusters of the subjects of the RF is given 
numerically in Table 1. 
Then, using the Ward Hierarchical Clustering method, a 
dendrogram was constructed and 4 clusters were 
selected (Fig. 2). 

 

Fig. 1. Scattering Diagram (Visualization of the Results of Cluster Analysis using the EM method). 
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Fig. 2. Dendrogram of Hierarchical Cluster Analysis (Visualization of Results by the Ward method). 

Table 1: 

Cluster 
number 

Cluster's Composition 

1 18 28           

2 

1 2 3 4 5 6 7 8 9 11 12 13 
14 15 16 17 19 20 21 22 23 25 26 27 

29 30 32 33 34 35 43 44 45 46 47 48 

49 50 51 52 53 54 55 56 57 58 59 62 
63 64 65 66 67 68 69 70 71 72 73 74 

75 76 77 78 79 80 81 82 83 84   
3 38 42           

4 24 31 36 37 39 40 41 60 61    

 
Let us pass on to the results of clustering the subjects of 
the Russian Federation based on the factors of E-
education. These factors include: the number of 
personal computers used for educational purposes per 
100 students of state and municipal educational 
institutions; the number of personal computers used for 
educational purposes that are comprehended in Local 
Area Networks (LAN) per 100 students at educational 
institutions of Secondary Professional Education (SPE); 
the number of personal computers used for educational 
purposes that are comprehended in local area networks 
(LAN) per 100 students at educational institutions of 
Higher Professional Education (HPE); the share of 
educational institutions of higher education that are 
connected to the Internet in the total  institutions of 
higher education surveyed at a speed of 256 Kbps and 

above; the number of personal computers used for 
educational purposes, with access to the Internet, per 
100 students (students) at educational institutions of 
secondary vocational education; the number of personal 
computers used for educational purposes with access to 
the Internet per 100 students at educational institutions 
of higher education; the share of educational institutions 
that have a website on the Internet in the total 
independent educational institutions of secondary 
professional education [5, 6].   
Following the results of the evaluation of the BIC 
criterion, we will model a scattering diagram with 
localization of five clusters (Fig. 3). 
Hierarchical clustering by Ward’s Hierarchical Clustering 
method also generates five clusters (Fig. 4). 

 

Fig. 3. Scattering Diagram (Visualization of the Results of Cluster Analysis by the EM Method) 
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Fig. 4. Dendrogram of Hierarchical Cluster Analysis (Visualization of the Results by the Ward Method). 

Table 2: The Results of Hierarchical Cluster Analysis. 

Cluster 
number 

Cluster's Composition 

1 61            
2 84            

3 

2 4 5 8 9 10 12 13 15 16 17 24 
25 27 29 31 32 33 34 43 44 45 46 47 

48 49 50 51 52 53 54 56 62 64 65 69 
71 72 74 76 79 80 81      

4 11 30 37 38 40 41 42 57     

5 
1 3 6 7 14 18 19 20 21 22 23 26 
28 35 36 39 55 58 59 60 63 66 67 68 

70 73 75 77 78 82 83      

 

Fig.  5. Distribution of the Subjects of the RF in Three Clusters (Visualization of the Results of Cluster Analysis by the 
EM Method). 

Table 2 demonstrates the results of hierarchical cluster 
analysis (classification by the subjects of the RF) 
In the next step, we perform cluster analysis of the 
subjects of the Russian Federation according to the 
dataset of the “E-health” factors. The dataset includes: 
the share of healthcare providing institutions that use 
personal computers in the total examined healthcare 
institutions; the proportion of health facilities with local 
computer networks in the total health facilities surveyed; 
the share of health facilities using the Internet in the total 

number of health facilities; the number of personal 
computers per 100 workers in medical care units; the 
number of personal computers with access to global 
information networks per 100 employees in health care 
institutions; the number of personal computers 
connected to the Internet per 100 healthcare workers; 
the proportion of health facilities with a website in the 
total health facilities surveyed. According to the majority 
rule, the best number of clusters is 3 (Fig. 5). 

Analyzing the clustering results for 3 clusters, we can 
note the possibility of further decomposing the first 
cluster in order to optimize the resulting emissions. 

In view of the considerable distance of the Amur Region 
(serial number 80) from the centroids of all the clusters 
built, it is impossible to conduct a normal clustering 
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procedure. Consider a variant of building five clusters 
(based on the BIC indices to determine the optimal set). 
The new distribution (Fig. 6) places the Amur region in a 
single cluster, which allows for more informative 
clustering. Further, pass on to hierarchical clustering by 

the Ward Hierarchical Clustering method, which also 
results in the five clusters (Fig. 7). 
Table 3 presents the results of hierarchical cluster 
analysis (classification by subjects of the RF). 

 

 

Fig.  6. The Distribution of the Subjects of the Russian Federation in Five Clusters (Visualization of the Results of 
Cluster Analysis Using the EM Method) 

 
Fig. 7. Dendrogram of Hierarchical Cluster Analysis (Visualization of the Results by Ward’s Method) 

Table 3: The Results of Hierarchical Cluster Analysis. 

Cluster 
number 

Cluster's Composition 

1 80            

2 

1 3 6 9 14 18 19 28 44 45 46 47 

48 49 50 51 56 59 60 61 62 65 67 71 

72 74 75 79 82 84       

3 

2 4 5 7 8 10 11 12 13 16 17 20 

21 22 23 24 27 29 30 31 32 33 34 35 
36 42 43 52 53 54 57 58 63 64 66 68 

69 78 83          

4 15 26 37 38 39 40 41      

5 25 55 70 73 76 77 81      

At the final stage of cluster analysis, we conduct 
clusterization of the subjects of the Russian Federation 
based on the factors that identify E-culture [7-9]. These 
factors comprehend: the proportion of cultural 
institutions that had a website in the total cultural 
institutions surveyed; the share of electronic documents 
on removable media in the total volume of the library 
fund; the share of museum items included in the 
electronic catalog in the total volume of the general 
museum fund; the volume of electronic library catalog 

available on the Internet; the number of library 
documents converted into electronic form; the number 
of museum items listed in the electronic catalog; the 
number of museum items available on the Internet, 
listed in the electronic catalog and having digital images 
per 10,000 items of the general museum fund [10-14]. 
We will carry out cluster analysis with localization of four 
clusters using the EM method (Fig. 8). 
We will complete the cluster analysis using Ward’s 
Hierarchical Clustering method with four clusters (Fig. 
9). 
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Table 4 presents the results of hierarchical cluster analysis (classification by subjects of the RF). 

 

Fig. 8. Distribution of the Subjects of the Russian Federation in Four Clusters (Visualization of the Results of Cluster 
Analysis by the EM Method). 

 

Fig. 9.  Dendrogram of Hierarchical Cluster Analysis (Visualization of the Results by Ward’s Method). 

Table 4: The Results of Hierarchical Cluster Analysis. 

Cluster 
number 

Cluster's Composition 

1 

2 4 5 6 7 8 9 11 12 13 14 15 

19 20 21 26 27 29 30 31 32 33 34 37 

39 40 41 42 44 45 46 47 48 50 51 52 

53 54 56 57 58 64 65 66 68 69 71 76 

77 78 79 80 83 84       
2 18 28           

3 
1 3 10 16 17 22 23 24 35 36 38 43 

49 55 59 63 67 70 73 74 75 81   

4 25 60 61 62 72        

IV. SUMMARY 
As a result of cluster analysis of data, the clusters of the 
Russian regions differing in the level of development of 
the resource base, processes and results of digitization 
of the economy of the subjects of the Russian 
Federation have been formed. 
Based on the data analysis, the existence of a stable 
set of the subjects of the Russian Federation, differing 
from the majority of the subjects of the Russian 
Federation by specific characteristics of human capital 
and electronic technologies, has been substantiated. 
These include the following subjects of the Russian 
Federation: Moscow Region (10), Moscow (18), St. 
Petersburg (28), Republic of Crimea (31), Chechen  

Republic (42), Republic of Tatarstan (47), Khanty-Mansi 
Autonomous Okrug–Yugra (60), Yamalo-Nenets 
Autonomous Okrug (61), Tyva Republic (66), Magadan 
Region (81), Chukotka Autonomous Okrug (84). This is 
quite predictable since it is these subjects of the 
Russian Federation that are distinguished by extremes 
of the values of human capital factors and electronic 
technologies. The results obtained are consistent with 
the rating data of the Council for Regional 
Informatization of the Government Commission on the 
Use of Information Technologies for Improving the 
Quality of Life and the Conditions for Business.So, from 
the identified list of separate objects, the city of Moscow 
(18), the Republic of Tatarstan (47), the Autonomous 
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Okrug of Khanty-Mansiysk–Yugra (60) are in the top 
five of this rating. Among the ratings that close the list 
are the Republic of Crimea (31), the Chechen Republic 
(42), the Republic of Tyva (66), the Region of Magadan 
(81) and the Autonomous Region of Chukotka (84). 

V. CONCLUSIONS 

The results of the cluster analysis of the subjects of the 
RF substantiate the effectiveness of the use of Principal 
Component Analysis, EM (Expectation Maximization) 
and the Ward Hierarchical Clustering for clustering 
multidimensional human capital data and digital 
transformation of the economy of the subjects of the RF. 
At the same time, the number of selected clusters and 
their composition are almost identical when using the 
EM methodand applying hierarchical cluster analysis, 
Ward’s method. 
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