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Abstract

Modern models and methods for evaluating complex systems are associated with hierarchical socio-
economic systems (HSES) implemented on the basis of software systems (expert systems and decision 
support systems) and used at the regional and municipal levels of government. As usual, such systems 
have the functionality of analytics and building scenario variants for the development of research objects. 
However, they do not give quantified values of the state and impact factors at which the complex system 
under consideration can come to a given state. At the same time, the question of determining such a set 
state associated with the construction of standards (expected values) for elements, classes or levels of 
the HSES is still open. In some cases, to make an informed decision it is sufficient to obtain aggregated 
quantitative estimates and recommendations concerning the further functioning of the research object. 
This article presents the author’s approach, which allows us to evaluate the functioning of hierarchical 
socio-economic systems and provides expert opinions for making management decisions implemented on 
the basis of the EFRA software package. The algorithm includes stages of analysis and synthesis-stages of 
the basic method of system analysis. The novelty of the proposed approach is the possibility of taking into 
account the specific conditions of the status and impact of complex systems that provides an opportunity 
to build their own standard. Additionally, the procedures of standardization and normalization (reduction 
to a scale from 0 to 1) make it possible to avoid the influence of different units of measurement of results 
of operation and economies of scale. On the example of regions of the Central Federal district according 
to data for 2014–2017, estimates of the use of information and telecommunications technologies by the 
population were obtained, and the optimization problem was solved for the Tula Region, on the basis of 
which directions related to increasing the region’s readiness for digitalization were proposed.
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Introduction

Currently, management activities are 
increasingly using software tools that 
ensure informed decision-making, 

including at the regional and municipal levels. 
At the same time, most systems (expert systems 
and decision support systems, DSS) based on 
built-in models, in addition to Analytics, allow 
you to form scenario variants of the develop-
ment of the research object, but do not offer 
quantitative recommendations aimed at opti-
mizing the functioning of the research object, 
including the hierarchical socio-economic 
system (SES), in accordance with the goal and 
tasks to be solved.

Currently, there are more than a hundred 
software platforms for modeling socio-eco-
nomic processes, as well as separate software 
complexes developed for a specific purpose, 
including for regional-level HSES.

Thus, from 1975 to 1990, under the leader-
ship of V.I. Gurman, the “Region” set of mod-
els was developed [1]. They are based on math-
ematical models that describe the region at 
three levels of hierarchy and consider it as an 
open system, in the form of a set of social, nat-
ural and economic subsystems. The dseemodel 
1.0 (Dynamic Socio–Ecological–Economic 
model) software package is well known as a 
regional modeling tool [2].

Over the past twenty years, CEMI RAS has 
been conducting research related to modeling 
complex systems of macro- [3, 4], meso- [5, 6] 
and micro-levels [7] based on computer mod-

eling systems, including econometric mod-
els and neural networks, computable General 
equilibrium models (CGE models), dynamic 
stochastic General equilibrium models (DSGE 
models) and agent-oriented models. Among 
the CGE models, we note the following: the 
model of the Russian economy “RUSEC,” 
“Russia: Center-Federal districts,” “RUSEC – 
natural monopolies,” “RUSEC – Gazprom,” 
and “Social Russia,” a model of the socio-
economic system of Russia with built-in neu-
ral networks. Agent models are represented by 
such products as the Russian agent model, the 
regional Governor model, the Eurasia model, 
and the Roscosmos model, among others.1

Software complexes based on agent-oriented 
models of “smart cities” are being developed 
on the basis of the situation centers of the Rus-
sian regions [8]. 

At the micro-level (enterprise level), infor-
mation systems (IS) are successfully used to 
solve optimization problems: in production 
companies, logistics and design organizations 
(including DSS on SAP, Oracle and IBM plat-
forms), as well as intelligent information sys-
tems (AIS), the classification of which is pre-
sented in [9]. A number of IP systems are used 
at the Federal and regional levels. For example, 
the Ministry of Economic Development of the 
Russian Federation and its subordinate organi-
zations have about 25 external and 11 internal 
systems that support management decisions2. 
Most of them are related to document man-
agement, providing legal reference informa-

1  Laboratory of agent-based modeling (http://abm.center/publications/)
2  http://www. http://economy.gov.ru

INFORMATION SYSTEMS AND TECHNOLOGIES IN BUSINESS



BUSINESS INFORMATICS   Vol. 14  No 3 – 2020

84

tion and providing public services. A number 
are used for analytical research and forecasts, 
for example: “Monitoring, analysis and fore-
casting of socio-economic development and 
the financial condition of the regions of the 
Russian Federation,” “PROGNOSis,” “Pass-
port of the region,” “Catharsis” [10]. The first 
of the presented ICS allows you to make fore-
casts and conduct simulation with the possibil-
ity of selecting the functional form of models 
by the user. Unfortunately, the platform does 
not provide the ability to generate generalized 
indicators, and also does not allow you to bal-
ance the values of individual indicators based 
on these indicators (bring them to a given 
value) by searching for optimal significant fac-
tors. 

At the level of a region (subject of the Russian 
Federation) or a municipality, it is often nec-
essary to make enlarged (to a certain extent) 
assessments of the functioning of the man-
agement object and recommendations for its 
development and decision-making. Detailed 
solutions are provided during the development 
of appropriate measures. Thus, approaches 
and tools that do not require users to have spe-
cial skills in the field of modeling socio-eco-
nomic processes and in-depth knowledge in 
the field of econometric modeling and statis-
tical processing of information, and that could 
provide reasonable quantitative recommen-
dations to government bodies at various lev-
els (region, municipality, company), aimed 
at optimal, in terms of resources used and 
costs for implementing the relevant activities, 
become particularly relevant with development 
of the management object. 

The aim of this article is to present and imple-
ment an approach to assessing the functioning 
of the HSES using a modified software package 
[11, 12], using the example of studying the use 
of information and communication technolo-
gies (ICT) by the population of the regions of 
the Central Federal District, including the Tula 
Region. 

1. Formalized description  
of the approach 

The proposed approach is based on the clas-
sical method of system analysis, which includes 
the stages of analysis and synthesis of manage-
ment decisions [13–15].

We will consider HSES as open territorial 
socio-economic systems of the regional level 
(meso-level) with a mixed type of economic 
relations, in the context of the institutional 
type of social relations, with an emphasis on 
their subsystems of the environmental type, 
interacting with subsystems of object, pro-
cess and project types within the space-time 
classification based on the system paradigm 
[16].

By functioning, we mean the activity associ-
ated with the performance of certain works by 
the object of research in relatively unchanged 
conditions, with some restrictions, aimed at 
achieving its goals, including ensuring the life 
of both its own and other related objects of 
interest to it. By the assessment of the func-
tioning of the HSES, we mean the quantita-
tively expressed results of its life activity (its 
individual components), – value (axiological) 
and practical (epistemological and axiological) 
significance from the point of view of the act-
ing and cognizing object, – allowing us to ana-
lyze the correlation of such results with nor-
mative (expected, planned) values, taking into 
account specific conditions (factors of state 
and impact).

This study examines one of the levels L
p
 of the 

hierarchical socio-economic system, which 
is a partially ordered set of <H, R> elements 

, between the elements of which a 
relation of non-strict order  is defined [17–
19]. Here  is the hierarchy level (subset L

p 
); 

(p – 1) is number of the level element p – 
1, that the (p – 1)-level element is subordi-
nate to p-level element; v

p
 is element number; 

s
q
 is element class number (a class is a sub-

set of elements grouped by one of the pos-
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sible bases). Examples of classifications can 
be a set of elements that carry out activities 
in accordance with the OKVED (all-Russian 
classifier of economic activities), sector clas-
sification [20], space-time classification [21], 
the division of the HSES into social, eco-
nomic and environmental components (sub-
systems – classes) [22]. Each of the elements 
is characterized by four types of features (it is 
allowed to study elements through their fea-
ture descriptions). These include: 

 performance indicator  is the 
actual value of the result of the element’s oper-
ation. For example, for a region, this is the 
volume of gross domestic product (GDP) by 
regions for the corresponding type of OKVED 
activity 

 state factors  (for example, 
average annual number of persons employed 
by types of economic activity); 

 impact factors  (for example, 
investments in fixed capital by kinds of eco-
nomic activity);  

 normative (expected) performance indica-
tor  is the norm. 

Here t is the time period,t = 1, ..., T, T is the 
number of periods; j = 1, ..., J; J; J is the num-
ber of state factors; u = 1, ..., u; U is the num-
ber of impact factors. In this case, there is a 
function such that:

               (1)

Then the values of the partial (for a single 
v

p
-th element) and integral (for a set of ele-

ments with an index v
p
 which is belonging to 

the same class) performance indicators will be 
determined by the formulas [23]:

               (2)

 
(3)

where ,  are corresponding paired 
correlation coefficients between i

1
-th ,  

 and i
2
-th ,  variables (per-

formance indicators are actual and expected 
(normative), respectively, the values of the lat-
ter are determined using the production func-
tion (PF)) (i

1
,

 
i
2
 = 1, ..., I is the number of per-

formance indicators); the index “0” shows that 
the normalization procedure was performed 
(bringing it to a scale from 0 to 1) after switch-
ing from absolute values of features to their 
standardized forms. The functional form and 
parameters of the PF can be obtained using fac-
tor analysis of dependencies [24]. The expres-
sion in the denominator (3) will be called the 
aggregated PF (APF).

If the value of the indicator for the v
p
-th ele-

ment (subsystem) is greater than one, then the 
functioning of the object under consideration 
is satisfactory.

The proposed indicator has a number of use-
ful properties that distinguish it from other 
generalized evaluation indicators that differ in 
the way of aggregation (convolution) of par-
ticular indicators, such as the average of vari-
ous types [25], summation using weight coeffi-
cients [26], or the formation of latent variables 
[27]. These properties include:

 dimensionality, which allows you to com-
pare features that are of different nature and 
relate to different processes (for example, eco-
nomic and social); 

 normalization, which provides a reduction 
in the impact of economies of scale and visibil-
ity of results (bringing to a scale from 0 to 1); 

 normability, which makes it possible to 
compare the estimates obtained with the stand-
ard (expected value). 
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The presented integral (generalized) perfor-
mance indicator takes into account the rela-
tionship of particular indicators that charac-
terize the functioning of the subsystem and its 
elements included in the class, as well as the 
specific conditions under which the research 
object operates.

The following indicator is used to assess the 
balanced functioning of the HSES (the coeffi-
cient of harmony):

  
(4)

where ,  are means;

,  are standard deviations, 

i = 1, ..., I, I is the number of partial perfor-
mance indicators that characterize the class s

q
  

(in the case of constructing the level’s harmony 
coefficient i = 1, ..., Q, Q is the number of inte-
gral performance indicators corresponding to 
the number of classes);

,  are variables whose values are deter-
mined according to (2) and (3).

Being a derivative of partial and integral 
performance indicators, the harmony coeffi-
cient retains a number of their properties; its 
value does not exceed one and characterizes 
the degree of compliance of all indicators with 
the normative (expected) values under specific 
conditions of the object of research, as well as 
their compliance with each other. This distin-
guishes the coefficient of harmony from other 
indicators based, for example, on the assess-
ment of the share (contribution) of each of the 
subsystems to the overall result of the system 
[28], the intensity of interaction [16] or the 
coupling coordinated [29].

A set of ten indicators is used to assess the 
effectiveness of the HSES, including indica-
tors of the functioning effectiveness (four indi-
cators), impact effectiveness (four indicators), 
and management effectiveness (two indica-
tors). The General formula is defined as fol-
lows [23]:

                    (5)

where , , x(t), x(t
0
) are partial (or inte-

gral) indicators of the performance of the 
element (subsystem) and its factor attribute 
(state factors or impact factors, or a general-
ized factor determined similarly to the numer-
ator (3)) of the current and basic or previous 
period correspondently. Depending on the 
type of indicators and factors that are respec-
tively in the numerator and denominator of 
the expression (5), ten types of performance 
indicators are formed. 

Values of indicators (5) that are greater than 1 
can be interpreted as follows: the change in the 
result is greater than the “cost” of changing it.

The performance indicators presented, in 
addition to the traditional ones that character-
ize the ratio of results and costs for their imple-
mentation (for example, profitability, etc.) or 
technical efficiency indicators [30], are not 
“distorted” by the measurement units used and 
retain the property of normability.

After the analysis stage of the HSES, which 
identifies the results of its functioning (its 
subsystems or elements) that do not meet the 
expected (normative) values, the decision 
synthesis stage is performed. For elements 
(subsystems) for which the partial (integral) 
performance indicators are less than one, it 
is necessary to implement the optimization 
procedure, that is, to find such factors of state 
and impact (or their changes), in which the 
expected (normative) result of the function-
ing of the considered elements (subsystems) 
would correspond to the actual results. The 
optimization procedure should be performed 
using standardized models [31]. One of the 
particular problems can be formulated as fol-
lows.

Let the normative (expected) result 
 for a population element  

be presented in a general case as:
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            (6)

where j, s are indexes of state factors 
 and indexes of impact factors 
 ; 

 and  are 
respective possible increments (standardized 
(index «*»)) for them; 

t is time (period); 

The normalization procedure is indicated by 
the upper index “0”. The functional form of f 
can be arbitrary (linear or nonlinear).

The problem is posed: at what possible values 

,  + 

 (for known  and 

) for known and ) an expression 

similar to the (2) would tend to unity:

                             (7)

where  are values of a normalized PF 
with known functional form, parameters, fac-
tors ,   and unknown 
factors  and  ; 

 are normalized actual values of 
the result of the element functioning  
over a period of time t. 

Based on this requirement, the target function 
can be represented as the difference between 
the actual and calculated values of the results 
of the operation of the research object with 
unknown  and , 
which are in the numerator and denominator 
of the equation (7):

  (8)

Let there be restrictions, in general, of the 
non-linear form

       
(9)

where l is the number of constraints; 

j is the index factors in the state 

q
1
, q

2
 are indexes of unmanaged and managed 

impact factors s respectively; 

is the impact factors set. 

We need to find a solution in which function 
(8), if there are constraints (9), would take the 
minimum value. 

If the found values  + 

 and  + 

 are substituted in (2), the value 

of the performance indicator will be equal to 

one, which will indicate that under these con-

ditions, the result of the element’s  

functioning can be considered satisfactory. 

If the optimality criteria for the functioning 
of HSES or its subsystems will be the equal-
ity unit of the integral index, the coefficient 
of harmony, performance indicators or their 
combinations, the search for relevant factors of 
the status and impact of HSES can be reduced 
to a multi-objective optimization problem, 
whose solution can be accomplished by sev-
eral methods [31–34]. The values obtained 

 and  can be rec-
ommendations for various levels of government 
when making informed management decisions 
and developing appropriate measures.

Thus, the approach for HSES presented 
within the framework of the accepted clas-
sification and hierarchy allows us to imple-
ment the basic methodology of system anal-
ysis, which includes the stages of analysis of 
complex systems and synthesis of management 
decisions. 

INFORMATION SYSTEMS AND TECHNOLOGIES IN BUSINESS



BUSINESS INFORMATICS   Vol. 14  No 3 – 2020

88

2. Conceptual scheme  
and algorithm for implementing  

the approach 

The conceptual scheme for implement-
ing the approach consists of four generalized 
blocks (Figure 1) that implement the corre-
sponding algorithm.

The first block provides for loading data. An 
example is statistical data for the regions of the 
Central Federal District (CFD), grouped by 
year. 

The second block provides for the imple-
mentation of the following functions.

1. Correlation analysis. For the significance 
level set by the user, the values of the Pear-
son correlation coefficients, t-statistics, and 
its critical value between feature descriptions 
of elements for the specified periods are out-
put. Significant coefficients are highlighted in 
color.

2. Factor analysis of dependencies.

2.1. Selection of effective and factor features 
(state factors and impact factors) for building 
models. There is a choice of several effective 
features.

2.2. Choosing the functional form of models. 
Provides a choice of linear, logarithmic, expo-
nential, and power multiplicative forms.

2.3. The choice of evaluation period. Pro-
vides a choice of the start and end periods. If 

only the number of periods is specified, the 
estimate is made starting from the last speci-
fied period.

2.4. The construction of models. This func-
tion is implemented using two methods: the 
ordinary least squares method (OLS) (with 
opportunity of backward selection). This gen-
erates models for absolute and standardized 
variables (standardized models).

2.5. Evaluating the quality of models and 
their parameters. It includes an assessment of 
the quality of models using the Fisher crite-
rion (the coefficient of determination is evalu-
ated) and model parameters using the Student 
criterion, with the corresponding calculation 
of calculated and critical values and standard 
errors, as well as the subsequent formation of 
an expert opinion based on the results of factor 
analysis of dependencies. The quality of mod-
els can be evaluated for both linearized and 
non-linearized models.

2.6. Additional testing for multicollinearity 
of factors (Farrar–Glauber test) and for heter-
oscedasticity of a number of residues (Spear-
man rank correlation test).

2.7. Calculation of additional characteristics: 
the average relative error of actual and norma-
tive values, as well as elasticity coefficients for 
the corresponding factors.

2.8. Point and interval estimation of expected 
(normative) values of performance indicators. 
The following formula is used:

Fig. 1. Conceptual generalized scheme of the algorithm

Data  
loading

The formation 
 of indicators  

to assess

Correlation analysis, factor analysis of 
dependencies and estimation  

of expected (normative) values

Decision 
making

1. 2. 3. 4. 
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      (10)

where s
y
 is standard error; 

 are calculated values using a for-
mula similar to (6), but for absolute values of 
factor and result attributes; 

 is confidence level (determined from 
the Student distribution table),  is significant 
level,  is the number of observations,  is the 
number of model parameters; 

 is matrix of state and impact factors; 

 is vector of expected values (this vec-
tor can be entered in the appropriate form, or 
downloaded from a file).

2.9. Passing the built models to the block for 
generating evaluation indicators. The transfer 
can be performed in two ways: complete (in 
the case of simultaneous evaluation of several 
selected performance indicators) or backward 
selection (in the case of building and evaluat-
ing models based on a single performance indi-
cator). If the resulting indicator has a negative 
character, then the procedure for inverting the 
indicator is provided (replacing its values with 
reverse values with a “minus” sign).

3. The block for generating evaluation indi-
cators is launched after entering the initial data 
and working out the second block. It provides 
for the implementation of the following opera-
tions.

3.1. Setting the evaluation periods “from 
and to” and entering the number of elements 
belonging to only one element of a higher level. 
In addition, operation 3.1. is used to check 
whether input data is correct. If the entered 
number and the evaluation period do not match, 
a message is displayed indicating the reason why 
subsequent procedures cannot be started.

3.2. Selection of effective and factor features 
for the formation of private indicators for eval-
uating the functioning of the selected elements 
and their totality, forming a class or a set of 
classes.

3.3. Calculation of partial (formula (2)) and 
integral (formula (3)) indicators of perfor-
mance, harmony (formula (4)) and efficiency 
of various types (formula (5)).

3.4. Setting the required output results for 
evaluating the functioning of elements and 
classes (classes) of the same level of the HSES.

4. The unit of decision-making. Starts after 
the third block is completed. It includes the 
following procedures.

4.1. Selection of performance indicators for 
optimization.

4.2. Setting the required optimization param-
eters, including an additional optimization 
option for an integral (generalized) indicator, 
as well as optimization for each of the factor 
features.

4.3. Optimization. At this stage, an optimiza-
tion algorithm is implemented, which consists 
in searching for state and impact factors sepa-
rately and by a generalized factor for particular 
integral performance indicators. In the present 
version, the restriction (9) is not used.

Each of the blocks provides output of results 
in the form of tables and graphs, as well as 
expert opinions.

Thus, the conceptual scheme and the algo-
rithm presented allow us to implement the pro-
posed approach to evaluating the functioning 
of levels, classes and individual elements of the 
HSES.

3. Results of the assessment  
of the use of information  

and communications technologies  
by the population of the Central Federal  

District and the Tula Region

The approach presented here was tested on 
the example of the regions of the Central Fed-
eral District (excluding Moscow).

The choice of evaluation indicators was 
based on available information obtained from 
open sources and traditionally used in the anal-
ysis of the level of information and communi-
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cations technologies (ICT) development at the 
regional level, as well as significant factors that 
could influence such results.

Due to limited information and the lack of 
information for a number of indicators up to 
2014 (although the methodology allows using 
data with different lengths (number of points)), 
the assessment period 2014–2017 was selected 
for the Central Federal District regions. The 
information base was compiled according to 
Rosstat data. As a tool, the EFRA software 
package was used, which implements the pre-
sented approach [35].

Based on the correlation analysis (the cor-
responding module of the EFRA program 
was applied with -statistics for the signifi-
cance level  = 0.05), 7 out of 10 effective 
features and 6 out of 12 factor features (func-

tioning factors) were selected that character-
ize the peculiarities of ICT use in the regions. 
These features were used in the construction 
of partial and integral performance indicators 
(indicators) (Table 1). All cost indicators were 
adjusted for the level of inflation and brought 
to the level of 2007.

The regression analysis module is used for 
building models. Since the choice of the func-
tional form of models is not justified in the 
research (this requires more in-depth study) 
due to the lack of information about them, the 
linear form of models is accepted as the sim-
plest in terms of evaluating its parameters. We 
used the least square method (backward selec-
tion) to build the models and insignificant fac-
tors were excluded for t-statistics with the level 
of significance  = 0.05. 

Table 1. 
Results and factors (conditions)  

of functioning of the Central Federal District regions

No Name of the indicator Designation

State and impact factors

1 Average annual number of persons employed, thousand pers. x
1

2 Nominal average monthly wages of employees of organizations, rubles x
2

3 Percentage of households with a personal computer, % x
3

4 Consolidated budget expenditures by education, million rubles z
1

5 Consolidated budget expenditures by social policy, million rubles z
2

6 The costs of ICT (total), million rubles z
3

Results 

7 Percentage of households with Internet access, % y
1

8 Percentage of households with broadband Internet access, % y
2

9 Users of the Internet, % y
3

10 Users who access the Internet every day, % y
4

11 Number of connected mobile subscriber devices per 1000 population, units y
5

12 The number of active subscribers of broadband access to the Internet, individuals, thousand pers. y
6

13 Number of active mobile subscribers using Internet access services, thousand pers. y
7
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Factors related to consolidated budget expen-
ditures were not included in the models, since 
the coefficients describing their impact on the 
performance indicator were statistically insig-
nificant. From a qualitative point of view, this 
may be due to the lack of information about the 
targeted use of expenditures in terms of train-
ing the population in computer literacy and 
social support, for example, for the purchase of 
office equipment. Therefore, when developing 
proposals, we should not exclude from consid-
eration the organization of educational events 
and social support measures aimed at increas-
ing the level of use of ICT in the life of the pop-
ulation. 

The results  and  are more related to the 
average annual number of persons employed 
than to the level of wages. At the same time,  
depends on the nominal average monthly wages 
of employees of organizations. The results , 

 and  also significantly depend on the ICT 
costs that occur in the region.

The models presented can be used both for 
developing forecasts and calculating expected 
values of regional performance results, and for 
evaluating them, as well as for making manage-
ment decisions.

Using the equations (1)–(3), performance 
indicators were calculated (i = 1,...,7 corre-
sponds to the number of the performance indi-
cator in Table 1) for the regions of the Central 
Federal District, for which it is possible to assess 
the level of the population in terms of ICT use. 
The results are shown in Figure 2 in 2017.

The results show that, although in absolute 
values the Tula Region ranks second among all 
the regions of the Central Federal District in 
most indicators, when taking into account the 
existing conditions (factors) identified as sig-
nificant, the functioning of the Tula Region in a 
number of indicators does not reach the stand-
ard (expected) value. This indicates insuffi-
cient use of the region’s opportunities (poten-
tial) to increase the level of digitalization.

For the Tula Region, using the decision-
making module of the EFRA complex, in the 
simplest case (the task of optimizing each indi-
cator separately without taking into account 
restrictions), the state and impact factors were 
found, at which the values of indicators would 
reach the standard.

The solution of such a problem can be inter-
preted qualitatively as follows.

Interpretation 1: what are the values  
 of overspending (underutilization) of 

state and impact factors in the -th region. 

Interpretation 2: what values  
 should be used to intensify the use 

of  and rationalize  in order to 
achieve the norm in the -th region. 

The calculation results for the Tula Region 
are shown in Table 2. This table indicates: 

  corresponds to the assessment of the i-th 
result of functioning 

 
; 

 the sign indicates by how many percent 
there is an overspend (“–“) or excess (“+”) of 
the factor attribute, so the norm is not reached; 

 0 indicates that optimization is not required 
for this subject; 

 >100 indicates that the norm cannot be 
reached if only one factor changes, 

 the dash indicates that this factor is not 
used in the model. 

The results obtained can serve as a basis for a 
more in-depth analysis of the causes of under-
utilization (overspending) of existing condi-
tions (factors) and further management deci-
sion-making, as well as the development of 
appropriate measures.

It can be concluded that the areas to focus 
on when developing measures to increase the 
level of ICT use by the population of the Tula 
Region include:

 the organization of educational services, 
including with the support of state and local 
governments; 
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а)

d)

g) h)

b)

e)

c)

f)

Fig. 2. Values of performance indicators for the Central Federal District regions in 2017: 
a) the integral (generalized) indicator ;      

b) 
1 
;     c) 

2 
;     d) 

3
;     e) 

4
;     f) 

5
;     g) 

6 
;     h) 

6
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 the welfare of the population for the use of 
ICT; 

 the increasing employment in where ICT 
is used; 

 the change in salary level; 

 changes in both the volume of ICT expen-
ditures and the structure of the use of allocated 
funds, which requires a more in-depth study (it 
is not provided for in this study).

In terms of further work in the field of 
increasing the level of ICT use by the popula-
tion using the approach presented, the follow-
ing steps can be proposed:

1. In-depth assessment of conditions (state 
factors and impact factors) on the level of digi-
tal literacy of the population by expanding the 
information base of the study, both in terms of 
sectional and cross-sectional data in the con-
text of municipalities and regions, with the 
construction of regional development models 
with point and interval estimates in the short 
and medium term;

2. The assessment of the effectiveness of digi-
talization management in the region;

3. The assessment of the harmony (balance) 
of the region’s functioning in terms of digitali-
zation using the author’s methodology;

4. The detailed elaboration of measures, 
including in quantitative terms on the basis of 

several classes of optimization problems to be 
solved, aimed at ensuring balanced growth and 
increasing digital literacy of the region’s popu-
lation.

Conclusion

This article presents an approach to assess-
ing the functioning of complex systems 
(HSES) and decision-making, implemented 
in the EFRA software package. The differ-
ence between the approach used and simi-
lar ones is the ability to take into account the 
specific conditions for the functioning of the 
HSES and the formation of their own stand-
ards for them. Designed indicators allow you to 
compare different objects that operate in dif-
ferent conditions, and the procedures used to 
build such indicators eliminate the influence of 
units of measurement and economies of scale. 
The integral indicator takes into account the 
mutual influence of particular results of the 
HSES functioning, which is rarely used in the 
formation of integral estimates. The harmony 
coefficient and performance indicators in 
combination with partial and integral perfor-
mance indicators form a system of indicators 
for evaluating the functioning of the HSES, 
and the optimization method used allows you 
to find the values of state factors and impacts to 
achieve the normative values of the estimated 
indicators of the object of research.

Table 2. 
Optimization of performance indicators based on 2017 data  

for the Tula Region by respective factors, %

No Factor
/ Indicator 1 2 3 4 5 6 7

1 x
1 – – – – – 0 –16.99

2 x
2 – – – – 0 – –

3 x
3 –0.84 –1.81 –4.34 –6.73 – – –

4 x
4 – – – – 0 0 >100
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Based on the example of the Central Federal 
District regions, the level of ICT use by the pop-
ulation of the subjects of the Russian Federa-
tion was analyzed for 2014-2017, and the neces-
sary changes in the state and impact factors were 
found for the Tula Region, in which the eval-
uation indicators considered would reach the 

normative (expected) value. On the basis of the 
results obtained using the EFRA software pack-
age, a number of guidelines for the development 
of the region in terms of ICT and improved digi-
tal literacy of the population of the Tula Region 
aimed, ultimately, at increasing the readiness of 
the region for digitization. 
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