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Abstract: The development of the concept of digital transformation of the economy is closely interrelated with the 

process of comprehensive spread of information and communication technologies in all spheres of economic 

activity. This in turn leads to significant changes in production processes, the emergence of new products and 

services, the mechanisms of distribution and consumption of which are significantly transformed. The article 

proposes a methodology for assessing the results of the implementation of the process of transition to the 

digital economy and its impact on economic growth using neural networks. The indicators are data on the use 

of various digital technologies at the regional level. The proposed assessment of the impact of digital 

transformation on the development of the regional economy takes into account the factors suggested in the 

national program «Digital Economy of the Russian Federation». The gross regional product per capita is the 

resulting indicator reflecting the economic growth of the Russian regions, and the impact of the national 

project on economic growth in interaction with economic and social factors is also considered. 

1 INTRODUCTION 

At the present stage, digital transformation is a 

fundamental factor of economic growth and social 

transformation at both the state and regional levels of 

government. Its main objectives are to improve the 

efficiency of interaction between citizens, businesses, 

and the state through the use of information and 

communication technologies (ICT), which ultimately 

aims to improve the well-being of the population and 

stimulate economic development. 

The global spread of digital technologies has 

formed a new «digital economy», which defines the 

contours of the modern world economy. However, 

there is still no single universal definition of this 

concept. The digital economy is a system of economic 

relations arising in the production, distribution, 

exchange, and consumption of tangible and intangible 

goods, where the use of digital technologies provides 

a significant contribution to economic growth. In 

parallel, the concept of digital transformation of the 

economy — the process of deep penetration of ICT in 

all spheres of economic activity — is also developing. 
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This implies fundamental changes in production 

processes, the development of new products and 

services, as well as in the mechanisms of their 

distribution and consumption, which completely 

transforms the economic system as a whole. 

Legislative documents adopted at the state and 

regional level contain key directions in the framework 

of achieving the goals of digital transformation, these 

include: Strategy for the Development of Information 

Society in the Russian Federation for 2017-2030 

(Decree of the President of the Russian Federation 

No. 203 dated 09.05.2017), The program «Digital 

Economy of the Russian Federation» dated July 28, 

2017 No. 1632-p, Strategy for Digital Transformation 

of the Economy, Social Sphere and Public 

Administration in the Volgograd Region (Strategy in 

the field..., 2021). These documents emphasize that 

information in digital format plays an important role 

in the development of the economy.  

The transition to the digital economy in Russia 

requires systematic planning and the development of 

conceptual and methodological foundations for 

assessing its results. Scientific research actively 

300

mailto:verakalinina@mail.ru


studies the issues of digital technologies and the 

development of digital economy at the regional level 

(Batrakova L. G., 2019; Larin S.N., 2020). Work is 

carried out to create indicators and methods for 

analyzing the indicators of digitalization of regions 

(Arkhipova M. Yu., Sirotin V. P., 2019), to determine 

the priorities of regional development in accordance 

with the legislation of the Russian Federation 

(Asalieva Z. A., 2022). Special attention is paid to the 

regions' readiness for transformation and the 

compilation of ratings of their depth of progress 

(Pisarev I. V., Exev V. I., Panteleeva I. A., 

Parfentieva K. V., 2022), as well as the impact of 

digitalization on regional development (Zemtsov S. 

P., 2021). The differentiation of regions in ICT 

implementation is noted (Potapova O., 2020). 

Potapova O.A. proposed an author's methodology for 

classifying regions by the degree of their assistance to 

digitalization, although the practical application of 

this methodology has not yet been implemented. 

Thus, conducting theoretical and empirical 

research work in the field of digital economy requires 

taking into account regional specifics, relying on state 

goals and identifying local problems in the 

implementation of transformation strategies. In this 

regard, it becomes important to develop methods and 

approaches for monitoring the progress of digital 

transformation of the regional economy, where data 

on the use of various digital technologies at the 

regional level can be studied as indicators. 

2 MATERIALS AND METHODS 

It is advisable to assess the impact of digital 

transformation on the development of the regional 

economy, taking into account the analysis of the 

implementation of the national program «Digital 

Economy of the Russian Federation». In this aspect, 

in this study, the gross regional product per capita is 

the resulting indicator reflecting the economic growth 

of Russian regions. However, this indicator is 

criticized for its late calculation by Rosstat for two 

years (Granberg A.G., 2003; Petrova E.A., 2020). 

Also, the indicator does not reflect the contribution of 

individual industries to the final value of GRP. 

Despite the shortcomings, the GRP analysis serves as 

a reference point for the development of effective 

government programs aimed at the development and 

support of regions, as well as reducing their 

inequality.  

As factors affecting economic growth, we took the 

indicators specified in the program «Digital Economy 

of the Russian Federation», available by constituent 

entities of the Russian Federation. Statistical data on 

national projects are available on the portal of the 

Unified Interdepartmental Information and Statistical 

System (UIISS) (National Program «Digital 

Economy of the Russian Federation»).  

It is worth mentioning that digital technologies 

themselves affect economic growth indirectly, which 

is confirmed by the «Solow paradox», according to 

which there are many factors affecting economic 

growth that have nothing to do with the specifics of 

the information economy (Gadrey J., 2003). 

Therefore, it was decided to consider the impact of 

the national project on economic growth in 

interaction with economic and social factors. Thus, 

the set of factor indicators in the framework of the 

study is divided into 3 groups (Table 1). 

Table 1: Indicators of the analysis of the national 

program "Digital Economy of the Russian Federation" on 

economic growth. 

Indicator name 

Design

ation 

Gross regional product per capita Y 

Indicators of the national project "Digital Economy" 

Number of state (municipal) employees and 

employees of institutions who have been trained in 

competencies in the field of digital transformation 

of state and municipal administration 

X11 

The share of mass socially significant state and 

municipal services in electronic form, provided 

using the Unified State Services Portal from the 

total number of such services provided in electronic 

form 

XI2 

Level of satisfaction with the quality of provision 

of mass socially significant state and municipal 

services in electronic form using the Unified State 

Services Portal 

Х13 

The share of registered users of the Unified Public 

Services Portal using the Unified Public Services 

Portal services in the current year in electronic 

form, from the total number of registered users of 

the Unified Public Services Portal 

Х14 

The share of applications for receiving mass 

socially significant state and municipal services in 

electronic form using the Unified State Services 

Portal without the need for a personal visit to state 

authorities, local government bodies and 

multifunctional centers from the total number of 

such services 

Х15 

The share of expenses on the purchase and (or) 

rental of domestic software and platforms from the 

total expenses on the purchase or rental of software 

Х16 

The number of public services provided by 

government bodies in the register model and (or) in 

proactive mode with the provision of the result in 

electronic form on the Unified State Services Portal 

Х17 
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The number of services implemented on the basis 

of a single platform to ensure the functions of state 

authorities and local governments, including 

standard functions 

X18 

Economic indicators 

Investments in fixed assets Х21 

Fixed asset renewal rate Х22 

Employment rate of the population Х23 

Internal expenditure on research and development Х24 

Social indicators 

Population size Х31 

Graduation of bachelors, specialists, masters Х32 

Population per hospital bed ХЗЗ 

Capacity of outpatient and polyclinic organizations Х34 

 

Neural networks are one of the most popular and 

effective tools of data mining today. These self-

learning models, which mimic the work of the human 

brain, are capable of analyzing newly arriving 

information by themselves. The growing interest in 

this artificial intelligence technology is reaching a 

wider and wider range of users. As a result, artificial 

neural networks (ANNs) are being actively 

introduced into the spheres of economics and finance 

as a tool to support managerial decision-making. 

Unlike traditional models, artificial neural networks 

(ANN) bring an intellectual element to the modeling 

process. They have the ability to learn and function 

independently on the basis of accumulated 

experience, which allows them to make fewer errors. 

(Kurochkina I.P., 2017). 

The main advantage of neural networks is their 

ability to effectively model nonlinear dependencies, 

which allows for a more accurate description of data 

compared to linear statistical methods. 

3 RESULTS AND DISCUSSION 

The Eductor Studio platform was used as a neural 

network design tool to study the relationship between 

economic growth and socio-economic parameters 

and indicators of the digital economy. It facilitates the 

solution of forecasting, classification, detection of 

hidden patterns, data compression and many other 

tasks. This tool provides an opportunity to set the 

structure of the neural network, determine the 

necessary parameters and train the model using one 

of the algorithms available in the system.  

At the first step, we import data into the program 

(Fig. 1). 

 

Figure 1: A fragment of a table with observations imported 

into Deductor Studio. 

Next, a neural network is built, during which input 

and output variables are specified: indicators X11-

X34 are the input and Y is the output variable. In the 

initial set, two sets are identified among the data, the 

larger part of which is the training set and the smaller 

part is the test set. The training set is 95% defined for 

the training set and the test set is 5% defined for the 

test set. The observation set contains 170 examples. 

In a well-trained neural network, the number of links 

is one third of the total number of examples. Thus, it 

is not difficult to calculate the total number of links in 

the network: it is the following ratio 170/3 = 56.67. In 

this study, the training dataset contains 16 inputs and 

one output, this corresponds to 16 input neurons and 

one output neuron. Assuming the presence of one 

hidden layer, it is possible to establish the following 

correspondence (1). 

16 × 𝑡 + 1 × 𝑡 = 57 (1) 

17 × 𝑡 = 57 
where t = 3.35, where t is the number of neurons 

in the hidden layer. 

This relation showed that such a neural network 

characterized by the given parameters should contain 

4 neurons in the hidden layer. This information is the 

main information for tuning the structure of the neural 

network. 

To train the neural network, the RProp algorithm 

based on «epoch learning» is applied, in which the 

weights are adjusted after the network has processed 

all examples. 

As a result, a visual representation of the trained 

neural network is obtained, the structure of which 

consists of 16 input neurons, 4 neurons in the hidden 

layer and one output neuron (Fig. 2).  
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Figure 2: Graph of the formed neural network. 

The result of effective training of the neural 

network can be analyzed from the scatter plot, which 

shows that the error of the predicted values is greater 

than the target (0.05) (Fig. 3). 

Figure 3: Scatter plot with error value 0.05. 

The prediction results are generated using the 

«What-if» tool. It allows entering data for the region 

and obtaining a forecast of GRP per capita.  

Figures 4-5 show data for the Volgograd Region 

for 2021 and 2022. The actual value of gross regional 

product per capita in 2021. 427068.8 rubles turned 

out to be less than the forecasted value of 491186.6 

rubles, which is higher by 64,117.8 rubles or 15%. 

The same situation with the following year, where the 

projected value of the output field of 622441.05 

rubles is higher than the real 512753.42 rubles by 

21%.  

 

 

 

Figure 4: What-if tool for Volgograd region in 2021. 

 

Figure 5: What-if tool for Volgograd region in 2022. 

In Fig. 6 on the example of the Volgograd region 

in 2021, we can notice a positive linear correlation 

between the variable X11 and Y. That is, the increase 

in the number of civil servants and employees of 

institutions trained in digital transformation has a 

positive impact on the economic situation of the 

region. 
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Figure 6: Graph of Y versus X11 for the Volgograd 

region in 2021. 

On the graph of the relationship between Y and 

X14 (Fig. 7), on the contrary, there is an inverse 

relationship between the variables. Probably, the 

increase in the share of registered users of the USPS 

in the region does not bring the expected results. 

 

Figure 7: Graph of Y versus X14 for the Volgograd region 

in 2021. 

Fig. 8 demonstrates that a gradual increase in 

investment in fixed capital leads to an increase in 

GRP per capita. This reflects the economic 

significance of investments and their positive impact 

on the development of the region. 

 

Figure 8: Graph of Y versus X21 for the Volgograd region 

in 2021. 

The relationship between Y and X23 in Figure 9 

shows that an increase in the employment rate is 

associated with an increase in GRP per capita. This 

emphasizes the importance of employment as a factor 

of economic growth. 

 

Figure 9: Graph of Y versus X23 for Volgograd Oblast in 

2021. 

As the output of bachelors, specialists and masters 

increases, GRP per capita decreases (Fig. 10). This 

may indicate that the number of graduates does not 

always translate into economic activity or that 

graduates do not find decent jobs, which negatively 

affects GRP. 

 

Figure 10: Graph of Y versus X32 for the Volgograd region 

in 2021. 

In general, the neural network, as an apparatus for 

in-depth data analysis, covers the study more broadly, 

as it builds on all observations and includes indicators 

that were excluded during correlation and regression 

analysis. The flexibility of the neural network makes 

it particularly suitable for problems where 

relationships between variables are difficult to 

determine using simple linear models. ANN does not 

require pre-selection of features and adapts to 

outliers, thus outperforming traditional approaches to 

data analysis. 

4 CONCLUSIONS 

Thus, the proposed methodological tools allowed us 

to form a system for assessing the impact of the NP 

«Digital Economy of the Russian Federation» on 

economic growth. The applied neural network 

methods of data analysis confirm the statement of the 

20th century American economist R. Solow, known 

as «Solow's paradox», when, despite the widespread 

introduction of computers and other information 

technologies in various spheres of production 

activities, the overall level of productivity measured 

by statistics did not show a noticeable increase. The 

introduction of digital technologies has an indirect 

effect on economic growth, and their impact on labor 

productivity is not always immediate or obvious. But 

it contributes to the emergence of such an effect in the 

long term, based on the interaction with traditional 

socio-economic factors. 
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