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This book is dedicated to Oleg V. Inshakov
(1952–2018) with love and gratitude.



Preface

The book is dedicated to Doctor of Economics, Prof. Oleg Vasilievich Inshakov
(1952–2018), on the 70th anniversary of his birth. At Volgograd State Univer-
sity (Russia), Prof. Inshakov held the positions of Rector (1995–2014), President
(2014–2016), and Director of Research Institute of Regional Social and Economic
Development (2016–2017).

Oleg Vasilievich Inshakov is a widely renowned economist in the Russian Feder-
ation, best known as the founder of the production factors evolutionary theory and
economic genetics theory. Professor Inshakov laid the foundation for theoretical
studies in the field of nanoeconomics. He contributed to evolutionary economics by
proposing his model of an inherent ‘development nucleus’ in economic systems and
revealed the dynamics of global socio-economicmodes based on themeta-production
function. Oleg Inshakov is recognized for building a multi-criteria classification of
institutional mechanisms, shaping a general model of the cyclic functioning of the
economic mechanism, and developing his theory of global economic system based
on the evolution of its hierarchical structure that extends the concepts of the object
and subject of the economic theory. His scientific output included more than 500
publications in Russian and foreign peer-reviewed journals and books. In the last
decade of his life, Prof. Inshakov devoted himself to examining socio-economic
problems arising from the sixth technological mode formation, investigating macro-
generations emerging from its base, and finding a way to overcome the crisis in
domestic economic theory and practice based on the evolutionary theory.

Professor Inshakov is the founder of a powerful school of institutional and evolu-
tionary economics, strategic management, and planning of regional economic devel-
opment. He supervised 26 doctoral and 51 candidate dissertations that examined
various themes related to the functions, structure, and evolution in economic systems
of different types, levels, and scales.

Oleg Inshakov was awarded state and departmental awards and given honorary
titles of the Russian Federation in recognition of his notable contribution to science
and higher education in the Russian Federation and his promotion of international
relations in education. He earned accolades from Russian and foreign research
organizations and higher educational institutions.
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viii Preface

The book bears witness to the fact that theoretical grounds and methodological
tools developed by Prof. Inshakov provide a fruitful basis for the multi-dimensional
interdisciplinary research that draws on concepts from various branches of social
and natural sciences within the framework of the proposed themes. Drawing on the
systematic evolutionary approach, the contributions to the book suggest guidelines
to ensure inclusive and sustainable growth for national economies and regions in the
context of the controversial impacts of the emerging Industry 4.0, as well as new
challenges and threats, including the COVID-19 pandemic.

Wewish the findings and insights gained from the theoretical and empirical studies
will contribute to the development of conceptual foundations and practical recom-
mendations, which in turn will refine economic, environmental, and social mech-
anisms and policies that regulate the use of Industry 4.0 technologies to achieve
inclusive and sustainable regional and country growth development.

Volgograd, Russia Elena I. Inshakova
Agnessa O. Inshakova



Introduction

The book focuses on the effects and consequences of the emerging Industry 4.0,
which offers unprecedented opportunities for the acceleration of economic growth
and enables its inclusive characteristics. Given this fact, the world community
shares a common interest in the rapid development and dissemination of Industry
4.0 technology geared toward a fairer distribution of growth across society and
creating opportunities for the advancement in the economic, technological, social,
and environmental spheres.

The other side of the coin is that new technology generates challenges and bears
potential risks, thus making the case that national economies can take different
growth paths. As a result, divergence processes arising from digitalization in the
world economy contravene the UN Sustainable Development Goals (SDGs). To
tackle this challenge, regulatory mechanisms capable of identifying, overcoming,
and preventing these risks in a timely fashion are required to enhance the compet-
itiveness of the national economic systems in pursuit of inclusive and sustainable
growth.

With the view to investigate the problems related to the provision of inclusive
growth under emerging Industry 4.0 issues, the book adopts a far broader perspec-
tive, which goes beyond the constraints of industry-specific and territory-related
approaches, conceptual and methodological framework, and research techniques
restricted to a particular branch of science.

The vast majority of studies predominantly are bound by common and related
themes that focus on problems and sources of achieving inclusive growth, including
new technological developments, in different sectors of the economy or specific
regions or countries. This book, therefore, contributes to redressing the current imbal-
ance in the field by offering amultidisciplinary investigation into the economic, tech-
nological, environmental, and social impacts of Industry 4.0 technology that ensures
inclusive and sustainable growth development of regions and countries. Along with
identifying new opportunities that new technology provides for inclusive growth, the
book aims to propose theoretical substantiation and develop economic, institutional,
organizational, and information mechanisms that aid to reduce and eliminate the
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x Introduction

potential economic, social, and environmental risks. Navigation of these complex
demands is becoming a pressing scientific and practical task.

The five parts of the book comprise twenty-seven chapters, addressing the
followingmajor themes. Part I discusses theoretical assumptions underpinning issues
of inclusive growth achievement in the age of new technology within the framework
of the ecosystem approach, in particular, in the context of the COVID-19 pandemic.
Part II proposes original statistical and econometric approaches to assess the current
state of the economy, based on the values of the key indicators of inclusive and
sustainable development of the environmental, production, and social spheres of the
national economic system in the context of digitalization. Part III reveals the contri-
bution of key enabling technologies such as artificial intelligence, neural networks,
and nanotechnology to the inclusive development of modern society concerning the
provision of business continuity and health protection in the context of the COVID-
19 pandemic. Part IV gives special attention to financial and investment technologies
boosting inclusive growth of the economy and human capital quality. Part V shows
that an inclusive economy has many dimensions, linguistic and pedagogical dimen-
sions, in particular. It discusses cognition technology capable of providing inclusive
human development in the digitalizing economy.

The book responds to challenges facing new Industry 4.0 technology application
in the Russian Federation by focusing on (i) economic and institutional changes
relevant to the appropriate sectoral structural shifts; (ii) modeling and forecasting
the impact of new technology on the growth in urban and rural areas; (iii) investment
policies contributing to the sustained development of economy and society of the
regions in the digital age; (iv) state regulation of technology-based transition to
a resource-efficient and green, carbon-free economy; (v) measures and efforts to
tackle global climate change and eliminate its adverse impact on the environment
and society; (vi) reproduction of human capital.

Themethodological basis underpinning the analysis of the opportunities and chal-
lenges of Industry 4.0. is the systemic evolutionary approach. It employs a combina-
tion of methods such as structural and functional, temporal and spatial, comparative
and documentary, statistical and econometric analysis, accompanied by theoretical
modeling, and, in some cases, computer simulation of economic systems.

Thus, a broad multidisciplinary approach integrating research capabilities of
economic and administrative sciences, artificial intelligence and computer sciences,
pedagogy and linguistics, latest findings in the above-mentioned scientific areas,
as well as empirical evidence and pilot innovative research projects conducted by
the contributors allowed them to draw conclusions and develop recommendations
for achieving inclusive growth in various spheres such as industrial and agricul-
tural production, innovation and investment activities, management and environment
protection, health care, and education associated with the use of new technology.

Drawing on the methodological approach described above, the contributors
performed a comprehensive study of the development of the economic systemconsid-
ering the different structural levels of the global economic system in the context of
the impacts of the emerging Industry 4.0, digital transformation of the economy, and
society, and adverse effects of the COVID-19 pandemic.
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With the focus on the proposed themes, the study reports the following results. In
the context of challenges for implementing a multi-faceted and multi-level systemic
transformation of the economy inRussia, the contributors conclude that the embraced
on all the levels of governance project-oriented approach, which is often responsible
for the heterogeneity of the economic system, needs to be replaced by an ecosystem
approach.Thedevelopment of ecosystems is bound to strengthen the interdependence
between the various sectors of the economy and enhance the degree of continuity
and homogeneity of the economic landscape of the country.

The study substantiates the expediency of designing the economic doctrine of
Russia, a scientifically grounded and practically oriented program document that
will provide a solid foundation for comprehensive long-term inclusive growth. The
development of ecosystems, independent socio-economic entities retaining relative
stability over time that carry out efficient economic activities, is considered the focus
of economic governance.

In addition, dynamics of the socio-economic growth and environment in the urban
and rural ecosystems along with the economic and institutional changes resulting
from the sectoral structural shifts determined by the Fourth Industrial Revolution
are to receive the focus of attention of the government development institutions,
researchers, businesses, and society.

Within the framework of the ecosystem approach to achieving inclusive growth,
the study contributes to identifying the factors that generate different conditions for
inclusive economic growth in urban and rural ecosystems. The concept of inclusive
growth was analyzed with a focus on the technological integration of urban and rural
areas. The contributors conducted a comparative analysis of the innovation activity in
the urban and rural regions of Russia, and its impact on economic development, along
with the comparison of dynamics of innovation activity and changes in the indicators
of living standards in the regions and territories under consideration. The results
allowed them to define the principles for building a unified ecosystem, integrating
large urban agglomerations, middle-sized cities, small cities, and rural settlements.

The contributors argue the existence of an inextricable link between the provision
of inclusive growth of regions and the resilience of regional economies to external
shocks. The asymmetric impact of the COVID-19 pandemic on the development
of some territories necessitated the identification of factors that are distinctive for
regional adaptation capabilities to the adverse effect of the COVID-19 pandemic.
It is concluded that the assessment of the adaptation potential of the regions to
the coronavirus crisis will predict the regional development path as a result of the
potential realization.

Focusing on temporal, spatial, and comparative analysis, the contributors study
the level of entrepreneurship development as a determinant of economic growth in
the regions of the Russian Federation.

The book suggests digital transformation directions in agricultural production
management in the turbulent business environment, including the effects of the
COVID-19 pandemic by disclosing the industries that have received a powerful
impetus for further development and determining the problematic areas by identi-
fying challenges and risks for the business structures’ activities. The contributors
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demonstrate that Industry 4.0 technologies create new opportunities for a digital
management system in agricultural production based on the virtualization of contrac-
tual relationships and transactions undertaken using smart contracts, blockchain
technology, etc.

Re-thinking the impact of external factors on inclusive and sustainable economic
growth in the regions of the world countries, the book discusses the problem of
cross-border cooperation (CBC). Based on the experience of the European Union
(EU) and the Eurasian Economic Union countries (EAEU), and the One Belt One
Road (OBOR) initiative, the implication is that CBC is essential for creating an envi-
ronment for entrepreneurship and investment, infrastructure construction planning,
and implementation. In this regard, the study considers the identification of success
factors in the management of cross-border projects critical for achieving sustainable
development due to consistent improvement in the living standards in the border
regions.

As emerging Industry 4.0 has a profound impact on the transformation of the
global economic system, the contributors underline the need for improved methods
for assessing and forecasting economic and social processes to provide the timely
correction of the mechanisms for economic and social policy implementation. Thus,
there is an increasing need for the efficient provision of the relevant data on the current
state of the economy and society for effective management and decision-making.

The contributors prove that designing and developing productive approaches and
instrumental software tools to preserve reliability and business continuity support
have become vital in Industry 4.0 progress. Current experience in Industry 4.0 solu-
tions design and exploitation demonstrates that to carry out Big Data analysis in
a limited time (computer Big Data analysis and decision-making support) requires
operating mathematical models and algorithms based on the application of artificial
intelligence (AI). The study discusses the AI capabilities to satisfy the urgent need
in Industry 4.0—the personalization of products, services, and decisions.

The book demonstrates functional and application potential for new Industry 4.0
technologies and systems: AI technologies—on the examples from high-technology
evidence-based medicine and management audit procedures, and nanotechnology—
on the cases from health care, energy sector, road infrastructure construction, etc.,
as significant factors in ensuring inclusive growth in Russia. The book also reveals
large-scale opportunities of applying new digital technologies as drivers of inclusive
economic and social development for enhancing business and social communication
in the world economy during the COVID-19 pandemic lockdowns, global and large
national data centers, and data center networks as the example.

Inclusive and sustainable development, the contributors argue, is mainly asso-
ciated with the preservation of the biosphere and natural capital, together with the
technological and social spheres. The role of new Industry 4.0 technology appli-
cation for greening the economy warrants a more careful study. The book reflects
on the experience of the largest post-Soviet countries in ensuring transition to a
resource-efficient and green economy. The contributors identify challenges arising
from the inclusion of Kazakhstan, Russia, and Ukraine on the global climate agenda
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to support managerial decisions for ensuring the sustainable development of these
largest post-Soviet countries.

The successful identification of institutional drivers and removal of barriers
to inclusive development of the financial services market in modern Russia will
contribute to the development of financial self-activity and inclusive involvement
of people in investment processes. The successful solution to this problem is
likely to reduce the financial burden on the governments, provide passive income
self-sufficiency for the population, and increase the level of prosperity.

Inclusive and sustainable development has multiple dimensions, of which the
human capital is an indispensable part. Within the framework of studying the prob-
lems of achieving growth based on the adoption of new Industry 4.0 technologies,
evaluation of the effectiveness of investment in human capital is one of the crucial
issues. The book focuses on the problemof ineffective investment in themain compo-
nents of the human capital, such as children, adolescents, and youth in the post-Soviet
countries. The proposed method to assess investment effectiveness in human capital
in theRussian Federation is entitled to improve themechanismof reproducing human
capital on the regional scale or the country level.

The book discusses the theory and practice of human intellectual abilities devel-
opment as a vital factor in the inclusive growth of the quality of human capital in the
context of Industry 4.0 and the pandemic lockdowns, based on the results of theo-
retical and empirical research, as well as linguistic projects implemented in higher
education.

In this respect, multilingualism is viewed as one of theways to ensure the inclusive
and sustainable development of multi-ethnic and multi-cultural societies. It is shown
that digital transformation is beneficial for the maintenance of language diversity
and preservation of ethnic identity as it provides several technological opportunities
for social and economic inclusion for small-numbered and indigenous peoples. The
study discusses the need to implement specific enhanced language policies ensured
by state institutions and public organizations.

To provide an inclusive educational environment for non-native speaker learners
in universities of host countries, the contributors propose a universal methodology
for organizing foreign language teaching based on modular training using mobile
technologies of Industry 4.0. The study showed that the proposed training module
enhances learning satisfaction that is crucial in non-native learners’ adaptation to a
foreign-language learning environment.

The analytical studies relied on the instrumental basis of the statistical and
econometric analysis, along with theoretical modeling and computer simula-
tion of economic systems, which enabled drawing conclusions and developing
recommendations.

Statistical analysis underpinned, for instance, a comparative analytical study of
the best practical experience of the largest post-Soviet countries, Kazakhstan, Russia,
andUkraine, in ensuring their participation in the global climate agenda. The contrib-
utors analyzed the aggregated indicators of the decarbonization levels in Kazakhstan,
Russia, and Ukraine that characterize the relevance of the current state of their
economies to the UN’s SDGs. These revealed a significant gap between even the
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best values of the considered countries’ indicators reviewed and the corresponding
world values, and entailed implications for the state regulation in the energy sector
development, which will enhance the post-Soviet countries’ transition to sustainable
and inclusive growth.

To forecast regional (territorial) economic growth associated with technological
developments in the context of Industry 4.0, the contributors analyzed the statis-
tical outputs from national statistical systems of France, Germany, Italy, the United
Kingdom, and the Russian Federation. Based on a correlation and regression anal-
ysis, the study assessed the impact of innovative technologies on the formation of
the domestic economic growth points to substantiate the priorities of state support
for industries, technologies, and territories that ensure the transition to an inclusive
growth scenario and meet national interests.

Using econometric analysis tools, the contributors managed to identify the factors
determining the digital transformation of economic systems, which can accelerate
their adaptation to the impacts arising from the emergence of Industry 4.0. The
findings can enable national programs for the digital transformation of the economy to
develop according to the most promising scenarios, taking into account the divergent
development conditions of the world countries.

The econometric analysis assessed the impact of factors that arise from digital
technologies implementation in economic practice and social interactions on inclu-
sive economic development. The constructed econometricmodel allowed ranking the
indicators of the use of digital technologies according to the degree of their influence
on the values of inclusive economy development indicators.

The statistical and econometric analysis also yielded sound results to solve the
problem of developing methods for evaluating the effectiveness of investments in
human capital. The proposed statistical assessment of return on investment correlates
costs in the healthcare system with the dynamics of morbidity and several other
indicators in the studied area, based on the inter-generational analysis over long
periods to ensure that the results are statistically significant.

The research employed theoretical modeling and computer simulation of
economic systems as efficient tools to achieve the goals. Some of them are listed
as follows:

the ecosystem model represents a tetrad that includes organizational, infrastruc-
tural, communication, logistics, and innovation components and serves as an
effective tool for studying the behavior and structure of ecosystems, determining
the most efficient ways of distribution and consumption of the main types of
ecosystem resources;
a model of an integrated urban-rural ecosystem which allows enhancing sustain-
ability and inclusiveness of economic growth due to the use of a diversified port-
folio of resources, and availability of growth results to a wide range of economic
agents, final consumers, regardless of the territorial location of their residence;
the predictive model, built on a neural network, to forecast the economic growth
of a territory related to the structural changes caused by the technological
developments, which is associated primarily with the formation of Industry 4.0;
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amodel of the intelligence system for automated auditing ofmanagement systems
that can significantly reduce the costs and risks associated with face-to-face audits
implemented as an integrated software product;
the project management success model in cross-border cooperation that helps to
identify success factors in managing cross-border projects, therefore, is critical
for achieving sustainable development through CBC strategies;
a model for transforming the regulations for financial services and products
design and consumption, which provides the inclusive growth of Russia’s market
for financial services based on enhancing integration and social partnership of
financial institutions, society, and state;
a tax administration system model developed on the best tax administration digi-
talization practices employed worldwide and in the Russian Federation. It relies
on the principles of interaction transparency between subjects of tax relations,
the conjuncture of the fulfillment of tax obligations, and the quality of digital
services, including some others.

The book addresses a professional audience, such as academicians exploring
themes related to the impacts of the use of Industry 4.0 new technologies on the
economy, society, and environment, and the development of economic, organiza-
tional, information, and institutional mechanisms to achieve inclusive and sustain-
able growth under the transition to a new technological mode. It can be of interest
to broad and varied audiences such as officials and practitioners engaged in the
economic, environmental, and social regulation of new technology implementation
in the industrial and agricultural sectors, public and corporate management, environ-
mental protection and investment activities, health care, and education. The findings
might be helpful for postgraduate students as they will serve as a valuable informa-
tion source. The book contributes to training support while teaching and learning
the curricula disciplines for master’s degree students who major in economic policy,
economic theory, management, innovative entrepreneurship, and information and
communication technologies at higher educational institutions.

The contributors hope that empirical materials, innovative developments, and
suggestions inspire scientific research, encourage applied studies, and supplement
training programs in economic, administrative, social, and computer sciences at
the advanced universities and research institutions, in the post-Soviet territory, in
particular.

Elena I. Inshakova
Agnessa O. Inshakova
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Chapter 1
Systemic Factors and Prerequisites
for the Inclusive Growth of the Russian
Economy

George B. Kleiner , Maxim A. Rybachuk , and Venera A. Karpinskaya

Abstract The chapter provides the conditions for the transition of the Russian
economy and society to inclusive systemic growth. The essential systemic compo-
nents of the socio-economic space of Russia are determined. The transformation of
these components is necessary for the transition to systemic inclusive growth. Two
points of view on the socio-economic space of Russia are considered, which are
of particular importance for the change to inclusive growth. The first is a system-
wide point of view wherein the Russian economy is represented in the form of four
systemic sectors interacting with each other in a chain: “the object sector—the envi-
ronment sector—the process sector—the project sector.” The second point of view
represents society in the formof four relatively independentmacro-entities. The inter-
action between these entities is also carried out along the chain: “state—society—
economy—business.” Taken together, the study of the two above-mentioned struc-
tures makes it possible to determine the directions of the systemic transformation of
society, ensuring movement toward inclusive growth.

1.1 Introduction

The concept of inclusive growth as a target function of socio-economic development
entered public discourse in the early 2010s. Usually, inclusive growth is understood
as “long-term sustainable growth in productivity and employment, opportunities for
a wide range of firms and households” [1]. The concept of inclusive growth is often
reduced to the even distribution of income among different population segments [2].
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In our opinion, the increasing complexity of the socio-economic and administrative-
political space structure, which is rapidly covering Russia and most of the world’s
developed countries, requires a transition to a more accurate perception of inclusive
growth. It should be considered as a coherent and synchronous development of all
significant society components, not just firms and households. To determine themain
activities that support inclusive economic growth, one should analyze the structure
of society, highlighting the elements and connections in it that are essential for social
growth, and determine the conditions for their inclusive development. If the integral
concept of economic growth does not require such structuring in the general case,
then inclusive growth is bound to rely on such structuring.

The problem of inclusive growth is of particular importance for the Russian
economy and society. Over the past decades, the Russian economy has alternately
transitioned from crisis to stagnation. At the same time, both the crisis and stagnation
affected various segments of the population, various industries, and territories of the
country in different ways. The economic downturn affected the population’s poorest
segments to the greatest extent. In contrast, economic growth led to additional enrich-
ment for the upper class, which is already characterized by high incomes. According
to BCG, less than 0.0001% of the adult population in Russia (about 500 “super-rich”
citizens) own 40% of all financial assets of Russians, or more than $ 600 billion
[3]. Therefore, it is not just growth that is important for Russia but also the inclu-
sive and systemic growth of the economy and society. But, unfortunately, a similar
phenomenon of uneven development occurs in almost all economic components: the
economic theory, economic policy, system and methods of economic management,
and national economy. In each area and the relationship between them, systemic
problems have emerged that require systemic solutions. Moreover, serious tensions
permeateRussian society aswell.Relations betweenpeople, organizations, and social
groups are increasingly acquiring the character of mutual bitterness. Meanwhile, the
principal attention of the leaders of both government agencies and organizations
and business structures at all economic levels is concentrated mainly on formulating
and solving immediate local tasks. Many of these tasks are purely bureaucratic and
are associated with the achievement of secondary formal indicators. Therefore, it is
necessary to move from traditional methods and one-sided approaches to managing
social production to meaningful conceptual criteria and systemic means of ensuring
socio-economic development.

In this chapter, we identify the essential systemic components of the socio-
economic space of Russia, the transformation of which is necessary for the tran-
sition to systemic inclusive growth. The main strategic goals, which should become
guidelines on the chosen path, are substantiated. Two points of view on the socio-
economic space of Russia are considered, which are of particular importance for
the change to inclusive growth. The first is a system-wide point of view wherein
the Russian economy is represented in the form of four systemic sectors interacting
with each other in a chain: “the object sector—the environment sector—the process
sector—the project sector.” The second point of view represents society in the form
of four relatively independent macro-entities. The interaction between these entities
is also carried out along the chain: “state—society—economy—business.” Taken
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together, the study of the two above-mentioned structures makes it possible to deter-
mine the directions of the systemic transformation of society, ensuring movement
toward inclusive growth.

1.2 Methodology

Weproceed from the assumption that the concept of inclusive growth should be based
on one or another theoretical paradigm that determines the vision of the structure
of social development. This chapter adopts a systemic paradigm as a scientific basis
for the study, which considers society as a set of interacting and transforming socio-
economic systems [4, 5]. Analysis of the structure of such systems’ internal content
and external environment allows one to determine the components, the development
of which is critical for inclusive growth [6]. Thus, it is systemic inclusive growth
that should act as the general goal of social development. Note that only in the
simplest cases, the system’s growth is the sum of the growth of its components. In
more complex cases, the result is a complex function of the constituents. In this
case, it is crucial to distinguish between integral growth and systemic growth. In
the latter case, we should talk about the growth of components (“summands”) and
the transformation of connections between these components. When this is the case,
genuinely systemic, inclusive growth emerges.

1.3 Inclusive Growth: A Systemic View

The systems paradigm underlying this study presents each country’s economy as a
“system of systems” [7, 8].

Here is the information necessary to further present the features and classification
of socio-economic systems [9]. A system is understood as a relatively stable in space
and time part of the economic space–time, accessible to observation. Systems differ
in their location in space and time. For the primary identification of these differences,
attributes of the presence/absence of subsystem’s clear boundaries in space and the
presence/absence of such limitations in time are used. The corresponding grouping
gives four classes (types) of subsystems of the economy:

1. Objects are systems with known boundaries in space and indefinite boundaries
in time (example: an enterprise).

2. Processes are systems with indefinite boundaries in space and definite bound-
aries in time (example: dissemination of important information through televi-
sion or radio transmission).

3. Projects (events) are systems with certain boundaries in space and time
(example: building construction).
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4. Environments are systems with indefinite boundaries in space and time
(example: the Internet).

Thus, there are object, process, project, and environment sectors of the economy.
All combined, they can be considered as components of a four-sector division of the
economy.

Object-type systems (objects) have access to unlimited resources of time (T ).
The use of space resources thus demonstrates the inherent ability to use the available
space (an intensive ability I ) efficiently. Process-type systems (processes) provide
unrestricted access to spatial resources S, limited reserves of time T of their func-
tioning “without rebooting,” and have an inherent ability to use it efficiently (activity
abilities A). Environment-type systems (environments) have certain unambiguous
spatial time boundaries, provided with unlimited access to the resources of space S
and time T , but are not endowed with sufficient capabilities I , A for the efficient use
of these resources. Project-type systems (projects) have limited reserves of time T
and space S and sufficient capabilities A, I for the efficient use of these resources.

For the stable functioning of each subsystem, all four types of resources and
abilities (S, T , A, I ) are required. Uneven distribution of resources by system types
leads to groupings inwhich systems exchange resources/abilities in abundance. Thus,
the so-called tetrads appear. Tetrads are complexes consisting of four types of systems
(object, process, environment, and project) that interact with each other stably [9].
In this case, the basis for the stable functioning of the tetrad is the interaction of its
subsystems for the joint use of resources/abilities S, T , A, I (Fig. 1.1).

The structure of interaction of systemic sectors of the economy can be presented
similarly. Let us illustrate this with the example of system analysis of production and
reproduction and planning and financial cycles, i.e., the circulation of the economy’s
planning, production, and sale of goods and services. As a set of object systems,
the object sector transfers the potential for intensive economic space use to the
environment. The real bearer of this potential is the flow of goods and services that

Fig. 1.1 The structure and
function of the tetrad. Source
[9]
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are produced by autonomous objects and enter the environment sector for sale. The
environment sector, in turn, carries out the transfer of the part of the space to the
object sector. This part of space is necessary to place the results of the objects’
activities outside their spatial boundaries.

Each of the projects that make up the project sector of the economy, within the
framework of the corresponding tetrad, carries out activities to change the state of
the object included in this tetrad. In particular, equipment is being modernized or
replaced, measures are being taken to improve production technologies, and new
units of equipment, raw materials, components, and labor resources are involved in
production. As part of this activity, the transition to the release of new products is
being carried out. Thanks to this, the object is able to use every period effectively
and continue to operate indefinitely. In turn, the object provides the project with the
ability to function during its life established for the project. It is due to the object’s
need for the project’s activity results during its life and is shown in Fig. 1.1 in the
form of a vertical arrow T from object to project.

The interaction of the project and process sectors is organized in the same way.
Since the process does not have the inherent ability to use space efficiently, these
functions are carried out through interaction with the project. On the other hand,
since the functioning of the process-type system in relation to space is extensive, the
processes need external sources of intensive use of each space unit. It is achieved
through communication with the project sector (horizontal arrow I ). In turn, the
process sector provides the project space resource S for functioning. The interaction
of the environment and the process sector is also carried out in two directions. The
environment sector provides the process time resource T for the functioning of the
processes included in the sector. The process sector also contributes an environment
resource for activity A. In the context of the production and reproduction cycle, the
sale of products produced by one of the elements of the object sector is included in
the trading and intermediary environment within the environment sector, where the
process of product sales takes place. As a result, conditions are created to complete
this cycle by implementing a set of projects that support the object sector by acquiring
new units of resources for simple or expanded reproduction.

The relationship between the sectors can be characterized as follows, based on
the premise that the main product of the object and project sectors is goods, and
the environment and process sectors is a service. These relationships are carried out
using the following two chains. The first chain consists of elements: goods in the
form of a material object (thing) (object sector—environment sector), a service in
the form of provision of time’s resource (environment sector—process sector), a
service in the form of provision of space’s resource (process sector—project sector),
goods in the form of a material object (thing) (project sector—object sector). This
chain reflects the formation of a commodity supply in the economy. In Fig. 1.1,
the chain is represented by horizontal and vertical arrows, the sequence of which
indicates clockwise movement. The second chain reflects the formation of demand
for the goods of the object sector. The identification of individual needs for goods and
services of the object sector is carried outwithin the framework of the project sector of
the economy, after which the identified needs go through the processes of aggregation
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and financing, implemented by the process sector based on the environment sector.
Here, the aggregate demand for the goods of the object sector is determined in the
next production and reproduction cycle, which is reflected in the level of the spatial
resource that is provided by the environment sector to the object sector under the
generated demand. This chain consists of movement along with the horizontal and
vertical arrows in Fig. 1.1 counterclockwise. In general, both chains reflect, in a
systemic context, the formation, and interaction of supply and demand in the context
of production and reproduction and planning and financial economic cycles.

In accordance with the above information about the features of economic systems
and systemic sectors of the economy, we conclude that inclusive systemic growth is
possible if the following conditions are met:

(1) coordinated development of four sectors of the economy: object, project,
process, and environment;

(2) parallel development of intersectoral interactions in the form of transfer
(delivery) of space and time resources, as well as the ability to intensively
use the space resource and actively use the time resource;

(3) creating a system for effectively distributing these resources and abili-
ties, including planning and financial mechanisms and mechanisms for the
accumulation and transfer of information and intellectual resources (abilities).

Obviously, for the implementation of these conditions of inclusive growth, a
significant restructuring of the organization of management of the economy, the
creation of modern information and consultative complexes that monitor the devel-
opment of systemic sectors of the economy and the links between them, and systems
of indicative planning and decision-making are required.

1.4 Inclusive Growth: The Macro-Entity View

Traditionally,when structuring society’s socio-economic and administrative-political
space at the macro level, there are three main relatively independent macro-entities:
state, society, and business. An in-depth analysis of the components of such a struc-
ture reveals a significant heterogeneity of business as a subsystem that carries out the
vital activity of the economy. The concept of “business” (in a broad sense) includes
such diverse activities and events as the creation and liquidation of economic entities;
investment, support of financial relationships between them; work with securities;
accumulation of investment funds and aggregation of investment sources; produc-
tion of products using equipment, buildings, and structures; preparation of production
programs; marketing and sales of manufactured products; implementation of inno-
vations; attraction and placement of personnel and others. Studies show that this
activity area consists of two qualitatively different, more or less internally homoge-
neous subsystems. First is the business itself as a sphere of accumulating financial
resources and investment in various investment projects and securities. Second is
the economy itself as a sphere of production using the means of production, labor
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resources, and production knowledge. Thus, the subject area of business (in the
narrow sense) is various investment projects, while the subject area of the economy
(in the narrow sense) is the production and economic processes. With this approach,
the following relatively independent structural components of public space are found:

– the state as a political system organizing the economic, social, and political life
of entities located or registered in the territory of a given country;

– society as a population of citizens, structured with the help of various kinds of
social movements and organizations located on the territory of a given country;

– the business as a sphere of accumulating financial resources and investing them
in socio-economic projects and processes;

– the economy as a sphere of implementation of productionprocesses and circulation
of goods that ensure the vital activity of other components.

These four components of public space have the properties of the four types
of socio-economic systems specified earlier. Namely, the state is one of the object
systems; society is the number of environmental systems; the economy is process
systems; the business is project systems [10]. The most significant relationships
between macro-entities are shown in Fig. 1.2 [11].

With such a socio-economic space configuration, inclusive growth is ensured,
on the one hand, due to the development of macro-entities of society, on the other
hand, due to the institution strengthening and developing of interaction between them
(arrows 1–8, Fig. 1.2).

Legend:

1 – creation of conditions for safe life and development of society;

2 – delegation of power to the state by society;

3 – provision of labor resources to the economy by society;

4 – transfer to society of material benefits necessary for its life;

5 – providing businesses with opportunities (economic niches) to finance business 

projects;

6 – transfer of capital resources for economic development;

7 – creating conditions for a safe life and business development;

8 – payment of taxes based on the results of business activities.

Fig. 1.2 Macro-entity structure of society. Source [12]
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In current conditions, the inclusive development of the state involves the
implementation of the following main functions.

Integration function. It consists of the organization in space and time of the activ-
ities of social, economic, and administrative-political entities and systems to ensure
the unlimited continuation of the country’s functioning. It includes the function of
producing public goods, the function of reproduction of the resources and conditions
of activity used in this case, and other subfunctions that ensure the functioning of
society, the economy, and the state itself. Note that economic modernization as a
whole refers in this context to the reproductive function of the state. At the same
time, the reproduction function belongs to the prerogatives of the state, while the
production function is the prerogative of the economy (mainly).

Institutional function. We are talking about the role of the state in the creation
(borrowing, transfer, transplantation, etc.) and consolidation of institutions—formal
and informal laws, rules, and norms of public life. In this case, the norm is understood
as a regulation, standard, and average characteristic of a phenomenon.

Benchmarking function. The state should promote the creation or fixation of the
best models of behavior (functioning) of objects of material, intellectual or artistic
culture, and determine the methodology and criteria for comparison, according
to which certain artifacts are exemplary. This activity presupposes, in particular,
the formation of various (formal and informal, explicit, and implicit) ratings in
different areas of activity. In addition, government benchmarking should be carried
out concerning in-country phenomena and cross-country comparisons.

Protective function. This function aims to ensure the protection and security of
territories, maintaining law and order, control over strategic material, financial,
energy, information resources, and the rights of social entities (individuals) and
economic entities (enterprises), including the rights to livelihoods and others.

The state, society, economy, and business interact in a fairly complicated way [12,
13] (Fig. 1.2). Economic policy mechanisms that support outsiders and “pull” them
up to the basic level of development established in society must be implemented
to ensure the inclusive growth of macro-entities. Public authorities should have the
power to choose a strategy for socio-economic development and adjust it to ensure
society’s life and preserve its integrity. Citizens as subjects of society can count on
a certain subsistence minimum or unconditional income, equal access to education
systems, health care, etc. Business entities should be able to find reliable partners to
meet the socio-economic needs of the population. Business innovation and invest-
ment projects must be ensured with equal access to finance. At present, in Russia,
the state occupies a commanding position; business is relegated to second place, the
economy to the third, and society to the fourth.

Ideally, the interaction structure between the state, society, economy, and business
should be balanced. Four components of this structure in the course of reconstruction
should a) strengthen the statuses of relatively independent macro-subjects of society;
b) institutionalize specific missions related to ensuring the crisis-free current and
future development of society; c) build a system of the most important relationships
between macro-entities (following Fig. 1.2), ensuring equal representation of the
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interests of each of the entities in the governing bodies and decision-making in the
country [13].

In a normal socio-economic situation, these macro-entities are characterized by
specific strategic goals or principles of behavior:

– goal of the state is sustainable unrestricted socio-economic development of society
on the territory of the state;

– goal of society is ensuring well-being for us, our families, children, and
grandchildren, regardless of where we live;

– goal of the economy is to combine production resources to meet the economic
needs of social and economic entities;

– goal of the business is to obtain a financial result (profit) here and now.

Taken together, these attitudes ensure the implementation of consistent socio-
economic development of the country within its territory on an unlimited time
horizon.Disproportions in the scale and “negotiatingpower” ofmacro-entities violate
this principle in spatial or temporal terms. Thus, the subordinate position of society
concerning the state, the economy, and business leads to social inequality, a decrease
in labor productivity, and the rejection of many creative, innovative solutions.

The inclusive systemic growth of society presupposes self-sustaining develop-
ment,mutual coherence, and the absence of imbalances in the state, society, economy,
and business development. Therefore, in the case of a lag in anymacro-entities devel-
opment, other macro-entities should contribute to their inclusion in the processes of
mutual exchange of resources and support their performance of basic functions.

One of the directions of movement toward inclusive growth of the Russian
economy and society should be the creation of a system that realizes the repre-
sentation of the interests of these macro-entities both at the highest level of the
management hierarchy and at the level of management of meso- and microeconomic
systems [11, 13].

1.5 Conclusion

By now, conditions and imperatives have emerged for the Russian economy’s multi-
dimensional and multilevel systemic transformation. The fight against the conse-
quences of the new coronavirus infection required the effective mobilization of
economic resources and the ability of leaders to plan and implement socio-economic
measures aimed at suppressing the pandemic and preserving essential components
of the economy and business. As a result, a system of national projects has been
developed, which determines the critical directions for developing the economy and
society. At the same time, the content of these projects (1) does not cover all levels,
and therefore, the entire volume of the Russian economy; (2) does not apply to the
long term; (3) does not always answer questions about the possibility of joining some
projects with each other.
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In this regard, it seems that at this stage of development of the Russian economy,
the priority should be not the project approach, which is now widely spread at all
levels of government and often leads to an increase in the fragmentation of the
economy, but the ecosystem approach focused on increasing the interdependence of
various components of the economy and the degree of its integration.

In these conditions, it seems reasonable to prepare the economic doctrine of
Russia as a scientific and applied document designed to form a reliable founda-
tion for comprehensive long-term inclusive growth. Such a document should reflect
the primary principles of economic policy and its implementation at basic levels
of management (macro-, meso-, and microeconomic levels) to overcome the current
socio-economic crisis, solve systemic problems of the economy, and enter the path of
systemic inclusive growth. Therefore, the economic doctrine should reflect measures
for the development of the structural components of the socio-economic space of
Russia both in the general system context and in the macro-subject aspect. Such
measures, as shown above, should allow, on the one hand, the provision of opportu-
nities for the relatively independent development of the elements of these structures,
provided they are balanced in terms of the volume and quality of attracted resources.
On the other hand, the coordination of these structures functions to preserve the
integrity of the economy and society as necessary conditions for inclusive growth.

The principle that can be called the principle of the ecosystem worldview should
become fundamental in developing the economic doctrine [14]. By ecosystem, we
mean “a spatially localized complex of organizations, business processes, innova-
tive projects and infrastructure systems interacting with each other in the course of
the creation and circulation of material and symbolic goods and values, capable of
long-term independent functioning due to the circulation of these goods and systems
and free from strictly centralized control” [15]. In accordance with the systems
approach, a full-fledged ecosystem is a tetrad and includes organizational, infras-
tructural, communication, logistics, and innovation components. The cluster as an
object subsystem represents the first component; the platform as an environment
subsystem—the second component; the network as a process subsystem—the third
component; and, finally, the business incubator as a project subsystem—the fourth
component. Therefore, the ecosystemmodel in the form of a tetrad is an effective tool
for studying the behavior and structure of ecosystems, determining the most efficient
ways of distribution and consumption of the main types of ecosystem resources.

The economic doctrine should include sections devoted to forming and imple-
menting policies for organizing and regulating the economy at the meso-level and,
consequently, organizing and regulating socio-economic ecosystems. Despite the
widespreaddevelopment of the cluster, network, platform, and incubation approaches
as independent areas of organization and regulation of the economyat themicro-level,
experience in the formation of attitudes of coherent and co-evolutionary development
of these microeconomic formations is still insufficient.

The center of gravity of economicmanagement at all levels should be shifted to the
development of ecosystems as independent socio-economic entities that demonstrate
relative stability in space and time and accumulate the ability to conduct economic
activities effectively [16]. As part of the management of ecosystems themselves and
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their relationship with the outside world, ensuring the S, T , A, I balance is critical
for ensuring the resilience of ecosystems.

The connection of clusters, platforms, networks, and business incubators under
the “umbrella” of ecosystems is the implementation of the principles of a circular
economy since the initial components for each subsystem operation are the results
of the activity of one of these subsystems. It can be assumed that such integration
is in line with the development of the fourth industrial revolution, associated with
an increase in the integration of socio-economic space–time. Therefore, expanding
the population of ecosystems will help to increase the degree of integration of the
economy, facilitate the process of creating innovations (innovation incubators), diffu-
sion of innovations (network structures and information and logistics environments),
implementation of innovations (clusters), and, as a result, inclusive growth [17].

Acknowledgements The chapter was accomplished with the support of the Russian Science
Foundation (project No. 19-18-00335).
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Chapter 2
High-Tech Economic Growth
from the Standpoint of the Theory
of Economic Time: Modelling
and Reducing Space–Time Inequality

Elena G. Popkova and Bruno S. Sergi

Abstract This chapter focuses on the following problem: the methodology used to
examine the dynamics of the development of economic systemsdoes notmeet the new
realities of our time. It does not consider the specifics of the Fourth Industrial Revo-
lution. This chapter intends to solve the problem presented by rethinking high-tech
economic growth from the standpoint of economic time. To accomplish this, based
on reliable statistics for 2020–2021 from authoritative sources (IMD, World Bank,
InternationalMonetary Fund, etc.), economic andmathematical modelling of space–
time inequality is carried out using the “underdevelopment whirlpools” method;
also, prospects are determined and recommendations are developed to reduce this
inequality and achieve awell-balancedworld economic system. The chapter’s contri-
bution to literature consists in specifying the quality of economic growth, which has
to be high-tech to contribute to the increase of living standards in the conditions of the
Fourth Industrial Revolution. The considered experience of countries ofBRICScould
be helpful and could be extended to other countries of the world. Implementation of
the authors’ recommendations will reduce countries’ inequality in the conditions of
the Fourth Industrial Revolution.

2.1 Introduction

In the age of High Technologies, the concept of economic time is undoubtedly
changing—cross-country comparisons are aimed at identifying not differences in
the rate of socio-economic development of countries but at identifying differences in
their technological development. The annual growth of some indicators (e.g., GDP—
the rate of economic growth) does not adequately reflect the change in economic
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systems over time. It is equally necessary to consider the technological order to
obtain a comprehensive picture of economic time. We can only compare countries
within the broad framework of a general Technological Order since only in this
case, they compete on equal terms in global markets, and the annual growth of their
indicators is comparable.

The complex problem is that themethodology used to examine the dynamics of the
development of economic systemsdoes notmeet the new realities of our timeanddoes
not consider the specifics of the Fourth Industrial Revolution.As before,most country
rankings consider only the annual growth of their indicators. However, the economic
implication of such a comparison is contradictory. For example, a more rapid rate of
economic growth in pre-digital economies leads to a crisis of overproduction due to
the apparent inability to sell low-tech products in global markets—because of such
economic growth, the quality of life in the country may decrease.

In contrast, digital economies’ considerably slower economic growth rate
contributes to increased foreign trade and improved quality of life. The traditional
opposition of developed and developing countries does not overcome this problem
since many developing countries have already moved to the new technological order,
and the structure of developing countries is heterogeneous. This chapter aims to
solve this problem by reconsidering high-tech economic growth from the theory of
economic time.

2.2 Literature Review

This chapter uses the framework of the theory of economic growth and the theory of
economic time. An essential role of high technologies for inclusive and sustainable
development is emphasized in the works of [1, 2, 4, 9–15, 20]. Disproportions in the
world economy and space–time inequality are studied in the articles of [3, 5, 6, 22].

The performed literature review shows that the issues of high-tech economic
growth and space–time inequality are sufficiently studied and presented in the
existing scientific literature. Still, space–time inequality of countries is measured
primarily from the positions of GDP per capita and economic growth rate—without
regard to technologicalmode,which is a researchgap.This distorts the createdmodels
of space–time inequality. This gap is filled in this chapter with the help of taking the
technological mode into account during the modelling of space–time inequality of
countries in the modern world economy.

2.3 Materials and Method

This research is conducted based on the proprietary methodology of calculation and
analysis of “underdevelopment whirlpools” of Prof. Dr. Elena G. Popkova. This
methodology forms the foundations of the theory of economic time and is described
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and tested in multiple works, among which are [16–19]. For the additional regard to
the factor of technological mode in this chapter, space–time inequality is assessed
not only from the positions of differences in GDP per capita (EG) of countries
but also from the positions of their differences in the volume of high-technology
exports (THE), which implies multidimensional modelling of “underdevelopment
whirlpools”. According to the methodology of “underdevelopment whirlpools”, the
order of their calculation is as follows:

1. Determining the value of the studied indicator—GDP per capita (EG) or volume
of high-technology exports (THE), accordingly—in the set year (HTEco): in this
chapter, the assessment is performed for 2013 (t0) and 2021 (t1);

2. Determining the year in which the reference country (model) had the same (or
as close as possible) value of the studied indicator (HTEet);

3. Calculating the depth of the “underdevelopment whirlpool” (Duw) as a differ-
ence between the set year (2013 or 2021—Y) and the year inwhich the reference
country had a similar (or as close as possible) value of the studied indicator by
the formula Duw = Y- HTEet (measured in years);

4. Calculating the speed of sucking in the “underdevelopment whirlpool” (Suw)
according to the following formula: Suw = (Duwt1-Duwt0)/(t1-t0) = (Duwt1-
Duwt0)/(2021–2013) = (Duwt1-Duwt0)/9 (measured in years per one year).

For the complete coverage of the international experience of high-tech economic
growth in the conditions of the Fourth Industrial Revolution, this research is
conducted by the example of countries of BRICS, which correspond to different
technological modes and demonstrate a large scatter in the rate of economic growth.
The reference country is the USA, as the global leader of the Fourth Industrial Revo-
lution (ranked 1st in the World Digital Competitiveness Ranking in 2021, according
to [7]).

As shown in Fig. 2.1, in the studied period (2013–2021), digital competitiveness—
position in the ranking of [7]—grew the most in China (from 38 to 15th position).
It increased for all the considered countries as well. The economic growth rate also
increased in all countries; themost significant growthwas observed in theUSA (from
1.84% in 2013 to 53.97% in 2021). In China, the economic growth rate changed to
a lesser extent than in other countries (from 7.77% in 2013 to 8.02% in 2021).

Dynamics of high-technology exports andGDP per capita in the reference country
(USA), required for the following calculation of “underdevelopment whirlpools”, are
given in Tables 2.1 and 2.2, accordingly.

2.4 Results

To critically reconsider high-tech economic growth from the theory of economic
time, modelling space–time inequality (underrun from the USA) by the example of
countries of BRICS in 2013 and 2021 is performed in Table 2.3.
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Fig. 2.1 Dynamics of digital competitiveness and economic growth rate in the USA and countries
of BRICS during 2013–2021. Source Compiled by the authors based on IMD [7] and International
Monetary Fund [8]

Table 2.1 Dynamics of high-technology exports in the USA during 2007–2020, proprietary
assessment for 1985–2006, and forecast for 2021–2032, to determine DuwHTE, % of industrial
exports

Year High-technology
exports

Year High-technology
exports

Year High-technology
exports

Year High-technology
exports

1985 1.27 1997 7.56 2009 24.87 2021 20.61

1986 1.47 1998 8.78 2010 23.00 2022 21.50

1987 1.71 1999 10.18 2011 20.98 2023 22.43

1988 1.98 2000 11.82 2012 20.56 2024 23.40

1989 2.30 2001 13.71 2013 20.53 2025 24.41

1990 2.67 2002 15.91 2014 20.86 2026 25.47

1991 3.10 2003 18.47 2015 21.76 2027 26.57

1992 3.59 2004 21.43 2016 22.72 2028 27.72

1993 4.17 2005 24.87 2017 19.52 2029 28.91

1994 4.84 2006 28.86 2018 18.74 2030 30.16

1995 5.62 2007 30.37 2019 18.93 2031 31.47

1996 6.52 2008 28.86 2020 19.75 2032 32.83

Source Calculated by the authors based on World Bank [21]

As shown in Table 2.3, all countries of BRICS are peculiar for an increase of
underrun from the USA in 2021 compared to 2013. The technological leader among
countries of BRICS is China—it is in the fourth (Industry 4.0) technological mode
(the level of its economy’s robotization is very high, similar to developed countries).
By the share of high-technology exports in the structure of industrial exports in 2013,
China was ahead of the USA by 18 years, but the difference reduced to 9 years by
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Table 2.3 Modelling space–time inequality (underrun from the USA) by the example of countries
of BRICS in 2013 and 2021

Country High-technology exports GDP per capita

2013

HTEco HTEet DuwHTE SuwHTE EGco EGet DuwEG SuwEG

China 31.58 2031 -18 – 7,039.57 1975 38 –

Russia 10.73 2000 13 – 15,928.70 1983 30 –

Brazil 10.65 2000 13 – 12,358.34 1980 33 –

India 8.88 1998 15 – 1,449.60 1968 45 –

South Africa 6.52 1996 17 – 7,425.04 1975 38 –

Country 2021

HTEco HTEet DuwHTE SuwHTE EGco EGet DuwEG SuwEG

China 30.70 2031 -9 1.00 11,891.20 1980 41 0.33

Russia 13.00 2001 20 0.78 11,273.24 1979 42 1.33

Brazil 13.27 2001 20 0.78 7,741.15 1975 46 1.44

India 10.30 1999 22 0.78 2,116.44 1968 53 0.89

South Africa 5.63 1995 26 1.00 6,861.17 1974 47 1.00

Source Authors

2021; the speed of formation of the “underdevelopment whirlpool”: 1 year per 1 year.
By GDP per capita, China was 38 years behind the USA in 2013, and this underrun
reached 41 years by 2021; the speed of sucking in the “underdevelopment whirlpool”
is 0.33 years per 1 year.

Other countries of BRICS are in the third (digital) technologicalmode. For Russia,
the depth of the “underdevelopment whirlpool” (in terms of underrun from the
USA) by high-technology exports was 13 years in 2013, and it reached 20 years
in 2021; the speed of sucking in the “underdevelopment whirlpool” is 0.78 years per
1 year. By GDP per capita, Russia was 30 years behind the USA in 2013, and this
underrun reached 42 years in 2021; the speed of sucking in the “underdevelopment
whirlpool”—1.33 years per 1 year.

2.5 Conclusion

Thus, the performed modelling of space–time inequality (underrun from the USA)
by the example of countries of BRICS in 2013 and 2021 allowed reconsidering the
high-tech economic growth of these countries from the positions of the theory of
economic time.

In China, high digital competitiveness and the fourth technological mode ensure
a positive contribution of high-technology exports to increase living standards and
quality of life (GDP per capita). However, a high economic growth rate is not
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enough for achieving high living standards (as of 2021, China is 41 years behind
the USA by GDP per capita)—this requires an increase of high-technology exports.
The recommendation for China is to increase the rate of high-tech economic growth.

In other countries of BRICS, which belong to the third (digital) technological
mode, the advantages of high-technology exports are less noticeable. That’s why it is
expedient for them tomove towards higher living standards in two consecutive stages.
At the first stage, overcoming the “underdevelopment whirlpools” is recommended
to increase economic growth and digital competitiveness. At the second state—after
the transition to the fourth technological mode—it is offered to increase the volume
of high-technology exports.

The contribution of this research to literature lies in specifying the quality of
economic growth, which, as the obtained result showed, should be high-tech to
contribute to the increase of living standards in the conditions of the Fourth Indus-
trial Revolution. The studied experience of BRICS countries could be helpful and
extended to other countries worldwide. Implementing the authors’ recommendations
will reduce countries’ inequality amid the Fourth Industrial Revolution.
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Chapter 3
Innovative Technologies as a Factor
in Ensuring Inclusive Growth
in the Unified Ecosystem of Urban
and Rural Areas

Vladimir V. Kurchenkov , Olga V. Fetisova , Daria A. Koneva ,
and Elena A. Kurchenkova

Abstract The chapter describes innovative technologies as a factor in the devel-
opment of the urban environment and rural areas in modern Russia. It reveals the
proportion of implemented technologies of various technological stages in Russia.
Also, it compares the dynamics of innovation activity in the regions and territories
under consideration, the movement in a standard of living criteria of the population
in these territories, the level of migration, and natural population decline. The work
reveals the reasons for different conditions for inclusive economic growth in urban
and rural ecosystems. The concept of inclusive growth is considered in relation to
the technological integration of urban and rural areas. The authors reveal principles
of building a unified ecosystem, including large urban agglomerations, medium and
small cities, as well as rural settlements. The work examines the peculiarities of the
use of innovative technologies of the sixth technological stage for economic growth
in rural areas of Russia, the growth of living standards of the population in them, as
well as inclusive growth in the unified urban–rural ecosystem.

3.1 Introduction

The importance of innovative technologies in the development of society is now
becoming more and more obvious. Despite the current situation associated with the
increase of coronavirus infection in the world [1], they are considered as an integral
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part of scientific and technological progress and modern science. Considering the
complex transition of the national economy to the sixth technological stage, it is
becoming obvious that there is a need for better support for innovations for the even
and systematic development of urban and rural areas in our country.

The introduction of new technologies contributes to the integration of economic
space and provides conditions for the sustainable development of cities and towns,
as well as rural settlements. At the same time, an important aspect in the implemen-
tation of the concept of sustainable development on the territories of various types
and different geographic locations is the achievement of inclusiveness of this devel-
opment, which manifests itself in increasing the availability of economic and social
benefits for the general population, regardless of their living conditions.

The difficulty of the solution to this problem in the near future for Russia is
connected, on the one hand, with the complex geographic location of cities and rural
settlements. At the same time, historically, there are disparities in the standard of
living of the population in large cities and rural areas. On the other hand, today Russia
still lags behind economically developed countries in terms of the rate of advanced
technologies adoption in the growth of urban environment and rural areas. At the
same time, the relatively stable position of Russia in the GII rating allows drawing
conclusions about unused opportunities for the development of the innovation sphere,
also in the context of the natural, cultural, industrial, and agricultural potential of its
urban and rural areas.

3.2 Methods

Many domestic and foreign scientists pay attention to the problemof the development
of innovative technologies in modern economy [2, 3]. Actual issues are related to
innovations within the framework of the sixth technological stage, which is currently
very problematic due to the uneven location of scientific and production potential
in modern Russia and the dominance of the centrist configuration of the national
innovation system. Themain peculiarity of thismodel is the attenuation of innovation
processes in the direction from the center to the periphery where rural areas suffer
first of all, because they cannot compete with megacities in terms of scientific and
industrial development [4–9].

We had investigated the specificity of urban and rural areas, their need for inno-
vative development, and introduction of innovative technologies into production
processes, and this was reflected in a number of scientific works [10–13]. Methods of
statistic and comparative analyses, expert assessments, predictive models, etc. were
used in our study [1, 14–16]. On the basis of the conducted research and analysis of
statistical empirical data, the conclusions were drawn and given in the results of the
work [17–19]. Also, the actual regulatory legal acts are used in this chapter [20].
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3.3 Results

The formation of the sixth technological stage based on the NBIC-convergence
(nano-, bio-, information, and cognitive technology convergence) [21] implies the
creation of products of nanotechnology and biotechnology, as well as nuclear, molec-
ular, cellular technologies, etc. In the world economy, in general and in Russia in
particular, it has long been relevant. It is obvious that for a full-fledged transition
from one technological stage to another, large-scale investments are required in the
sphere of the key factor of the technological stage on which, first of all, scientific
research and development work will be carried out. In this regard, the transition to
the sixth technological stage should presuppose large-scale investments in digital
and nanotechnology [22], as key ones within the framework of this stage.

It should be noted that in recent years, these technologies have been successfully
developing in the Russian economy. However, it is too early to talk about a full-
fledged transition to the sixth technological stage, which responds to a range of
challenges.

Firstly, this is the absence of federal authority, whose powerswould include a tech-
nological policy of the state as a whole (development of scientific and technological
tasks, inventions, and their control).

Secondly, many researchers recognize the fact that, compared with the level of
science development in Russia, during the transition to the fourth stage, there was a
significant decline in applied science as a whole, since there previously had existed
a greater number of research and design institutes that had been engaged in various
scientific, experimental, and design developments.

Thirdly, there is no required number of highly qualified personnel interested in
the development of science in our country.

Fourthly, for many reasons it is confirmed that the demand of Russian manufac-
turers for innovative technologies is not as great as in foreign countries. And finally,
there are limited resources [5].

As a result, the share of technologies of the sixth technological stage in the struc-
ture of the Russian economy remains insignificant. In particular, according to the
studies of domestic scientists, technologies of the fourth stage in theRussian economy
account for about 50%, the fifth technological stage—only 10%, while the remaining
40% contain technologies of the earlier stages.

As shown in Fig. 3.1, the share of the sixth stage in the Russian economy is

Fig. 3.1 Share of
technologies of various
technological stages in the
structure of Russian
economy, %. Source [6]

6 stage

5 stage

4 stage

3, 2, 1 stages
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actually less than one percent. This fact confirms the existence of a significant tech-
nological gap between the world and domestic economies, which adversely affects
the assessment of the global prospects for Russia’s entry into the sixth technological
stage.

However, as it was noted, this does not mean that the development of these tech-
nologies will not have prospects in the near future. Today, they are already being
actively implemented and soon theymay become dominant. In addition to the growth
of activity on the part of business, the transition to the sixth technological stage is
facilitated by the implementation of a number of national projects of our state [23].

Indeed, today Russia has sufficient potential for the growth of innovation activity
of the main economic agents. If we talk about the place of the Russian Federation in
the ranking of countries according to the Global Innovation Index GII, it ranks 47th
out of 131 countries, wherein having prospects for further growth [17].

We may note that the Global Innovation Index is calculated as the average value
of innovation resources and innovation results. The resources of innovations include
institutions, human capital and science, infrastructure, the level of market, and busi-
ness development, and the results of innovation imply the development of technolo-
gies and knowledge economy, the output of creative activity. These components of
the index can be used to trace the dynamics of Russia’s positions in the GII during
2015–2020 (Table 3.1).

Based on Russia’s position in the GII 2020 compared to the GII 2019, we can
draw a conclusion about the advantages and disadvantages of the innovation system
in Russia, including the context of urban and rural areas [4].

Thus, the strengths of the Russian innovation system imply a high number of
graduates of natural science and engineering specialties who can be employed both
in industrial enterprises and in enterprises of the agro-industrial complex; the number
of people employed in knowledge-intensive industries, allowing the development of
industry and agriculture, etc. The weaknesses include small environmental sustain-
ability and low energy efficiency; the lack of rapid development of clusters, despite
the large number of studies in this area, etc.

In turn, the growth of innovative activity and the transition to the sixth techno-
logical stage, in our opinion, can contribute to the implementation of the model of
inclusive economic growth in cities and rural settlements, as well as promote their
integration into a single ecosystem.

Table 3.1 The Place of Russia in the ranking according to the Global Innovation Index (GII) during
2015–2020

Indicator 2015 2016 2017 2018 2019 2020

GII value 48 43 45 46 46 47

Innovation resources 52 44 43 43 41 42

Innovation results 49 47 51 56 59 58

Source Compiled by the authors based on [4]
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At present, as it was noted, the development of modern cities in Russia and
rural areas is extremely uneven. One of these problems is the underdevelopment of
rural areas and their lag behind urban areas in many respects, including the level of
innovation. As statistics shows, the population of cities of less than 100 thousand
people is steadily declining. The number of citizens living in rural settlements is also
decreasing at a faster rate.

Over the past decade, the percentage of the rural population in the country total
has decreased from 26.5 to 25.26% [19]. If we talk about the regions of the Southern
Federal District, it is worth noting that, for example, in the Rostov region, the share
of the rural population in the total of the region has decreased from 32.1% in 2015 to
31.8% in 2021. For comparison, in Krasnodar Territory this indicator has decreased
from 47.1% in 2011 to 44.4% in 2021 [19]. A similar trend is observed in the
Volgograd region (Table 3.2).

Taking into account the fact that the share of the rural population of the Volgograd
region in recent decades has fluctuated within a quarter of the total population of the
region [24], it should be noted that this share always remains below the all-Russian
level (Table 3.3).

Analyzing this dynamics, it should be noted that this is a reflection of the living
standard differentiation of the population in cities and rural areas. This is manifested
both in the differentiation of per capita income and in the availability of public goods,
education, medicine, cultural facilities, and transportation.

Comparing urban and rural areas in terms of innovative development, as noted,
the former are significantly ahead of the latter. This is due to a large number of
problems in rural areas that need to be solved before the introduction of innovative
technologies.

Of course, when the issue concerns the integrated development of villages, one
should resort to a comparative analysis of the advantages of specific territories.
Such advantages need to be used and developed, and look for points of growth. If
we try to develop an unpromising industry in a particular territory, there is a high
probability of wasting time and resources. Therefore, priority areas of development
should be specifically identified and supported, and there is also a need to resort to
improving the existing support mechanisms, including financial, for the development
of municipalities’ own revenue base to ensure inclusive development.

Comprehensive development of rural areas implies that it is not necessary to be
limited only to one sphere of life in the village; it is important to develop all spheres.
One cannot but agree with this, but it is extremely important to find an individual
approach in the policy of rural development. For the optimally fast finding approach,
it is proposed to divide the regions where particular rural areas are located, into 4
types in accordance with their specific problems and advantages.

Firstly, these are predominantly rural areas with agricultural specialization. Such
territories also have a rather favorable climate and natural conditions for such activi-
ties. Here, social circs are also important. They will make it possible to use a certain
set of universalmeasures in relation to such territories, allowing focusing the attention
on the development of the rural economy. We can here list such measures:
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Table 3.3 Dynamics of the share of the rural population in the total of the Volgograd region from
2010 to 2021

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Share,% 24,25 23,98 23,87 23,71 23,59 23,47 23,34 23,19 23,04 22,88 22,70 22,59

Source Compiled by the authors based on [18]

– diversification of the rural economy of specific territories, which subsequently
makes it possible to support various types of business in the villages. Such busi-
nesses can create a great number of jobs in the village, but one should not forget
about self-employment, as well as rural tourism and social development, the
promotion of crafts in the particular area;

– social services should become more accessible for rural residents. Due to this, in
future, the living standard of citizens and housing affordability may also increase;

– in rural areas, their own market system should be developed, allowing rural
producers to have unrestricted access to the agricultural sales market, both in
their own region and in other territories of the country.

Secondly, these are areaswheremultifunctional rural economyprevails. Typically,
these rural regions are characterized by suburban agriculture. They have a fairly
high population density, moderate migration outflow, and upcoming construction
of housing facilities. Here, social infrastructure is developed as much as necessary,
dependingon the particular distance from the city.Apolicy in thefield of development
of such rural areas should take into account the already established highly productive
agriculture and be developed in certain directions:

– the main feature of such territories, as already mentioned, is their close location
to cities, therefore, the authorities should provide an opportunity for outdoor
recreation for the townspeople and the villagers themselves. But it is essential that
such a development direction should not harm the ecosystem. On the contrary, in
these areas, special attention should be paid to the preservation and restoration
of natural and agrarian rural landscapes. There is also an opportunity to promote
sustainable agriculture, which could increase ecosystem sustainability in future;

– there is a need to stop the development of such a trend as irrational transfer of
agricultural land to totally different categories. It is necessary to improve the
mechanisms for regulating land relations in this area and support industrial and
infrastructural suburbanization at the legislative level. It will help to diversify the
rural economy, as well as create jobs for rural residents;

– it is worth paying attention to the promotion of population migration from city to
village, including temporary migration, for example, recreational. If the construc-
tion of new private houses is also encouraged, it will put the suburbanization
process on the path to prosperity. The growth of migration to rural areas, the
qualitative and quantitative strengthening of the service sector will undoubtedly
lead to the creation of new jobs for the villagers and to the development of rural
entrepreneurship.
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Thirdly, these are regions with unfavorable social conditions for the villages’
development. In such rural areas, first of all, the main problem is depopulation.
There is a set of measures for a solution to this issue:

– one cannot do without a strengthened state policy, namely a demographic one,
which is carried out with an increase in the share of families with public support.

Special additional state assistance in rural areas is needed for families that can
be categorized as socially vulnerable. We mean families with disabled children,
incomplete, low-income, and very large ones. Single-parent families and, of course,
orphans should be under state protection. For them, special complexes of measures
should be developed to form and motivate a healthy lifestyle, to strengthen and
maintain health, and to reduce the mortality rate in villages. A special factor for such
citizens is the promotion of their employment;

– despite the depopulation in these territories, it is important to preserve people’s
access to social institutions, including health care and education. Of course,
the development of social infrastructure should not only be supported, but also
developed, and transport accessibility to villages should be improved. Problems
with gasification, water supply networks, and sewerage systems should also be
resolved;

– in the villages that are characterized by depopulation, agriculture is not the
emphasis. However, there should be opportunities for its development; therefore,
special state support for agriculture is necessary. It may imply a transition to more
extensive, but less intensive, branches of agriculture in peripheral areas, where
we mean crop production, grazing, etc. Access to getting credits should also be
facilitated, whereby assistance will be provided in the renewal of technological
facilities and the purchase of animal feed;

– to solve the problems of such territories, it seems possible to develop such a
phenomenon as seasonal dacha settlement of remote villages, when at least during
the warm season the villages will be filled with city dwellers for gardening and
recreation on rural land.

Fourth, these are regions with poor local development of villages, partly due to
unfavorable natural and climatic conditions. Here, we should pay attention to such
measures:

– development and implementation of a program of unhindered access to basic
life-supporting social benefits and services for villagers as healthcare and phar-
maceutical organizations, cultural and educational institutions, food and non-food
stores, access to the Internet, and cellular communications. It is also worth noting
here the development of transport connecting with the city, both motor and water,
emergency air transport;

– given the fact that focal settlements of villages rarely allow preserving their
culture, an important factor is the need to stimulate the activity of rural communi-
ties in various ways and to allocate grants or other subsidies for the development
of folk art and activities.
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Taking into account the current state of Russian regions, it may be difficult to
determine their type, since sometimes in one region there may be rural areas that
require comprehensive measures for their development, belonging simultaneously to
two or more types of regions. Then the question arises about the necessity to divide
all rural areas into types, depending on their advantages and problems. It would also
make it possible to implement integrated rural development more efficiently.

Therefore, when today we mention economic growth in Russia, the GDP growth,
it should be noted that it most often concerns large cities—megalopolises, as well
as oil-producing regions. In the peripheral regions, especially in rural areas nega-
tive economic growth is most often observed. In this regard, the existing model of
economic growth in Russia today cannot be fully called inclusive, since the results
of this growth are distributed and become available to a limited circle of economic
agents.

The centric model of the geographical location of settlements in Russia is due to
the processes of urbanization, which have recently tended to intensify. Along with
the growth of natural population decline in rural areas, its migration to large urban
agglomerations is observed. The introduction of digital technologies and elements
of nanoindustry makes it possible to observe the reverse process, deurbanization,
which was especially manifested during the period of the pandemic and the need for
remote work of a great part of the employed.

Even if it is too early to talk about long-term deurbanization in the country at this
stage, it is possible to gradually maintain this trend and limit the growth of urban
agglomerations. This will also be facilitated by many disadvantages of living in large
cities, which citizens often pay attention to. These are, for example, environmental
degradation in cities, traffic jams on highways and long city roads, and a change in
consumer preferences in favor of natural and organic food. A trend to the values of
rural lifestyle began to appear, which is manifested in the less intense rhythm of life,
in the possibility of living in a private house with a backyard, etc. [1].

It is worth noting that deurbanization can manifest itself in various forms: the
move of urban residents to a permanent place of living in the countryside, and the
construction or purchase of a “second housing” in the suburban areas, and even agri-
tourism, which has become more and more popular since 2015. Taking into account
the proposedmeasures, development of rural areas and introductionof deurbanization
trend will be a significant step toward stabilizing the socio-economic situation in the
post-pandemic period, upon condition of the introduction of innovative technologies
into the aspects of living of rural areas citizens [14].

These tendencies are aimed at the integration of economic and social processes
taking place separately in urban agglomerations and rural settlements. This integra-
tion is an important condition for the implementation of the concept of inclusive
economic growth in our country.

Indeed, at present, large urban agglomerations, medium and small cities, as well
as rural settlements in Russia can be considered as isolated ecosystems. Of course,
there are forward and backward linkages between these systems, but today it is
not necessary to talk about a single ecosystem, which organically includes cities of
various sizes and geographic locations, as well as rural areas. As a result, economic



32 V. V. Kurchenkov et al.

growth is extremely uneven. Many resources are not fully used, which significantly
affects the GDP growth rates of the Russian economy as a whole in the near future.

Large-scale introduction of technologies of the sixth technological stage creates
conditions for the growth of integration processes between urban and rural areas
within a single ecosystem.

As shown in Fig. 3.2, a single ecosystem includes large urban agglomerations,
small andmedium-sized cities (C), and rural settlements (V), the interaction between
which is mediated by the use of technologies of the sixth technological stage (T).

Within this single ecosystem, economic growth, on the one hand, becomes more
sustainable due to the possibilities of using a diversified portfolio of resources. On
the other hand, it is possible to achieve the inclusiveness of economic growth, which
will make its results available to a wide range of economic agents, final consumers,
regardless of the territorial location of their residence.

Thus, the balanced development of urban and rural areas can be ensured through
the diffusion of innovationswithin the framework of the transition to the sixth techno-
logical stage. Development of a single ecosystem that includes both cities of various
sizes and rural settlements will make economic growth more sustainable in the long
term and make it inclusive.
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Fig. 3.2 An integrated ecosystem of urban and rural areas in the context of inclusive economic
growth. Source Developed by the authors
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3.4 Conclusion

Summing up the conducted research, some conclusions and generalizations can be
drawn. Currently, economic growth in Russia is unstable and uneven. This is due to
commodity dependence of the country’s economy, uneven distribution of production
structures, and insufficient level of technological development of the productive
forces. In this regard, for many years, there has been a slight increase in the GDP,
a high-level inflation, occasional crisis phenomena in the economy. In addition, the
results of economic growth are distributed extremely unevenly toward large urban
agglomerations, while rural areas are stagnating. This gives rise to unidirectional
migrationflows fromvillages to large cities, intensification of urbanization processes,
and growing differences in the living standards of the urban and rural populations.

In the struggle for world leadership in new technologies, Russia needs to move
to the new sixth technological stage, the core of which is information-, nano- and
biotechnology. The introduction of these technologieswill allow large-scale diffusion
of innovations in all key elements of the integrated ecosystem in urban and rural areas.
This will lead, on the one hand, to economic growth acceleration by mobilizing new
resources, and on the other hand, it will make the processes associated with this
growth more inclusive.

Consequently, at present, the state faces the most important strategic objective of
establishing a roadmap for the development of innovative technologies as a factor of
urban and rural area growth, taking into account the difficulties of transition to the
sixth technological stage and the specific features of these territories.
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Chapter 4
Adaptation Potential of Inclusive Growth
of the Regions of the South of Russia
in the Context of the COVID-19
Pandemic

Inna V. Mitrofanova , Olga A. Chernova , Henrietta Nagy ,
and Marina V. Pleshakova

Abstract The ongoing economic crisis caused by the COVID-19 pandemic and its
asymmetric impact on some territories evoke research interest in identifying factors
that determine the resilience of regional economies to external shocks. Solving this
problem implies the need to study the specifics of the territory adaptation capabili-
ties as well as measures taken by regional authorities aimed at entering the trajectory
of inclusive growth. The research goal was to assess the adaptation potential of
regions to the coronavirus crisis and determine the development trajectory as a result
of this potential realization. The authors determined directions of the development
of adaptation potential of regions (“bounce forward” or “bounce backward”). For
this purpose, the analysis of regional changes in financial results of organizations,
volumes of industrial production and provision of services, and the unemployment
rate was carried out. As a result, it was revealed that the “bounce forward” is char-
acteristic of the South of Russia regions with a high level of socio-economic poten-
tial and a diversified economy. For the regions with a low level of socio-economic
development, adaptation opportunities were expressed in a “bounce backward”. This
research contributes to the study of behavioral trajectories of regional economies in
the conditions of the coronavirus crisis.
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4.1 Introduction

Today, at the level of major international organizations, the need for inclusive growth
is recognized, and in the European Strategy for Smart, Sustainable, and Inclusive
Growth (“Europe 2020”, 2010), inclusive growth is considered as an instrument of
social and territorial consolidation. The concept of inclusive growth is considered
by some experts as “coordinated growth”, which for national economies means their
involvement in improving the quality of life of the population not only within the
country, but also in a global context. This concept can be applied to regions and
macro-regions in order to assess their involvement in the development of the country.

The research currently underway emphasizes that the inclusiveness of regional
development in the context of the coronavirus pandemic is determined not so much
by the region’s ability to reflect shocks as by its adaptation potential, that is, the
ability to adapt to changing conditions. Moreover, these shocks can not only have
negative effects, but also have a positive impact on economic development, leveling
inefficient practices and developing promising business processes and institutional
structures. Under these conditions, the task of the regional authorities is to support
positive transformational trends by helping citizens and businesses to adapt to these
transformations.Given the significant differentiation of regions by the level of use and
development of socio-economic potential, by the type of resource and geographical
conditions, as well as by the nature of the pandemic processes, there are no uniform
recommendations for preventing the negative impact of external effects. However,
the analysis of patterns of regional development, the identification of factors that
would contribute to an increase in the adaptation potential of the economy, is of
great theoretical and practical importance for the country’s development [1–3].

Southern Russian regions, most of which have a pronounced agro-industrial
specialization, are most vulnerable to shocks due to the low level of development of
high-tech industries that stimulate innovative activity in the region; the high propor-
tion of small- and medium-sized businesses most affected by the coronavirus crisis;
the low level of economic diversification, which generates excessive dependence of
regions on individual industries; lack of highly qualified personnel; and underde-
velopment of transport and engineering infrastructure [4, 5]. Therefore, the search
for ways to increase the sustainability of the Southern Russian economies through
the development of the adaptation potential of the region is of great theoretical and
practical importance.

Therefore, the purpose of this study is to analyze the adaptation potential of the
regional economy in the conditions of the coronavirus crisis. The object of the study
is the regions of the Southern Federal District. The hypothesis of the study is that
the adaptation potential of the region is determined by specific regional factors and
conditions, as well as the nature of state restrictive and supportive measures.

The economic crisis caused by the spread of COVID-19 has significant differences
from the so-called “traditional” economic crises. For example,R.Cortes and Johnston
W. identify the following distinctive features of the coronavirus crisis, which should
be taken into account when developing measures to overcome it: (1) formation, (2)
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focus, (3) temporality, (4) government jurisdiction, (5) preparedness, (6) normality,
(7) business, and (8) operational deployment [6].

Analyzing and observing the consequences of the COVID-19 crisis, the
researchers note that one of its most significant characteristics determining the
response of national and regional economies to the crisis from the point of view
of sustainability is temporality. The specificity of the manifestation of this character-
istic is that the COVID-19 crisis is characterized by a higher rate of deployment than
“traditional” economic crises. The sequential deployment of the first, second, and
possibly the next waves of the coronavirus crisis makes the recovery period uncer-
tain and cyclical. At the same time, there are significant differences in the speed,
duration of individual stages, and trajectory of development in different countries
and regions, largely determined by how their economies reacted to the “first blow” of
the pandemic. In this context, it is of particular importance to study the impact of the
pandemic precisely at the first stages of the COVID-19 crisis, when the adaptation
potential of the region’s economymanifests itself. The change in the socio-economic
indicators of the region’s development at this stage can be either insignificant or
multiple, and thus largely predetermine the trajectory of the development of crisis
processes.

The concept of “adaptation potential of the region” was introduced into scientific
circulation as part of the study of evolutionary transformations in socio-economic
systems. As noted by V. Muštra, B. Šimundić et al., adaptive changes in regional
socio-economic and institutional structures are necessary: (a) to preserve or restore
the former path of development of the region, or (b) to transition to a new sustainable
path. At the same time, it is assumed that the regional system does not lose the ability
of allocating resources at its disposal efficiently [7].

In theworks ofW.Bonß,X.Hu., R.Hassink, R.Martin et al., the idea of “bouncing
back” and “bouncing forward” as possible options for implementing the adaptation
potential of the region is reflected [8–10]. A rollback occurs when the economic
recovery involves a return to the original pre-crisis parameters. For example, the
economy of the region, having survived the shock, retains the same structural propor-
tions, traditional business processes, and business strategies. With a leap forward,
there are significant changes in the industrial base, enabling the region to return to
its usual business, as well radically new business models appear. The direction of
adaptive changes is determined by the current state of the regional socio-economic
system, as well as a complex set of proactive and reactive factors and conditions,
which we define as the adaptation potential of the region.

Despite the fact that a lot of attention is paid to the adaptive capabilities of the
territory in modern research, there is no definition of what is meant by the adaptation
potential of the region. The concept of adaptation potential is most frequently used
to denote the conceptual phenomenon of the adaptation process, characterizing the
degree of ability of the socio-economic system to adapt to environmental conditions
[11, 12]. The term “adaptation potential” is usually identified with the term “adaptive
capabilities/abilities”.

The set of factors that are defined as determinants of the adaptive capabilities of
the territory, according to the researchers, as a rule, includes characteristics of the
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socio-economic potential of the local economy and institutional conditions [13, 14].
Along with this, X. Hu, L. Li, K. Dong, C. Kakderi et al. note that in the early stages
of the development of the crisis, the state influence is the most important and implies
the introduction of various kinds of restrictive and supportive measures [15, 16].

The adaptive cyclemodel developed byR.Martin, P. Sunley, B.Gardiner B., and P.
Tyler suggests that the adaptation potential of the region includesmarket innovations,
training, and technological changes [see 10]. At the same time, a number of scientists
identify social factors (social cohesion, social values and rules, and social trust) as the
most important determinants contributing to the realization of adaptive opportunities,
which enable the pooling of resources to counteract economic shocks [17].

4.2 Methodology

Despite the differences in approaches to assessing the adaptation potential of the
region, the following main features can be identified by researchers to determine the
ability of the region’s economy to withstand external shocks and adapt to new condi-
tions: the presence of a financial buffer, economic diversification, and government
support. This ability has already manifested itself at the initial stage of the crisis, the
so-called “first strike” stage. The nature of the reactions of the regional economy to
emerging challenges at this initial stage determines the direction of further changes,
launching the adaptation mechanism itself.

In this study,wewill focus on thefirstwaveof the pandemic inRussia,whichbegan
inMarch 2020. To analyze the adaptation potential of the regions,wewill consider the
dynamics of changes in the following indicators as the pandemic develops: financial
results of organizations; indices reflecting changes in production volumes and the
provision of services in areas of activity; the rate of unemployment.

The study of the trajectory of changes in these indicatorswill enable us to conclude
to what extent the economy of the regions was able to adapt to the new realities and to
assume in which direction the adaptation is taking place: a “leap forward” (growth of
financial indicators, change in the structure of the economy, and low unemployment)
or a “leap backward” (decline in financial indicators, preservation of the structure of
the economy, and high unemployment).

4.3 Results

The uniqueness of the southern Russian regions consists in an extremely high degree
of polarization of the socio-economic space, significant differentiation by industry
structure, by the level of development of innovative potential, by the characteristics
of natural resource potential, by the configuration of regional settlement systems,
and many other features [18]. This causes differences in the South Russian regional
economies in the levels of their sensitivity to the factors of the coronavirus crisis.
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The official start date of the coronavirus crisis is March 12, 2020, when the first
cases were recorded in Russia. Small businesses were the most sensitive to the “first
blow”. Thus, according to the Federal Tax Service, 66,820 individual entrepreneurs
ceased their activities inRussia inMarch–April 2020. This is 77%more than inMarch
2019 (37.718). Including 64,237 entrepreneurs themselves decided to terminate the
business. 1563 enterprises ceased to exist due to the death of the owner, and 158
enterprises were declared bankrupt. In the South of Russia, the largest number of
small business entities that stopped operating was recorded in the Rostov region,
which ranks first in the region in terms of the share of people employed in small
business (15.5% of the employed population in the region).

As the results of the analysis show, according to the results of January–December
2019, the highest financial results were typical for the Krasnodar Territory. The
Rostov region demonstrates a negative balance of financial results. However,
according to the results of January–December 2020, we can note a significant
improvement in financial indicators in the Rostov region (the second position in the
region in the absolute value of the indicator), despite the massive closure of enter-
prises. The growth of financial results is also typical for the Republics of Kalmykia
and Adygea (Fig. 4.1). The impact of the coronavirus crisis was manifested in the
fact that outdated and inefficient business models left the market, and the remaining,
more effective practices were spread and developed.

Paradoxically, the best indicators of adaptabilitywere demonstrated by enterprises
in those regions that had a low financial buffer. Whereas the regions with a high
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value of financial results showed the highest level of their decline as a result of the
coronavirus crisis.

Considering the change in structural proportions, we will focus on Rosstat
(Russian Statistical Bureau) monitoring data, according to which the following areas
of activity were identified: industrial production, agriculture, construction, trans-
port, trade, and services. Indices of production volumes (rendering of services) by
the studied regions for the period January–December 2020 in comparison with the
corresponding period of 2019 are shown in Table 4.1.

From the data presented inTable 4.1, it can be seen that the conclusion is confirmed
that the least adaptation potential was realized in the regions with the highest indi-
cators of socio-economic development before the pandemic. Thus, in the Krasnodar
Region and the Volgograd Region, there is a decrease in production volumes in all
spheres of activity, the only exception is agriculture in the Volgograd region. At the
same time, regions that do not have a high level of socio-economic development,
nevertheless, showed growth in certain sectors of the economy. For example, in the
Republic of Adygea, there is an increase in transport services, industrial production,
and agriculture; in the Astrakhan region, there is an increase in construction; and in
the Rostov region, despite the negative balance of the financial result of enterprises
at the beginning of 2020, by the end of 2020, there was an increase in industrial
production.

However, it cannot be said that it is regions with low indicators of socio-economic
development that have a higher adaptability potential compared to developed regions.
For example, in the Republics of Crimea and Kalmykia with low socio-economic
potential, the indices of production volumes also significantly decreased in almost all

Table 4.1 Indices of production volumes (rendering of services) in the southern regions of Russia,
percentage

Region Industrial
production

Agriculture Construction Transport Trade Rendering of
services

Republic of
Adygea

105.1 114.1 77.8 120.0 97.1 92.3

Republic of
Kalmykia

92.1 91.5 84.3 54.8 101.1 92.0

Republic of
Crimea

99.8 85.0 90.0 100.6 92.0 87,5

Krasnodar
Region

97.0 91.3 98.2 97.7 91.7 90.1

Astrakhan
Region

97.2 102.3 126.1 87.4 93.7 87.7

Volgograd
Region

99.3 101.7 96.2 90.3 93.3 86.5

Rostov
Region

101.7 97.1 95.2 118.8 93.0 89.2

Source Developed and compiled by the authors based on[19]
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spheres of activity. These data show that the level of socio-economic development of
the territory is not the key determinant for the realization of its adaptive production
potential.

Our research enables us to conclude that the measures taken by the regional
authorities in the conditions of the coronavirus crisis played a significant role in
realizing the adaptation potential of the region. The authors believe that it was the
state that influenced the adaptive capabilities of regional economies through the
restrictions imposed, as well as supportive measures.

The strongest state support to business in the conditions of the pandemic was
provided to the Rostov region. In this region, income tax rates were reduced, direct
financing channels were significantly expanded, and preferential loans with deferred
payment were provided. Whereas in the Krasnodar Region, tax support measures
included only postponing the payment of taxes, and financial and credit measures
consisted of issuing loans for urgent needs and salary payments, loan restructuring.
Moreover, only in the Krasnodar Region among the southern Russian regions, strict
quarantine measures were introduced by means of special passes for movement. In
this region, restrictions on the activities of a number of enterprises were eliminated
later than in other regions. This was due to the desire of the authorities to prevent
the flow of tourists to the region to prevent the spread of the coronavirus crisis.
As a result, the economy of the Krasnodar Region showed the lowest adaptability
indicators in the South of Russia.

In general, despite the business support packages being introduced, the economic
situation in the regions remained quite difficult. The deferral of lease payments
extended only to state andmunicipal property, leaving entrepreneurs renting a private
property in a very vulnerable position. Facilitating access to finance during the
pandemic did not solve the long-term problems of business development. The sector
of small- and medium-sized businesses remains unattractive for lenders. Moreover,
a sharp decline in demand and services led to the situation when it was easier for an
entrepreneur to declare bankruptcy than to take loans from a bank to pay wages to
his employees.

Considering the indicators of production and economic activity in the regions in
the sectoral context, it can be noted that agriculture has demonstrated the greatest
resistance to the factors of the pandemic. This is due to the fact that agricultural
production did not suspend its activities during the coronavirus crisis due to its
importance for ensuring the food security of the national economy. In addition,
outdoor work restrained the spread of the virus, as a result of which the number of
cases in this field of activity was lower. Industrial production as a whole was also
able to adapt to the new realities and in most regions return to the previous pre-crisis
level.

The largest decrease in performance indicators is typical for retail trade, rendering
services to the population, as well as the catering sector. It was during the first wave
of the pandemic that restrictions were imposed on the activities of enterprises in this
area, as well as on the movement of citizens, which led to a sharp decline in business
activity. However, as restrictions were lifted, a period of recovery growth began,
when enterprises and organizations were able to begin realizing their adaptation
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potential.As a result, despite the existing differences in the pace of development,most
of the southern Russian regions have maintained positive dynamics of indicators,
practically bringing them to the value of the pre-crisis period.

Analyzing the change in the unemployment rate in the regions, it can be noted
that its dynamics is directly related to the level of economic diversification. The
number of unemployed increased to a greater extent due to the suspension and
termination of activities during the lockdown of enterprises in the service sector,
catering, hotel business, etc. However, in economically developed economies with
a differentiated industry structure, the unemployment rate turned out to be signifi-
cantly lower, since laid-off workers were able to find work in other areas. Thus, the
highest unemployment rate is registered in the Republics of Kalmykia and Adygea,
in the Astrakhan Region, where, despite the gradual recovery growth of the regional
economies, many citizens who lost their jobs could not find a job, the lowest—in
the Volgograd Region and Krasnodar Region. At the same time, it is in these regions
that the rate of unemployment reduction is the highest.

According to Rosstat data (Fig. 4.2), in all regions, the peak of unemployment
occurred in the period August–October.

To characterize the trajectory of adaptation changes in the regions, the regions are
grouped into particular types in accordance with a combination of the following
features: a change in the net result of financial activity; a change in structural
proportions in growth indices; a change in the unemployment rate. Possible types of
scenarios are presented in Table 4.2.
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Fig. 4.2 Unemployment rate in the regions of the South of Russia, %. Source Developed and
compiled by the authors based on [20]
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Table 4.2 Types of the trajectory of adaptive changes

Changes in
indicators

Level of change

Change in the
net result of
financial
activity

Growth Decrease

Changes in
structural
proportions of
growth indices

High Low High Low

Changes in the
rate of
unemployment

High Low High Low High Low High Low

Type of
scenario

Bounce
forward

Bounce
forward

Bounce
backward

Bounce
forward

Bounce
backward

Bounce
forward

Bounce
backward

Bounce
backward

Source Developed and compiled by the authors

In caseswhere there is an increase in financial activity indicators in the region, then
with a decrease in the level of employment, we can talk about the presence of a “leap
forward”. At the same time, the structural proportions of changes in growth indices
may or may not be significant. Structural changes will indicate that some industries
and spheres of activity receive an impetus for development in new conditions when
other industries and spheres of activity (as a rule, these are traditional industries)
reduce their business activity. If effective practices are consolidated in traditional
activities, then significant changes in the industry structure may not occur.

A decrease in the financial result with an increase in the unemployment rate and
a low change in structural proportions suggests that adaptation is following a “leap
backward” trajectory. A decrease in the unemployment rate with high structural
changes, even with a decrease in the financial result, may indicate the formation of a
“leap forward” trajectory—the gradual consolidation of new business models in the
economy.

The characteristics of the features and the type of trajectory of adaptive changes
determined by the combination of these features are presented in Table 4.3.

According to the results of the analysis presented in Table 4.3, the “leap forward”
occurred in most regions with higher indicators of socio-economic development
and was characterized by a diversified economy: the Rostov region, the Volgograd
Region, and the Krasnodar Region. In the Republics of Adygea, Kalmykia, Crimea,
and the Astrakhan Region, the adaptation trajectory is developed along the path of
a “leap back”. The conclusions, that diversified economies are more resistant to the
coronavirus crisis, are generally consistent with studies conducted by other authors.

Nevertheless, in order to conclude exactly what changes contributed to the forma-
tion of such a direction of the adaptive trajectory of development, additional research
is needed, which determines the further tasks of the scientific search for authors.
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Table 4.3 The type of trajectory of adaptation changes in the regions of the South of Russia

Regions Change in the net
result of financial
activity

Changes in
structural
proportions of
growth indices

Changes in the rate of
unemployment

Type of
scenario

Growth Decrease High Low High Low

Republic of
Adygea

+ + + Bounce
backward

Republic of
Kalmykia

+ + + Bounce
backward

Republic of
Crimea

+ + + Bounce
backward

Krasnodar
Region

+ + + Bounce
forward

Astrakhan
Region

+ + + Bounce
backward

Volgograd
Region

+ + + Bounce
forward

Rostov
Region

+ + + Bounce
forward

Source Developed and compiled by the authors

4.4 Conclusion

The consequences of the coronavirus crisis have different manifestations in the
southern Russian regions. This is due both to the margin of safety that the regional
economy had before the outbreak of the pandemic and to the level of state support
and the rigidity of the restrictive measures introduced.

The availability of a financial buffer was not a determining factor for ensuring
a higher level of adaptability of regional economies. Moreover, regions with high
socio-economic potential were among the most affected by the coronavirus crisis.
This is largely due to the fact that regions with a high level of business activity in the
conditions of the imposed restrictions had numerous connections destroyed, which
put them in a vulnerable position at the very beginning of the coronavirus crisis.
Additional problems for these regions were connected with the lack of sales in the
conditions of the border closure.

Most of the southern Russian regions have a weak ability to withstand the factors
of the pandemic. Their adaptation potential is realizedmainly along the trajectory of a
“leap backward”,which is expressed in a return to previous businessmodels and busi-
ness strategies as restrictions are lifted. The sectoral structure of the economy and the
degree of development of interregional ties were of decisive importance in realizing
the adaptation potential. Regions in which, along with industrial production, there
were agricultural enterprises (regions of agro-industrial specialization) demonstrated
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a higher level of adaptability compared to regions with an undiversified economy,
such as the Republics of Kalmykia and the Crimea.

State support significantly contributed in realizing the adaptation potential of the
regions. It is the differences in the anti-crisis measures taken at the regional level that
explain the differences in the adaptability of their economies. In this regard, it can be
said that the level of adaptability of regional economies is largely determined by the
extent to which regional authorities are able to make effective management decisions
[21, 22]. That is, the quality of regional governance is more important for increasing
the ability of the economy to resist external shocks than structural factors. This is
of particular importance for the initial stage of the development of the crisis. The
further ability to adapt and create conditions for inclusive growth is determined by
how effectively economic agents will be able to use the resources provided to them,
and consequently, the importance of the social trust factor increases in the long term.
Further research of the authors will be devoted to the study of the role of this factor
in increasing the adaptability of regional systems.
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Chapter 5
The Success Model to Manage
the Cross-Border Infrastructure Projects

Hans-Christian Brauweiler , Aida Yerimpasheva , Dina Alshimbayeva ,
and Aida Myrzakhmetova

Abstract Cross-border cooperation (CBC) projects are essential for both sustain-
able development and creating an environment for entrepreneurship and investment.
There is a strong correlation between the successfulness of implemented projects and
the sustainable development of border regions. Because of the One Belt One Road
(OBOR) initiative, the management of cross-border projects is becoming increas-
ingly important, as Kazakhstan is located at the intersection of transcontinental corri-
dors between Europe and China. A feature of cross-border interaction is that projects
are implemented by different countries together, increasing the risks of cross-border
projects. In this regard, it was essential to analyze successful examples of CBC
projects to understand better how they affect and contribute to regional development
and, based on the information collected, build a successful model of the cross-border
and infrastructure projects. This paper explores the issues to build the model to
manage cross-border projects successfully. In so doing, the study contributes to the
search for critical success factors that underpin the model. There are two contri-
butions to cross-border project management knowledge. The first contribution is in
revealing the critical success factors. The second contribution demonstrates how the
success model has been built. Our findings are a call for more research connecting
the OBOR and project management issues.
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5.1 Introduction

Cross-border cooperation (CBC) projects are essential for sustainable development
and creating an environment for entrepreneurship and investment [2]. From the
beginning, the European Union (EU) promoted the idea that an increase in CBC
“contributes to enhanced European integration,” “supports sustainable development”
along borders, and “helps reduce differences in living standards” [11]. More than
a third of EU citizens live and work in border regions. Borders, thus, both directly
and indirectly affect their lives [7]. European Territorial Cooperation (INTERREG
programs) “plays an important role in removing barriers and promoting sustainable
cross-border cooperation” [24]. European researchers state about a strong correlation
between implemented projects and the sustainable development of border regions
[9, 19–21, 24, 26].

It is crucial to analyze successful examples of CBC projects to understand how
they influence and contribute to regional development and construct the success
model of cross-border projects based on the data collected.

According to Joanna Kurowska-Pysz [15], cross-border projects strengthen rela-
tionships between partners and are aimed at “achieving mutual objectives” that are
important both for cooperating organizations and for the development of borderland
where these projects are being implemented. Studying all factors that influence the
success or failure of cross-border projects is critical “to reaching long-lasting terri-
torial sustainability” [5]. At the same time, Liu et al. [18] highlight the importance
of building “institutions for achieving effective cross-border governance,” paying
much attention to the development of CBC in technological innovation. Due to
economic integration, “a growing number of related projects are under planning or
construction” [16].

Sanotska et al. [23] believe that market failures in border areas should be resolved
at the state level; in particular, the programs of CBC developed by the governments
of neighboring states should become the primary tool for moving toward economic
equality in the regions of both countries.

The sources of the “innovation-entrepreneurial ecosystem’s growth” are the
internal and external factors of development. External factors include “a proac-
tive innovation policy” at the regional level with the support of “science-intensive
manufacturers” [12].

There is no universally accepted definition of a cross-border project, although
this term is popular and widely used. Two or more countries are implementing a
cross-border project. On the other hand, any national infrastructure project can also
be considered a cross-border project if it significantly influences the cross-border
region. Examples of national projects with significant cross-border impact are trans-
port infrastructure projects (land, sea, and air transport) that facilitate international
transport, energy projects, the sale of electricity to neighboring countries, and the
construction of cross-border telecommunication networks.
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The Asian Development Bank’s Regional Cooperation and Integration Strategy
do not clearly define the concept of “cross-border infrastructure,” but its distinc-
tive feature is the presence of cross-border external effects not created by national
projects. The cross-border infrastructure creates “additional” benefits that affect
participating countries. It means that the net benefits from cross-border projects
are greater than those obtained only in the framework of national projects [10].
There can be no doubt that infrastructure is critical to managing international
trade across international borders. Transport infrastructure “has a long-run positive
impact on economic development” [1]. At the same time, cross-border projects are
“accompanied by high complexity, difficulty, and uncertainty” [17].

The analysis of [10] has shown that cross-border projects do not attract sufficient
attention from relevant research, and there is no systematic study of cross-border
projectmanagementmodels. FujimuraM. andR.Adhikari identified essential factors
that contribute to the successful preparation and implementation of cross-border
infrastructure projects [10]. They dwell upon the next ones: clear justification and
formulation of the corridor’s concept; using distribution analysis (as a component
of situational analysis and input data for SWOT analysis) as a guide for a win–
win option; fair public–private partnership; overcoming the limitations of transport
infrastructure.

However, from the point of view of project management, these factors are not
fundamental, although we do not deny them and understand that the more positive
external effects of cross-border projects lead to better management and more stable
cooperation between countries that implement the project and, therefore, the project
itself can be more successful. We have decided to build and propose the success
model of managing cross-border projects.

In general, there are two concepts in project management: (i) project success and
(ii) project management success. Project success is the ultimate goal of any project,
regardless of industry affiliation and sources of resource support. The project success
characterizes the product’s properties: its quality, its implementation on time, and
the PR perception of the project product. In turn, the project management success
is associated with compliance with the agreed parameters of the project, the level of
professionalism, the skills of the project team, and the capability to interact with all
stakeholders.

5.2 Literature Review

In recent decades, CBC has reached an unprecedented level not only because of its
potential for territorial integration but also taking into account its role in supranational
processes such as infrastructure construction, activity planning, and project imple-
mentation [3]. This interaction is becoming increasingly important when we live in
a globalized world [4]. This scenario is evident in the case of the EU, the EAEU,
and the OBOR initiative. In this regard, identifying success factors in managing
cross-border projects is considered critical for achieving sustainable development
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through CBC strategies that lead to a consistent improvement in the quality of life
of the living population in these regions. From our point of view, it was essential to
determine the set of these factors for managing cross-border projects successfully.

CBC, becoming one of the most critical cooperation priorities within the EAEU
and the OBOR initiative, aims to strengthen cooperation between the EAEUmember
states and partner countries within the Silk Road Economic Belt.

CBCprojects “can play a significant role in developing the local community” [13].
In addition, [13] argues that the cross-border nature of projects not only promotes
mutually beneficial “transfer of knowledge and experience” but also “gives weight
to a broader perspective” that a particular local need acquires through CBC.

At the same time, CBC has some disadvantages in situations of economic and
institutional asymmetries. In this case, cross-border projects are subject to a higher
risk. Peña Medina [22] believes that a central actor or network coordinator would
allow the two administrative systems to be brought together and efficient coop-
eration. Although the public–private partnership (PPP) model is more effective in
providing public goods, any CBC project case should be addressed separately [22].
Korneliuk et al. [14] have determined that in the conditions of strengthening integra-
tion processes between the border states, the need “to expand anddeepen international
relations between local self-government bodies grows.”

De Soyres, Mulabdic, and Ruta estimated the effects of the OBOR. According to
them, the OBOR projects “increase GDP by up to 3.35% and 2.61% for BRI and non-
BRI economies” [8]. On the other hand, for Kazakhstan, cross-border cooperation
within the framework of OBOR should be carried out through the EAEU. In addition,
the EU’s experience might come in handy.

Castanho et al. [6] have identified critical factors for success in the EU CBC
projects. The findings of their study have coincided with our results on three critical
factors: (i) General goals and plans of projects implemented by countries, strong
territorial strategy; (ii) Political transparency and commitment; (iii) Good relations
between countries (cities) to communicate. It suggests that the problems of CBC
projects are typical for any region.

CBC can be divided into three distinct stages of development. At the first stage,
the member states participating in the EAEU receive expert knowledge and undergo
training, organize study tours to member states, and conduct feasibility studies on the
potential of the border regions. It would create essential links between the member
states and China. At the second stage, plans should be drawn up for socio-economic
convergence between the border regions. Among other things, the planning of invest-
ment projects facilitates convergence. At the third stage, the regions jointly recognize
the importance of regional development. Possible investments should be aimed at
the formation of cross-border infrastructure to remove barriers at a border crossing.
Regional bodies develop joint projects, and direct contacts between citizens and
communities across the border are maintained.

Each country has its specific priorities to solve the common problems that it faces
in CBC that is aimed at achieving common strategic goals as: to promote economic
and social development; to solve common problems in the field of environment,
health, safety, and security; and to ensure mobility of people, goods, and capital. The
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strength of integration of neighboring countries lies in cooperation across national
borders. By combining the resources of individual countries, it is possible to achieve
more significant and better results that benefit everyone.

The OBOR Initiative consists of two projects: the twenty-first Century Marine
Silk Road and the Silk Road Economic Belt, whose goals are to deepen economic
integration, eliminate barriers to investment and trade, and create a unified transport
infrastructure. The Initiative supports infrastructure projects that go beyond national
borders to improve cargo mobility and the ability of people to travel throughout
Eurasia and beyond.

Dozens of cross-border projects involving at least two countries, either completed
or under implementation, among hundreds of similar projects implemented world-
wide, have outstanding achievements in creating a faster, safer, and more environ-
mentally friendly transport network.

The lessons learned from successful cross-border projects can and should be used
by other projects implemented within the EAEU and OBOR.

Cross-border infrastructure is necessary to support the economic development of
states and thewell-being of people. Cross-border infrastructure, located on the border
of two or more states, having a beginning on the territory of one state and continu-
ation on the territory of another, has specific characteristics. Cross-border projects
based on interstate cooperation and within the framework of international corridors
and international initiatives aim to create cross-border infrastructure to ensure the
integration of countries in various industries. These projects solve problems that go
beyond national development.

The first stage helps identify potential projects that meet the requirements of
donors. For selecting projects that meet the requirements of funding organizations, a
clear justification of cross-border and infrastructure projects is very important. The
cross-border and infrastructure project compliance is determined by the requirements
and procedures established by the funding organizations or source of funding. When
analyzing the project’s compliance with the requirements of donor organizations, it
is essential to identify both problems and opportunities.

The second stage is aimed at preparing the project’s documentation. In order
to meet the requirements of the financing organization, the project’s design must
be developed under the established requirements for the selection, rules for filing
applications, and all necessary procedures. At this stage, financial institutions can
assist in preparing documentation and determining the financing source of the project.

Another critical step in preparing project documentation that has to meet the
requirements of the financing organization is to understand the project cycle of the
financial institution where the project proposal will be sent since any organization
investing in a project has its project cycle. Particular attention should be paid to
risk management because any discrepancies between the legislative framework and
project management practice can create specific difficulties and thereby increase
the investment risks of projects. In order to ensure that the cross-border project
infrastructure project meets the requirements of the financing organizations, it is
crucial to determine the protocol for sharing risks between the stakeholders at the
early stage. It is essential to pay attention to the feasibility study,which should include
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an assessment of various scenarios and the cross-border risks. One of the ways to
manage risks should be insurance.

Another effective tool aimed at ensuring compliance of projects with the require-
ments of the financing organization is marketing research. Marketing research helps
to establish a complete list of all stakeholders and identify and evaluate their interests
concerning the project before its initiation.

The demand for cross-border infrastructure in Asia far exceeds available funding
[10]. Development banks provide funds to support many cross-border projects
to promote the social and economic development of the participating countries.
OBOR has become a “catalyst…for facilitating transnational transport infrastructure
projects” [25].

At the policy level, there are two main economic rationales for regional cooper-
ation between two or more countries: (i) The need to take into account additional
opportunities associated with the cross-border project and its positive and negative
externalities; (ii) Defining the potential for achieving economies of scale to pursue
national goals.

By doing this, all participating countries benefit from regional cooperation.
However, the removal of physical and non-physical barriers to realize these benefits
requires investment, as well as harmonization and simplification of relevant policies
and procedures.

As for the first part of the primary economic rationale for regional cooperation,
cross-border projects may attract additional preferential and non-preferential funds.
Positive externalities (for example, benefits such as saving time andmoney, protecting
the environment, and facilitating trade) and negative externalities (such as costs such
as environmental pollution, human trafficking, and the spread of infectious diseases)
occur when the consequences of one or several countries go beyond national borders.
If the countries do not make joint agreements, there will be too few positive external
factors and too many negative ones. As for the second rationale, regional programs
and cross-border projects can provide economies of scale in providing public or
private (market) goods and services beyond what any country can achieve alone.
Thus, regional cooperation can help achieve national goals.

Cross-border infrastructure projects have an essential role in optimizing resource
allocation, promoting sustainable development, and enhancing regional security.

5.3 Methods

To build the success model for managing cross-border projects (project manage-
ment success model), we have determined the composition of the criteria taking into
account the specifics of CBC. To simplify the model, we decomposed criteria into
elements. When choosing the criteria, we were guided by the fact that the criteria
for successful project management reflect the context and content components. The
context (external environment of the project) determines criteria related to CBC. The
criteria related to the internal environment of the project are attributed to the content
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Fig. 5.1 Phases of the research. Source Compiled by the authors

and relate to any project. Therefore, the task of building the success model has been
reduced to searching: (a) Context criteria related to CBC, (b) Content criteria related
to project management issues, and (c) A number of criteria included in the success
model.

To simplify the managerial processes of the project, we have narrowed down the
number of criteria to a vital number of indicators using the Pareto chart. Based on
field studies, both qualitative and quantitative ones, we have compiled a list of critical
criteria for the success model and then identified the most critical ones.

The study aimed to identify and analyze the critical factors that determine the
success of project management in cross-border projects and find out where the
primary efforts should be applied to achieve sustainable development. As successful
cross-border projects represent the critical step toward the prosperity of border areas,
demand for these projects helps to create the basis to identify the main structural
changes and policies aimed at solving the problems of regional sustainability.

However, developing a complete universal list of criteria for all projects seems
impossible or at least difficult. In this regard, to achieve the study’s objectives, we
have decided to choose such a design of the study that would include searching
both secondary and primary information, research methods such as desk and field,
preliminary and conclusive, including descriptive cross-sectional ones. The study
has consisted of the phases shown in Fig. 5.1.

During the first phase, qualitative secondary and primary studies were used.
Qualitative research in the form of in-depth interviews was conducted with project
managers, civil servants, and experts. Interviews were also conducted with experts
and specialists from the Institute of Project Management of Satbayev University.

During the second phase, we studied information directly related to cross-border
projectswithin the framework of theOBOR initiative. The third andmost active phase
included a survey conducted online and the analysis of the results, which made it
possible to determine the critical factors for the success of managing projects and to
build a model for the success of managing cross-border projects.
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5.4 Results

Thus, a literature review, combined with interviews with technical specialists,
experts, key participants, and stakeholders of theCBCprocess and case study analysis
of cross-border projects within the framework of the OBOR, revealed preliminary
criteria for successful project management. In the case study analysis, information
was analyzed on 20 projects implemented in Kazakhstan under the OBOR, which
allowed identifying the 14 critical factors that determine the success of managing
cross-border projects shown in Table 5.1.

The list of critical success factors for managing cross-border projects has become
the deliverables of phase 2. Moving to the next phase, we compiled a questionnaire
for online-offline surveys. The circle of respondents for this field research included
specialists, project management experts, and employees of the performing organiza-
tions as team members and other stakeholders. To conduct a survey, we chose non-
probability sampling; that is, we used convenience and snowball sampling methods.
This type of sample was determined by the specifics of the subject of study. The
sample size was N = 77 respondents related to project management and CBC.

The questionnaire for the survey wasmade both in electronic form (Google Form)
and in paper form. The central part of the questionnaire was devoted to the critical
success factors of managing cross-border projects (Table 5.1) and the general 12
critical success factors of managing any projects shown in Table 5.2, also determined
by using case study analysis.

Because of the quarantine that took place in Spring 2020, the sample size turned
out to be less than planned, but this did not prevent us from drawing certain conclu-
sions that were necessary to build the success model for managing cross-border
projects. The survey results are presented in Figs. 5.2 and 5.3.

A survey conducted among specialists, project management experts, as well as
employees of the performing organizations, including members of project teams, as
well as stakeholders, showed that the following factors are the most crucial ones for
the success of managing cross-border projects:

Table 5.1 Critical success factors for managing cross-border projects identified using case study
analysis

(1) Relations between countries (cities) (8) Ensuring quality of life standards

(2) Attracting young and talented people (9) General goals and plans of projects
implemented by countries;

(3) Strengthening political commitment (10) Citizen participation in decision making

(4) Strong territorial strategy (11) Prevention of duplication of
infrastructure

(5) Enhancing a sense of belonging (12) Availability of diverse infrastructure

(6) Access to investment (13) A stronger economy

(7) Political transparency and commitment (14) Marketing and advertising

Source Compiled by the authors
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Table 5.2 Critical success factors of project management, identified using case study analysis

(1) Clear goal setting (7) Competent project management

(2) Proper decomposition of project objectives (8) Support for project curators

(3) Promoting transparency (9) Competent members of the project team
and its permanent membership

(4) Commitment to project-related decisions (10) Adequate information support

(5) Promoting communication within the
project

(11) Search and correction of deviations
according to the schedule and budget

(6) Promoting communications by stakeholders (12) Feedback and customer focus

Source Compiled by the authors
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Fig. 5.2 Survey results on critical success factors for managing cross-border projects. Source
Compiled by the authors

1. (1) Relations between countries (cities);
2. (6) Access to investment;
3. (4) Strong territorial strategy;
4. (9) General goals and plans of projects implemented by countries;
5. (7) Political transparency and commitment;
6. (12) Availability of diverse infrastructure;
7. (13) A stronger economy.

The listed factors from the most important to the less important were selected
under the Pareto 80/20 law (Fig. 5.3). Thus, using field studies of online/offline
surveys, seven key variables were selected, which formed the basis for the success
model of cross-border projects under the OBOR initiative.

The following are the results of a survey on critical success factors for project
management (Fig. 5.4).

The survey results showed that project management experts put in the first place
such criteria for the success of project management as a clear goal setting, facili-
tating communication within the project, and finding and correcting deviations on
the schedule and budget (which is essentially an analysis of the mastered volume).
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Further, as in the case of the criteria for the success ofmanaging cross-border projects,
we conducted a Pareto study to select criteria for a model of success in project
management (Fig. 5.5).

Critical success factors for project management mainly depend on the types,
attributes, and characteristics of an effective work team. Modern concepts and
methods of personnel management allow us to evaluate the project team’s effec-
tiveness and develop criteria for the success of project management. Some authors
consider it necessary to form a project team taking into account the interpersonal
relationships of employees and offer a criterion characterizing the contribution of
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Fig. 5.5 Pareto diagram for selecting the most important factors for the success of project
management. Source Compiled by the authors
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Table 5.3 Content and context critical success factors of the cross-border projects

Content of the cross-border projects Context of the cross-border projects

(1) Clear goal setting
(2) Proper decomposition of project objectives

(9) General goals and plans of projects
implemented by countries
(4) Strong territorial strategy

(7) Competent project management (12) Availability of diverse infrastructure
(13) A stronger economy

(5) Promoting communication within the project
(10) Adequate information support
(12) Feedback and customer focus

(6) Access to investment
(1) Relations between countries (cities)

(9) Competent members of the project team and
its permanent membership

(7) Political transparency and commitment

Source Compiled by the authors

employees to group interaction [27]. However, we do not take into account the
interpersonal relations of team members and take into account only managerial
factors, which then will form the basis of the model for successful management
of cross-border projects:

1. (7) Competent project management;
2. (1) Clear goal setting;
3. (12) Feedback and customer focus;
4. (2) Proper decomposition of project objectives;
5. (9) Competent members of the project team and its permanent membership;
6. (5) Promoting communication within the project;
7. (10) Adequate information support.

To form the success model, we analyzed, combined, and collated the content
(internal) and context (external) critical factors shown in Table 5.3.

Thus, the case study results, interviews, and online/offline surveys allowed us to
identify the most important critical factors for successful project management in the
context of CBC and form the success model, as shown in Fig. 5.6.

In themodel’s center,wehave presented the content factors that generally correlate
with routine project management. On the outer petals of the model (a, b, c, d), we
have presented contextual factors associatedwith the external environment necessary
for successful project management in CBC.

It is important to note that internal and external factors are related. For example, if
C factors as communications, information, and feedback are essential for any project.
In the context of CBC, communications between countries and cities and access to
investments are crucial. This part of the model is responsible for the communications
of the cross-border projects.

If we talk about the analytical model, then it looks like this:

A = f
{
xi; yj

}
, (5.1)
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where A is the success of project management in the conditions of CBC, which
depends on the function f;

xi—critical success factors for project management (content);

yj—critical success factors for managing cross-border projects (context).

It is vital to ensure the quality of the project at the initial stage. It is about providing
the quality characteristic of cross-border projects at the project preparation phase, on
which the subsequent stages of the project cycle depend. Uncertainty of the purpose
of the project usually leads to inadequate analysis.

5.5 Conclusion

In recent decades, CBC has reached an unprecedented level not only because of its
potential for territorial integration but also taking into account its role in suprana-
tional processes such as infrastructure construction, activity planning, and project
implementation. This interaction is becoming increasingly important when we live
in a globalized world. This scenario is evident in the case of the EU, the EAEU, and
the OBOR initiative. In this regard, identifying success factors in managing cross-
border projects is considered critical for achieving sustainable development through
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CBC strategies that lead to consistent improvement in the quality of life of the living
population in these regions. From our point of view, it was essential to determine the
set of these factors for managing cross-border projects successfully.

The strength of the integration of neighboring countries lies in cooperation across
national borders. By combining the resources of individual countries, it is possible
to achieve more significant and better results that benefit everyone.

As for the first part of the primary economic rationale for regional cooperation,
cross-border projects may attract additional preferential and non-preferential funds.
Positive externalities (for example, benefits such as saving time andmoney, protecting
the environment, and facilitating trade) and negative externalities (such as costs such
as environmental pollution, human trafficking, and the spread of infectious diseases)
occur when the consequences of one or several countries go beyond national borders.
If the countries do not make joint agreements, there will be too few positive external
factors and too many negative ones.
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24. Vaňková, L., Kocourková, G., Krejza, Z.: Cross-border cooperation in the field of invest-
ment activity with regional development implications. In: IOP Conference Series: Earth and
Environmental Science, vol. 656, pp. 012009 (2021). https://doi.org/10.1088/1755-1315/656/
1/012009

25. Wang, J., Yau, S.: Case studies on transport infrastructure projects in Belt and Road Initiative:
an actor network theory perspective. J. Transp. Geogr. 71, 213–223 (2018). https://doi.org/10.
1016/j.jtrangeo.2018.01.007

26. Wróblewski, Ł. (2021). Where there is a will, there is a way: some remarks on institutional
distance in the Polish-German borderland. Pogranicze. Polish Borderl. Stud. 9(1), 39–62.
https://doi.org/10.25167/brs3408

27. Zakirova, A., Soloaga, A.: Managing employees in organizations via leadership skills. J. Econ.
Res. Bus. Adm. 123(1), 96–105 (2018). https://doi.org/10.26577/be-2018-1-2066

https://doi.org/10.32976/stratfuz.2021.33
https://doi.org/10.26577/cajsh-2019-1-s1
https://doi.org/10.47960/2232-9080.2020.19.10.63
https://doi.org/10.37332/2309-1533.2021.3-4.2
https://doi.org/10.1016/j.gloei.2019.11.021
https://doi.org/10.1016/j.ins.2019.03.028
https://doi.org/10.1007/s40518-021-00178-4
https://doi.org/10.4000/belgeo.3873
https://doi.org/10.1080/13511610.2021.1964354
https://doi.org/10.24057/2071-9388-2019-70
https://doi.org/10.31840/sya.v0i6.1573
https://doi.org/10.31861/ecovis/2019-820-5
https://doi.org/10.1088/1755-1315/656/1/012009
https://doi.org/10.1016/j.jtrangeo.2018.01.007
https://doi.org/10.25167/brs3408
https://doi.org/10.26577/be-2018-1-2066


Chapter 6
Digital Transformation of Managing
Business Entities Development
in Agricultural Production

Sergey A. Korobov , Ilya V. Pshenichnikov , and Veronica S. Epinina

Abstract The level of agricultural entrepreneurship development is one of the
defining conditions for the sustainable economic growth, increasing GDP, providing
employment, and reducing risks to food security. In the conditions of uncertainty
and unpredictability, the digital transformation of planning and forecasting systems
for managing the business entities’ development in agricultural production becomes
the objective necessity. The authors have analyzed the branches of the agricultural
sector, which, in the pandemic context, received a strong momentum for the devel-
opment (industrial biotechnology and Foodnet) and defined the main threats to the
activities of agricultural enterprises: low digital maturity of business organizations,
the lack of effective business models of digital transformation, the high level of
resistance to changes on the part of personnel, and the low level of competence
in implementing digitalization. The contributors have searched effective tools for
implementing the development strategy of an agricultural enterprise, taking into
account the change in the technological order, the active digital transformation of the
competitive environment. The study substantiates the feasibility of forming a digital
system for managing the business entities’ development in agricultural production,
based on the integrated use of machine learning, Big Data technology, blockchain
technologies, virtualization of contractual relations, and transactions using smart
contracts.
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6.1 Introduction

Nowadays, the business institute is going through a transformation stage in a
completely new environment, which is primarily characterized by the emergence
of opportunities for them to use digital tools in order to carry out their economic
activities and to interact with other market participants.

The active development of information and communication technologies within
the framework of the fourth scientific and technological revolution and the need to
search the innovative ways for developing working relationships between economic
entities create the preconditions for the business entities’ virtualization and the digital
transformation of their activities. For business organizations to adapt successfully,
it is necessary that digital transformation encompasses the process of identifying
consumer preferences; organizational and managerial sphere of activity of economic
agents; transfer of material flows within the enterprise; and means of interaction and
contracting between an economic agent and market participants. Among the basic
problems of digital transformation of managing a business entity development, one
can single out:

– the lack of the strategy for developing the stack of digital technologies necessary
for business entities development;

– high level of resistance to digital transformation by the business entities personnel.

The fourth industrial revolution gave rise to opportunities to expand the market
potential of business entities by forming new market segments which are subjected
to a high degree of digital transformation. Agriculture is one of the most susceptible
industries to digital transformations in the market economy. In this industry, both
complex digital technologies for enterprise management are reflected, which allow
the virtualization of the management system for end-to-end business processes, and
a new market niche is being reproduced with the active involvement of the scientific
and technological progress achievements and the results of implementing the national
technological initiative.

The trend analysis of developing the digital transformation indicators of agricul-
tural enterprises and biotechnological enterprises made it possible to identify the
promising areas of business entities’ digital development in these industries.

6.2 Methodology

Nowadays, many researchers [4–6, 8, 9, 11–13, etc.] recognize that the digital trans-
formation of managing the business entities development in the field of agricultural
production is necessary to increase the efficiency and effectiveness of their func-
tioning through the fundamentally new change in the quality of managing the tech-
nological processes and decision-making processes at all levels of the hierarchy as
well. This fact, in turn, predetermines the active introduction of modern production
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methods and the further intensification of using the information data on the state and
forecasting of controlled elements and subsystems possible transformations and also
economic conditions in agriculture.

The experience of successful agricultural producers has proved that the use
of modern digital technologies allows creating optimal soil-agrotechnical and
organizational-territorial conditions that ensure the significant increase in produc-
tivity and labor efficiency; the decrease in material costs for fuels and lubricants,
electricity, funds plant protection, wages, and other types of expenses, soil fertility
preservation; and environmental protection during the entire life cycle of agricultural
products. Therefore, in the territories’ digital agenda, one of the priorities is the accel-
erated introduction of digital technologies in managing the agricultural enterprises’
activities.

The industry evolution is only at the very beginning of the digital chain now. At
the same time, according to the majority of researchers [1, 2, 10, 13, 14, 16–18], the
fourth industrial revolution and scientific and technological progressmake it possible
to form themethodology for a digital system formanagingbusiness entities in thefield
of agricultural production. This methodology should be based on using the following
information technologies: automation of business processes in the information flow
transfer; work with big data; machine learning; blockchain technology. These digital
transformation areas of agriculture predetermine implementing the projects of a
complete innovative complex scientific and technical cycle of end-to-end digital
systems based on modern competitive technologies, methods, and algorithms.

In this work, the authors have used general scientific research methods: anal-
ysis and synthesis, deduction and induction, methods of scientific abstraction and
expert assessment, historical and logical analysis, as well as the methods of statis-
tical, systemic, structural–functional, and comparative analysis. The trend analysis
of developing the indicators of digital transformation of agricultural enterprises and
biotechnological enterprises has made it possible to identify the promising areas of
business entities’ digital development in these industries.

6.3 Results

The driver for agricultural enterprises’ digital transformation is the development of
the following industries: foodnet, aeronet, and industrial biotechnology.

The market “Foodnet” is a dynamically developing market segment that includes
many start-up projects of the corresponding direction, which propose various inno-
vative ways of organizing economic activities. New efficient forms of management
will substitute the traditional enterprises on the market, which will fail to restruc-
ture. Taking into account the forecast of developing the Foodnet market, the global
consumption of products in this market will amount to 30 trillion dollars in the world
market, and for the Russian geographic market, the projected capacity will be about
2.5 trillion dollars (Fig. 6.1).
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Fig. 6.1 The capacity of the Foodnet market in the world and in Russia. Source Compiled by the
authors based on [7]

According to the forecast data of the analytical agency «J’son& Partners Consult-
ing», the segmentation of the Foodnet market will be distributed as follows: «smart
agriculture»—32%; available organic—28%; new sources of raw materials—15%;
personalized nutrition—13%; accelerated selection—12% (Fig. 6.2). At the same
time, biotechnology, innovative food products, and the Internet of Things (IoT) will
become the fastest-growing food tech areas, and the leader among them will be
innovative food products, including artificial meat and fish.

«Smart Agriculture» is one of the fastest-growing innovative segments of crop
production. Five years ago, the technology market in it made up 2.3 billion euros,
with the average market growth being about 12% per year in recent years—this is
three times faster than the growth of the traditional equipment market.

The main directions of developing the projects for this segment of the Foodnet
market are automation and robotization of production and technological processes
in agriculture and the food industry; geolocation; and Big Data.

According to analytical data, the annual volume of investments in developing this
market niche amounted to $21 billion in 2019; compared to the figures of 2016, it

"smart agriculture",
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new sources of raw 
materials, 15%
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Fig. 6.2 The segmentation of the Foodnet market. Source Compiled by the authors based on [7]
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Fig. 6.3 The capacity of the market segment “new sources of rawmaterials”, in billions of dollars.
Source Compiled by the authors based on [7]

was $14 billion more. This fact also confirms the dynamic development of the “smart
agriculture” market segment.

According to forecasts, by 2035, the market of solutions for “smart agriculture”
will have been able to reach 15.8 billion dollars with the average annual growth of
profitability being at the level of 10.4%. Besides, the market segment “new sources
of raw materials” has significant market potential (Fig. 6.3).

The advanced demand for food products, especially for protein foods, forces
people to look for new sources of raw materials. New sources of raw materials
are designed to solve the problem of obtaining the artificial protein and the protein
necessary for solving the food security problems of national economic systems.

Today these developments are reaching a new level. First of all, this is artificial
meat, processing of algae, and pseudo-cereal structures. This also includes the recy-
cling of production waste and “smart packaging” as they allow to reduce losses,
which means that they can act as the equivalent of new sources of raw materials on
the principle “saved resources = reproduced results”.

It is difficult to single out the common leaders in this segment as the technologies
differ toomuch, and, as a rule, eachmarket participant specializes in its owndirection.
In general, we can say that by 2035 the volume of this segment will have been able
to reach $218 billion with the average annual growth rate being 8.2%.

The capacity of the Russian market for developing and applying unmanned flying
vehicle technology, including for agriculture, has the following growth dynamics
(Fig. 6.4).

The growth dynamics of the market “Aeronet” capacity is provided by the
following market segments: logistics operations and cargo transportation; support
of technological operations in agriculture; remote sensing and farmland monitoring
(Fig. 6.5). The use of unmanned flying vehicle technology significantly reduces
transaction costs for technological operations and increases the cargo delivery effi-
ciency, sown areasmonitoring, control of germinating grain crops, and implementing
chemical treatment of sown areas.
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The biotechnology used by agricultural enterprises can significantly increase effi-
ciency indicators, as well as it can reduce environmental damage from production.
According to the estimates of the interdepartmental working group on the control
over the biotechnology introduction under the Government of the Russian Feder-
ation, the total economic effect of using biological products in crop and livestock
production in Russia may amount to more than 100 billion rubles per year at a cost
of 10.5 billion rubles.

The capacity of theRussianmarket for developing and applying industrial biotech-
nologies in agriculture has the following growth dynamics (Fig. 6.6). The state
program for developing agriculture for 2013–2020 assumes financing of biotech-
nology in 2015–2020 in the amount of 2 billion 226 million rubles from the federal
budget and 780 million rubles from the budgets of the constituent entities of the
Russian Federation.

The agrobiotechnology market is based on three segments:

– biotechnologies used in crop production (biological plant protection products,
including plant growth stimulants and microbiological fertilizers);
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Fig. 6.6 The capacity of the market “industrial biotechnology in agriculture” in Russia, in billions
of roubles. Source Compiled by the authors based on [15]

– creating new types and varieties of plants by the method of genetic engineering;
– biotechnologies used in animal husbandry (vaccines, therapeutic and feed antibi-

otics, diagnosticum, probiotics, and biological components of feed additives).

From the point of view of the potential for developing new technologies and
projects, the following segments of this market are of greatest interest: biotechnology
for crop production; production of enzymes and biopolymers; immunobiologicals;
feed antibiotics.

The identified promising market sectors require reforming the management
system of an economic agent and, above all, the inclusion of a preventive marketing
analysis system in management.

For the successful integration of business entities in agriculture into new market
niches, it is required to create a digital tool that allows people to form a prototype of
the future market and to determine its development strategy by obtaining the reliable
dynamic analysis of the indicators of the financial and economic activities of an
economic agent with the possibility of predictive analytics.

Business processes automation during the information flow transfer within the
digital management system of agricultural enterprises is designed to solve the
following tasks:

– reception of primary documents required for implementing financial andmanage-
ment accounting of the business entities activities;

– sorting primary documents and checking the correctness of their filling;
– distribution of documents between necessary specialists and analytical modules

of the digital management system of an economic agent;
– data distribution from primary documents between business transactions into the

accounting system;
– forming financial records and sending them to government agencies;
– data distribution from the generated financial statements into special forms for

analyzing financial and economic activities;
– creating the data array about the internal environment state of a business entity

for the purpose of its further processing by Big Data technology for subsequent
predictive analytics necessary to predict the financial and economic activities of
business entities.
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It is advisable to process the obtained data array, which characterizes the activities
of business entities, with the help of Big Data technology tools in order to solve the
following tasks of digital transforming the organization’s management system:

– identifying the criterion parameters for comparative analysis of incoming data on
the economic, financial, and marketing activities of a business entity;

– identifying the parameters of the business entity, which characterize its competi-
tive advantages and weaknesses;

– forming the database of a business entity activity parameters, which allows using
the theory of weak signals and elements of machine learning technology to
determine the forecast for developing economic and financial activities;

– searching the optimal activity parameters of a business entity user for the subse-
quent formation of a hypothetical sectoral model of a reference economic agent
necessary for benchmarking and determining the statistical data required by the
government bodies in order to make effective decisions to support the economic
sectors development.

Digital transformation of collecting and analyzing data on the business entities
activities will allow cutting down the risks of obtaining inaccurate information and
making ineffective strategic decisions, which will strengthen the business entities
market positions significantly, increase the profitability of their activities, and also
create the preconditions for the more transparent establishment of performance indi-
cators of personnel activity in an organization. The establishment of these indicators
supposes reducing the resistance of personnel to the process of digital transformation
of a business entity management system.

The cause-and-effect relationships of establishing the indicators values identified
with the help of big data tools become the basis for machine learning, which is
necessary to solve the following problems of digital transformation of the business
entity management system:

– creating a new market image based on the theory of weak signals, which consists
in the need to detect and to rank the weak signals from current and potential
consumers of services or products, to build their development forecast, and to high-
light significant needs and qualitative assessment, which contributes to forming
the potential forecast for the development of market niches corresponding the
business entity potential;

– forming a preventive marketing system, consisting of the following stages: estab-
lishing constant monitoring of all trends in the external environment; fore-
casting the consumer preferences development using weak signals; describing
the upcoming strategic and tactical implications for an enterprise; forecast results
assessment and possible risks analysis; flexible change in the assortment of goods
and services, taking into account the constructed forecast;

– developing the forecast of changes in economic andfinancial indicators of business
entities, taking into account the peculiarities of the macro and microenvironment
development;
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– making forecasts of the financial and tax burden of business entities, taking into
account the formedprototype of themarket and changes in themacro environment,
as well as taking into account the changes in the internal environment of an
economic entity.

The use of digital transformation of the business entity management system also
implies the inclusionof blockchain technologies necessary to create smart contracting
betweenmarket participants and to build a transparent interaction system, taking into
account reliable information about the financial and economic situation of business
entities and market prospects for the business entities activities. The use of smart
contracts will allow both to expand the geographical boundaries of the organiza-
tions’ activities and to create a new digital format for the economic integration of
entrepreneurial structures.

The comprehensive use of digital transformation of the business entities’ manage-
ment system in agriculturewill increase the level of their digitalmaturity by including
digital competencies and technologies in business processes, which will increase
their competitiveness significantly and create the preconditions for adapting to the
conditions of Industry 4.0.

As a result of forming the digital system for managing agricultural enterprises, it
will be possible to achieve an increase in the economic efficiency of these economic
agents’ activities by reducing the cost of agricultural production and increasing the
enterprises’ profitability.

The digital system use for managing agricultural enterprises will simultaneously
reduce both variable and fixed costs of economic agents. Reducing variable costs for
agricultural enterprises using a digital control system occurs by means of: reducing
the cost of fertilizing; selecting the placement of agricultural crops between the
fieldswith different germination conditions; adjusting business processeswhen using
agricultural machinery in the process of sowing and harvesting campaigns.

The basic tool for reducing the variable costs of a digital system formanaging busi-
ness entities in the field of agriculture is processing big data on production, technical
and technological, financial, and economic components of economic activity.

The use of big data tools in the digital management system of a livestock business
can reduce variable costs in such a «problem area» as the feeding process. Thanks
to the data analysis, a schedule is drawn up for the acquisition, storage, and supply
of feed to the livestock complex, which increases the efficiency of managing an
economic agent significantly. The reduction in fixed costs in the livestock complex is
due to the use of tools for processing big data andmachine learning for controlling the
temperature regime and supporting water supply and energy supply to the livestock
complex. Blockchain technologies, as well as in the case of an agricultural enterprise,
play a significant role in reducing the cost of the process of transactional interaction
within the enterprise and with the external environment. The cumulative reduction
in the total cost of the livestock complex using the tools of the digital control system
can be 35–40%.
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The share of variable costs of agricultural enterprises varies from 60 to 80% in
the structure of the total cost, and the use of tools of the digital agricultural enterprise
management system can reduce these costs by 20–30%.

A decrease in the fixed costs of agricultural enterprises takes place by means
of increasing the transparency of interaction between the structural divisions of an
economic agent and its counterparties and the formation of new effective contracting
conditions by reducing transaction costs. Blockchain technologies will allowmaking
effective smart contracts, both in the interaction of an agricultural enterprise with
third-party organizations and within an economic agent, which will significantly
affect the objectivity and transparency of business processes valuation and the
efficiency of financial and material flows redistribution at the enterprise.

Reducing fixed costs by 10–15% due to the use of a digital system in managing
an agricultural enterprise will allow an economic agent to reduce the total cost and
increase the competitiveness of its activities.

With the simultaneous use of machine learning elements that contribute to the
reliability of the crop yields forecast and the attractiveness of their implementation
on the market, an agricultural enterprise receives a balanced picture of income and
expenses and the ability to budget its activities effectively.

The digital system for managing agricultural enterprises by reducing costs and
predicting the receipt of financial results of their activities allows increasing the
economic viability of these economic agents.

6.4 Conclusion

The results obtained in this study allow us to make the following conclusions:

– the fourth industrial revolution has formed new perspective market niches, the
development of which is largely predetermined by innovative technologies and
digital services: foodnet, aeronet, and industrial biotechnology;

– developing a digital system for managing business entities in the field of agricul-
ture should be based on an integrated approach to the digitalization of business
processes for collecting and analyzing data and predictive analytics, which will
allow adapting the activities of an agricultural enterprise effectively to newmarket
niches and business conditions;

– the comprehensive digital transformation of the system for managing business
entities in the field of agriculture will be carried out more effectively on the RPA
technology stack (automation of business processes in data transfer), Big Data,
and Machine Learning;

– the use of blockchain technologies for making smart contracts with business enti-
ties in the field of agriculture will increase the efficiency of interaction between
economic actors and expand the possibilities of agglomeration in rural coopera-
tion, which will lead to a decrease in transformation and transaction costs, and,
as a result, will reduce the cost of manufactured products significantly.
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Chapter 7
Decarbonization Trends in the Largest
Post-soviet Countries and the Specifics
of Their Inclusion in the Global Climate
Agenda

Lyudmila Yu. Bogachkova , Lidiya S. Guryanova ,
and Nadezhda Yu. Usacheva

Abstract The research purpose is to identify the features and problems of the inclu-
sion of Kazakhstan, Russia, and Ukraine in the global climate agenda through the
analysis of aggregated indicators of decarbonization of these countries’ economies.
The final goal is to support the adoption ofmanagerial decisions aimed at ensuring the
sustainable development of these largest post-Soviet countries. The study outlines
a modern vision of the technological conditions for the green transformation of
world energy (energy transition) and describes the common economic tools of the
global climate agenda. The ambiguity of the concept of “inclusiveness” of this policy
has been revealed. It is argued that the consistency in achieving the entire set of
sustainable development goals including not only economy’s decarbonization, but
also inequality reduction and improvement of the population welfare is of utmost
importance for emergingmarketswhich, according to theUN, include the post-Soviet
countries under consideration. A comparative analysis of the dynamics of aggre-
gated indicators of the carbon intensity of the economies of Kazakhstan, Russia, and
Ukraine for 1990–2020 has been carried out. Prospects for improving their climate
and energy policy have been discussed to support decision-making aimed at the
coordinated achievement of energy policy goals.
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7.1 Introduction

A new annual report of the UN Intergovernmental Panel on Climate Change [18]
published in August 2021 provides impressive data indicating the development of
the global warming process and negative changes in the Earth’s climate system,
including those that seem to be irreversible. According to the authors of the report,
234 experts from 66 countries, the apparent driver of these processes is the anthro-
pogenic impact on the environment, emissions of greenhouse gases (GHG) into the
atmosphere, including the emission of carbon dioxide (CO2), formed mainly in the
field of traditional energy when burning hydrocarbons.

A purposeful transition (energy transition) to green energy, which exploits renew-
able energy sources (RES), such as hydroenergy, solar energy, and wind energy, is
the main way to prevent global warming recognized by the governments of most
countries and cross-country associations. The Global Energy Transition Strategy has
been developed and implemented under the auspices of the UN with the aim of
creating a low-carbon, energy-efficient, and inclusive green economy, characterized
by the involvement of previously unclaimed natural and labor resources in production
processes [30].

In the modern world, a broad consensus has been reached on measures for
preventing climate change, despite the fact that there are climate skeptics among
scientists and political and public leaders who question the anthropogenic nature of
global warming [2, 7, 16, 24, 26] and the feasibility of the conception of energy
transition [5].

In 1992, heads of a number of states adopted the Framework Convention on
Climate Change [4]. Later in 1997, the leaders of 159 developed countries signed
the Kyoto Protocol thus committing themselves to the reduction of greenhouse gas
emissions during 1997–2012 (the first stage) and 2013–2020 (the second stage). As
a result, tens of billions of dollars were invested in renewable energy. Finally, in
September 2015, the heads of 193 states agreed on the 2030 Agenda for Sustainable
Development (hereinafter referred to as the Climate Agenda), which included 17
Sustainable Development Goals (SDGs) [31]. The goals are as follows: cutting off
subsidies for the use of fossil fuels and creating conditions in which the perpetrators
of environmental pollution would pay for the negative consequences of their activ-
ities (SDG 13); application of environmentally friendly technologies, reduction of
greenhouse gas emissions (SDG 9); increasing the share of renewable energy in the
global energy balance (SDG 7); poverty elimination (SDG 1); inequality reduction
(SDG 10) [29], etc.

In December 2015, the Paris Agreement was signed to secure the obligations of
countries to implement the Climate Agenda. Themain goal of the Paris Agreement is
to keep the rise in mean global temperature to well below 2 °C above pre-industrial
levels and preferably limit the increase to 1.5 °C by reducing global greenhouse
gas emissions down to zero level by 2050, i.e., to achieve such a level of harmful
emissions, which will be balanced by the absorbing capacity of forests and oceans.
Currently, 191 countries have joined the Paris Agreement [29, 31].
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Fig. 7.1 Carbon dioxide emissions (on the left) and carbon intensity (on the right) of the world
economy. Source Compiled by the authors based on [8, 11]

The effectiveness of international climate policy can be judged by the dynamics
of the total volume of CO2 emissions on the planet and by the aggregate indicator
of the carbon intensity of the world economy, which is calculated as the ratio of
global CO2 emissions to the world gross product (Fig. 7.1). Figure 7.1 shows that
from 1990 to 2018 carbon intensity had been declining every year by an average of
7 g. of CO2 per one dollar of value added (at constant prices of 2015). However,
the gross volume of carbon dioxide emissions had been increasing on average by
542.09 million tons per year [12]. In the last pre-pandemic year of 2018, global CO2

emissions made 33.5 billion tons.
Despite the fact that from 2018 to 2020, the volume of global CO2 emissions

decreased from 33.5 to 31.1 billion tons (see Fig. 7.1), this is rather explained by the
negative impact of the COVID-19 pandemic on global industrial production than by
climate policy efficiency.

Therefore, CO2 emissions are expected to show growth trends in the course of
the post-pandemic recovery of the global economy. This means that the peak in CO2

emissions has not yet been passed, and more work remains to be done to achieve
zero CO2 emissions—the main goal of the Paris Agreement.

The research purpose is to identify the features and problems of the inclusion
of Kazakhstan, Russia, and Ukraine in the global climate agenda through the anal-
ysis of aggregated indicators of decarbonization of these countries’ economies. The
final goal is to support the adoption of managerial decisions aimed at ensuring the
sustainable development of these largest post-Soviet countries.
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7.2 Methodology

The study is based on the use of general scientific methods of analysis and synthesis,
descriptive statistics, and comparative analysis, as well as graphical and tabular visu-
alization of results. The research materials are represented with analytical and statis-
tical data of the UN, the International Energy Agency, the independent information
and consulting company Enerdata, the BloombergNEF research center, the Russian
Center for Strategic Research, and other sources.

7.3 Results

The system of measures developed to implement the Climate Agenda includes a
number of technologies and economic policy tools.

Technological conditions of the energy transition. While discussing the technolo-
gies required for the planet’s transition to a carbon–neutral state, it is reasonable
to compare two mid-2021 expert reports on the development of world energy until
2050. One of them was issued by the International Energy Agency (IEA) [20], and
the other by the BloombergNEF research center [21].

The IEA report [20] contains the traditional vision of energy decarbonization
based on the development of renewable energy sources (RES), solar and wind energy
in particular. Let us note that in this case, themassive introduction of nanotechnology
can play an important role in increasing the efficiency of RES generation and energy
storage [14, 19]. At the same time, according to the IEA experts, the possibilities of
achieving a zero balance of emissions by 2050 through the use of RES generation
are very limited.

Contrary to the existing green tradition, the report prepared by theBloombergNEF
analysts for the first time announces the ambiguity of low-carbon development and
outlines three scenarios—“green”, “gray”, and “red”, which are not necessarily alter-
native [21]. All scenarios envisage an increase in the share of electricity in final
energy consumption from the current 19% to 49% but the generation of electricity is
carried out in different ways. The green scenario, as always, is based on the powerful
development of renewable energy sources; the gray scenario assumes the preserva-
tion of gas and coal generation and a large-scale implementation of carbon capture
and storage (CCS) technology; and according to the red scenario, decarbonization is
provided primarily by means of nuclear energy production. Thus, it is increasingly
recognized by the global expert community that not only renewable energy sources,
but also hydrogen, nuclear energy, and carbon capture can play an important role in
achieving zero emissions in the world.

From the viewpoint of the climate agenda, special attention should be paid to
nuclear energy, since direct CO2 emissions from nuclear power plants are practically
zero. Today, there are 443 operating nuclear reactors in 34 countries around theworld.
On a global scale, the operation of all nuclear power plants in the world prevents the
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emission of greenhouse gases in the amount of 2 billion tons of CO2 equivalent per
year, which is commensurate with the absorbing capacity of the entire forest area of
the planet [22].

Scientists at the JointResearchCenter under theEuropeanCommission performed
a comparative analysis of various methods of generating electricity in terms of mate-
rial consumption, emissions of pollutants into the atmosphere, impact on human
health, and life expectancy [27]. As a result, it was found that in normal operation,
nuclear energy is highly competitive with the green methods of energy generation.
However, within the framework of the European climate strategy, the issue of recog-
nizing nuclear energy as a sustainable source of clean generation has not yet been
resolved.

TheRussian standpoint on the peaceful atom is unambiguous: it will be impossible
to solve the tasks of the climate agenda in themedium termwithout the use of nuclear
energy [22].

Economic tools of the climate agenda. The climate agenda includes a wide range
of economic tools [23]. International financial institutions, investment funds, and
insurance companies are in transition toward de-investment in projects related to
the exploitation of hydrocarbon energy resources and large volumes of CO2 emis-
sions. Stock exchanges and shareholders require companies to disclose their green-
house gas emissions. In the field of carbon reporting, both voluntary initiatives (for
example, the Carbon Disclosure Project [3]) and mandatory requirements (Directive
2014/95/EU44) have been developed. ESG (environmental, social, and governance
impacts) reporting is becoming one of the factors that predetermine the success of
large- and medium-sized enterprises. Energy efficiency standards and requirements
are becoming more widespread around the world [13].

The International Civil Aviation Organization and the International Maritime
Organization have developed and are currently implementing guidelines aimed at
compliance with mandatory measures to improve energy efficiency and reduce GHG
emissions from international air travel and shipping.

Today, green finance, green certificates in particular, have become widespread in
theworld. Initially, theywere used to record and confirm theproduction and consump-
tion of electrical energy based on alternative renewable energy sources. Later, a
market for these financial instruments was formed. This market was used to attract
private capital to the RES sector allowing companies to fulfill their environmental or
social obligations, as well as to enhance a “climate responsible” image of the busi-
ness. However, green certificates usually only apply to alternative RES (wind, solar,
and small-scale hydropower), which limits support for low-carbon energy sources
such as nuclear and large-scale hydropower [23].

Carbonpricing is one of themost drasticmeasures to ensure the reduction of green-
house gas emissions. This economic tool implies financial obligations for companies-
producers of CO2 emissions and other harmful substances. Both mandatory and
voluntary carbon pricing is applied in practice. Three types of carbon pricing can be
distinguished: carbon tax; emissions trading system; mixed schemes.
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In the Summer of 2021, it became known about the plans of the European Union
to tighten the European climate agenda which includes the introduction of a cross-
border tax on goods and services with a large carbon footprint imported into the
EU [6]. Thus, it is planned to equalize the competitive conditions of European and
foreign companies. The fact is that since 2005, European producers have paid for
greenhouse gas emissions, while importers from other countries do not usually incur
such expenses. Based on expert estimates, Russia and Ukraine will bear the greatest
losses associated with the introduction of this carbon tax. For Russia in particular,
losses can amount to e1.1 billion per year [28]. This makes urgent the problem of
inclusiveness of the climate agenda in relation to countries with emerging market
economies and the problem of adaptation to the energy transition of countries that
export goods to the EU.

Understanding the inclusiveness of the global climate agenda. The concept of
inclusiveness is multifaceted and is widely used in the energy transition litera-
ture. In a broad sense, inclusiveness is the involvement of countries in the global
climate agenda. In the UN program aimed at the preservation of the environment,
the term “inclusiveness” is used to denote the widespread production use of previ-
ously unclaimed natural and labor resources based on the development of renewable
energy sources [30, p. 16].

The concept of inclusiveness has one more meaning which is important for devel-
oping countries and countries with economies in transition—conformity of climate
change prevention (SDG 13) with other sustainable development goals, such as
poverty elimination (SDG 1), improving the well-being of population (SDG 3),
inequality reduction (SDG 10), and others [17]. The fact is that the climate policy
tools developed for the leading countries (carbon pricing and promotion of alterna-
tive RES generation) lead to an increase in prices for energy and other goods. For this
reason, relatively low-income populations in the developing countries and countries
with economies in transition may have to spend a larger share of their income on
electricity and gasoline. This leads to the deterioration of already low living stan-
dards and to exacerbated inequality in these countries and consequently contradicts
SDGs 1–3 and SDG 10. In our opinion, ensuring the inclusiveness of climate policy
in relation to these countries, understood as achieving consistency among all the
goals of sustainable development, requires a synthetic approach to the choice of
means of the energy transition. This implies the need to go beyond the traditional
climate policy, which is limited by the regulation of price levels, the choice of specific
methods of carbon pricing, and one or another form of compensation for losses of
the most vulnerable segments of the population [17]. A set of additional measures is
also required, including the development of safe nuclear energy, the introduction of
carbon capture and storage (CCS) technologies, etc.

On the inclusion of the largest post-Soviet countries in the climate agenda:
obligations and economies’ carbon intensity dynamics. Kazakhstan, Russia, and
Ukraine are the largest CO2 emitters in the post-Soviet space. These countries are
characterized by the largest population and production scale [1]. Table 7.1 shows
the climate goals and obligations of the countries under consideration as parties to
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Table 7.1 Basic, expected, actual, and target levels of GHG emissions in Russia, Kazakhstan, and
Ukraine (exemplified by CO2)

Year 1990 2018 (pre-COVID) 2030

Level Country Basic Expected Actual Target

Russia mln tons 2,163.50 1,747.03 1,587.00 1,568.54

% 100 80.75 73.35 70–75

Kazakhstan mln tons 237.3 204.08 214.0 189.84

% 100 86 90.18 75–85

Ukraine mln tons 688.6 495.79 181.8 No more than 413.16

% 100 70 26.4 no more than 60

Source Compiled by the authors based on [31]

the Paris Agreement to reduce greenhouse gas emissions. Thus, in a broad sense,
the inclusion of Kazakhstan, Russia, and Ukraine in the climate agenda is currently
proceeding.

If we assume that the movement of countries toward the set goals will take place
through a uniform reduction of emissions (both by years and by types of GHGs),
then the estimation of volumes of CO2 emissions in 1990 will allow us to easily
calculate the expected levels of emissions that should have been achieved by the last
pre-COVID year of 2018. Comparison of actual CO2 emissions with their expected
values demonstrates the effectiveness of achieving the set goals (Table 7.1).

As shown in Table 7.1, Russia is reducing CO2 emissions ahead of schedule:
in 2018, the actual level of emissions (1,587 million tons) was lower than the
expected level (1,747.03 million tons). Kazakhstan demonstrates the opposite trend:
the expected level (204.8million tons) is lower than the actual one (214million tons),
which can be considered as a sign of deficiency of the corresponding state policy.

Finally,Ukraine is fulfilling its commitments to reduceCO2 emissionsmuchahead
of the curve: actual emissions (181.8 million tons) are well below the expected level
(495.79 million tons). Thus, against the background of growing global emissions
(Fig. 7.1), the volumes of CO2 emissions in the largest post-Soviet countries are
decreasing (Table 7.1).

There is also a decrease in the relative shares of Kazakhstan, Russia, and Ukraine
in the global volume of CO2 emissions (Fig. 7.2).

Figure 7.2 shows that in 1990 the total contribution of the three countries to global
emissionswas about 15%, and by 2018, it decreased to 6%andmainly due toRussia’s
green policy. The shares of Russia and Ukraine in global emissions have more than
halved. Kazakhstan’s contribution decreased slightly. Thus, Kazakhstan, Russia, and
Ukraine are not responsible for the increase in global CO2 emissions (Fig. 7.1).

The carbon intensity of the economies of Kazakhstan, Russia, and Ukraine is also
decreasing at a faster pace as compared to the global dynamics (Fig. 7.3). According
to the data of the International Energy Agency, over the period of 1990–2018, CO2

emissions per unit of value added decreased by 35% on a global scale, by 40%—in
Russia, by 59%—in Ukraine, and by 58%—in Kazakhstan.



84 L. Yu. Bogachkova et al.

0%

2%

4%

6%

8%

10%

12%

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

Russia

Ukraine

Kazakhstan

Fig. 7.2 Contributions of Russia, Kazakhstan, and Ukraine to global greenhouse gas emissions
over the period of 1990–2020. Source Compiled by the authors based on [8, 11]
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Fig. 7.3 Carbon intensity or CO2 emissions per GRP unit at purchasing power parity in 2015 US
dollars. Source Compiled by the authors based on [8, 11]

Reduction of CO2 emissions and downward trends in the dynamics of relative
contributions of Kazakhstan, Russia, and Ukraine to global emissions, as well as the
decrease in the carbon intensity of their economies, give the impression of a high
degree of these countries inclusion in the climate agenda.

Factors reducing the economy’s carbon intensity and the problemof consistency
of various sustainable development goals. The achievement of the described results
in Kazakhstan and Ukraine was facilitated by the high rates of RES development,
stimulated by green tariffs. In 2018, Kazakhstan ranked first among countries under
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consideration in terms of contribution of RES generation facilities, including hydro-
electric power plants, to electricity generation. At the same time, a slight decrease
in Kazakhstan’s contribution to global CO2 emissions (Fig. 7.2) can be explained
by the relatively high rates of economic growth in this country and the structure of
energy balance, in which coal has the largest share [1].

Russia’s economy is characterized by a relatively low level of carbon intensity
as compared to Kazakhstan and Ukraine (Fig. 7.3) due to the large shares of hydro
and nuclear generation in electricity production. High rates of nuclear energy devel-
opment have a positive effect on the reduction of CO2 and other greenhouse gas
emissions.

As shown in Table 7.1, over the period of 1990–2018, Ukraine had ranked first
among the countries under consideration in terms of reduction of CO2 emissions
(in % to the level of 1990). In 2020, Ukraine made the smallest contribution to
global emissions (Fig. 7.2) and reached the lowest level of the economy’s carbon
intensity (Fig. 7.3). It is also known that over the past 5 years, the country had
achieved the greatest success in increasing the contribution of solar and wind power
plants to the total volume of electricity generation. This was facilitated by large-scale
foreign investment [1], which testifies to a high degree of inclusiveness understood
as involvement in the process of wind and solar energy generation. However, the
main factors behind these results also include a deep economic recession, a sharp
decline in the real disposable income of the population, deindustrialization, industrial
decline, and the war in Donbas [1]. Thus, Ukraine’s inclusion in the climate agenda,
understood as consistency in achieving sustainable development goals, is highly
problematic.

In all post-Soviet countries, the systemic economic crisis that followed the collapse
of the USSR and its negative socio-economic manifestations played a significant role
in reducing CO2 emissions. Real GDP growth rates in 1995–2018 were lowest in
Ukraine (128.51%), medium in Russia (197.57%), and the highest in Kazakhstan
(345.14%) [1]. In the course of the economic development of these countries, other
conditions being equal, the trends in CO2 emissions may be reversed. In this regard,
despite the reduction in the contributions of Kazakhstan, Russia, and Ukraine to
global CO2 emissions, coordinators of the United Nations Environment Program
(UNEP) assess the progress of Russia and Ukraine in the field of decarbonization
of the economy as “critically insufficient” and the achievements of Kazakhstan as
“insufficient” to achieve the goals of the Paris Agreement [23, p. 21].

Enhancement of national energy policies for coordinated achievement of
sustainable development goals. The problem of modernizing energy policy in
Kazakhstan, Russia, and Ukraine has become urgent and aggravated against the
background of the anticipated introduction of cross-border carbon regulations by the
European Union [25]. All three countries are major suppliers of goods with a large
carbon footprint to the EU, and their losses from the introduction of the cross-border
carbon regulations are estimated by analysts at billions of dollars. To reduce and
neutralize the expected damage, it is planned to use national systems for monitoring
CO2 emissions and internal trade in CO2 emissions.
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Kazakhstan already has an exchange for trading CO2 emissions, and now this
republic has announced plans to introduce its own cross-border carbon regulation
similar to the EU to reduce the tax burden on Kazakh exporters to the EU. Experts
admit the possibility of creating a unified carbon regulation system in the EAEU
after the unification of the gas and energy markets in 2025 [25].

Today, Russia does not have an internal carbon pricing system. To exclude
payments of the carbon tax to the EU countries, Russia is developing the mecha-
nisms of internal regulation of emissions with payments to the state budget. It is
also planned to achieve recognition of this regulation at the international level so as
to replace payments to the EU budget with internal payments for CO2 emissions in
Russia [10, 15].

Ukraine also plans to launch an internal emission trading market as part of the
country’s obligations under the Agreement of Association with the European Union.
Ultimately, the EU’s position on the introduction of the cross-border carbon regula-
tions in relation to Ukraine will depend on the degree and quality of implementation
of this agreement [9].

To solve the problem of the inclusion of post-Soviet countries in the coordinated
achievement of various sustainable development goals, it is advisable to use nuclear
power, which is characterized by a low-carbon nature and high technological and
economic efficiency. The most promising areas for the development of this industry
are representedwith two-component nuclear powerwith a closed fuel cycle, hydrogen
power, and mass commercial production of small-scale nuclear power plants for
power supply to remote regions [22].

7.4 Conclusion

Thus, the inclusion of the post-Soviet countries in the climate agenda and sustain-
able development policy can be ensured through the enhancement of national energy
strategies in the following areas: an integrated approach to the choice of technolo-
gies for the transition to low-carbon energy, including the elements of the gray and
red scenarios in addition to the green trend; introduction of national systems for
monitoring greenhouse gas emissions and CO2 emissions trading; development of
transparent competitive market mechanisms for stimulating renewable energy gener-
ation; and creation of the conditions for attracting investments in the capital market
by means of green finance.
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Chapter 8
Ensuring the Openness
of Environmentally Relevant Information
as an Environmental Component
of Inclusive Growth of Russia’s Regions

Elena A. Ivantsova , Elena A. Zaliznyak , Anna A. Matveeva ,
and Anna V. Kholodenko

Abstract The system of environmental indicators of inclusive development of any
region should be aimed not only at economic stimulation but also at the develop-
ment and promotion of human well-being, including improving the environmental
aspects of the quality of life of the population. The right to access information about
real indicators of the quality of the environmental components is one of the prior-
ities in the social responsibility development of business. As part of the research,
the evaluation of the official websites of companies was carried out, which revealed
that the open-access information does not meet the requirements for the prepara-
tion of “optimal” non-financial reports. The enterprises of the region were offered
the opportunity to show their interest in disclosing information by filling out the
developed checklists reflecting the indicators of non-financial reports in the field of
sustainable development and the Global Reporting Initiative (GRI). The contributors
gave recommendations on the main areas of interaction between business represen-
tatives and stakeholders that will enhance the effectiveness of state environmental
supervision and public control in the field of environmental protection, as well as act
as one of the ways to achieve the environmental component indicators of inclusive
growth of Russia’s regions.
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8.1 Introduction

The emphasis on the inclusive growth concept in the search for adequate models of
socio-economic development is justified from the perspective of the key challenges
facing modern society. One of the five leading global risks reflected in the report
“Global Risks—2015” of the World Economic Forum is environmental. Even at the
initial formation stage of the green inclusive growth concept, it was emphasized that
in this context, focusing only on standard indicators is impractical. Thus, GDP per
capita does not reflect the real well-being of citizens and does not take into account
income inequality and the damage caused to the environment, including the depletion
of natural resources.

Existing approaches to measuring inclusive growth are usually associated with
quality of life and living conditions elements. They are often equatedwith issues such
as healthcare, the environment, education, access to basic services, security, infras-
tructure, and financial affordability. In order to measure and understand inclusive
growth, it is necessary to take into account its impact on inequality [15, 22].

Inclusion issues are related to the accumulation of net income per capita, providing
incentives for environmental protection and guaranteeing access to environmentally
relevant information. At first glance, these issues may seem unrelated, but the place-
ment of data on the impact of economic entities on environmental components
contributes to the transition to business openness, and the openness of any infor-
mation allows identifying risks and improving the risk management system. In turn,
this activates environmental protection activities, the effective implementation of
environmental innovations, which contributes to the creation of corporate and envi-
ronmentally responsible brands and increases the competitiveness of business, both
in the domestic market and in external economic affairs. These directions affect the
total income of the population. Improvements may be followed by an increase in
GDP per capita if these directions are implemented in practice.

Measures taken in each area (economic, social, and environmental), in terms
of stimulating inclusive growth, should be quantified according to a certain set of
indicators, given that the basis of inclusive growth is, among other things, ensuring
equal opportunities for all groups of the population in various spheres, including
equal access to information.

Information openness of business in the field of environmental safety of the region
is one of the components of the public administration quality assessment system
formed by experts of the Analytical Center under the Government of the Russian
Federation and the World Bank as part of the program for monitoring the quality of
public authorities andmechanisms for improving public administration in the regions
[10, 13].

Themain problem for the development of voluntarymechanisms of environmental
responsibility is the closeness of information on the impact of companies on the
environment.
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Table 8.1 Limitations and problems of non-financial reporting formation of Russian companies

The “Trilemma” of restrictions

Difficulty in compiling the
CSR scalability

An integral part of non-financial reporting Company expectations

Types of report categories

Optimal Non-core Technical

Problems

Legal Economic

The lack of commitment by companies to the
“objective” assessment of their economic
activities consequences

Methodological inaccuracy of indicators for
environmental reporting of NEI
entities, legally established and
corresponding to the Sustainable
Development Goals (SDGs)

The lack of clear regulation of the procedure for
disclosure of corporate non-financial reporting
for the SDGs The absence of an acceptable methodology

for the cost assessment of environmental
damage and the impact of risk occurrences,
both for the company and for the region

The lack of incentive to non-financial
reporting publicity

Source [2, 3, 5, 9, 11, 19, 20]

According to the research of Russian scholars, such as [4, 11, 12, 14, 19],
the system of non-financial reporting implementation faces many limitations and
problems (Table 8.1).

However, despite some difficulties, summarizing observations of the non-financial
reporting process development among Russian companies, it should be noted [14]
that the non-financial reporting of large companies acquires maturity features and
creates a good basis for further development of data collection and analysis systems
that will be crucial for the quality of reporting in the future.

The scientific research outlined objectives for solving the problem of environ-
mental information openness by regional business communities and developing
practical recommendations to ensure the information openness to interested parties
(stakeholders). This is of particular importance in the changed conditions of theworld
economy transformation and the exponential development of the “green” economy.
Enterprises that use natural resources should be competitive not only in the domestic
market but also in the foreign market, taking into account the goals of sustainable
and inclusive development.

8.2 Methodology

The environmental responsibility mechanisms are based on international environ-
mental standards, which allow stakeholders to receive publicly available information
about the state and degree of impact on environmental components. These include
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environmental certification and non-financial reporting containing environmentally
relevant information, certified by a “third” independent party. According to a number
of foreign researchers, such as [2, 3, 5, 6, 18], the implementation of such approaches
to business social responsibility based on the access of stakeholders and, first of all,
the population to environmental information in rapidly developing economies has
shown their effectiveness and efficiency.

Environmental responsibility, first of all, is related to the existing standards of
environmental safety and resource conservation adopted in a particular state, and
its high-quality implementation is associated with the introduction of stricter envi-
ronmental requirements by the state. M. Porter was one of the first to raise the
issue of coordinating the achievement of competitive advantages by businesses based
on achieving high environmental results and noted that the management effective-
ness significantly depends on the institutional environment quality of entrepreneurial
activity [16].

Global Reporting Initiative Standards (GRI Standards) provide a comprehen-
sive, flexible, and adaptable structure that companies under any form of ownership,
regardless of their production volume, can use to compile reports on their economic,
environmental, and social impact. For example, in Switzerland, a report in the field
of sustainable development is provided by both a large contractor All real-Gruppe
and a representative of a small business—a real estate manager [8].

Companies use the GRI Standards when preparing reports, as well as other
guidelines and standards, including the United Nations Global Compact, the Social
Charter of Russian Business, the basic performance indicators of the RSPP (Russian
Union of Industrialists and Entrepreneurs), and indicators of the RSPP indices for
sustainable development (“Responsibility and Openness” and “Vector of Sustainable
Development”) [1, 4, 10, 12, 13].

The system-forming enterprises of the Volgograd region were selected as the
object of the study, most of which belong to the service sector (77.2%) and only
22.8% to the production sector, i.e., the real sector of the economy. In addition, the
main part of the GRP of the Volgograd region (76% of the total volume) is created by
branches of the real sector of the economy, more than 40% of this GRP volume falls
on industrial production and 17% on agriculture; urban districts account for 90% of
the industrial production of the region [7, 21].

One of the key areas of successful development of the region industrial complex
at present is, among other things, its compliance with modern environmental safety
requirements. The transition to the so-called “green economy”, the implementation
of the rational nature management principles, minimizing the negative impact on
the environment, and stimulating environmental protection activities are one of the
priorities of the Volgograd region.

In the course of the study, an analysis of the official websites of enterprises was
carried out to identify environmentally relevant information in public access. The
analysis reflected that out of 27 objects rated in the high-risk category (21 enterprises
and 6 structural units), 16 objects (9 enterprises and 7 structural units) do not have
their own official websites. Such enterprises include, in most cases, either branches
of large companies, for example, industrial sites of LLC “Nizhnevolzhskaya Oil
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Company” and JSC “Uryupinskaya” Poultry Farm, or small companies, for example,
LLC “Spetsavtotrans”.

Of all the enterprises belonging to the I category of NEI entities, only
JSC “Volzhsky Pipe Plant” and LLC “LUKOIL-Volgogradneftepererabotka”
partially place information on the impact of the enterprise on environmental
components and environmental measures carried out in the public domain.

The National Register of Non-Financial Reports contains 176 companies, and
the list does not include any enterprises operating in the Volgograd Region. Trans-
parency of environmental and energy reporting (50.1% of disclosed indicators) for
the companies under study is better than the average in Russia (48.6%). This reflects
thewillingness of companies to discuss their achievements and problemswith society
and investors [1, 7, 13].

When establishing an accurate picture of the information openness of regional
companies, it is necessary to take into account not only the desire of the enter-
prises to provide information but also the availability of requested information from
relevant ministries and departments. Special attention is paid to the consumers of
this information—stakeholders (the population, public environmental organizations,
and the scientific community), that is, interested parties. Regional enterprises were
offered the opportunity to show their interest in disclosing environmentally relevant
information also by filling out authorial checklists structured by blocks.

Official requests were sent to companies for providing information on emissions,
discharges, disposal of industrial and consumer waste, as well as on energy consump-
tion and energy conservation. The “Manage” and “Responsibility and Openness”
blocks included issues on environmental policy, environmental protection costs, and
the degree of readiness for business openness. The “Manage” block included two
blocks: themain one (the availability of an environmentalmanagement system and an
industrial environmental control program) and an additional one (current and capital
costs for environmental protection; the amount of payments for negative environ-
mental impact). The additional block focused on the results of state supervision of
the company, violations of environmental legislation, and existing complaints from
citizens regarding the impact of facilities on the environment. The “Responsibility
andOpenness” block is aimedat identifying themanager’s awareness of non-financial
reports’ existence in the field of sustainable development and the Global Reporting
Initiative (GRI). A special place in the checklist was given to assessing the potential
readiness of companies to provide environmental information at the request of inter-
ested parties, placing quantitative data on the amount of pollution and the real costs
of environmental protection in the public domain.

According to the results of processing the checklists, it should be noted that
about 30% of companies responded to official requests. More than 70% ignored
the request to participate in the study, and 21.5% of respondents refused to provide
information by citing trade secrecy or the availability of the requested information
on the official websites of authorities in the field of environmental protection and
territorial statistical bodies.
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Only six enterprises provided fully completed checklists: the oil company LLC
“LLK-International”, JSC “Volzhsky Pipe Plant”, the KF LLC research and produc-
tion enterprise, Municipal Unitary Enterprise “Plumbing and Sewer Facilities” (the
city of Volzhsky), JSC “Volzhsky Orgsintez”, and OJSC “EKTOS-Volga”. It should
be noted that JSC “Volzhsky Pipe Plant” and LLC “LLK-International” are aware
of non-financial reporting and are ready to support the initiative of business open-
ness by generating reports in the field of sustainable development. However, most
companies referred to the lack of accounting for such information, for example, LLC
“Ecosphere” and LLC “Volga-Business” (the city of Volzhsky).

Based on the results of the study, it can be concluded that business structures have
not yet expressed theirwillingness to disclose detailed environmental reporting, refer-
ring to corporate policy and the provision of environmental reporting to supervisory
authorities.

Under the act of Federal Law “On Providing Access to Information on the Activ-
ities of Government Bodies and Bodies of Local Self-Government”, No. 8-FZ,
February 9, 2009, citizens have the right to receive the requested information in accor-
dance with the procedure established by law.Within the framework of the study, offi-
cial requests were formed to the relevant local government structures to obtain infor-
mation about regional companies in accordance with the developed checklist. The
Finance Committee of the Volgograd Region and the Economic Policy and Devel-
opment Committee of the Volgograd Region forwarded the requested information
“volumes of products produced by enterprises in monetary units” to other commit-
tees and departments, with reference to the lack of authority. The Committee of
Housing and Utility Services and Fuel and Energy Complex of the Volgograd region
provided information on the block “Energy Saving” according to the general data of
the energy passport of thermal power plants of the city and the region. Volgogradstat
responded that the requested information relates to primary statistical data and is not
subject to disclosure and (or) dissemination. The Committee of Natural Resources,
Forestry, and Ecology of the Volgograd Region in its response referred to the annual
reports on the state of the environment posted on the website of the agency and also
indicated that it does not carry out supervisory and other measures at the NEI entities,
since this is not stipulated by current legislation. The Interregional Department of
Rosprirodnadzor for the Astrakhan and Volgograd regions provided information on
the indicators of state supervision for all impact blocks in a generalized form, except
for the waste management system of production and consumption.

Thus, it can be noted that at present, the lack of interest in providing environmental
information to stakeholders by both enterprises and authorities forms limitations of
inclusive growth.
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8.3 Results

The industry of the Volgograd region is a driver of sustainable economic growth and
ensures the stability of the budget system, the financial base for social and infras-
tructural transformations, including within the framework of the implementation of
priority and national projects.

Based on the analysis of official statistics and websites of regional companies,
it was concluded that there is a lack of business social responsibility, in terms of
the environmental component. Therefore, the problem of environmental information
disclosure cannot be solved only by third stakeholders, and it is necessary to involve
municipal authorities as a “carrier” of environmental information from affiliates in
the social responsibility system of regional business.

According to the state register of objects, that result in negative environ-
mental impact (NEI), 1,589 federal agencies for environmental supervision were
registered in the Volgograd Region as of 01.01.2020, of which 109 (6.9%) belong
to category I—objects having a significant negative impact on the environment and
related to the areas of BAT application, and 3257 objects of NEI entities of the
regional supervision agencies (Table 8.2).

Table 8.2 shows thatmost of the federal (67.5%) and regional (96.3%)NEI entities
of the supervision level belong to the III and IVcategories—insignificant andminimal
environmental impact, respectively.

The authors proposed an innovative model for the information system formation
in the structure of environmental safety of the region (openness and transparency of
the impact of economic entities on society and the environment).

In our opinion, an effective model of trilateral interaction should function as
follows:

– regional authorities form an open information platform (based on a set of system-
atized data on the state of the environment, as well as factors affecting its
quality indicators and environmental safety of the region as a whole, updated
by the authorities in accordance with their competence). Interaction of the
Federal Service for Supervision of Natural Resources, the Committee of Natural
Resources, Forestry, and Ecology of the Volgograd Region, Rospotrebnadzor, and
the Economic Policy and Development Committee of the Volgograd Region is
recommended.

– the electronic database is compiled on the basis of environmental monitoring
data, environmental reporting of enterprises, integrated/environmental reports of

Table 8.2 The number of NEI entities on the territory of the Volgograd region as of 01.01.2020

The level of state environmental supervision I II III IV

Federal 109 407 957 116

Regional – 121 2.171 965

Source [17, 21]
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enterprises, reports in the field of sustainable development, the results of control
and supervisory activities of Rosprirodnadzor, and the Committee of Natural
Resources, Forestry, and Ecology of the Volgograd Region;

– informational and methodological support of business structures on the prepara-
tion of reports in the field of sustainable development is provided by the author-
ities (in the pilot project, representatives of public environmental organizations
and scientists of regional universities can assist in the preparation of the report);

– regional authorities receive an information request from interested parties to
provide data on the impact of enterprises on the environment; bring to the atten-
tion of the stakeholder possible sources containing information of interest in the
public domain (e.g., a regional open information platform, the UONVOS portal);
provide data based on environmental reporting of business entities; and with the
help of existing institutional levers of influence and, based on the information
model created in the region, request information directly from the enterprise.

An important element is the boundaries of environmental reporting, i.e., the
company must take into account the impact on environmental components not only
within its activities but also go beyond the boundaries of its territorial location
(suppliers and consumers of services and goods).

The achieved results provide a solution for a number of key issues:

– Identification of successful practices for improving public reporting and activities
in the field of environmental responsibility and sustainable development of the
region;

– Methodological assistance to interested companies in the preparation of non-
financial reports and further development of the reporting process;

– Identification of potential opportunities for solving problems in the field of envi-
ronmental protection by the efforts of three sectors (state, private, and public),
optimizing the resources of each of them, through information interaction.

8.4 Conclusion

The experience gained will allow identifying key elements of interaction between
business representatives and stakeholders (public authorities, public organizations,
and the population) to increase the effectiveness of state environmental supervision
and public environmental control in the field of environmental protection.

Business communities should increase the degree of environmentally rele-
vant information openness and introduce the best available technologies at their
enterprises as a tool to increase competitiveness in the global and domestic market.

Companies should be guided by the principles of completeness and reliability
of the information, which contain a complete list of legally established informa-
tion, including up-to-date data not only for providing environmental reporting to
regulatory authorities but also the interested parties.
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Undoubtedly, when introducing mandatory public non-financial reporting for
companies, a necessary condition is the development and actual functioning of an
innovative model for the information system formation in the structure of environ-
mental safety of the region (openness and transparency of the impact of economic
entities on the population and the environment).

Information flows should be distributed in such away that interested parties (popu-
lation, public environmental organizations, and scientific community) have access
to the requested information by obtaining it only from official sources (reliability
guarantee), thereby fulfilling one of the conditions for achieving sustainable and
inclusive development of the region.
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Chapter 9
The Development of Inclusive Economy
Based on Digital Technologies:
Econometric Assessment of Formation

Farida G. Alzhanova , Mikhail M. Guzev , Elena V. Loginova ,
and Aleksander A. Polkovnikov

Abstract The contributors propose an econometric model to analyze the correla-
tion between the indexes that evaluate digital technologies adoption in economic
activities and social interactions and the indexes that quantify the attributes of an
inclusive economy. Firstly, open-access values were collected for the two groups
of indicators, namely, the exogenous indexes measuring the effect of digital tech-
nologies on socio-economic systems, and endogenous indexes characterizing the
economic development of society. The values were used to estimate the degree of
the economy inclusiveness. For this purpose, with the aid of Python programming
and the linear and Bayesian linear (ARD) regression methods, an econometric model
was constructed to establish the correlation between the exogenous and endogenous
indexes, which are crucial for inclusive economic development. The econometric
model was used to rank in descending order the endogenous indicators that show a
degree of inclusive economic development. The indexes were ranked in the following
order: The Legatum Prosperity Index; The Index of Economic Freedom; The Doing
Business Index; GDP per capita; The Corruption Perceptions Index. The ranking
allowed us to identify the most significant effects of digitalization processes on the
development of an inclusive economy.
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9.1 Introduction

The urgent matters for modern society include ‘work on climate change, debt, and
inequality, working towards green, resilient and inclusive development’ [1]. The
proposed agendum makes the study of an inclusive economy one of the intensively
growing fields of research. Rapidly, the ideas of an inclusive economy have found
their way into programs and strategies developed for countries and regions.

The key topics discussed at the International Conference on Technology Policy
and Innovation (1998) were devoted to ‘knowledge for inclusive development, the
role of science and technology policy in promoting inclusive development, bridging
the gap through the exchange of knowledge between countries with different levels
of development [2]. In 2010, following the Lisbon Strategy in Europe, the Europe
2020 ‘Strategy for Smart, Sustainable and Inclusive Growth’ was proclaimed [3].

However, there are relatively few publications on this topic. Whereas the search
query ‘digital + inclusion’ in the Web of Science database yielded as many as 1080
works published since 2004 the search query ‘inclusive + economy’ retrieved only
61 publications dedicated to the topic under discussion.

Studies devoted to inclusive economic development address a range of issues.
They seek to define attributes of an inclusive economy [4], adapt capitalist institutions
to strategies that focus on empowerment [5]. Some discuss how to form a dynamic
and socially inclusive economy, develop an inclusive social security system, and
define measures that need to be taken to overcome inequality in the labor market [6]
and health care system.

It is vital to say that to achieve the goals of an inclusive economy, policies and
measures have to be developed that would ensure economic inclusion. As such,
studies point out equal access to infrastructure for all economic agents regardless
of their geographical location. Others point out the necessity of anti-discrimination
legislation adoption, implementation of inclusive labor and employment policies,
adoption of inclusive labor standards, the launch of subsidized schemes and programs
for employers to encourage inclusive employment, development of inclusive urban
planning technologies, and construction of inclusive transport networks. Inclu-
sive development targets can be estimated against the GDP per capita index, the
unemployment rate of the economically active population, gender equality among
the unemployed, accessibility of transport infrastructure, accessibility of digital
infrastructure, labor productivity, and greenhouse intensity of GDP.

It is obvious that social inclusion can be reached through some interrelated poli-
cies and programs. They ought to include the creation of a barrier-free environment
(technical compensatory facilities, composite services, assessing the accessibility of
facilities and services) for vulnerable and disadvantaged social groups [7], intro-
duction of anti-discrimination norms, inclusion of disadvantaged groups into social
processes, providing the availability of specific social benefits and inclusive services
in health care, implementation of inclusive education technologies and enhancement
of financial inclusion for all the categories of citizens and all the sectors of the
financial market [8].
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With the rapid growth and spread of information technology, researchers’ interest
in the issue of inclusion in the digital world has increased. A separate field of research
on the inclusive economy is associated with research on the digital gap, including the
gender digital gap [9], basic or advanced digital skills [10], digital dividends [11]. The
World Bank report notes that digital technologies will neither boost productivity nor
reduce inequality unless society creates conditions to improve the business climate
and governance, and increase investment into education and health. However, we
have to say that facilitated access to digital technologies provides new opportunities
for economic development, including an inclusive one, which currently is consid-
ered a guarantor of stability in society. Experts at the World Economic Forum in
Davos (2018) emphasized that an inclusively developing economy is more resilient
to external threats and economic crises.

9.2 Materials and Method

Digitalization of society contributes to a great extent to the transformation of the
market economy into an inclusive one. This transformation suggests that society
ensures a transition from an exclusive to an inclusive system of distribution of bene-
fits and creates conditions to improve the quality of life [12]. An inclusive economy
focuses on an individual’s abilities. However, based on the theory of production
factors developed by O. Inshakov [13, 14], the production function of an inclu-
sive digital economy prioritizes the technical and technological factors but not the
human [12], which causes controversy in the formation of new economic relations
manifesting itself in the contradiction between ‘the dominant of growth’ and ‘the
dominant of development’. To tackle this contradiction, it is necessary to carry out a
factor analysis of the inclusive ‘digital’ economy and define the impact of digitaliza-
tion on economic growth and social development. This target can be fulfilled using
econometric analysis methods.

The econometric analysis that measures the impact of digital technologies on
economic practices and social interactions and the development of an inclusive
economy consisted of several stages. First, we defined endogenous indicators as
the quantitative values of the variables that characterize an inclusive economic
development in the digital environment (Table 9.1).

Then, we collected data for the exogenous indicators that characterize the readi-
ness of countries for digitalization (Table 9.2), and endogenous indicators of the
proposed econometric model that estimate the impact of digitalization on the
development of an inclusive economy.

Further, we obtained correlation matrices for the indices and sub-indices of the
exogenous indicators of the proposedmodel, the analysis ofwhich enabledus to select
those characterized by the least multicollinearity. The data remained was normal-
ized, and regression analysis was performed using LINEAR models and Bayesian
linear (ARD) regression. Then, we ordered the exogenous indicators according to
the impact they have on the endogenous indicators. Finally, by evaluating the quality
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Table 9.1 The endogenous indicators of an inclusive economy

No. Index Characteristics of an inclusive economy indicators

1 GDP per capita The positive dynamics of the indicator
characterizes economic growth that provides
opportunities for economic development

2 The doing business index Characterizes the existence of transparent and
effective business regulations that ensure equal
access to business opportunities

3 The corruption perceptions index The high value of the index characterizes the
openness and low corruption in the state and
economic sectors

4 The economic freedom index The high value of the index characterizes a low
level of government intervention in the production,
distribution, and consumption of goods and
services, which means an insignificant amount of
government preferences for the business sector

5 The Legatum prosperity index Measures the parameters of public welfare
(economy, entrepreneurship, management,
education, health care, security, personal
freedoms, social capital, ecology), which taken
together characterize opportunities for inclusive
growth

Table 9.2 The exogenous indicators of an inclusive economy

No. Index Characteristics

1 Network readiness index Measures the level of development of
information and communication technologies
(ICT) and the network economy in the
countries of the world

2 Global digital competitiveness ranking
index

Scores the capabilities (knowledge,
technology) of countries and their readiness
for digital transformation

3 Global connectivity index Scores digital transformation of countries
according to the criteria: investment in ICT
development, ICT maturity, and indicators of
the digital economy

4 The inclusive internet index Measures the quality and breadth of available
infrastructure required for access and levels of
Internet usage and the capacity to access the
Internet including skills, cultural acceptance,
and supporting policy

5 E-government development index Measures the availability of public services
and the openness of the government when
making decisions

6 B2C E-commerce index Measures accessibility of electronic
transactions
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of regressions, we ordered the endogenous indicators according to their impact on
an inclusive economic development.

With the aid of the Python programming language and using its libraries Pandas,
Numpy, SkiKit Learn, we constructed an econometric model to build regression
lines and analyze the indexes values. Firstly, we treated the values with linear, linear
Bayesian (ARD), Lasso and Ridge regression models. As the latter two models
showed insignificant coefficients, we excluded them from the analysis used below.

Linear regression is based on a linear function that reflects the dependence of
factors (regressors, variable values) on the predicted (resulting) variable [15].

Bayesian linear regression (ARD) is based on the conclusion made in 1992 by
David Mackay [16, 17], according to which an posteriori estimate of the variance is
derived for each coefficient, afterwhich the coefficientswith variance close to zero are
reset to zero. In this case, each weight is compared with the so-called regularization
coefficient, which is an indicator of the adaptability of the variable to the initial data.

9.3 Results

We collected the data on the values of endogenous and exogenous variables of the
econometricmodel fromopen-access Internet sources to evaluate the impact of digital
technologies on the development of an inclusive economy in the world’s countries
[18–26].

Based on the obtained data, we constructed correlation matrices, and for the
exogenous indexes we excluded from the model insignificant (closely correlated)
values of the correlation coefficients whose magnitude are bigger than or equal to
0.7 or less than or equal to −0.7 (Tables 9.3, 9.4, 9.5, 9.6, 9.7 and 9.8).

Due to the analysis of correlation matrices, we selected the exogenous indicators
with the lowest multicollinearity (Global Connectivity Index, Network Readiness
Index, E-Government Development Index, E-Participation Index, Online Service
Index, Human Capital Index, Telecommunication Infrastructure Index, UPU Postal
Reliability Score, B2C E-Commerce Index).

Table 9.3 Correlational matrix of the network readiness index

Network readiness
index

Technology Humans Management Impact

Network readiness
index

1 0.981 0.954 0.976 0.960

Technology 0.981 1 0.899 0.954 0.929

Humans 0.954 0.899 1 0.925 0.894

Management 0.976 0.954 0.926 1 0.896

Impact 0.960 0.929 0.894 0.896 1
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Table 9.4 Correlational matrix of the global digital competition index

Global digital
competition index

Knowledge Technology Readiness for the
future

Global digital
competition Index

1 0.948 0.967 0.961

Knowledge 0.948 1 0.888 0.848

Technology 0.967 0.888 1 0.904

Readiness for the
future

0.961 0.848 0.904 1

Table 9.5 Correlational matrix of the global connectivity index

Global connectivity
index

Supply Demand Algorithms of
correlation

Potential

Global connectivity
index

1 0.959 0.928 0.967 0.927

Supply 0.959 1 0.864 0.888 0.864

Demand 0.928 0.864 1 0.893 0.753

Algorithms of
correlation

0.967 0.888 0.893 1 0.906

Potential 0.927 0.864 0.753 0.906 1

Table 9.6 Correlational matrix of the inclusive internet index

The inclusive
internet index

Availability Accessability Urgency Readiness ara>

The inclusive
internet index

1 0.566 0.568 0.280 0.421

Availability 0.566 1 −0.25 0.102 0.29

Accessability 0.568 −0.25 1 −0.096 −0.008

Urgency 0.280 0.102 −0.096 1 −0.061

Readiness 0.421 0.29 −0.008 −0.061 1

Table 9.7 Correlational matrix of the E-government development index

E-government
development index

Online
service index

Telecommunication
infrastructure index

Human
capital index

E-government
development index

1 0.937 0.938 0.865

Online service index 0.937 1 0.812 0.739

Telecommunication
infrastructure index

0.938 0.812 1 0.716

Human capital index 0.865 0.739 0.716 1
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Table 9.8 Correlational matrix of the B2C E-commerce index

B2C
E-commerce
index

A proportion
of population
using Internet

A proportion
of population
at the age 0f
15 years and
above having
a bank
account

A number of
safe servers
per 1 mln.
population

Sub-index of
postal
reliability of
the integrated
postal
development
index of the
Universal
Postal Union

B2C
E-Commerce
Index

1 0.853 0.834 0.813 0.643

A proportion
of population
using Internet

0.853 1 0.766 0.709 0.307

A proportion
of population
at the age of
15 years and
above having
a bank account

0.834 0.766 1 0.685 0.279

A number of
safe servers
per 1 mln.
population

0.813 0.709 0.685 1 0.237

Sub-index of
postal
reliability of
the integrated
postal
development
index of the
Universal
Postal Union

0.643 0.307 0.279 0.237 1

At the next stage of the study, we normalized the values of the selected exogenous
and endogenous indicators based on the use of the preprocessing normalize func-
tion of the NumPy library of the Python programming language, to work with the
indicators whose values used to have different bases before normalization.

To estimate the impact of the selected exogenous indicators values on the values
of the endogenous indicators, we carried out a regression analysis using two models
ARD and LINEAR. The results are shown in Tables 9.9, 9.10, 9.11, 9.12 and 9.13.

The performed regression analysis showed that the endogenous variable of GDP
per capita in the ARDmodel is most influenced by the Network Readiness Index and
the Global Connectivity Index, in the LINEARmodel, it is dependent on the Human
Capital Index, Online Service Index, and Telecommunication Infrastructure Index;
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Table 9.9 An estimated Variable—GDP per capita

Exogenic indicators Variable Coefficient values

ARD LINEAR ARD LINEAR

Global connectivity index 0.115 0.077 0.967 0.935

Network readiness index 3.631 3.142

E-government development index −3.089 −2 327.159

E-participation index 0 0.164

Online service index −0.785 776.649

Human capital index 0 788.762

Telecommunication infrastructure index 0 759.579

UPU postal reliability score −0.531 −1.116

B2C E-commerce index 0 2.072

Table 9.10 An estimated variable—the doing business index

Exogenic Indicators Variable Coefficient values

ARD LINEAR ARD LINEAR

Global connectivity index 0.0716 0.054 0 −0.35

Network readiness index 0 0.006

E-government development index 0 −21.476

E-participation index 0 −0.065

Online service index 0.195 −6.878

Human capital index 0.002 −7.131

Telecommunication infrastructure index 0 −7.139

UPU postal reliability score 0 −0.015

B2C E-commerce index 0.381 0.438

Table 9.11 An estimated variable—the corruption perceptions index

Exogenic Indicators Variable Coefficient values

ARD LINEAR ARD LINEAR

Global connectivity index −0.065 −0.087 0.002 0.333

Network readiness index 1.463 1.331

E-government development index 0 565.565

E-participation index 0.001 0.412

Online service index 0.001 −189.361

Human capital index 0 −191.966

Telecommunication infrastructure index 0 −185.219

UPU postal reliability score −0.098 −0.268

B2C E-commerce index 0 0.028
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Table 9.12 An estimated variable—the economic freedom index

Exogenic indicators Variable Coefficient values

ARD LINEAR ARD LINEAR

Global connectivity index 0.079 0.091 0.207 0.324

Network readiness index 0.158 0.388

E-government development index −0.001 −29.999

E-participation index 0.177 0.574

Online service Index 0 9.822

Human capital index −0.001 10.104

Telecommunication infrastructure index −0.011 9.334

UPU postal reliability score 0 −0.152

B2C E-Commerce index 0 0.099

Table 9.13 An estimated variable—the Legatum prosperity index

Exogenic indicators Variable Coefficient values

ARD LINEAR ARD LINEAR

Global connectivity index 0.043 0.03 0 0.06

Network readiness index 0.563 0.479

E-government development index −0.001 269.364

E-participation index −0.001 0.069

Online service index −0.025 −90.287

Human capital index 0 −91.434

Telecommunication infrastructure Index 0 −88.083

UPU postal reliability score −0.062 −0.118

B2C E-commerce index 0.272 0.407

– the endogenous variable the Doing business Index in ARD and LINEAR models
shows a strong correlation with the B2C E-Commerce Index;

– the endogenous variable the Corruption Perceptions Index in the ARD model
correlates with the Network Readiness Index, in the LINEAR model, it shows
correlation with the Network Readiness Index and the E-Government Develop-
ment Index;

– the endogenous variable Index of Economic Freedom in the ARD model is most
influenced by the Global Connectivity Index, in the LINEAR model, it is influ-
enced by theHumanCapital Index,Online Service Index, andTelecommunication
Infrastructure Index;

– the endogenous variable, the Prosperity Index, in the ARD model is most influ-
enced by the Network Readiness Index and B2C E-Commerce Index, in the
LINEAR model, it correlates with the Network Readiness Index, E-Government
Development Index, and B2C E-Commerce Index.
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The constructed models were also evaluated in terms of the quality of R2 regres-
sions by endogenous indicators (the closer the R2 value to 1, the better the model
can predict the endogenous variable by a set of exogenous indicators):

– the values for the endogenous variable GDP per capita—ARD:
0.78155730265946, LINEAR: 0.8106852647371257;

– the values for the endogenous variable, the Doing Business Index—ARD:
0.6711404472230671, LINEAR: 0.6927878251674546;

– the values for the endogenous variable the Corruption Perceptions Index—ARD:
0.7706445586240167, LINEAR: 0.7944157164533866;

– the values for the endogenous variable, the Index of Economic Freedom—ARD:
0.5143171260865078, LINEAR: 0.6014058753656392;

– the values for the endogenous variable, the Prosperity Index—ARD:
0.9071223294784283, LINEAR: 0.9187181749180923.

9.4 Conclusion

Following the results of the econometric analysis, the exogenous indicators reflecting
the use of digital technologies in economic practice and social interactions were
ranked and classified according to the degree of their impact on the development of
an inclusive economy:

– high impact indicators: Network Readiness Index and B2C E-Commerce Index;
– indicators of average influence: E-Government Development Index, Global

Connectivity Index, Human Capital Index, Online Service Index, and Telecom-
munication Infrastructure Index;

– indicators, the influence of which is not revealed: E-Participation Index and UPU
Postal Reliability Score.

Thus, the value of the endogenous indicator ‘Prosperity Index’ is best predicted
by the exogenous baseline indicators. Both regression models have approximately
equal predictive quality, but the normal linear regression is characterized by a slightly
higher score. The least predicted values for the endogenous indicators are the Index
of Economic Freedom and the Index of Doing Business since the quality of both
models does not exceed 0.7. The values of the endogenous indexes ‘GDP per capita’
and ‘Corruption perceptions index’ are on average predicted in terms of quality,
where an average quality is 0.789325711.

Even though the usual linear regression has better R2 indicators, evaluating the
obtained coefficients, we can conclude that when constructing amodel for evaluating
the impact of digital technologies on the development of an inclusive economy, it is
more efficient to use ARD regression, since for a given dataset the coefficients of this
model are in an interval (−1; 1), while ordinary linear regression has coefficients far
beyond its boundaries.
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Chapter 10
Digital Transformation of the National
Economic System: Identification of Key
Determinants

Marina E. Buyanova , Alla E. Kalinina , and Irina S. Averina

Abstract The chapter presents the results of a comprehensive study devoted to
identifying the most significant determinants of digital technological development at
the macro level, that allow to determine effective scenarios for national and regional
economic systems. The use of correlation and regression analysis in this study made
it possible to identify the most significant institutional and economic factors that
affect the effectiveness of the economic space digitalization at the national level.
This, in turn, made it possible to identify a set of problems arising in countries in the
context of the development of this phenomenon on a global scale and to define a set
of directions for their consistent resolution. The timeliness and comprehensiveness
of national economy responses to such challenges and threats posed to them by the
natural process of the economic system evolution can provide a state with a high
level of security and bring it to a higher competitive position. The significance of
this study lies in identifying and validating institutional and economic factors that
have a significant impact on the pace of digital transformation of national economic
systems expressing features of technological singularity in modern economic life
and leading to transformation following an exponential trajectory.

10.1 Introduction

The changes occurring in the economic and institutionalmechanisms of the economic
systems of different countries are a response to the realities of Industry 4.0, which
causes sectoral structural changes that manifest themselves at all economic levels
(macro, meso, and micro). This circumstance dictates the emergence of new chal-
lenges for and threats to the national economies of all states of the world community.
This, in turn, determines the need for their timely overcoming and prevention, and
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creates the potential to increase the level of competitiveness, stability and security of
individual macroeconomic systems. These realities provide countries with unprece-
dented opportunities to choose the path of further development through the prism
of divergence, which allows economic entities to develop differently under initial,
largely typical conditions. Identification of themost significant factors of digital tech-
nological developmentwithin the frameworkof themacroeconomic scalewillmake it
possible to identify the most effective scenarios for national and regional economies,
which is a significant condition within the framework of national macroeconomic
policy for the further competitive development of the country in general.

It is the timely identification of fundamental determinants defining the place of
national economic systems in the realities of the Fourth Industrial Revolution that
will allow countries to form necessary components of public policy or transform
the existing ones in order to create the necessary opportunities for their competitive,
sustainable, and safe development in modern conditions.

10.2 Materials and Method

Among the researchers who can be considered founders of the theory of information
society and digital economy, it is necessary to name [3, 8, 13, 24, 25, 27, 29–31, 33]
and others.

The issues of theory and practice of economic system digital transformation are
covered in works of [1, 2, 4–9, 12, 14–16, 19–22, 26, 28, 32, 34–43] and others.

The study analyzes the economic and institutional indicators that determine, to
varying degrees, success/failure of digitalization of the economic space of the country
and the extent of its involvement in Industry 4.0 realities. These indicators were
included in the correlation and regression analysis to identify the most significant
factors that determine the country development level within the framework of digi-
talization of spaces, and either stimulate or hinder its further development in different
countries (for the representativeness of the sample, figures for 33 countries with a
time lag of 10 years (2009–2018) were used).

10.3 Results

Thus, 33 geographical entities were included in the sample: Belgium, Bulgaria,
the Czech Republic, Denmark, Germany, Greece, Estonia, Spain, France, Croatia,
Italy, Latvia, Lithuania, Hungary, Malta, the Netherlands, Austria, Poland, Romania,
Slovenia, Slovakia, Finland, Iceland, Norway, Switzerland, the United Kingdom,
the Russian Federation, the USA, South Korea, Japan, Canada, China. These coun-
tries are presented in the most comprehensive sample according to specified indi-
cators, including the chosen time interval (2009–2018). It is also worth noting that
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the sample includes countries with different levels of economy digitalization and
different mechanisms of adapting to the realities of Industry 4.0.

As can be seen, these countries also differ in the level of current socio-economic
development, have different resource potential (including labor and technological
resources, etc.), which also justifies the significance of the calculations presented
below, which made it possible to identify a number of factors that are significant for
the successful implementation of strategic plans for the creation and improvement
of an effective digital economy within the framework of modern transformation of
economic systems by different countries.

Currently, there are various methods for assessing the national economy digital-
ization level, that were developed both in Russia and in other countries; among them
are the following:

– Method ofMoscowSchool ofManagement SKOLKOVOandCenter for Financial
Innovations and Cashless Economy (Digital Russia Index);

– Method of the International Telecommunication Union (ICT Development Index
(IDI)): an integral indicator introduced in order to reflect the latest achievements
in the field of ICT and to take into account new trends in the development of the
economies of different countries);

– Method of Huawei Company reflecting the progress of the largest countries in the
world in the field of transition to digital technologies (Global Connectivity Index
(GCI));

– Method of the European Union countries (Digital Economy and Society Index
(DESI), a composite index that summarizes corresponding indicators on the effec-
tiveness of digital technologies in Europe and tracks the evolution of EU member
states in the field of digital competitiveness) [23].

These methods take into account a number of complex components of the
economic system digitalization in general, leaving the analysis of the most signifi-
cant determinants affecting the speed of digital transformations occurring in national
economic systems outside of the scope of research. This circumstance determines
the need for researching this aspect. In this regard, a study of the determinants influ-
encing the digital transformation of national economies was conducted and their
significance was defined.

The aforementioned countries were analyzed by 7 indicators:

– GDP per capita is one of the most significant indicators characterizing the socio-
economic development of a country (taken as a dependent variable)—Y;

– ICT personnel in the national economy (this indicator and the subsequent ones
are presented as independent variables)—X1;

– The amount of commercial R&D expenses—X2;
– The number of patent applications—X3;
– The number of personnel engaged in R&D at enterprises and organizations in all

economic sectors—X4;
– Development of employees’ ICT skills and abilities at enterprises and organiza-

tions—X5;
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– The amount of government budget expenditures on research and development—
X6;

– Employed persons with education in ICT—X7.

This list is explained by the completeness and accessibility of the data used and
can be expanded later in the process of further studies by interested researchers.

The indicatorsmentioned abovewere studied dynamically from2009 to 2018, that
is, the time series length in the model equals 10. The total number of observations is
260. The model under study contains three indicators of the financial aspect, and the
logarithms of these indicators were taken due to the possibility of data contamination
due to inflation-linked circumstances. Themodel can be represented by the following
regression Eq. (10.1).

lnY = β0 + β1 X1 + β2 lnX2 + β3 X3 + β4 X4

+ β5 X5 + β6 lnX6 + β7 X7 (10.1)

Based on statistical data, 2 models were developed:

• generalized least squares method (GLS)

lnY = 8.746+ 0.02X1 + 0.114 lnX2 + 0.0005X3 + 0.703X4

+ 0.010X5 + 0.201 lnX6 + 0.325X7 (10.2)

• fixed effects method (FE)

lnY = 2.337+ 0.001X1 + 0.112 lnX2 + 0.00006X3 + 0.079X4

+ 0.001X5 + 0.022 lnX6 + 0.023X7 (10.3)

The results of the evaluation of the models are given in Table 10.1.
The test statistics revealed that the aforementioned factors influence on the GDP

of different countries as on one of the most significant macroeconomic indicators of
the state economic development. Based on Akaike and Schwarz criteria, the GLS
model is preferable to the FE model.

Considering the analysis above and greater rationality of the GLS model appli-
cability, it follows that the most significant economic factors in the model are the
following:

– the amount of commercial R&D expenses in the ICT sector (1% significance
level);

– R&D personnel in total by activity sectors (1% significance level);
– development of employees’ ICT skills and abilities at enterprises and organiza-

tions (5% significance level);
– government budget expenditures on research and development (1% significance

level);
– employed persons with education in ICT (1% significance level).
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Table 10.1 Model evaluation results

Indicator GLS FE

Coeff. (β) St. errors Coeff. (β) St. errors

ICT personnel 0.020 0.033 0.001 0.003

Commercial R&D expenses 0.114*** 0.019 0.012** 0.0005

Number of patent applications 0.0005 5.360 0.00006* 0.00006

Number of personnel engaged in R&D at
enterprises and organizations in all economic
sectors

0.703*** 0.078 0.079** 0.001

Development of employees’ ICT skills and
abilities at enterprises and organizations

0.010** 0.004 0.001 0.0001

Government budget expenditures on research
and development

0.201*** 0.064 0.022* 0.0033

Employed persons with education in ICT 0.325*** 0.083 0.023 0.001

Constant 8.746*** 0.141 2.337*** 0.003

Observations used 260 260

Akaike criterion 179.618 190.933

Schwarz criterion 204.543 −919.083

Adjusted R-squared 0.708 0.879

Significance levels: *p < 0.1, **p < 0.05, ***p < 0.01

Source Compiled by the authors based on [10, 11, 18]

The significance of these factors is confirmed by statistical data on countries
according to the International Digital Economy and Society Index [17] (Table 10.2).

Denmark occupies the leading position in this ranking with an index value of
0.76, followed by South Korea, which has successfully adapted to the Fourth Indus-
trial Revolution conditions and digitalization processes. A total of 45 countries are

Table 10.2 Ranking of
leading countries by the
Digital Economy and Society
Index [17]

Country Index value

Denmark 0.76

The Republic of Korea 0.75

Finland 0.74

The Netherlands 0.74

The United Kingdom 0.73

Iceland 0.73

Norway 0.73

Switzerland 0.70

Russia 0.48

Source Compiled by the authors based on [17]
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included in the ranking. For comparison, Russia ranks 39th with an index value of
0.48.

It should be noted that currently official statistics present a Digital Economy and
Society Index country ranking 2020, however, in order to ensure data comparability,
an earlier ranking was used due to a complete sample of statistical data reflected in
the correlation and regression analysis. No significant changes that would violate the
logic of the study were revealed in the 2020 and 2018 rankings.

A comparison of data of the ranking above (Table 10.2) and their interconnection
with statistical data on the determinants that are included and highlighted as the most
significant ones (Table 10.3) showed that index values generally correlate with the
success of digital transformations in the countries, which indicates the correctness
of the constructed models.

The correlation and regression analysis shows (this is confirmed by the statis-
tical data included in the GLS and FE models) that the quantitative value of “the
number of personnel engaged inR&Bat enterprises andorganizations in all economic
sectors” indicator, the share of government budget expenditures on R&D, employed
persons with education in ICT, enterprises that conducted training for further ICT

Table 10.3 Indicators of digital transformations of the economies in different countries, 2018

Country Amount of
commercial
R&D expenses
in the ICT
sector as a %
of total R&D
expenses

Government
budget
expenditures
on research
and
development,
% of the total
amount

Number of
personnel
engaged in
R&D at
enterprises
and
organizations
in all
economic
sectors

Development
of employees’
ICT skills and
abilities at
enterprises
and
organizations,
% of the total
number of
enterprises
that conducted
training

Employed
persons with
education in
ICT, thousand
people

Denmark 1.08 1.75 2.07 28 24.4

The Republic
of Korea

13.09 3.74 1.43 N/D N/D

Finland 0.82 1.56 1.88 34 58.0

The
Netherlands

3.64 1.69 1.77 31 110.4

The United
Kingdom

0.44 1.33 1.43 28 352.9

Iceland 0.43 2.09 1.64 25 2.1

Norway 1.17 2.02 1.73 42 28.3

Switzerland 7.34 2.82 1.74 28 71.3

Russia N/D 1.53 1.09 N/D N/D

Source Compiled by the authors based on [10]
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studying/ICT competence development of their staff, as well as commercial R&D
expenses in the ICT sector, are among the significant determinants of the digital
transformation of the national economic systems.

10.4 Conclusion

Thus, the current realities of the macroeconomic systems development and the
success of digital transformations occurrent in the conditions of the Fourth Industrial
Revolution depend on the following economic and institutional factors:

– ICT personnel in the national economy;
– the number of patent applications;
– the amount of commercial R&D expenses;
– the amount of government budget allocations for research and development;
– development of employees’ ICT skills and abilities at enterprises and organiza-

tions;
– the number of personnel engaged in R&D at enterprises and organizations in all

economic sectors;
– employed persons with education in ICT.

However, it should be noted that important institutional factors should include the
regulatory framework effectiveness, the effectiveness of the work of educational and
government institutions, the degree of enterprises engagement in digital economy.
A complete statistical sample of these indicators is not presented; therefore, they
were not included in the econometric model presented above. However, they may be
included in the model at a later stage and investigated given that there is a sufficiently
comprehensive sample of necessary statistical data in official sources.

However, the absence of these data does not affect the significance of the identified
factors in the model, which can only be potentially expanded and supplemented in
the future.

The identification of important determinants of the economic system digital trans-
formation will make it possible not only to identify important leverage points to
accelerate the pace of their adaptation to Industry 4.0 realities, but also to improve
national programs for the digital development of the economy in accordance with the
most prospective scenarios, while considering the divergent development conditions
in different countries.
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Chapter 11
Innovative Development Mechanism
as a Factor of Inclusive Growth

Elena G. Russkova , Larisa V. Ponomareva , Sergey N. Sokolov ,
and Vasily A. Yakhtin

Abstract The purpose of the study is to establish the influence of the innovative
development mechanism on the formation of the domestic economic growth points.
To complete the study objectives, existing scientific and practical methods, official
statistical data, and the developments of domestic and foreign researchers were used.
Correlation and regression tools provided an opportunity to identify the impact of
certain types of innovative technologies on the indicators of the population well-
being, infrastructure and employment. The connection between the digitalization
degree and indicator values of employment, infrastructure and population well-being
has been confirmed. The priorities of state programs to support industries, technolo-
gies, territories that ensure the transition to an inclusive growth scenario in order to
achievemaximum socio-economic efficiency andmeet national interests are substan-
tiated. The special significance of establishing the influence of the innovative devel-
opment mechanism on the formation of the domestic economic growth points is due
to the operational revision of established approaches to ensuring the state national
interests caused by a rapid decline in key indicators of socio-economic development,
unfavourable macroeconomic, as well as the sanitary and epidemiological situation.
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11.1 Introduction

For centuries, ensuring the sustainable growth of the state economic system has
been complex, but also a necessary basis for achieving competitiveness in the world
community. Sustainable development is still a key national interest and a target for
mostmodern countries. However, the current stage of theworld economy functioning
implies a significant content rethinking of the “sustainable economic growth” cate-
gory, which is due to an increase in the aggregate needs of society, a significant
depletion of the resource base, as well as rapid population growth. In addition, the
currently dominant technological order is gradually moving towards the loss of its
potential in terms of increasing additional efficiency, which undoubtedly leads to
stagnation and a decrease in the indicator values of socio-economic development.
The formed conditions predetermine the search for new ways to resume sustainable
development, as well as the formation of economic growth points. Creating an inno-
vative development mechanism based on rethinking the role of production factors in
increasing competitive advantages could be one of the ways.

11.2 Methodology

Many foreign and domestic researches, as well as international economic orga-
nizations, paid deep attention to the problems of economic growth stagnation at
the turn of the first two decades of the twenty-first century. Thus, the study of
the economic growth issue in modern conditions was conducted by the Eurasian
Economic Commission (EEC), which is a permanent supranational regulatory body
of the Eurasian EconomicUnion. The special report of the EEC-UNCTAD“Inclusive
Growth of the Eurasian Economic Union Member States: Assessments and Oppor-
tunities” [1] examined the connection between economic growth and the level of
social inequality. The EEC-UNCTAD experts concluded that there was a tendency
in the global economy to define the worsening inequality as payment for modern-
ization and acceleration of economic growth. After achieving the planned result—a
developed economic system of the state, the inequality level significantly decreased.
However, in the future, such an assertion was refuted empirically: inequality began
to grow in developed countries, while in developing countries the paths of economic
development ranged from high inequality and low growth rates (mainly Latin Amer-
ican countries) to high growth rates and low inequality (some East Asian countries).
As a result, a new mindset in economic theory has emerged, asserting that equality
and growth are interdependent categories, and there has also been a shift in emphasis
from the study exclusively applied to inequality in the distribution of economic results
(income and wealth) to the study of opportunity inequality [2]. It was during this
period that the term “inclusive growth” became more actively used in the scientific
community.
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Nowadays, the “inclusive development” is one of the central issues in the
formation of long-term development strategies at the international level. The EEC-
UNCTAD experts, referring to the statistics of the international association “Oxfam”
[3], explain this by the following reason: from 1980 to 2016, 1% of the global income
distribution accounted for 27%of the growth of the real income in theworld economy.
At the same time, the poorest 50% accounted for only 12% of the total real income
growth. Similarly, the wealth of the world billionaires increased by $900 billion in
2018, or by $2.5 billion per day, while the wealth of the poorer half of humanity
(3.8 billion people) fell by 11%. These figures show that the benefits of economic
growth are unevenly distributed among people in our societies, and deep inequality
is a systemic sign of hyper-globalization. That is why, to achieve integrated sustain-
able development, the regulatory structures are faced with the task of changing the
existing unfavourable trend [4]. This will enable redistribution of the development
balance in such a way as to make the global economy productive again, based on full
employment with adequate wages; a fair society that seeks to reduce socio-economic
gaps both within and between countries, as well as protecting vulnerable groups of
the population.

The conditions and opportunities for the growth of the world economy in modern
conditions have been repeatedly discussed by the World Economic Forum. As in
the case of the EEC, the WEF confirms a strong correlation between the “inclusive-
ness” degree of the economy and its effectiveness. Thus, “The Inclusive Growth and
Development Report 2017” [1] notes the following: the national economy differs
from business, where net profit is of the utmost importance. History and science
have repeatedly demonstrated that there is a connection between growth and social
equality in the national economy. This connection can be either positive or negative.
The degree of connection is determined by a diverse combination of structural and
institutional aspects of economic policy that go far beyond the two areas most often
featured in discussions about inequality: education and the redistribution of economic
outcomes. Some world communities that have succeeded in creating a strong middle
class, reducing poverty and social marginalization, as a rule, have created effective
economic institutions and political incentives in many areas of the economy, and
over time have implemented sound macroeconomic policies and reforms aimed at
improving efficiency. In this regard, seven key components are identified that deter-
mine the degree of social participation in the processes of increment, as well as the
distribution of the economic development results (Table 11.1).

In addition to the EEC and the WEF, the Organization for Economic Coopera-
tion and Development (OECD) has repeatedly pointed out the possible causes of the
global economic downturn, as well as ways to resume growth in its reports. In the
reports “TheProductivity-InclusivenessNexus” [6], “Making InnovationBenefitAll:
Policies for Inclusive Growth” [7], the OECD has also linked low economic growth
rates and worsening social inequality. Since the poorer part of the population has
significantly fewer funds to obtain quality education and the necessary competen-
cies, they aremuch less likely to be employed for high-paying jobs. Consequently, the
human potential in the economy is not fully exploited, which negatively affects the
growth of labour productivity in the long term. According to OECD experts, one way
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Table 11.1 Components and sub-components of inclusive economic growth

Nos Components of inclusive economic growth Sub-components of inclusive economic
growth

1 Education and skills Availability

Quality

Equality

2 Key services and infrastructure Basic and digital infrastructure

Health-related services and infrastructure

3 Corruption level and rent Business and political ethics

Rent concentration

4 Financial investments in the real sector of
the economy

Inclusiveness of the financial system

Participation in business investment

5 Asset creation and entrepreneurship The number of small businesses

Real estate ownership and financial assets

6 Employment and labour remuneration Effective employment

Wages and other income

7 Budget transfers Tax legislation

Social security

Source Compiled by the author based on [5]

to overcome this trend is the development of information and communication tech-
nologies (ICT) and their implementation in most social processes. Innovative tech-
nologies are a universally recognized factor in accelerating economic development,
but in modern conditions, the effect of their influence is much more extensive: such
technologies directly affect the level of well-being and social prospects [8], which
is an essential prerequisite for the formation of economic growth points. On the one
hand, ICT contribute to improving the well-being of the population by increasing
the volume of more affordable products, as well as higher quality services. A case
in point is the spread of mass open online courses, educational and methodological
literature, which provide people with the opportunity to develop the necessary skills
via the Internet, often without having to pay a fee, as well as adjust to a given time
frame. On the other hand, ICT have had a fundamental impact on rethinking the
essence of the functioning of the markets, changing the competition dynamics, the
degree of labour requirements and the ability of people to create value.

Also, the issue of ensuring sustainable economic development in modern condi-
tions is of great relevance in the Russian Federation [9]. Since 2007, the GDP growth
rate has been rapidly declining, reaching 1.3% in 2019 [10]. A similar situation
occurred with the real disposable incomes of the population: the value of an increase
of 12.1% in 2007 reached the value of 1% in 2019 [5]. In addition, the current
unfavourable sanitary and epidemiological situation has predetermined the opera-
tional revision of established approaches to ensuring the national state interests and
the search for new ways to form growth points. Accordingly, “National action plan
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to ensure the restoration of employment and incomes of the population, economic
growth and long-term structural changes in the economy” was presented by the
Government of the Russian Federation on September 23, 2020 [11]. The key goal
of the National Action Plan is to achieve a sustainable trajectory of economic and
income growth, ensuring the implementation of national economic development
goals based on the use of new technologies, including digitalization, new opportuni-
ties in the labour and education market, rapid and high-quality housing construction,
export orientation and active import substitution, as well as ensuring a high resilience
degree of the economy and the public health system to possible shocks in the future.
As can be noted, the document is largely focused on social support of citizens, which
is the basis for further long-term development. The key measures include targeted
cash payments to socially vulnerable groups of the population, assistance in retraining
and re-education, ensuring accessibility of primary health care, drug provision and
vaccination for the population. In addition, a key feature of the National Plan is the
emphasis on the introduction and use of innovative, including digital technologies as
a key factor in achieving the goals. Thus, digital technologies will become a refer-
ence point in all sectors of the economy: industry, healthcare, education, as well as
construction. Starting from the provision of electronic interaction between medical
organizations and their patients to the development of artificial intelligence tech-
nologies, the state intends to achieve progressive satisfaction of many key national
interests.

Summarizing the above-mentioned, it becomes possible to state that the modern
world community defines “inclusivity” and “innovativeness” as the drivers of the
further development of the world economy, which imply the involvement of an
increasing number of people in the processes of creation, distribution, consumption
mediated by information and communication technologies. Digital innovations will
help to increase well-being either directly by improving the quality of human lives,
or indirectly by providing educational opportunities and the necessary competencies
with significantly lower costs. Ultimately, this will offer opportunities to increase
total income, enhance competitive advantages, as well as ensure the protection of
national interests.

11.3 Results

In order to establish priority state areas of support for economic sectors that ensure the
transition to an inclusive growth scenario based on information and communication
technologies in the Russian Federation, we conducted a correlation and regression
analysis of the innovative technologies impact on human capital, infrastructure and
employment. For this purpose, a selection of dependent and influencing variableswas
made in three specified directions.We present the studied dependent variable, as well
as influencing factors concerning the first direction—the relationship of information
and communication technologies and rates of employment (Table 11.2).
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Table 11.2 Study of the relationship between information and communication technologies and
rates of population employment

Dependent variable Factors of economy digitalization
affecting the dependent variable [7]

Factor index

The unemployment rate of the
population aged 15 years and older in
the constituent entities of the Russian
Federation, on average for three months
[11] (Y)

The number of subscribers of fixed
broadband Internet access per 100
people of the population

X1

Fixed-line telephone density
(including payphones) per 100 people
of the population

X2

The volume of investments in fixed
assets aimed at the acquisition of
information, computer, and
telecommunication (ICT) equipment,
million roubles

X3

The share of people employed in the
ICT sector in the total number of
employed population

X4

The share of organizations that had
special software tools for managing
sales of goods (works, services),
in the total number of surveyed
organizations

X5

The share of employees who used
Internet access facilities provided by
the organization at least once a week,
in the total number of the payroll of
organizations

X6

Availability of personal computers,
used for educational purposes, in
professional educational institutions in
the constituent entities of the Russian
Federation

X7

Source Compiled by the authors based on [12, 13]

The basis for the general population formation was the data for each of the 85
constituent entities of the Russian Federation in 2019.

As a result of the analysis, the following correlation matrix was formed (Table
11.3).

Based on the presented matrix, the variables X1, X2, X5 have the greatest corre-
lation with the studied indicator: the values of the coefficients exceed the value
|0.5|, therefore the link between Y and X1, X2, X5 is discernible. The values of the
presented correlation coefficients are negative, which indicates the presence of feed-
back. Such facts can be interpreted as follows: the greater the spread of the Internet
and telephone networks on the territory of the constituent entity of the Russian
Federation, the unemployment rate indicator is potentially less important since the
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Table 11.3 Correlation matrix No. 1

Y X1 X2 X3 X4 X5 X6 X7

Y 1

X1 −0.656 1

X2 −0.616 0.688 1

X3 −0.199 0.343 0.473 1

X4 −0.441 0.551 0.562 0.367 1

X5 −0.572 0.588 0.458 0.265 0.395 1

X6 −0.447 0.539 0.638 0.765 0.503 0.491 1

X7 −0.409 0.416 0.607 0.421 0.332 0.291 0.347 1

Source Compiled by the authors

Internet provides opportunities to organize remote work and create a significantly
larger number of vacancies in the labour market.

We shall now proceed to consider the regression model (Table 11.4).
The data obtained demonstrate that 7 selected factors of digitalization have an

impact on the unemployment rate of the population aged 15 years and older (Y) by
55.5%. In this case, such a value of the determination coefficient (R2) is logically

Table 11.4 Regression model No. 1

Regression statistics

Multiple R 0.745

R-square 0.555

Normalized R-square 0.515

Standard error 2.280

Observations 85

F 13.719

F crit 2.131

Student’s t-criterion 1.991

Coefficient Standard error t-stat P-Value Lower 95% Upper 95%

Y-intersection 16.118 1.280 12.588 0.000 13.568 18.667

X1 −0.148 0.061 −2.420 0.018 −0.270 −0.026

X2 −0.123 0.070 −1.759 0.082 −0.262 0.016

X3 0.00003 0.00014 2.094 0.040 0.000 0.000

X4 −0.146 0.525 −0.277 0.782 −1.191 0.900

X5 −0.134 0.057 −2.364 0.021 −0.247 −0.021

X6 −0.416 0.361 −1.152 0.253 −1.134 0.303

X7 −0.077 0.065 −1.181 0.241 −0.206 0.053

Source Compiled by the authors
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justified: in addition to the factors of digitalization, the unemployment rate of the
population is influenced by a large set of factors that are not taken into account
in the framework of the created model. However, the resulting value (R2 > 0.5)
may indicate an acceptable quality of the model. The “Null Hypothesis” is rejected
because the value of Fischer F-criterion exceeds the critical value of the distribution
F (13.719 > 2.131), therefore, there is a linear relationship between Y and at least
one of the factors X. The most significant variables in this model are X1, X3 and
X5. This is confirmed by the following: the P-value of these variables is less than the
error probability (0.05). In addition, the value of t-stat. variables X1, X3, X5 satisfy
the condition |t – stat.| > t—Students’s t-Criterion (1.991), which also indicates the
greatest significance of these variables within the framework of the model under
consideration. The lower and upper bounds of the confidence interval have the same
sign, which indicates the significance of the regression coefficients of variables X1,
X3, X5. Such data can be interpreted as follows: there is a connection between the
unemployment rate and the economy digitalization degree of the constituent entity of
the Russian Federation. The most significant factors are the number of subscribers
of broadband Internet access, the volume of investments in fixed assets aimed at
acquiring information, computer and telecommunications equipment, as well as the
number of organizations that had special software tools for managing sales of goods
(works, services). The influence of factors is logically explicable: the spread of the
Internet, as well as the latest information platforms, allows involving more people
in the processes of production, distribution and consumption of goods, works and
services by creating new mechanisms of interaction, thereby increasing the level of
employment and reducing unemployment.

Thereafter, we proceed to deal with the relationship between the digitalization
indicators and the average per capitamonetary income of the population (Table 11.5).

The basis for the general population formation was the data for each of the 85
constituent entities of the Russian Federation in 2019.

As in the previous case, a correlation matrix was formed as a result of the analysis
(Table 11.6).

Based on the matrix, only factors X1 and X2 have a discernible link with the
variable under study. The values of the correlation coefficients for these two factors
are positive,which indicates the presence of a direct relationship. The results obtained
predetermine the following interpretation: the increase in the average per capita
income of the population is mediated by the accessibility of the Internet among
households of the constituent entity of the Russian Federation. In addition, there is a
relationship between the price of Internet services and the level of population income.
In this case, such a connection is likely due to the amount of effective demand, which,
in turn, forms a higher price for the service.

We shall now proceed to consider the regression model (Table 11.7).
The data obtained reflect the following: 7 explanatory factors of digitalization

have an impact on Per capita monetary income of the population (Y) by 61.5%. As
in the previous case, such a value of the determination coefficient (R2) is logically
justified by the influence of a wide range of factors on the Y indicator, most of
which are not considered within the framework of the created model. The resulting
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Table 11.5 The study of the relationship between the digitalization indicators and the average per
capita monetary income of the population

Dependent variable Factors of economy digitalization
affecting the dependent variable

Factor index

Average per capita monetary income of
the population in the constituent entities
of the Russian Federation, roubles per
month [14] (Y)

Percentage of households with Internet
access, in the total number of
households

X1

Subscription fee for Internet access, per
month

X2

The number of fixed broadband Internet
access subscribers per 100 people of the
population

X3

Payment for providing access to the
local telephone network regardless of
the subscriber line type of the fixed
telephone network

X4

The volume of investments in fixed
assets aimed at the acquisition of
information, computer and
telecommunication (ICT) equipment

X5

The share of employees who used
personal computers at least once a
week, in the total number of the payroll
of organizations

X6

The share of organizations that
allocated technical means for mobile
Internet access to their employees in the
total number of surveyed organizations

X7

Source Compiled by the authors based on [12, 14]

Table 11.6 Correlation matrix No. 2

Y X1 X2 X3 X4 X5 X6 X7

Y 1

X1 0.525 1

X2 0.582 0.453 1

X3 0.290 −0.031 −0.163 1

X4 0.313 0.257 0.428 −0.146 1

X5 0.349 0.201 0.020 0.343 0.054 1

X6 −0.024 −0.035 −0.265 0.430 −0.113 0.367 1

X7 0.285 0.028 −0.132 0.595 0.039 0.383 0.275 1

Source Compiled by the authors
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Table 11.7 Regression model No. 2

Regression statistics

Multiple R 0.784

R-square 0.615

Normalized R-square 0.580

Standard error 9606.208

Observations 85

F 17.598

F crit 2.131

Student’s t-criterion 1.991

Coefficient Standard error t-stat P-Value Lower 95% Upper 95%

Y-intersection −38020.73 17112.606 −2.222 0.029 −72096.287 −3945.182

X1 554.221 171.108 3.239 0.002 213.502 894.939

X2 26.020 4.946 5.260 0.000 16.171 35.870

X3 696.757 223.698 3.115 0.003 251.318 1142.196

X4 0.609 0.797 0.764 0.447 −0.978 2.197

X5 0.089 0.042 2.109 0.038 0.005 0.172

X6 −328.348 251.001 −1.308 0.195 −828.154 171.459

X7 272.509 204.635 1.332 0.187 −134.970 679.989

Source Compiled by the authors

value (R2 > 0.5) may also indicate the acceptable quality of the model. The “Null
Hypothesis” is rejected because the value of Fischer F-criterion exceeds the critical
value of the distribution F (17.598 > 2.131), therefore, there is a linear relationship
between Y and at least one of the factors X. The most important in this case are the
explanatory variables X1, X2, X3, X5. P-values of the specified variables are less
than the error probability (0.05). T-stat values X1, X2, X3, X5 modulo exceed the
Student’s t-criterion (1.991). The lower and upper bounds of the confidence interval
X1, X2, X3, X5 have the same sign, which also indicates the greater importance
of variables in the constructed model. The considered statistics are subject to the
following interpretation: the value of the average per capita income of the population
is interrelated with the level of the economy digitalization of the constituent entity
of the Russian Federation. ICT, in particular the Internet, predetermine significant
competitive advantages for the economic entities using them by reducing costs and
increasing the efficiency of economic processes, allowing them to generate signifi-
cantly more income. Consequently, the lack of sufficient investments in information
and communication infrastructure and technological development predetermine the
magnitude of social inequality, as well as lagging in terms of economic growth in
general.

Now consider the results of the analysis of the relationship in the last of the desig-
nated directions—the impact of economy digitalization on the level of infrastructure
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development. As in the previous cases, we present the dependent and explanatory
variables (Table 11.8).

The basis for the general population formation was the data for each of the 85
constituent entities of the Russian Federation in 2019.

The correlation matrix is as follows (Table 11.9).
Therefore, only factorsX4 andX5have a discernible linkwith the studied variable.

The correlation coefficients for these variables are positive, therefore, the relation-
ship with the Y indicator is direct. Interpretation of the results obtained: the degree
of infrastructure development is interrelated with the volume of investments in fixed
assets aimed at acquiring information, computer and telecommunication (ICT) equip-
ment, as well as the prevalence of the Internet on the territory of the subject of the
Russian Federation. Network infrastructure is increasingly used for ordering goods,
performing works and services, consequently, it becomes a necessary attribute of
increasing the economic activity efficiency.

Consider regression statistics (Table 11.10).

Table 11.8 Study of the relationship between the digitalization of the economy and the level of
infrastructure development

Dependent variables Factors of economy digitalization Factor index

Integral Infrastructure Development
Index [15] (Y)

Adoption of mobile telephone (cellular)
networks per 100 people of the
population

X1

The share of organizations using Internet
access with a speed of at least 2 Mbit/s
in the total number of organizations, %

X2

The share of innovation activity costs in
the total volume of shipped goods,
performed works, provided services

X3

The volume of investments in fixed
assets aimed at the acquisition of
information, computer, and
telecommunication (ICT) equipment,
million roubles

X4

The share of the population who used
the Internet to order goods and (or)
services in the total population, %

X5

The share of educational institutions of
higher professional education connected
to the Internet in the total number of
surveyed institutions of higher
professional education with the speed of
2 Mbit/s and faster, %

X6

The share of organizations using
broadband Internet access in the total
number of organizations

X7

Source Compiled by the authors based on [12, 15]
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Table 11.9 Correlation matrix No. 3

Y X1 X2 X3 X4 X5 X6 X7

Y 1

X1 0.406 1

X2 0.423 0.292 1

X3 0.229 0.094 0.188 1

X4 0.555 0.312 0.266 0.176 1

X5 0.526 0.196 0.275 0.141 0.261 1

X6 0.004 0.104 0.225 0.157 0.018 −0.039 1

X7 0.465 0.180 0.475 0.187 0.151 0.321 0.060 1

Source Compiled by the authors

Table 11.10 Regression model No. 3

Regression statistics

Multiple R 0.762

R-square 0.581

Normalized R-square 0.543

Standard error 0.343

Observations 85

F 15.243

F crit 2.131

Student’s t-criterion 1.991

Coefficient Standard error t-stat P-Value Lower 95% Upper 95%

Y-intersection 2.866 0.576 4.974 0.000 1.719 4.014

X1 0.002 0.001 2.114 0.038 0.000 0.003

X2 0.005 0.005 0.940 0.350 −0.005 0.015

X3 0.018 0.024 0.735 0.465 −0.031 0.066

X4 0.000 0.000 4.433 0.000 0.000 0.000

X5 0.013 0.004 3.559 0.001 0.006 0.020

X6 −0.002 0.003 −0.666 0.507 −0.007 0.004

X7 0.020 0.007 2.774 0.007 0.006 0.034

Source Compiled by the authors

The calculations made it possible to establish that 7 selected explanatory factors
of digitalization have an impact on the Infrastructure Development Index (Y) by
58.1%. Similarly to the calculations performed earlier, the relatively low value of the
indicator R2 is due to the absence of an influencing factors list, including those not
related to digitalization, in the constructed model. The condition R2 > 0.5 is met,
therefore, it is possible to determine the quality of themodel as acceptable. The “Null
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Hypothesis” is rejected because the value of Fischer F-criterion exceeds the critical
value of the distribution F (15.243 > 2.131), therefore, there is a linear relationship
between Y and at least one of the factors X. The most important in this model are 4
factors—X1, X4, X5 and X7. For these variables, all the above conditions are met:
P-values are less than the error probability (0.05); t-stat. values modulo exceed the
Student’s t-criterion (1.991); the lower and upper bounds of the confidence interval
have the same sign. All of the above allows us to draw the following conclusion:
the level of the modern infrastructure development of the constituent entity of the
Russian Federation directly depends on the digitalization factors influence. In the
constituent entity of the Russian Federation, in which much more investment is
made in ICT equipment and the development of the network, there is the greatest
provision with structures mediating economic activity in general. Internet accessi-
bility provides new opportunities for interaction, contributing to the involvement
of an increasing number of people in the processes of creating, distributing, and
consuming the manufactured product, as well as increasing the efficiency of these
processes. Therefore, a developed digital infrastructure is currently becoming one of
the necessary conditions for achieving inclusive economic growth.

11.4 Conclusion

The results of the study lead to the following conclusions.
The current stage of the world economy functioning implies a significant content

rethinking of the “sustainable economic growth” category, which is due to an increase
in the aggregate needs of society, a significant depletion of the resource base, as well
as rapid population growth.

The modern world community defines “inclusivity” and “innovativeness” as the
drivers of the further development of the world economy, which imply the involve-
ment of an increasing number of people in the processes of creation, distribution,
consumption mediated by information and communication technologies.

Based on the results of the correlation and regression analysis, the relationship
between the digitalization degree and the magnitude of the indicators of employ-
ment, infrastructure, and well-being of the population was confirmed. Accordingly,
it becomes possible to establish that the choice of digitalization by the Russian
state as one of the key factors of inclusive growth within the framework of consid-
ered directions is well-founded. The introduction of information and communication
technologies into most socio-economic relationships will cover a much wider range
of social strata, thereby generating significantly more income, while simultaneously
ensuring national growth and improving the quality of life.
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Chapter 12
Nanotechnology: Contribution
to Inclusive Growth in Russia
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Abstract Creating progressive technological solutions for the development of
industry is one of the key areas of social and economic policy of the state. It is
possible to provide a comprehensive solution to this problem using the tools of the
nano-industry—an interdisciplinary industry consisting of high-tech equipment, a
new level of metrology and information technologies, organizational forms of rela-
tions in industry, high personnel potential, as well as nanotechnology, in the total
aggregate, allowing to obtain innovative products. Nanolevel technologies devel-
oped by Volgograd State University employees are described. In particular, we will
talk about the methodology of nanomarking using electron microscopes, nanotech-
nologies in medicine (ultra-thin drug coating of medical stents), the technology of
cleaning liquids by using carbon nanotubes as a filtering material, strengthening
asphalt concrete with specific nanomaterials (Zaporotskova and Siplivy in Patent
of the Russian Federation No. 2515007:S1, 2014), the development of a unique
nanopowder based on carbon nanotubes to improve the performance of fuel and lubri-
cants (Zaporotskova, I.V., Arkharova, I.V. (2016). Modeling of promising technolo-
gies based on the introduction of carbon nanotubes. Certificate of state registration
of database No. 2016620622, 17 May 201). Their practical application contributes
to solving urgent problems in the development of healthcare, energy sector, road
infrastructure, etc., as a significant factor in ensuring inclusive growth in Russia.
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12.1 Introduction

The development of high-tech production in all industries is one of the key socio-
economic priorities of the state. In the modern world, the most effective mechanism
for such development is the nano-industry—an interdisciplinary industry consisting
of high-tech equipment, a new level ofmetrology and information technologies, orga-
nizational forms of industrial relations, high personnel potential, as well as nanotech-
nology, in a total set, allowing to obtain innovative products. Such development and
production of a high-tech product becomes possible during the transition frommacro
parameters to nanosized dimensions [1–4].

This chapter describes nanolevel technologies developed by employees of the
Institute of Priority Technologies of Volgograd State University. In particular, wewill
talk about the methodology of nanomarking using electron microscopes, nanotech-
nologies in medicine (ultra-thin drug coating of medical stents), the technology
of cleaning liquids by using carbon nanotubes as a filtering material, strength-
ening asphalt concrete with specific nanomaterials [5], the development of a unique
nanopowder based on carbon nanotubes to improve the performance of fuel and
lubricants [6]. Their practical application contributes to solving urgent problems in
the development of healthcare, energy, road infrastructure, etc., which is an important
factor in ensuring inclusive growth in Russia.

The chapter also considers the peculiarities of the educational process for the
training of highly qualified personnel for the nano-industry, implemented at the
Volgograd State University in the direction of “Nanotechnologies and Nanomate-
rials” as part of ensuring the priorities of the strategic development of the Russian
Federation.

Inclusive growth in the Russian Federation should be accompanied by a transition
to an equally high standard of living for all segments of the population and social
groups, which is impossible without a qualitative change in existing technologies.
It is in this area that the products of the nano-industry are a key object designed to
increase the effectiveness of all the main sectors of society—from law enforcement
and information to health care. Today, the evolution of the country in the frame-
work of its inclusive development is impossible without close connection with high
technologies not only in the IT sphere, but also in the field of nanotechnology. Under-
standing the objective need for such transformations, at Volgograd State University,
the development of nanotechnologies that are interesting for the real sector of the
economy and allow you to switch to a qualitatively new standard of living was initi-
ated at the initiative of professors I.V. Zaporotskova and O.V. Inshakov many years
earlier than at the federal level. Their massive introduction will ensure successful
inclusive growth of the region and the country as a whole [7].

In the context of the new Russian statehood, the history of nanotechnology begins
in 2007, with the appeal of V.V. Putin—the President of the Russian Federation—to
the Federal Assembly and the allocation of nanotechnology as a priority area for the
development of science and technology. This was reflected in industry by the estab-
lishment of the Russian Nanotechnology Corporation, renamed RUSNANO JSC in
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2011. Currently, this industry is booming, federal target programs have been orga-
nized to stimulate the development of nanotechnologies in the Russian Federation.
It was in 2007 that the specialty “Nanomaterials” was opened at Volgograd State
University, designed to ensure the successful training of highly qualified specialists
for this industry. In 2012, certified specialists began introducing high technologies
in the Volgograd region at key enterprises, such as JSC Kaustik, Krasny Oktyabr,
Omsktekhcarbon, Volgograd Neftemash, as well as at a number of research institutes
engaged in technology development and research in priority areas, including those
related to nanotechnology. Four years later, together with the renaming of the state
corporation, there was a change in the name of the direction of training highly qual-
ified specialists from Nanotechnology to Nanoengineering to update the training
profile of future graduates. Success in this area of training is made possible by a
comprehensive approach to providing high-quality education. This is the involvement
of students in scientific activities due to the participation in the projects of the scien-
tific school of the leading specialist in the region in the field of nanotechnology and
nanomaterial science—Professor I.V. Zaporotskova; and a unique instrument base,
analogues of which are not available in other universities of the regional center; and
providing the educational process with methodological materials, textbooks, mono-
graphs and training manuals developed at the department and adapted to the specific
disciplines and tasks facing future specialists for their involvement in the nanosystem
industry. Under the leadership of the rector of the Volgograd State University, O.V.
Inshakov and the head of the direction of Zaporotskova I.V., laboratorieswere created
equipped with advanced nanotechnological equipment, which still remain the most
staffed in the region. Most of the educational burden is aimed at providing students
with practical skills in working with equipment for their more successful integration
into production in order to create a large-scale basis for innovative products in all
spheres of life for the inclusive growth of the country’s economy.

For a better approach to innovative technologies, the university established a
specialized Scientific and Educational Center (SEC) “Nanotechnologies and Nano-
materials” in 2007. The main tasks of the SECwere determined by the fact that in the
region it was necessary to ensure the introduction of nanotechnologies into indus-
trial production. Therefore, the main priority of the SEC’s activities was targeted
interaction with the real sector of the region’s economy to solve the problems facing
enterprises and improve the skills of their specialists in the field of nanotechnology.
Also, SEC employees should conduct both practical and theoretical studies of unique
new materials to create breakthrough solutions for the needs of industry and basic
science in the field of nanotechnology and nanomaterial science. Another area of
activity is positioned participation in various competitions and grants aimed at the
social and economic development of the region and the state. Among the indicators
of achievement of tasks we can mention the participation of SEC employees in the
Presidential program for the training of engineering personnel, thanks to which a
number of industrial enterprises in the region were able to improve the qualifications
of their employees in the nano-industry. Also, the relevance of research conducted
within the framework of the SEC for the region is confirmed by the active support
of the team from grants from the Administration of the Volgograd Region (AVO)
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and joint grants from AVO with the Russian Foundation for Fundamental Research.
As a result of active grant activity, SEC employees raised funds in the amount of
more than 20 million rubles from regional and federal sources to conduct successful
research on nanomaterials and their properties. The projects produced new data on
the properties of nanomaterials, thanks to basic research, which formed the basis of
a wide range of innovative technologies related to the use of new substances for the
needs of industry.

12.2 Nanomarkings

The challenges of modern society are forcing the use of increasingly advanced
methods of protecting information or protected objects. Moreover, it sometimes
happens that the surfaces of these objects perceive different types of effects differently
depending on their chemical nature and surface topology. To overcome the existing
difficulties, the technology of applying protective nanoscale images (nanomarkings)
using scanning probe microscopy tools was proposed. This technology is reflected in
Russian Patent No. 2365989 “Method of application of nanomarkings on products”
[8].

Obtaining a unique degree of protection that is 3 times higher than all known
methods of applying protective markings was made possible by a complex approach
in which electron microscopy technologies such as scanning tunnel microscopy,
various nanolithography methods, scanning probe, and atomic force microscopy are
combined.Due to its novelty and high degree of protection, the resulting development
has high competitiveness.

In addition to the technology described above, there are currently a number of
other ways to apply markings on the surface: mechanical, laser, electrophysical,
chemical and photochemical, ultrasonic, thermal, and many others [9, 10]. Their
main difference from nanomarking is that the fixation of applied images occurs
using traditional optical devices. That is, the minimum individual portions of such
images can reach dimensions of at least 0.1 mm.

The latency of the marking increases its protective properties. In this case, an
additional protection against counterfeiting is its location on the protected object
and a method of visualizing its content.

If we go to the critical dimensions of nanomarkings, then the effective effect
on the surface with the help of electron microscopes, for example, scanning tunnel
or atomic power, allows to apply nanolithography up to 0.1 nm in size. Practical
installations for nanomarkings are shown in Fig. 12.1.

They were created on the basis of microscopes “NanoEducator” and “Solver-
Pro” (manufactured by NT-MDT, Zelenograd). To demonstrate the possibilities of
the proposed technology, scientists from the Volgograd State University applied
nanomarking in the form of the coat of arms of the university on the surface of a
polymer material. The result of the experiment is shown in Fig. 12.2.
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Fig. 12.1 Technology complexes for creating nanomarkings based on microscopes “NanoEduca-
tor” and “SolverPro”

Known optical devices are powerless in attempts to detect or counterfeit applied
nanomarkings. Without the use of scanning microscopes, it is impossible to fully
obtain all information about the applied image and the features of nanomarking. A
separate difficulty is the attempt to detect nanomarking without special knowledge,
since 1 mm2 contains more than a hundred sites on which it can be localized.

The field of application of innovative technology is extremely wide and diverse.
Of course, the most obvious consumers are the “power” departments of the Russian
Federation, such as the Ministry of Internal Affairs, the Ministry of Justice, and the
Ministry of Emergencies. In this case, nanomarkings will be necessary to desig-
nate weapons, protected or classified materials. Nanomarkings can also be used in
the customs committee, where there is a need to take into account special marks
on antiques, various works of art, and other valuable objects exported outside the
Russian Federation. Another potential consumer is industrial enterprises that can
not only protect their products from counterfeiting in such a unique way, but also
use nanomarking as information cards (read QR code) or a system for designating
nodes in particularly accurate processes where the application ofmacro-symbols will
lead to defects in the operation of devices (metrological equipment, high-precision
devices).

12.3 Cleaning Liquids Using Carbon Nanomaterials

One of the most important points for ensuring the quality of life of the population
in modern conditions is the use of high-quality products, including liquid. However,
modern methods of cleaning food and technical liquids still require refinement to
obtain a truly pure product. And here, nanotechnologies can also be used.
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As part of the work of the Scientific Educational Center “Nanotechnologies
and Nanomaterials,” a technology for finishing cleaning food and technical liquids
(including alcohol-containing ones) was also proposed and brought to the consumer
due to the use of unique carbon nanomaterials with high sorption capacity, for
example, fullerenes and nanotubes [10].

Materials known in the art for filters [11, 12] lose the proposed one of the most
important parameters. This is a specific surface area that in carbon nanotubes is
several times the same parameter for known sorbents. At the same time, carbon
nanotubes are able to realize selective adsorption due to the fact that not only their
external, but also internal surface acts as an active one. Also in favor of the proposed
material is the fact that at present one of the most effective filters is coal, which
contains a carbon sorbent. But even taking into account the identical chemical nature,
these filters have sorption activity, tens of times less than carbon nanotubes. There-
fore, the developed technology consists in the introduction of a carbon nanotube
filter into the technological cycle at the finishing stage, which can retain even micro-
amounts of harmful impurities such as methanol and luminal oils (strong toxicants).
The recovery of these impurities is currently a time-consuming andfinancially expen-
sive task for industrial production. And the introduction of a filter model with carbon
nanotubes will significantly reduce the cost of the described part.

Thus, the main advantages of the proposed cleaning technology can be distin-
guished. First of all, this technology at a relatively low cost will significantly improve
the quality of the product, and therefore the production efficiency. The nanomaterial
used is a modification of carbon, that is, no additional studies are required related to
the study of the side effects of the new filter material. To carry out selective adsorp-
tion, the manufacturer will no longer need additional technological solutions in the
process. The nanomaterial used in the production of the filter can be reused, which
gives the proposed model an additional economic benefit.

The promising consumers of the developed innovative product are primarily enter-
prises related to the chemical and food industries, as well as the liquor industry. In
addition to them, such filters will be interesting to developers of the pharmaceutical,
electronic, optical industries. The absence of significant costs is also due to the fact
that the introduction of the proposed technologies does not require a revision of
production lines and changes in the stages of industrial production. This technology
was implemented in a filter for the purification of alcohol-containing products, which
was successfully tested at the PermAlko enterprise (Perm) (Fig. 12.3).

Thus, the introduction of the technology for cleaning liquids in industry developed
at the Volgograd State University will lead to an improvement in the state of health
of citizens through the use of high-quality water, the development of chemical and
food industries, which will be one of the integral elements of the inclusive growth
of the state.
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Fig. 12.2 Example of nanomarking applied to the surface of a polyvinyl chloride sample

12.4 Nanotechnology in Medicine

Biomedical nanotechnologies represent the most promising direction for the devel-
opment of the nano-industry, however, this direction is also fraught with a number of
difficulties. New materials can find application in virtually all medical spheres [13].
First of all, with the help of nanotechnologies, it is possible to design completely
new drugs, make breakthrough discoveries in prosthetics using robotic nanobiocon-
structures, as well as contribute to the creation of new biocompatible materials, etc.,
these developments are now in their initial state, as they cannot be put into practice
without detailed and comprehensive experiments and theoretical modeling, despite
the breadth and relevance of the tasks set by the needs of society. As mentioned
above, Presidential Decree No. 642 of December 1, 2016 “On the Strategy for the
Scientific and Technological Development of the Russian Federation” formulated
one of the areas, namely, the transition to personalized medicine, high-tech health-
care, and health-saving technologies, including through the rational use ofmedicines.
Scientists from Volgograd State University also contributed to the solution of this
problem and proposed a number of developments that contribute to the transition to
high-tech healthcare.

12.4.1 Stomatology

Currently, there are a number of disadvantages inherent in impression materials,
including those from which dentistry fillings are made. Therefore, a scientific group
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engaged in solving current problems of nanotechnology and nanomaterial science
at the Volgograd State University proposed a technology for creating polymer
composite materials using carbon nanotubes. The obtained polymer nanomaterials
had one of the main advantages of sealing blanks—ductility, however, thanks to the
introduction of carbon nanotubes, they acquired additional strength.

12.4.2 Medicinal Nanocoating for Stents

The provision of medical care becomes more rapid and effective when introducing
new technologies [14, 15]. One of the main negative factors in the transition to high
technology is the high cost of consumables used in operations—from catheters to
stents, without which medical intervention and assistance to the patient is sometimes
simply impossible. The high cost of this type of material is explained by the fact
that most of them are imported and, despite the support of the state and numerous
state programs, still does not become possible for implementation everywhere. At the
same time, the cost of used products and materials in domestic production becomes
significantly lower.

One of the worst problems of modern society is the high mortality rate from
constriction and blockage of vessels entering the circulatory system. The solution to
this problem is to carry out special medical actions on stenting (stent implantation),
which is a low-traumatic method and contributes to the avoidance of surgery.

However, these technologies are also not devoid of disadvantages: when a stent
is used for a long time, they are blocked by various blood clots or crystalline bodies,
resulting in the need for repeated intervention or restatement. Therefore, it is neces-
sary to increase the service life of this type of medical stents. An effective solution
will be to apply nanocovering to the surface of the stent with a drug, which will
provide a prolonged effect of this product.

As part of the scientific work carried out at Volgograd State University, it was
proposed to use a special nanofilament consisting of a polymer material and a drug,
which will be a homogeneous nanofilm covering the surface of coronary (metal) and
bile (polymer) stents. This solution can be applied to various biomedical needs and
will significantly reduce the impact of negative factors that reduce the efficiency of
using stents. Another modification of the proposed technology is the introduction of
carbon nanoparticles into the obtained nanoparticle to more accurately distribute the
concentrations of substances included in the nanofilm and will contribute to a given
drug intake into the patient’s body along with an increase in the operation time of
the stent.
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12.5 Ultra-Strong Asphalt Concrete

Traditionally, an urgent task for all regions of Russia, including theVolgograd region,
is the creation of modern expanded road surfaces, which is impossible without
conducting comprehensive scientific research for the needs of the road industry
in order to transform it in accordance with the challenges of time. Some innova-
tive solutions should be aimed at optimizing transport flows and developing high-
safety systems on the roads, but the development of innovative materials used in the
construction of expensive ones, as well as the use of breakthrough technologies in
their repair and modernization, will make a great contribution to improving the road
situation. That is, a high-quality road surface is a basis, followed by a clear improve-
ment in the road situation as a whole. But it is impossible to create it without new
materials and technologies. The most likely and cost-effective solution will be the
use of nanomaterials that allow you to obtain macro objects with projected physico-
chemical properties. Therefore, a method for strengthening the asphalt road surface
using carbon nanomaterials has been developed at VolSU.

One of the key requirements for asphalt concrete is that its propertiesmustmeet the
conditions of the surrounding road environment and change with them. Ameasure of
these properties is the compressive strength measured at given temperatures and the
rate of application of the load. Also significant for the operation of asphalt concrete
is their water and wear resistance.

It is possible to improve the listed properties of the asphalt road surface by adding
carbon nanotubes to the component of the mixture, whose strengthening properties
are well known. It is proposed to introduce carbon material into molten bitumen,
which will make it possible to obtain a stronger andmore wear-resistant road surface.

The suggested assumption was tested during a series of experiments by scientists
fromVolgograd State University. Asphalt concrete samples were tested for compres-
sion, and it was found that even a small introduction of nanotubes (up to 0.0001%
by weight) leads to strengthening of the starting material.

Therefore, reinforcement of asphalt concrete with carbon nanotubes can be
proposed as one of the effective methods for improving the performance of asphalt
concrete.

12.6 Improving the Performance of Petrol, Oil
and Lubricants

Improving the properties of fuels and lubricants is an important taskwhen introducing
improved engines. It is necessary to improve the resistance of oils to oxidation due to
the fact that this will solve one of the most important operational tasks facing engine
manufacturers, namely, reducing the frequency of oil replacement in them.
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Already at the present stage, only doped oils are used in industry, that is, fuels
and lubricants containing various mineral and synthetic additives to the initial motor
oil in their structure. This is done to give the oil the desired properties. The content
of additives and their amount is now responsible for the effectiveness of certain
types of oils, ensuring their compliance with operational properties and increased
service life. The advent of new combinations of these components also provides an
expanding range of fuels and lubricants. The unique sorption properties of carbon
nanotubes allowed scientists from theVolgograd StateUniversity to put them forward
as one of the main components, which will increase the operational properties and
physicochemical characteristics of existing base oils.

The use of lubrication is necessary to reduce the breakability of parts due to wear
and increase their service life. Oil performs a number of important functions, such as
increasing corrosion resistance, reducing the temperature of parts in constant friction,
denser piston travel in cylinders, as well as eliminating coke andmetal microparticles
from working surfaces. The main requirement for metal and rubber bonds of engines
is to increase their service life, which is achieved by high tribological characteristics
of lubricants, which can be increased when carbon nanoparticles are introduced into
them. That is, the use of carbon nanotubes as additives will just solve the main
technological problem facing manufacturers of fuel and lubricants, and as a result,
engine manufacturers.

High sorption activity of carbon nanotubes will lead to higher resistance to
oxidation of oils, which will affect the growth of their stability and preservation
of viscosity, which affect performance characteristics of fuel and lubricant material
as a whole [16]. At Volgograd State University, experiments were carried out to add
carbon nanotubes to Lukoil Super 10w-40 motor oil, which showed that the resulting
composite material has changed parameters of acid number and alkalinity, as well
as viscosity and acid number.

Both after aging and in the initial state, the addition of carbon nanotubes leads
to a decrease in acidity and acid number, which means a slowdown in the oxidizing
process in oil. The change in the alkaline parameter means that the resulting
composite mixture neutralizes the sulfur products during the operation.

Thus, it can be concluded that the addition of an additive in the form of carbon
nanotubes to motor oil avoids corrosion of the main components both during the
operation of the engine or motor and during its preservation, that is, it is possible
to unequivocally talk about improving the functional characteristics of fuel and
lubricants by introducing such an additive.

The result of the research was the innovative product “NanoOIL” (Fig. 12.4), the
implementation of which is currently being negotiated with OAO LUKOIL. Also,
this development interested a number of foreign partners of the university.
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Fig. 12.3 Carbon
nanomaterial filter for
cleaning liquids from
harmful impurities

Fig. 12.4 Innovative
product nano-oil

12.7 Conclusion

The inclusive development of the Russian Federation is impossible without compre-
hensive measures for socio-economic growth, which can ensure the active use of
nano-industrial products. Nanotechnological products will make significant changes
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in all areas of society and industry, from medicine and environmental protection
to chemistry, biotechnology, and materials science. Scientific potential, technolog-
ical capabilities, and grant support create a positive background for the Russian
Federation to provide leadership positions in the field of breakthrough technologies,
create unique products for foreign and domestic markets, and therefore overcome
socio-economic challenges that impede its inclusive development.

But the existing sphere at the present stage has a number of risk factors. The most
significant of these are the substantial financial resources necessary for the mass
introduction of new materials and technologies into the industry; a technology race
involving advanced countries; the need for production in highly skilled personnel
and the creation of conditions for their retention in domestic production. Also, the
mass production of nanotechnological products is hindered by the easy availability of
domestic raw materials for the creation of final products; problems with the import
substitution of high-tech products and, as a result, the lack of modern scientific
equipment necessary for the successful integration of nanotechnologies into indus-
trial technological processes. The emergence of the Russian Federation as a tech-
nological leader and its successful inclusive development are impossible without
accelerating the pace of transition to high-tech production using nano-industry and
its products.

Therefore, in the Volgograd region, to solve these urgent problems for the entire
state, scientists at Volgograd State University are making a large-scale and compre-
hensive introduction of nanotechnologies, ranging from numerous proposals for
high-tech products and technologies to training personnel with unique professional
competencies. This was possible due to the systematic development of this scien-
tific direction for three decades, the emergence of a unique scientific and pedagog-
ical composition and a scientific school, a scientific and technological base that
has no analogues in other universities in the region, as well as accompanying their
methodological support activities.
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Chapter 13
Neural Network Prediction of Economic
Structural Changes in the Context
of Industry 4.0

Elena A. Petrova , Alla E. Kalinina , and Petr V. Bondarenko

Abstract Current studies consider structural changes not as a consequence, but as
one of the sources of economic growth. However, this connection is not absolute
and the changes intensity depends on many factors, one of which is technological
development, which is associated primarily with the formation of Industry 4.0. This
chapter presents the results of the structural changes analysis of the European Union
countries economies, theUnitedStates andRussia between2007 and2017, calculated
by Gatev’s integral structural change coefficient, in accordance with the growth
rate indicators of the information technology sector. The highest annual structural
changes were observed in 2009 in foreign countries. Since 2010 the structure of value
added has remained relatively stable, but there was a slight increase in 2015 in the
United States. The Russian Federation shows two peak values in 2009 and 2011 and a
smaller high value in 2015. A neural network is used as a tool for predicting structural
changes. The prediction results show a direct dependence between structural changes
in the economy and the IT industry indicators, and the dependencies configuration
allows us to conclude that the processes in this sector of economy are stabilized and
unlikely to lead to structural changes in the near future.
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13.1 Introduction

Modern foreign and Russian studies consider structural changes as one of the most
important components of economic growth. Structural changes are understood
as the redistribution of economic activity between the three traditional sectors of
the economy (agriculture, industry, and the service sector in Clark’s three-sector
model) [1].

This process usually involves an increase in labor productivity in all sectors of
the economy, surplus labor lay-offs and high-tech industry development, which in
turn supports industrialization, urbanization and high-productivity service sector
development. Sustainable economic growth is based on the reallocation of resources
from traditional agriculture and other low-productivity activities to more productive
sectors in both urban and rural areas.

Thereby, structural transformation (or structural changes) is a priority in economic
policy for countries at all development levels. There are five main features: a steadily
declining share of agriculture in economic production and employment; a growing
share of urban economic activity in industry and modern services; an increasingly
high share ofmanufactured goods in production and exports; themigration of agricul-
tural workers to urban areas; and the demographic transition, which usually involves
a sharp increase in population before a new equilibrium is achieved.

However, modern economic development changes the classical division into three
sectors, differentiating the service sector [2, pp. 90–91]. Since the 1980s, informa-
tion technologies have acquired a new role in the production process, changing its
content, technologies, and requirements for the employees qualification. A new stage
of technological progress is associated not only with the development of information
technologies, but also with themutual interaction of nano-, bio-, information-, cogni-
tive—(hereinafter—NBIC)—technologies, that also affects the dynamics of struc-
tural changes [3]. Therefore, economic growth prediction should take into account
these changed economic conditions, which implies supplementing the prediction
models with parameters that take into account the dynamics, direction, and intensity
of the implementation of NBIC technologies.

Globalization of production is equally important for structural changes due to
many factors, including profound changes in geopolitical relations between the coun-
tries, the widespread growth of digital transformation in all sectors of the economy,
reduced transportation costs, the development of computer-assisted production tech-
nologies and the proliferation of bilateral and multilateral trade agreements. These
processes made it possible to decentralize supply chains into independent but
coherent global networks and allowedmultinational companies to place their separate
production facilities around the world. Creative product design, search for materials
and components, and manufacturing of products can now be done less expensive
and more efficiently from virtually any region of the planet, while end products and
services are customized to meet the needs of customers in national markets.

Modern analysis of industry transformation was initiated by Fisher (1935, 1939)
and Clark [1] and dealt with sector shifts related to the labor resources [4]. However,
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in the later years, the study of the long-term transformation of the sectoral structure
by Kuznets [5] established the factors of structural transformation that measure the
dynamics of such indices as indicators of production and consumption.

The structural transformation production indicator analyzes sectoral changes in
the employment rate and value added in gross domestic product (GDP) as the
economy grows. Thus, it is believed that structural changes are possible when an
increase in GDP per capita is associated with a decrease in both the employment rate
and the nominal value-added rate in agriculture, as well as an increase in both the
employment rate and the nominal value-added rate in industry and service industries.

Another important area of research is the work of Baumol [6], who showed
that there is a negative feedback between economic growth and the expansion of
the tertiary sector characterized by low productivity, the so-called “Baumol’s cost
disease”. Further studies of this process show both its confirmation [7–10], and nega-
tive results of its prediction [11, 12]. Studies of structural changes in the economies
of Asian countries and in Japan [13–15] focus on the industry structure and mainly
examine the causality of productivity at the branch industry level as well as at the
level of an individual enterprises.

The structural transformation of the economy, both in highly developed countries
and countries with a lower level of development, is primarily associated with the
peculiarities of country economic systems evolution, the integration into the world
economy, as well as the role in the world labor division. Over the past decades,
the highly developed countries of Western Europe and the United States have been
actively improving their innovation systems, including the introduction and develop-
ment of converging technologies, which also led to a change in both the economical
structure and the contributions of individual sectors to the total value added. An
important part in these processes was played by the implemented state programs for
the digital economy and IT development.

The main state programs for the digital economy development in Europe and the
United States are presented in Table 13.1.

Therefore, the objective of the study was to trace how the economic structure is
changing in response to large-scale changes, as well as to carry out a comparative

Table 13.1 State programs for the digital economy and IT sector development in the world

Country State programs for the digital economy and IT sector development

Germany Industry 4.0., Smart networking

France Alliance Industrie de future

United Kingdom UK digital strategy

USA Digital economy

Japan New strategy in information and communications technology

China Strategic plan for reindustrialization using new information and
communication technologies

Source Compiled by the authors
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analysis based on measurements of similar processes in the Russian Federation and
Western Europe and the United States.

Another important aspect of this research was the modeling of the studied
processes using neural networks.

13.2 Methodology

The information database of the study consists of the official data of the United
NationsStatisticsDivision, analytical reports of the InternationalTelecommunication
Union (ITU) on information and communication technologies between 2007 and
2018 [16], the statistical publication of the Federal State Statistics Service (Rosstat)
“Regions of Russia. Socio-economic indicators”, “Russia in figures”, “Regions of
Russia. The main characteristics of the subjects of the Russian Federation” for the
period between 2005 and 2018 [17–19].

Gatev’s structural change coefficient together with the indicators of the growth
rates of the information technology sector indicators is used as the main tool that
will allow measuring structural changes in countries economies:

Gatev’s integral coefficient:

K �
t =

√ ∑n
i=1(xit − xit−1)

2∑n
i=1 x

2
i t + ∑n

i=1 x
2
i t−1

(13.1)

where xit—is the share of the i-industry in the gross indicator in the period t, xit–1 ≥
0; xit ≥ 0;

n—number of structure elements.
To analyze the processes under study, the authors calculated Gatev’s integral

structural change coefficient based on gross value added in the Russian Federation,
USA, France,Germany, Italy,UnitedKingdomofGreatBritain, andNorthern Ireland
between 2007 and 2017 (Fig. 13.1).

Figure 13.1 represents the calculations of Gatev’s annual structural change index
based on the gross value added in theRussian Federation, France, Germany, Italy, and
the USA. The annual change in structural changes shows that the highest change was
observed in 2009 in foreign countries, and since 2010, the structure of value added
has remained relatively stable, but in the United States there was a slight increase in
2015.

The Russian Federation had two peaks in 2009 and 2011 and a small high value
in 2015. However, the change rate is much higher than the rate in Western Europe
and the United States. This is explained by the fact that the Russian Federation
began to actively introduce information and communication technologies much later.
For example, the “Strategy for Development of Information Society in the Russian
Federation until 2015” was approved on February 7, 2008, by the President of the
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Fig. 13.1 Gatev’s structural change coefficient based on gross value added in the Russian Federa-
tion, France, USA, Germany, Italy and the United Kingdom of Great Britain and Northern Ireland.
Source Compiled by the authors based on [16]

Russian Federation, the Federal Target Program “Electronic Russia (2002–2010)”
was approved in 2002 (the program was amended and supplemented in 2004, 2009
and the last changes were made in 2010). Recent years have shown the stabilization
in changes both in the Russian Federation and abroad.

Diagrams in Figs. 13.2 and 13.3 reflect the comparison of Gatev’s index by the
sectoral structure of gross value added and the growth rates of the main IT industry
indicators in France and Germany in 2007–2018.

The largest changes in the IT sector indicators values fall between 2007 and 2010,
then they appear stabilized. However, some indicators (in France it is the percentage
of people using the Internet, and in Germany it is the number of cellular subscribers
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Fig. 13.2 Dynamics of the structural change coefficients and the growth rates of information and
communication technologies indicators in France between 2007 and 2018. Source Compiled by the
authors based on [20]
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Fig. 13.3 Dynamics of the structural change coefficients and the growth rates of information and
communication technologies indicators in Germany between 2007 and 2018. Source Compiled by
the authors based on [20]

per 100 inhabitants) have negative growth rates in 2010 and 2015. Structural changes
in this period are stabilized and there are no sharp spikes in the structure of gross
value added.

In the long term, these indices and IT sector indicators show a clear trend towards
slight growth inFrance. There is awider range of values in the IT industry inGermany.
Since 2016 there is an increase in the growth rate of the indicator “Percentage of
people using the Internet”, but the indicators “Number of cellular subscribers per 100
inhabitants” and “Fixed broadband connection per 100 inhabitants” tend to decrease,
while Gatev’s structural change Index remains stable.

Similar processes are observed in the Russian Federation, but with a slight time
delay; the structural change peaks occurred in 2009 and 2011. The IT industry in
the Russian national economy shows an upward trend in the indicators growth, in
particular, the largest increase is observed in the cost of ICT (Fig. 13.4), while the
structural change index remains stable.

Therefore, the same processes are being observed both in foreign countries and
in the Russian Federation. It is not possible to unambiguously assert the existence of
a link between IT sectors and structural changes in value added.

The next stage of the study is devoted to the construction of an economic growth
predictionmodel, taking into account structural changes and growth rates of themain
IT sector indicators of the Russian economy.

The studied processes, both in the Russian Federation and in the countries of
Western Europe and the USA, have a complex nonlinear dependence. Therefore,
neural networks are used as a modeling tool, because they solve with good accuracy
the problems of classification, prediction, and search for associations in the data
array, especially if the data is heterogeneous and there is a wide range of values.
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Fig. 13.4 Dynamics of Gatev’s structural change coefficient for the sectoral structure of gross value
added and for the normalized ICT costs value in the Russian Federation. Source Compiled by the
authors based on [18, 19]

The Deductor Studio cross-platform solution was chosen as a neural network
modeling tool. The Deductor Studio allows to implement a complex scenario for
collecting data from a source, to perform preprocessing and data cleaning, as well
as to build a neural network with the specified parameters of the activation function
and to set the number of hidden layers in the neural networks.

The authors selected 11 indicators (presented in Table 13.2) to design a neural
network taking into account the correlation analysis of indicators describing struc-
tural changes in the economy of the Russian Federation and the information and
communication technologies integration.

The data set for the study was a set of 1,246 observations for all regions of the
Russian Federation between 2006 and 2019.

The designed neural network is based on the Deductor Studio cross-platform
solution. It is a network with two hidden layers and a hyperbolic tangent activation
function.

The authors implemented an error backpropagation algorithm within the frame-
work of this neural network. The gradient descent method was chosen as the network
trainingmethod. Thismethod allows for theweights to be corrected after all examples
of the training set are presented.

All indicators were normalized and brought to a standard form in order to be used
by a neural network. Using linear normalization the values of the studied indicators
in the data set were presented in the interval (−1, 1). A logarithmic transformation
of the value in the interval (0, 1) was used to calculate Gatev’s coefficient. Randomly
determined 95% of the original data set was used for the training set, the rest 5% was
used for the test set.
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Table 13.2 Structural changes indicators in the Russian economy and the information and
communication technologies integration

Indicator Designation

Gatev’s structural change coefficient Y

Use of personal computers X1

Server use X2

Use of local networks X3

Use of global networks X4

Hardware costs Z1

Software costs Z2

Communication service costs Z3

Costs for the ICT use and development staff training Z4

The cost for the third-party ICT specialists and services (except of communication
and training services)

Z5

Other costs Z6

Source Compiled by the authors

An error of 0.05 between the values at the output and the input and reaching 5000
epochs were chosen as the parameters for the completion.

13.3 Results

As a result of the neural network training 91.99% of examples were recognized in
the learning set, and 90.05% in the test set (Fig. 13.5).

Figure 13.5 shows a scatter diagram that is nonlinear due to complex nonlinear
dependence in the studied data.

According to the diagram, most of the measurements are within the margin of
error, and the chosen neural network configuration fits for this study. The number
of unrecognized observations is about 10%. This can be explained by the fact that
there is a strong differentiation between the regions of the Russian Federation for
the selected indicators and the regions are not homogeneous in the data set.

The authors used the “What-if” tool in Deductor Studio to predict the processes
under study. This toolkit allows not only to build diagrams from the parameters under
study, but also to conduct research on the effect of changing the value of one indicator
on the value of the output parameter.

Of greatest interest are the following dependency diagrams (Figs. 13.6, 13.7,
13.8, 13.9).

The presented graphs illustrate the direct dependence between structural changes
in the economy and the studied indicators, such as the use of global networks, the
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Fig. 13.5 Scatter diagram with a preset error threshold of 0.05

Fig. 13.6 Dependency diagram between Gatev’s coefficient and indicator for the use of local
networks
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Fig. 13.7 Dependency diagram between Gatev’s coefficient and indicator for the use of global
networks

Fig. 13.8 Dependency diagram between Gatev’s coefficient and indicator for the hardware cost

hardware cost, and the software costs. The prediction results show a direct depen-
dence between structural changes in the economy and the IT industry indicators, and
the configuration of the dependencies allows us to conclude that the processes in this
sector of the economy are stabilizing and are unlikely to lead to structural changes
in the Russian economy in the near future.
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Fig. 13.9 Dependency diagram between Gatev’s coefficient and indicator for the software costs

13.4 Conclusion

Therefore, the analysis of the processes taking place in the IT sector and in the
economy in general in foreign countries allows us to conclude that the highest struc-
tural changes occurred between 2007 and 2009. In the Russian Federation, these
changes are delayed by 2–3 years.

The IT sector shows the stabilization of the main indicators, which is unlikely to
lead to structural changes in the Russian economy in the near future.

The predictive model, built on the basis of a neural network, shows the nonlinear
dependence between structural changes and the development of Industry 4.0. In
particular, the nonlinear dependence is observed between the structural change
coefficient and the use of local networks.

This type of dependence behavior is explained by the high degree of influence of
this indicator on the studied processes and is the most significant in the implementa-
tion of programs for the introduction of information and communication technologies
to the Russian economy.
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Chapter 14
Artificial Intelligence Technologies
for Business Continuity Protection
in Industry 4.0

Michael I. Zabezhailo and Yu. Yu. Trunin

Abstract Computer data analysis,which is inherent to the inclusive digital economy,
is considered one of the crucial components for Industry 4.0. The pivotal role of
computer techniques is determined by their universal nature, regardless of the geog-
raphy of their implementation. Big Data analysis is critical for decision-making
support systems to ensure the protection and stability of business continuity in a
rapidly evolving economic environment. This chapter discusses technological capa-
bilities to tackle the vital need in Industry 4.0—the personalization of products,
services, and decisions. Personalization receives attention due to the increasingly
intensive development of various global network communities and collaborations.
From a technological perspective, it is crucial to effectively identify homogeneous
groups of network users and balance the needs anticipated by an individual and group.
Modern high-precision evidence-based medicine requires computer technology for
decision-making support and utilizeswith efficacy the capabilities of computer-based
techniques to differentiate cases of pseudo-progression in human brain tumors. The
approach proposed can be expanded to other relevant for Industry 4.0 subject areas.

14.1 Introduction

Emerged with the advent of Industry 4.0 [1], the term digital economy has become
a full-fledged concept embraced by scholars, researchers, etc. To date, the term
denotes an economy based on the implementation of computer technologies and

M. I. Zabezhailo
Federal Research Center “Computer Science and Control”, Russian Academy of Sciences (RAS),
Moscow Institute of Physics and Technology (MIPT—National Research University), Moscow,
Russia
e-mail: m.zabezhailo@yandex.ru

Yu. Yu. Trunin (B)
Department of Radiology and Radiosurgery, N.N. Burdenko National Medical Research Center of
Neurosurgery, Ministry of Health of the Russian Federation, Moscow, Russia
e-mail: ytrunin@nsi.ru

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
E. I. Inshakova and A. O. Inshakova (eds.), New Technology for Inclusive
and Sustainable Growth, Smart Innovation, Systems and Technologies 287,
https://doi.org/10.1007/978-981-16-9804-0_14

163

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9804-0_14&domain=pdf
http://orcid.org/0000-0002-5067-5909
http://orcid.org/0000-0002-4240-5036
mailto:m.zabezhailo@yandex.ru
mailto:ytrunin@nsi.ru
https://doi.org/10.1007/978-981-16-9804-0_14


164 M. I. Zabezhailo and Y. Y. Trunin

techniques in economic activities. Big Data andArtificial Intelligence (AI) transform
the environment, traditional concepts (smart home, unmanned vehicle systems, smart
contracts, and blockchains (distributed ledgers), economic activities, and industries
into a qualitatively new state (smart agriculture, digital healthcare, etc.). At the same
time, these activities rely on data exchange and decision support systems as vital
architectural components required to respond efficiently to possible challenges.

The operational features that are crucial for the reliable operation of Industry 4.0
computer technologies include.

(1) processing large amounts of data taking into account not only the Big effect but
also the Open effect, which consists in regular updating of the current database
with new information,

(2) dealing with the time constraints imposed on the Data Analysis (DA) and
Decision-Making time, the so-called process-real time.

The development and implementation of Industry 4.0 technologies have shown
that in the conditions under consideration, Big Data analysis can be carried out
effectively and reliably only by using Artificial Intelligence techniques (where this
term represents a general name for the relevant field of research and development).
Thus, a problem-oriented approach using Intelligent Data Analysis (IDA), Big Data
analysis performed by computer systems that simulate and enhance the cognitive
capabilities of an expert researcher, is an effective means to respond to these kinds
of challenges.

The need to develop approaches, techniques, and means to ensure reliable oper-
ation of the infrastructure components and aid to protect and maintain business
continuity in the complex technologies employed in Industry 4.0. appears to be a
critical component for appropriate decision-making in the industry.

When developing techniques for decision-making systems, it is vital to take into
account the following requirements [2–7, etc.]:

– supported by IDA techniques, guidelines, conclusions, and recommendations
for Decision-Makers (DM) must be transparent that is meaningfully inter-
preted and clearly explained in meaningful terms and concepts adopted in the
analyzed subject area because the decision-maker takes full responsibility for the
consequences that arise as a result of their implementation;

– conclusions and recommendations provided by decision support systems (DSS)
should be sustainable when updated with new evidence on the control object;
causal factors in the DA and DSS, which determine the presence of the studied
effect or phenomenon, need to be identified. Consistent refinement of ideas about
such causal influences, formed in the process of constantly updated empirical data
on the behavior of the control object, allows us to reliably and effectively maintain
the business continuity mode of the relevant technologies and end solutions in
Industry 4.0;

– Big Data processed under process-real time constraints requires special efforts to
control and optimize the inspection of possible alternatives when searching for
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appropriate management decisions (more formally speaking, targeted control of
computations to identify a reliable alternative).

Previous studies have shown that when we deal with relatively small initial (see
[3–7, etc.] for mathematical problems of diagnostic type), some computationally
hard—provably intractable combinatorial problems—arise [6, etc.]. In this case, a
critical role belongs to various methods to provide control case study inspection
when searching for a reliable alternative (the development of effective heuristics for
finding particular solutions, development of some approximate methods, etc.).

The techniques discussed seem promising for diagnostics and support in
large technical systems such as data centers and infrastructure telecommunication
complexes. These techniques are efficient for fraud protection in the financial sector
and decision-making support under force majeure in the industrial sector. The latter
includes crisis management, support for the survivability (business continuity) of the
control object under the conditions of failures, and other incidents that disrupt its
operation.

14.2 The Scientific Problem

From a formal point of view, the described above industrial applications tackle
specific diagnostic tasks [3–7, etc.]. In this case, the analyzed data represent descrip-
tions of sampleswith the presence (or, conversely, the absence) of the phenomenon or
effect under study—the so-called precedents. The initial database, regularly updated
with descriptions of new precedents of the controlled object behavior, can be summa-
rized in the table Precedents × Features, where a concrete value is assigned to
each of the observed features of a specific precedent. The purpose of the IDA is to
identify the causal factors, which determine the presence/absence of the analyzed
effect/phenomenon. Based on the collected empirical data, reconstruction of causal
factors enables the effectiveness and reliability of decisions based on the conclusions
and recommendations derived by Intelligent Data Analysis due to a targeted search
of the identified causal factors.

In Industry 4.0, the management of complex industrial facilities involves risk
assessment for further development of the current situation—the state of the control
object that can evolve in various possible ways. Simultaneously, it is vital to consider
several requirements and restrictions that vary from the desire to enhance profits to the
need tomaintain business continuity by ensuring the operational stability of high-tech
business structures by repairing various technical failures and targeting disruptive
impacts. In this case, decision-making should rely on specific control systems that use
built-in models to control an object’s behavior in the changing environment. Here,
we deal with solutions of two types. The first type uses stationary models of large
objects and the cooperation of objects ported on large geographically distributed
computing systems (see, for example, [8, 9] and others). The second type includes
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various mobile and onboard systems taking into consideration their limitations in
functionality and performance.

The computer models for the control systems described above are as follows. (1)
Mathematical models that now have the status of classical use system of balance
type relations, e.g., models based on systems of equations, in particular, describe
different effects in physics, economic cross-production or cross-industrial balances,
etc. (2) Interpolation-extrapolation models implement learning procedures based on
precedents, machine learning, data mining, etc.

To date, the use of balance models prevails in cases with a sufficiently small
set of influence factors (possible causes), e.g., effects and phenomena characteristic
description in natural science, such as physics, and technology, such as technical
diagnostics, in particular. The efficient use of mathematical Models in Big Data
analysis of multi-causal effects and phenomena is limited significantly in analyt-
ical and numerical ways. Let us take, in particular, the objectives of sociolog-
ical studies that should consider the typology of society, identification of rational
grounds for the electoral decisions in various social groups in society, etc., or the
purposes of modern high-tech medical diagnostics. It is precisely these restrictions
that have become themost significant driver for the development and improvement of
interpolation-extrapolationmodels, which use training samples of precedent descrip-
tions in dynamically changing conditions for the subject under study with its char-
acteristic effects and phenomena. The COVID-19 pandemic represents a situation,
in which the virus is subject to constant mutations. The need exists to analyze its
impacts on people and the environment (pets, etc.) promptly.

Themechanism for this classmodels functioning is the interpolation of the training
set of precedentswith the presence (and/or absence) of the studiedphenomenon/effect
by empirical dependencies of one kind or another, followed by checking the expan-
sion of the dependencies found in thisway to the newly analyzed precedents to predict
the presence (or, vice versa, the absence) of the studied target effects/phenomena.

To date, a topic of general interest is the personalization of products and services
that is Industry 4.0 systemic feature. The individual settings and the need to clas-
sify consumers into homogeneous groups give rise to the issue of finding a balance
between individual and group needs. We mean the following: can an individual
consumer need simultaneously be a commercially significant need of a group of
consumers that, when extracting the costs, can bring a profit?Where should we draw
economically meaningful boundaries between homogeneous groups with retained,
to a certain extent, characteristics? So, researchers set the task of quickly identifying
economically significant homogeneous groups of consumers for Industry 4.0 prod-
ucts and services.Various network communities and collaborations [10–12, etc.] have
becomea topical research objective. It became clear that at the technical—procedural,
algorithmic—level, identification of the boundaries between homogeneous groups
of consumers in terms of their properties such as needs, and interests, has several
specific features. First, it is necessary to promptly analyze large amounts of initial
data (Big Data) to identify sought-for patterns under the specified time constraints
for data analysis and decision-making. It is required to process many alternatives
(candidates for a group in question) in constrained time intervals because of the
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specifics of the problem solved. An example of a successful solution to the issue
under discussion is the well-known story of voting in the UK and USA associated
with the Cambridge Analytica company [13].

Apart fromdecidingwhether a specific object belongs to a groupof similar objects,
it is vital to explain why we assign it to this group as it aids to suggest a course of
action, or select a treatment scheme based on medical diagnosis, or develop a repair
plan based on the results of technical diagnostics, or take measures to counteract
cyber attacks, etc. A lack of consideration of the causal factors can lead to undesirable
effects—the inability to resist threats efficiently.

Today, it is evident that this class of problem solutions in industrial applica-
tions requires artificial intelligence computer systems. This type of problem solution
relies on IDA andmachine learning for supporting decision-makers, and professional
collaborations (including operational formation and reorganization in response to
regularly occurring changes in the functional environment) as efficient techniques
for Industry 4.0 [10–12, etc.], given time limits for data analysis and decision-making.

14.3 The Scientific and Practical Relevance
of the Discussed Problem

Modern high-tech medicine as a research and development area uses Industry 4.0
technology to provide effective treatment. The use of modern techniques and tech-
nologies for medical decision-making support is a universal component of the
inclusive growth and development of national digital economies. Using these tools
allows creating favorable conditions for improving the quality of life and ensuring
the equality of opportunities for all social groups of the population, regardless of
geographical locations. Evidence-based medicine aims at personalization, proac-
tivity, and prevention of medical interventions in conditions when it is necessary
to analyze Big Data within restricted time. The requirements to ensure sufficient
evidence for decision-making and, finally, enable decision-makers to be respon-
sible for the consequences of the decisions made present strong arguments in favor
of choosing medicine as a model for illustrating the approaches discussed in this
chapter.

In high-tech medicine, the data required for successful diagnosis and subsequent
therapy comprise a complete personalized record of a patient. It includes the anam-
nesis data and follow-up—immune status, heredity, genomic and metabolic data,
etc., exhaustive lists of causal factors when analyzed effects and pathologies occur,
the dynamics of changes in the observed indicators over time. Here, computer tech-
niques for data analysis will lead to improved diagnosis and assessment of medical
therapeutic effects and possible complications, side effects, etc.

An example of a mathematical technique adequate to the peculiarities of the
performed computer DA (see [3–6] and others) is the procedural construction of
the so-called Characteristic Functions (CF), which enables developing empirical
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theories based on regularly updated experimental data. Each of these theories is a
consistent set of formulae that are empirical dependencies that interpolate on the
available training samples of precedents—the Database of Facts (Fact Base). The
theory describes all the facts available—the precedents from the Fact Base—as the
logical consequences of the assumptions that form this evidence-based theory. These
statements are accepted as valid because they are incontestable on the current samples
of precedents from the interpolatedFactBase.At the same time, theFactBase updated
with descriptions of new precedents requires a re-evaluation of the acceptability of
the assumptions that form the current evidence-based theory that is a dynamically
changing structure, reflecting the evolution of our knowledge about the subject area
under study.

Within the framework of these theories, verification of the uncontested conclu-
sions can be completed using the argumentation scheme for the assessment of the
acceptability of conclusions. The arguments PRO, empirical dependencies respon-
sible for the target effect/phenomenon presence, are analyzed against the current Fact
Base. The PRO arguments oppose the CONTRA arguments, facts, and dependencies
characterizing the precedents of the target effect absence. Thus, medicine, a subject
area regularly updated with new evidence and knowledge, is subject to formalization
based on the principles and techniques of open theories. The latter represent expand-
able collections of empirical evidence (facts) and knowledge representation by local
empiric dependencies.

14.4 Competitive Advantages of the Approach

By definition, a Characteristic Function (CF) is a logical condition that binds espe-
cially salient elements of case descriptions—examples and counterexamples of a
diagnosed effect/phenomenon from the current Fact Base (FB), which takes:

– the value that is true on all facts (examples) of the current FB, characterized by
the presence of the analyzed target property (diagnosed phenomenon),

– the value that is false on all facts (counterexamples) of the current FB of the
CF—in the absence of the analyzed target property.

Papers [3, 5, 6] give a fairly detailed consideration of the procedures for generating
CFs for a given FB. The mathematical properties of the CFs procedural toolbox in
their most general form are as follows:

1. in the general case, the exponentially fast growth of the size of the classes
of generated empirical dependencies with a linear increase in the number of
elements in the original training sample of precedents;

2. as a consequence, there is a lack of opportunities inmany significant applications
to identify all conflictingpairs of empirical dependencies by the so-called “brute-
force” method—by exhaustive enumeration of all the candidates, which leads
to a controversy in the diagnosis;
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3. and an efficient, fast (polynomially complex) solution to somekey combinatorial
problems.

In a formalized form, this can be summarized in the following statements:

• the problem of checking the causal representativeness of the current training
sample of FB precedents (see [5, 6, etc.] on the non-emptiness of the set of CFs
formed on its base) is effectively solvable: there is an algorithm of polynomial
computational complexity that generates its solution;

• the problem of enumeration of all CFs formed on a specific FB is enumeratively
complete [5, 6];

• the problem of enumeration of all elements in the set CF(FB ∪ FB) formed on
the current FB upgraded by descriptions of new precedents�FB is enumeratively
complete [5, 6] (with the effective solvability of the problem of non-emptiness—
causal representativeness—checking of such a set CF(FB ∪ �FB);

• the problem to define the number of elements in the set of characteristic functions
that are true on a newly diagnosed patient—extrapolated to his description—
is enumeratively complete (with the effective solution for the solvability of the
problem of non-emptiness—causal representativeness—of a set of such CFs).

14.5 Results

14.5.1 Intelligent Data Analysis and Medical Diagnosis
Based on Empirical Data

Using the example of identification and prediction of the post-treatment radiation
effect, the so-called pseudoprogression of brain tumors (PsP) (see, for example, [14–
20] and others), we will show how the presented IDA technique works in medical
diagnostics. Pseudoprogression is temporary changes in the tumor and perifocal
tissues surveyed on magnetic resonance imaging. It is challenging to differentiate
post-radiation treatment effects from tumor recurrence by MRI alone. It is impor-
tant to understand the radiological and clinical presentation that distinguishes these
two entities to guide management. A radiation-induced increase in tumor size and
contrast-enhancing lesion usually occurs shortly after radiation therapy and resolves
spontaneously without treatment in majority of cases. The observed changes that
characterize pseudo-progression are as follows:

– increased accumulation of contrast enhancement with or without the border
expansion (T1 c/i),

– increased swelling edema the tumor and perifocal tissues (T2/Flair),
– an increase in tumor size due to a cyst and/or a solid component.

From the point of view of data analysis and medical decision support, pseudo-
progression is specific primarily by the lack of accurate data that can reliably
determine:
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• the time of PsP development,
• the duration of PsP occurrence,
• diagnostic standards for PsP that differentiate PsP from tumor progression,
• recommendations for the treatment of patients with PsP, prognostic factors for

PsP development.

The study of the PsP effects with the aid of IDA focuses on the three main objec-
tives that include the diagnosis of the PsP effect, the diagnosis that differentiates PsP
from tumor progression, and the identification of the so-called markers of pseudo-
progression that allow for an uncontested diagnostic conclusion about the presence
of PsP in a new patient.

The initial data (FB) of the study have descriptions of 410 patients of the
N.N.Burdenko National Medical Research Center of Neurosurgery collected over
about 15 years. The Database of Facts comprises data on 67 precedents of the PsP
effect (described in the terminology we have adopted above) and 343 precedents of
its absence (counterexamples). Each of the precedents is described by 150 parame-
ters, quantified by values (boolean, numerical, etc.), but some parameters lack data in
some patients. Although FB is regularly upgraded, due to obvious reasons, it occurs
at a slow pace, with as few as several dozen descriptions of new patients annually.

Thus, in terms of mathematical models and methods of computer data analysis,
we have to deal with a training sample of a limited size. At the same time, when
processing these data, we need to operate with real Big Data effects. It is clear that
even if we consider only the Boolean quantification of the data on precedents (when
a description attribute significant for a PsP is either involved (has an impact) or not),
we should deal with more than 2150 combinations of values for the parameters under
consideration. We have to identify meaningful combinations of the impact factors
out of all the descriptions of the current FB precedents empirical dependences, which
determine (see above) the occurrence of the target effect—PsP of the tumor.

Some knowledge about the nature of pseudo-progression occurrence in the situa-
tion under consideration can be obtained using traditional statistical tools for testing
medical empirical data. Literature (see, in particular, [17–19] and others) analyzing
the risks of PsP development found that a statistically significant indicator that char-
acterizes the empirical dependence correlation is the presence of a cyst in the tumor,
which has an infratentorial localization in patients over 11 years of age in the FB
under study. However, the approach that uses statistical tests to analyze the sets
of correlations between the parameter values in the descriptions of the current FB
cases does not solve vital questions concerning the accuracy of diagnostic conclu-
sions and personalization of recommendations based on possible correlations of the
observed parameter values. It does not providemeaningful explanations and informal
interpretations of diagnostic decisions based on the identified correlations.

Papers [4, 5, 7] present a detailed description of the IDA results; in particular, it
enabled us to divide the examples and counterexamples (descriptions of precedents
characterizing the presence and absence of the PsP effect), based on an explicit
form of the Characteristic Function, by meaningfully interpreted conditions, and
give sufficiently detailed (multifactorial) descriptions of markers of the development
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of pseudo-progressions. One of the empirically established results is the structure of
the Characteristic Function that is common for all that is formed on a given FB, in
which two groups of the impact factors are present:

– the presence of those causal influences that force the emergence of PsP,
– the presence of some PRO arguments that provide sufficient grounds for accepting

the results of the performed IDA, and
– the absence of those impact factors that indicate any deviations from the devel-

opment of events typical for the PsP effect (the absence of actual CONTRA
arguments in assessing the sufficiency of grounds to consider the generated IDA
results acceptable).

14.5.2 The Proposed Approach and COVID-19
Pandemic-Induced Medical Services Transformation

In the context of the discussed features of Industry 4.0, we have to agree that the
personalization of decisions and recommendations has fundamental significance.
The current situation with COVID-19 viruses is one of the strongest arguments in
favor of prioritizing personalization. Indeed, vaccination as a universal (proposed for
everyone)means of tackling a pandemic has both clear advantages and disadvantages.
Combating COVID-19 has taught us to perceive its effects on people as a combined
multi-stage pathology. At the first stage, the virus accommodates in the human body,
then, at the second stage, the immune system responds to the virus, and at last, at the
third stage, we have to deal with various complications, the consequences of the first
and the second stages. It is undeniable that the multidimensionality of the second
and third stages (the variety of personalized characteristics of the course of these
stages of the disease in different patients) is the prominent argument in favor of the
resource futility of attempts to develop a universal remedy (medicinal product) for
the second and third stages. There is too much variety in the individual responses of
various patients to the effects of COVID-19 viruses.

Given this variability, the fabrication of a highly targeted drug that would consider
individual responses to the infection will require enormous resources and time to
conduct appropriate laboratory and clinical tests. At the same time, the formation
of a typology of patients at the first stage of the infection, and the elaboration of
treatment schemes that target homogeneous groups of patients is one of the few (if
not the onlyone) alternatives for theCOVID-19personalized treatment. Identification
of typologies, which would start with express diagnostics at the early stages of the
disease, based on the constantly growing evidence (factual base) of clinical practice
(both positive and negative), is an obvious tactic for improving therapeutic measures
in the current situation. Moreover, we note that the described above clinical practice
does not need to counteract the destructive activities of various COVID dissidents
and all kinds of anti-vaxxers).
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Procedurally, using the methodology and the relevant IT tools, the identification
and maintenance of the proposed typologies that take into account the dynamics of
changes in the epidemic, is a practice that has been elaborated in detail (see, for
example, the case with Cambridge Analytica [13], etc.). Speaking about the latest
approaches and mathematical models developed to identify typologies of the type
under discussion, one can consider the experiences of using artificial intelligence
and data mining (see, in particular, [21] and others).

Various research collaborations could play a critically important role in the iden-
tification of the discussed typologies. Cross-national and cross-border integration of
regularly updated empirical data from research teams can allow us to fine-tune the
personalized characteristics of each group of patients in the typologies identified. An
example of a setting is the ability tomanage the balance between the size of the group
and the information content of its description, which is critically important for the
effectiveness of the relevant recommendations and treatment measures, taking into
account the limitations on the resources available when fighting emerging patholo-
gies. In this context, the growing importance of network collaborations accumulated
in the framework of Industry 4.0 is indisputable [10–12].

The proposed typologies identification requires not only to classify the studied
precedents but also to highlight the causal grounds for the classification. The infor-
mativeness of the description of causal influences that allow for a meaningful expla-
nation and interpretation of the emerging typologies provides opportunities to use the
characteristic features of the formed classes of similarity of the analyzed precedents
when tackling the related pathologies and threats. Medicine, technical diagnostics,
the fraud protection in the financial sector, cyber security, etc. are some of the many
areas that can use types of causal relations as a basis for combat measures that, in
the first place, target the causes of the identified threats.

The approach we have considered using the example of combating COVID-19,
which discusses the personalized characteristics of objects of analysis, support of
collaborations, and typologies formation, can also be expanded on several other
areas characteristic of Industry 4.0. Along with the previously mentioned medical
and technical diagnostics, these areas can include providing business continuity of
large infrastructure solutions for Industry 4.0, the fraud protection in banking and
finance (including identification and countering/protection insider activities, etc.),
analysis of public opinion (typology of society, allocation of rational grounds for the
electoral choice of various social groups, etc.), and others.

14.6 Conclusion

Research programs undertaken in industrialized countries [22, etc.], which focus
on support and development of the technology initiatives of Industry 4.0, draw our
attention to the development of mathematical techniques and computer systems for
the automated formation of evidence-based theories of the type discussed above. The
AI technique allows us to effectively manage large amounts of empirical data from
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various sources: data fixed by different indicators and other measuring equipment,
production and operation monitoring data, etc. AI dealing with regularly updated
databases and promptly utilizing the outcomes in decision-making support systems
ensures an adequate level of situational awareness for decision-makers and predicts
further development of the current situation.

Here, we assign the fundamental role to:

(a) methods and technologies of computer-oriented representation of knowledge
about the analyzed subject area in the form of dynamically changing logical
theories (consistent sets of formulas—empirical dependencies) of a special
type, the so-called partial empiric (evidence-based) theories. At the same time,
such partial (empirical, regularly reorganized\reformed with the arrival of
new empirical data) theories are used as a computer-oriented technique for
providing support for decision makers’ situational awareness;

(b) methods and technologies utilized for predicting the development of the current
situation when analyzed by the decision-maker (including the identification
of potential risks that may arise from making decisions based on suggested
alternatives) by expanding the existing empirical dependencies,

(c) AI systems that provide just in time automated generation and mainte-
nance/modification of evidence-based theories that target a wide range of
subjects varying from heads of local business units to analysts in large centers
for data analysis and decision support.
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Chapter 15
Artificial Intelligence Algorithms
in Diagnosis of Breast Cancer

Alexander G. Losev and Andrey V. Svetlov

Abstract The field of this research is the development of intelligent systems based
on the use of modern methods of artificial intelligence. Such systems are able to
provide a diagnosis with high accuracy and also to be an advice-giver for a diagnosti-
cian.At the present stage of development ofmedical diagnostic systems, it is assumed
that it can analyze a screening data, and it is often an extremely complex process that
requires a long preparation and many years of experience for a physician. Intelligent
advisory systems should provide a rationale for the proposed diagnostic decision, and
a description of the data analysis results in a form that healthcare professionals can
understand. The main method of our research is microwave radiothermometry. This
is a biophysical method for non-invasive examination of biological tissues, based on
the measurement of internal and surface temperatures by the intensity of their elec-
tromagnetic radiation in the microwave and infrared ranges. The study uses specific
methods for intelligent analysis of thermometric data and the results of computer
modeling of spatial and temporal temperature distributions inside mammary glands.
The proposed approach significantly increases the sensitivity and specificity of the
method.

15.1 Introduction

The development of society is marked by technological waves and industrial revolu-
tions. Most researchers agree that the present time period refers to the sixth techno-
logical wave. Its main feature is development of robotics, biotechnology, nanotech-
nology, artificial intelligence systems, etc. [1, 2]. At the same time, “the introduction
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of nano-, bio-, information and cognitive technologies, cloud computing and artifi-
cial intelligence in all spheres of society” [3] is a characteristic feature of the fourth
industrial revolution.

We also note one of the most important social and state problems, which is to
increase the efficiency of early diagnosis and treatment of diseases of the mammary
glands. Statistics from recent decades shows that breast cancer is the most common
cancer among women. At the same time, rather serious scientific results in this area,
obtained over the past decades, significant changes in approaches to treatment, the use
of high-tech medical technology, all of it did not lead to a solution to the problem. In
2020, according to theWorld Health Organization, 2.3 million cases of breast cancer
were detected. More than half a million people die from this disease in the world
every year.

According to a number of experts, at present, one of the most promising methods
of mammological screening and early diagnosis of breast cancer is the method of
microwave radiothermometry. Microwave radiothermometry is a screening method
based onmeasuring the spatial distribution of the temperature field in the human body
by the intensity of its own electromagnetic radiation, analyzing and interpreting the
obtained data [4]. In recent years, this method of medical examination has become
widespread in a number of branches of medicine. The experience gained during
this time has identified one of the serious obstacles to its widespread use for early
diagnosis. Namely, the analysis of thermometric data turned out to be an extremely
difficult task, in fact, available only to a doctor of very high qualifications with a
sufficiently large experience. However, it is not a unique phenomenon, but rather one
of the most urgent problems of mathematical modeling, artificial intelligence and
medicine.

One of the most important and complex tasks of modern medicine was generated
by the following phenomenon. The use of modern high-tech equipment has led to
the fact that the main problems in making a diagnostic decision arise not due to a
lack of information but because of the complexity of its processing and analysis. The
main way to solve this problem is the creation of systems for the interpretation and
analysis of medical data based on artificial intelligence algorithms. In recent years, a
number of studies have appeared showing the effectiveness of this approach [5–11].
At the same time, the main interest here is in development of intelligent systems
with a mechanism for explaining and justifying the proposed solutions in a form
understandable to a diagnostician [12]. Such systems, using the latest developments in
the field of machine learning, will provide decision support for specialists in the tasks
of forming a diagnostic solution, predicting possible options for the development of
diseases, etc.

The aim of this study is a creating the foundations of an intelligent system
for diagnosing breast cancer based on the method of microwave radiothermom-
etry. The proposed approach is based on the combined use of methods for intelli-
gent analysis of thermometric data and the results of computer modeling of spatial
and temporal temperature distributions inside mammary glands. This technique
significantly increases the sensitivity and specificity of the method.
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15.2 Methodology

As mentioned above, in the last two decades, the microwave radiothermometry
method has shown very high efficiency in the diagnosis of a number of diseases,
including breast cancer. In 1975, the American researcher A. Barrett proved the
possibility of using this approach for the diagnosis of breast cancer [13]. However,
microwave radiothermometry was widely used in clinical practice only at the
beginning of the twenty-first century [7].

Note that the temperature field of the human body is characterized by significant
spatial variability, and its fluctuations are of great importance for the detection of
pathological processes.

Generally speaking, thermometry as a method of medical diagnostics has been
known for a long time. The most important stage in its development was the emer-
gence of infrared thermometry. It is based on measuring the infrared radiation of
the human body and has been quite actively used in the past few decades. The most
serious disadvantage of this examination method is the fact that infrared thermom-
etry can only determine the temperature of the skin. As a result, the accuracy of the
spatial thermometric description of the human body leaves room for improvement
and this is why in a large number of cases it is rather difficult to detect signs of patho-
logical processes. For this reason, this method of examination has a very ambiguous
assessment in the medical community.

The method of microwave radiothermometry makes it possible to obtain a much
more adequate spatial thermometric description of human body. At the first stage,
this examination method was used exclusively for the diagnosis of breast cancer.
Among other reasons, this is due to the fact that in the area where the malignant
neoplasm is located, a local increase in the internal temperature occurs. Thus, the
method of microwave radiothermometry is able to provide high accuracy in solving
the problem of early detection of malignant neoplasms.

Note that modern technologies for creating radiothermometers have provided a
fairly accurate measurement of the temperature fields inside various human organs.
It makes possible to develop an advisory diagnostic system based on machine
learning algorithms. However, for a diagnostician without special and sufficiently
long training the thermometric information analysis is quite difficult, what signif-
icantly reduces the potential for using this examination method in screening. This
problem can be completely solved by developing effective algorithms for data anal-
ysis based on artificial intelligence algorithms. Thus, in order to effectively use the
unique capabilities of microwave radiothermometry in early diagnosis, we need to
create an intelligent diagnostic systemwith high accuracy, specificity, and sensitivity
in identifying patients at risk of breast cancer.
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15.3 Results

At the first stage of our research, we developed several mathematical descriptive
models for describing the diagnostic state of patients of various classes. For this,
it is necessary to detect a dependence between the presence of breast cancer and
the spatial dynamics of its temperature fields. It is important to take into account
the ambient temperature, patient’s age, breast size, weight index, and a number of
other parameters of the history and preliminary examinations [7, 10]. And we should
note that in most cases we do not use the temperature values at individual points
of mammary glands for descriptive models of a patient’s diagnostic state. It turned
out that some mathematical functionals (norms, seminorms, etc.) more accurately
describe the aspects of the behavior of temperature fields in patients of various
diagnostic classes. In what follows, we refer to them as thermometric characteristics.

The method of setting up spaces of thermometric characteristics (also known as
highly informative thermometric features) is one of the most vital aspects of this
research. These spaces are used in algorithms for evaluating a diagnostic solution,
in a module of justifying the proposed diagnostic solution of an advisory intelligent
system, as well as in algorithms for analyzing thermometric data.

The obtaining the elements of the space of diagnostic signs based on the study
and analysis of areas of change in functional characteristics describing the corre-
sponding effects of the temperature fields behavior in themammary glands of patients
within various diagnostic classes. To develop a thermometric descriptive model of
the patient’s diagnostic condition we have analyzed the existing medical knowledge
about emriogenesis, development and structure of mammary glands, various heuris-
tics used by specialists during examinations. The key elements of thismodel are deter-
mining the presence and location of areas of mammary glands with an abnormally
high (or abnormally low) temperature, the presence and degree of mirror symmetry
of temperature fields, the level of their variability, dispersion characteristics, the rate
of temperature change in significant directions (internal gradient, axial gradient), the
rate of change of the internal gradient in the radial direction, etc. Further, on the basis
of the developed mathematical models of human thermal and radiation fields, statis-
tical analysis of the results of examinations carried out in medical institutions over
the past two decades, we develop a mathematical descriptive model of the patient’s
diagnostic state. Next, on the basis of computational experiments and intellectual
analysis of training samples of thermometric data, we will form a fairly complete set
of mathematical constructions describing the corresponding effects.

This approach has shown significantly greater efficiency in making a diagnostic
decision based on the operation of machine learning classification algorithms and in
justifying the resulting decision. Let us describe this result in more detail.

To evaluate the effectiveness of classification algorithms in machine learning,
one can usually use such parameters as accuracy, completeness, F-measures, and so
on. In particular, to evaluate diagnostic methods in medicine in the case of binary
classification, we should adhere to the tradition and use the following indicators.

Sensitivity, also known as Recall, is calculated using the formula
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Sens = TP

TP + FN

where TP is the number of patients from the “Cancer” class who were assigned to
the class “Cancer” by the classifier, FN is the number of patients from the “Cancer”
class who were not assigned to the class “Cancer” by the classifier.

Specificity is calculated by

Spec = TN

TN + FP
,

where TN is the number of patients of the “Healthy” class who were classified by
the classifier as “Healthy”, FP is the number of patients of the class “Healthy” who
were classified as not “Healthy”.

As a metric of the classification efficiency one can usually use various variants
of F-measures. In this study, based on the results of computational experiments, we
use for this purpose the value G = √

Spec · Sens.
Nowwe consider the logistic regression as an example of classification algorithm.

If we take the temperature values at different points of mammary gland as the feature
space, we get the sensitivity 0.75 and the specificity 0.81. If we take the values of
thermometric characteristics as the feature space in this classification algorithm, we
get the sensitivity 0.89 and the specificity 0.81. This way, the sensitivity has increased
by 15 percent. A detailed description of the algorithm and feature spaces you can see,
for example, in [8]. Similar results we also obtained using artificial neural networks
[7] and some other classification algorithms.

For comparison, we present the results of breast cancer diagnostics, which were
achieved in somemedical centers inRussia and theUnitedStates using themicrowave
radiothermometry method from 1997 to 2013. According to [4], the diagnostic sensi-
tivity ranged from 0.85 (Medical College, Arkansa, USA) to 0.96 (Radiology Center,
Moscow, Russia) and even 0.98 (Burdenko Hospital, Moscow, Russia). The speci-
ficity of the diagnosis ranged from 0.57 (Radiology Center, Moscow, Russia) to 0.88
(Burdenko Hospital, Moscow, Russia). It should be noted that these results were
obtained by highly qualified specialists with extensive experience in medical prac-
tice. Naturally, to make a diagnosis, they used not only the thermometric information
but also a fairly large amount of additional data about the patient’s condition. Mean-
time, it is now obvious that the results obtained with artificial intelligence algorithms
are comparable to the results obtained by experienced specialists of well-known
medical centers. Obviously, if the developed intelligent system is introduced into
medical practice, the sensitivity and specificity will be even higher. Moreover, it is
quite possible to involve nurses to measure temperatures at the screening stage, and
it also can increase the efficiency of examinations.

There is another and rather non-trivial problem to establish the location of the
tumor according to temperature data. This problem is much more difficult than
detecting the presenceof amalignant tumor.However, in [14]wepropose an approach
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to solution of this problem and obtain quite consistent results. To be exact, the
accuracy of tumor localization ranges from 55 to 65 percent, depending on the test
samples.

To make a correct diagnosis we use the voting method with a set of classification
algorithms, and then we analyze and interpret the work of some of them to justify
the diagnosis. When we use as classification algorithms the ensemble of an artificial
neural network, logistic regression, and decision forest, the sensitivity ranges from
0.88 to 0.92, and the specificity is in range 0.85–0.9. It is important to use for the
justification of the proposed set of thermometric characteristics [7, 10].

At the same time, this study develops a fairly new approach to data mining. It is
based on the results of computer modeling of the spatial and temporal distribution
of breast temperatures [10, 14–16] (Fig. 15.1). Here we proposed fairly consis-
tent approaches to the application of machine learning methods in the analysis of
thermometric data obtained with physical, mathematical, and computer models of
thermal and radiation fields. We developed quite specific methods for the computer
modeling of the temperature fields of patients’ mammary glands within various
diagnostic classes. In [10] we proved the validity of the resulting set of computer
models for temperature fields of mammary glands. The proof bases on computational
experiments and using a set of machine learning algorithms (logistic regression,
naive Bayesian classifier, support vector machine, decision tree, gradient boosting,
K-nearest neighbor method, etc.).

It is interesting to note that our technique involves the use of computer models of
temperature fields and it allows us to propose an approach to solving the problem of
errors in the rawdata.Actually, it is highly relevant problem tominimize the influence
of errors in the training samples of artificial intelligence algorithms.Moreover, it will
hardly be solved with existing standard methods. This is especially true for medical
data, where elements of uncertainty and inconsistency are a distinguishing feature.
If one can create sufficiently valid computer models of the temperature fields of
various human organs, then the results of these models can be used in the analysis of
“natural” thermometric data, i.e., obtained as a result of real medical examinations.

Fig. 15.1 a Scheme used in simulation of brightness temperatures for right breast; b Internal
temperature distribution for a model with a 1 cm radius tumor located at point “3”; c Surface
temperature distribution for a model with a tumor with a radius of 1 cm located at point “3”. Source
[10]
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Another application of appropriate computer models is computational experi-
ments aimed at enhancing the existing survey techniques. In particular, computer
modelsmake it possible to obtain temperature values not only at the points of the stan-
dard examination technique but also at any other point of the breast. It provides signif-
icantly more accurate visualization of the temperature fields of mammary glands.
According to analysis of the obtained visualizations it is known that sometimes it
is necessary to measure internal and skin temperatures at some specially selected
additional points during a medical examination.

15.4 Conclusion

Thus, the results of researches in the past several years show the possibility of
creating an effective intelligent system for early diagnosis of breast cancer based
on microwave radiothermometry data mining. At the same time, it was shown that
the following aspects are crucial for developing an appropriate advisory diagnostic
system.

The preprocessing of the temperature data ofmammary glands is required to create
correct training samples for classification algorithms of the developed diagnostic
intelligent system. For this purpose, at first, we build a mathematical descriptive
model of a patient’s diagnostic state. It includes mathematical functionals that char-
acterize the behavior of the temperature fields of patients within various diagnostic
classes. This approach can significantly increase the efficiency of the classification.

To minimize the influence of errors and inaccuracies in medical databases, we
recommend to construct training samples using the results of computer modeling of
the temperature fields of examined organ. This is why it is urgent to create appropriate
mathematical models with a sufficiently high degree of validity.

Also, it is necessary to increase the accuracy of the proposed diagnostic solu-
tion with the voting method of the ensemble of classification algorithms. Here it is
reasonable to use models of two types as the constituent parts of the ensemble. First,
it is possible to use artificial neural networks, which are good for accuracy, but not
very good for justifications. Second, it is possible to use expert system models that
have a good skill of justification but are not so good for accuracy.

Acknowledgements This work was supported by the RFBR, project no. 19-01-00358, “Mathe-
matical models of radiation fields and analysis of microwave radiothermometry data in the early
diagnosis of breast cancer”.
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Chapter 16
Automating the Audit Process
of Management Systems Through
Artificial Intelligence Methods

Valentin Dzedik , Valentina Moiseeva , and Alex Ezrakhovich

Abstract The chapter explores the impact of the COVID-19 pandemic on the exten-
sive transformation of management processes audit, the prerequisites for this trans-
formation and the development of models and methods to automate the management
processes audit through artificial intelligence methods. The key feature of the trans-
formation of audit processes is achieving inclusive and sustainable growth. Inclusive
growth is considered not only in terms of the process itself but also in regard to its
final result. Automation not only accelerates audit procedures, reduces time- and
labor-intensive, mitigates the epidemiological risks to participants but also applies
the findings to a wider range of processes. The impact of improvements is getting
extensive formore people involved in various production operations. A detailed study
has led to the development of the model for the application of artificial intelligence
methods for automating the process audit of management systems. The creation of
the model was prompted by the need to improve the capabilities to save both the
sustainability of adaptable systems and processes and stable economic growth. The
chapter identifies the most important tasks in developing an effective automated
audit model, as well as the functionality of each element of the automated audit
model and its implementation prospects. Also were analysed risks emerging from
the implementation of this approach.
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16.1 Introduction

The analysis of the basis for applying management systems audit methods currently
needs to highlight three main components: the state of management systems audit
methods in the pre-pandemic period, research on-site of audit process automation
and modern artificial intelligence methods in the perspective of applying them to
audit management systems.

16.2 Methodology

The theoretical and methodological basis to improving quality management systems
is laid in the [1–5] writings. The issues of the influence of informatization on the
functioning of management systems of different levels were studied by [6, 7] and
others.

The concept of management systems is specified by a number of international
and national standards, including [8–20] etc. Worldwide, millions of organisations
are using these standards to improve performance, efficiency and competitiveness.
These standards require such an essential management system feedback and moni-
toring method as an internal audit. The external audits of management systems, for
example in pre-contractual, 2nd party or 3rd party certification activities, follow the
requirements specified in the relevant documents, such as [21, 22]. All these docu-
ments focus on-site audits, where a team of auditors carries out the field audit at the
premises of audited entity, for example at an organization or a particular unit.

As far back as the pre-pandemic period there have been efforts to reduce the
share on-site work in management system audits through, for example, remote audits
using information and communication technology [23, 24]. Themain reason for using
remote audits was to reduce costs. However, remote auditing methods do not provide
the only alternative on-site audits. Another approach to streamlining the audit process
is its automation.

The rapid spread of coronavirus infection has led not only to huge economic
losses but also to the transformation of various business processes. A large-scale
study conducted by the CQI—Charted Quality Institute (UK) and Qualsys, a quality
management software developer company, resulted in formulating the main trend of
quality management system audits under COVID-19: an automated quality system
plays the key role in solving many problems [25].

Almost all information-analytical tools can be applied in some way to automate
the audit process. Such tools include database management systems, search engines,
cloud technology, etc. However, applying these tools is only possible in a fragmented
way and does not significantly reduce the proportion on site audits.

The application of artificial intelligence algorithms can lead to a major break-
through in the automation of the audit process. Artificial Intelligence is “… the
property of automatic systems to perform certain functions of human intelligence…



16 Automating the Audit Process of Management Systems … 185

to select and make optimal decisions based on prior experience and rational anal-
ysis of external influences” [26]. The concept of “machine learning” is also used as
a relative of “artificial intelligence”. There are many types of artificial intelligence
algorithms, and the most popular are the following:

A. K-Nearest Neighbour Algorithm

It is the identification of the class affiliation of the studied object through exploring
a predetermined neighbourhood in the multidimensional space of objects with a
predetermined affiliation to a certain class (Fig. 16.1).

B. Neural Network Algorithms

It relies onmathematicalmodelling of the structure and connections between artificial
neurons transformed by processed data sets (Fig. 16.2).

C. Support Vector Machine Algorithms

It uses the transformation of numerical vectors into a multidimensional space and the
subsequent search for the hyperplane that most effectively separates different objects
to be assigned to a particular class of unidentified objects (Fig. 16.3).

D. Random Forest Algorithm

It allows creating a predetermined set of “decision trees” based on the structure of
the data samples, which acts as a sequence of actions to compare the available data
with the criterion values (Fig. 16.4).

However, there were some studies of applying artificial intelligence algorithms
to analyse management systems [26], but the main focus was on analysing data for
management processes.

Fig. 16.1 Example of a
K-Nearest Neighbour
scheme. Source Developed
and compiled by the authors
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Fig. 16.2 Example of the Neural Network Algorithms simplified scheme. Source Developed and
compiled by the authors

Fig. 16.3 Example of the Support Vector Machine Algorithms simplified scheme. Source Devel-
oped and compiled by the authors

16.3 Results

16.3.1 Model for Applying Artificial Intelligence Algorithms
to Automate the Process Audit of Management
Systems

To achieve the goal of streamlining the audit process through its automation [27] it
is necessary to structurally link the following elements:
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Fig. 16.4 Example of the simplified scheme of Decision Tree class algorithm. Source Developed
and compiled by the authors

• Intelligence is important to create a core system, based on artificial intelligence
methods, which is capable of comparing objective evidence of compliance with
established criteria, e.g. the requirements of one of the previously mentioned
international standards and of making a compliance/non-compliance decision
through rapid real-time reconfiguration.

• Mobility is essential to provide the auditee with a quick and easy interface to the
analytical system.

• Activity is the ability of the system to independently communicate with the
auditee, to actively dialogue with the auditee pursuing the audit objectives.

• Adaptability is the ability of the analytic system to adequately identify and respond
appropriately to non-standardwords and phrases of the auditee during the dialogue
and correctly relate them to the evidence of conformity/non-conformity [26].

To realize these objectives, the authors developed a model of an intelligent
system to perform automated audits of management systems (hereinafter “systems”)
(Fig. 16.5).

The model consists of the following elements:
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Fig. 16.5 Model of
intelligent system for
automated management
system Audits. Source
Developed and compiled by
the authors

A. Messenger

The most important challenge in developing an effective automated audit model
is to ensure its high mobility. Traditional approaches involving the deployment of
specialized software on the auditee’s equipment entail an unreasonably high cost in
terms of technical, time, human, and financial resources. There are also significant
risks of incompatibility between software and hardware. It is suggested that any of the
popular messenger programmes installed in almost any modern mobile or desktop
computer or mobile phone may serve as an interface between the auditee and the
system.

B. Chatbot

A chatbot is created to enable the intelligent system to communicate with the
auditee using the basis and means of a specific messenger. To control the chatbot,
the system exchanges the relevant data. The chatbot solves the problem of system
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activity. Chatbot communicates with the audited staff by exchanging text messages
and uploading data files from the audited party. He initiates the audit interview by
contacting the auditee by sending a message via an appropriate messenger. Next,
the chatbot provides the interview process by taking the lead, i.e. the role of the
auditor asking questions and reacting appropriately to the answers of the auditee,
providing an interface for downloading documents requested from the auditee for
further transmission to the system for analysis. There are plans to develop a system
capable of providing voice communication during audits in the future. Another task
of the chatbot is to ensure the debriefing of the interview and the correct farewell to
the auditee.

C. The core of an intelligent system based on Neural Network class algorithms

The analysis showed that the most effective class of artificial intelligence algo-
rithms for solving the problem of automating the audit process of management
systems is the Neural Network. Appropriately structured, configured, pre-trained
and equipped with additional interfaces, amongst which you can distinguish the
interfaces for collecting statistics and administration, it allows you to adequately
apply pre-prepared audit scenarios, quickly switching between them and combining
them. The system can retrain during each new interview with the verified party and
can draw the right conclusions from a wide range of user messages that are not iden-
tical to the scenarios originally laid down in the system. It provides for the system
administration, including the management of additional training.

This can be extremely useful, for example, when in the course of additional
training, the system makes incorrect conclusions due to the inadequate behaviour
of the audited staff. It is proposed to equip the system with a modified module
for automated compliance analysis of documented information with the established
criteria.

D. Report Export Algorithm

It is proposed to equip the system with an additional module for generating and
exporting a report containing, according to the requirements of [22]:

• an audit purposes;
• an audit scope, in particular, information about the organization (auditee) and

verified functions or processes;
• the information about the audit client;
• the list of participants from the audited organization;
• the name and version of the system;
• the full name of the system administrator(s), if applicable;
• dates and the electronic tools used for the audit activities;
• audit criteria;
• audit conclusions and related evidence;
• audit findings;
• an application for the degree of compliance with the audit criteria;
• any objections of the audited organization to the conclusions made by the system;
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• a clarification that audits are inherently selective in nature; thus, there is a risk
that the received audit certificates do not provide a complete and accurate picture;

• an audit plan, including schedule;
• a summary of the audit process, including any encountered obstacles that could

reduce the reliability of the audit findings, including technical failures;
• the confirmation that the audit purposes were achieved within the audit area

following the audit plan;
• everything that was not covered by the audit, but was covered by the audit scope,

including all problems with obtaining certificates, resources, or confidentiality
with appropriate justification;

• an agreed follow-up plan, if any;
• an application for the confidentiality of the contents;
• any implications for the audit program or subsequent audits.

16.4 Conclusion

Inclusive and sustainable growth is based not only on long-term strong economic
growth but also on social integration and providing conditions and opportunities for
decent work and working environment for all.

The authors proposed the intelligence system of automated auditing of manage-
ment systems that can significantly reduce the costs and risks associated with
face-to-face audits. These include the following:

• transport and other related expenses (e.g. accommodation, meals, etc.);
• payment in relation to non-productive in travel time;
• risks on-site of environmental protection, associated with the movement of audi-

tors’ risks in the on-site of occupational safety and professional security associated
with the presence of auditors on the audited organization’s site;

• epidemiological risks;
• risks of the transregional and transboundary restrictions related to political,

epidemiological and similar events and phenomena;
• risks to impartiality (e.g. corruption risks, etc.).

The model of the intelligence system of automated auditing of management
systems was implemented as an integrated software product. It is tested in the course
of AEConformity Pty Ltd consulting projects implementation around the world.

The approaches and methods in this chapter were applied by the authors in the
development of GOST R 59,424-2021 “Guidelines for remote production condition
analysis and management systems auditing”.

These approaches and methods are currently used to develop international
standards ISO/IEC 23,894/“Information technology. Artificial intelligence. Risk
management” and ISO/IEC 42,001 “Information technology. Artificial intelligence.
Management system” at the international level.
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Chapter 17
Data Centers: Market Trends
and Contribution to the World Economy
Development During the COVID-19
Pandemic

Elena I. Inshakova and Roman M. Kachalov

Abstract The chapter investigates trends in the global data center market in the
context of data centers as drivers of inclusive economic and social growth, enhancing
business and social communication in the world economy, which has become distinct
during the pandemic lockdowns. Regardless of challenges induced by the COVID-19
pandemic, the data center market is experiencing an acceleration in demand for data
center services, cloud services, in the first place. The study identifies the following
main trends in the global data center market: consolidation in the data center industry
arising fromM&As, that grow in number and increase in transaction values; a growth
in hyper-scale data centers; formation by large-scale companies their global data
center networks by transnationalization of activities to optimize their functions and
reduce operating costs. The Russian data center market is classified as emerging,
with its growth rates outstripping the global market in 2020. The contributors reveal
several current trends in its development that, on the one hand, are consistent with
global trends, but, on the other, have national specifics, involving the dominance of
the capital cities in the regional structure of the data center market, with the predicted
stability of this trend at least in the short term.

17.1 Introduction

Data centers, spaces that house computer systems used for storing, processing,
analyzing, providing, and managing Big Data [1], emerged as a response to an
impetus on behalf of businesses to reduce costs and, accordingly, enhance profits [2].
Data centers effectively manage the challenge by generating revenues for both data
centers providers and consumers of their services. Data centers enable connectivity
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between employees, partners, and customers, provide a platform for new business
models, in which the efficient management of large amounts of data and the elas-
ticity of computer technologies are crucial. They generate innovation in information
technology selling their services to TNCs, national vertically integrated companies,
national and transnational networks, who use their servers as platforms to develop
and test advanced solutions to define the scale, stages, and levels of projects and
evaluate the economic activity effectiveness.

The construction of data centers reflects the intensive digital transformation of
the economy and society in the conditions of the emerging Industry 4.0. as the need
for data storage and processing has rocketed in parallel with the amount of data
consumed by individuals, businesses, and new technologies. Although the COVID-
19 pandemic has severely affected the global economy, its impact on the use of data
has been monumental. In the context of the pandemic, data centers have become
vital in supporting connectivity in the global economy to meet the urgent needs of
the state, business, and society. As a result, in many countries, data centers have been
classified as objects of major infrastructure [3] and, consequently, enjoy a policy of
mitigated quarantine restrictions.

Pandemic-related social restrictions, which have severely affected business
activity in most sectors of the economy, have given impetus to enterprises and orga-
nizations to operate in the remote access mode. Companies have been encouraged
to shift business online by using digital platforms B2B and B2C online stores, B2B
marketplaces to organize interaction betweenmanufacturers and suppliers, exporters
and importers, wholesalers, and retailers. It enabled many economic subjects to
survive despite a sharp reduction in the number of customers and a drop in demand
and allowed consumers to gain access to necessary goods and services. The pandemic
has accelerated data usage trends, and companies, especially large-scale ones, use
data centers for cloud services that provide easy, affordable access to applications and
resources, without the need for internal infrastructure or hardware. These opportuni-
ties offered by datacenters enable businesses to transfer digital business operations to
the cloud or construct a hybrid IT infrastructure. Consequently, the desire of business
entities to ensure business continuity in the challenging epidemiological conditions
has become a vital factor in the development of the market for data centers services
that level the decline in the IT industry as a whole.

In the context of the pandemic challenges, educational institutions, social infras-
tructure facilities, and state institutions have to operate in the remote access mode in
compliance with pandemic-related social restrictions. The IT infrastructure in these
organizations is under growing pressure, so they rely on cloud services provided by
data centers as an effective way to enhance the availability and reliability of socially
significant functions.

According to the International Data Corporation (IDC) estimates, the COVID-
19 pandemic has induced accelerated investments in the digital transformation of
organizations. Direct investments in digital transformation are expected to grow at
a CAGR of 16.5% between 2022 and 2024, compared to 15.4% between 2019 and
2024, which will comprise more than half of all the ICT investments by the end of
2024 [3].
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Thus, the dynamics in the market for data centers services are due to factors like
growing demand for storing and processing significant amounts of data, companies’
centralization of their IT resources, and the transition to cloud services. However,
with the rising costs of construction sites, the number of data centers has reduced,
which is confirmed by empiric data on the downtrend in the number of data centers in
theworld that has decreased from8.55million units in 2015 to 7.2million in 2021 [4].

However, these data are not indicative of a weak data center market. Thus,
Research and Markets experts predict the growth of the global Internet data center
market by 13.4% annually, fromUSD59.3 billion in 2020 up toUSD 143.4 billion by
2027. High annual growth rates are projected in China (+17.5%), Canada (+11.8%),
Germany (+10.6%) and Japan (+9.5%) [5]. GlobalData analysts expect the data
center revenues growth at a compound annual growth rate (CAGR) of 6.7% between
2020 and 2030, from USD 466 billion to USD 948 billion [2].

Data centers have become the cornerstone of the information economy as they
produce economic and social effects that ensure the inclusive development of the
global economy and relieve the adverse impact of the COVID-19 pandemic on it.
That is why the task of identifying current trends and determining the prospects for
a market for data centers services in Russia has been embraced by researchers and
practitioners of digital transformation of the economy.

17.2 Materials and Methods

The study utilizes conceptual foundations formed on theoretical assumptions that
deal with the following issues: foreseeing the onset of the information society [6,
7], strategic management to ensure competitiveness in an era of global changes
[8], the development of mechanisms (including institutional) for the transition to a
new technological structure and the digital economy and the identification of the
economic effects they produce [9, 10], determining the economic characteristics
and architecture of modern data centers, the economic and innovative effects they
generate [2, 11, 12].

Analytical reports and studies delivered by specialized foreign and national orga-
nizations such as International Data Corporation, GlobalData, Synergy Research
Group, Data Center Dynamics, Mordor Intelligence, Research And Markets, Knight
Frank, Statista, CNews, iKS-Consulting, etc. formed an empirical database for inves-
tigating the current dynamics of the global and Russian market for data centers
services, identifying themain trends and prospects for their development, considering
the impact of the COVID-19 pandemic on the world and national economy.

The research employs the methodology of the evolutionary approach using struc-
tural and functional, temporal and spatial, comparative and documentary analysis,
along statistical and graphical techniques.



196 E. I. Inshakova and R. M. Kachalov

17.3 The Trends in the Global Data Center Market
in the Context of Industry 4.0

17.3.1 Consolidation Process in Data Center Industry

Agrowing trend for consolidation and scale enlargement bymergers and acquisitions
(M&As) has led to a decline in the number of data centers, and the data center total
space increased. With a fewer number of data centers, their total area worldwide was
estimated at 180 mln.m2 (compared to 167 mln.m2 in 2017 and 148.6 mln.m2 in
2013) [13], and this trend is growing. These figures allow us to build an optimistic
projection for the global data center market [2, 3, 5], noted above in this study.

Data centers, organizations that benefit from them, consumers of data center
services determine the main factors that exert a complex effect on the processes
in the world data center market (including M&As) that are as follows:

growing global demand for storing and processing of large volumes of data;
increasing automation level in the work of data centers to reduce the influence of
the human factor, and modernization of equipment to significantly enhance the
operation of networks;
the transition to the so-called third platform [14] that rests on the following
constituents:mobile, big data/analytics, cloud computing, and social technologies,
which has a direct impact on data center construction and renovation;
the focus on IT innovations that reduce the number of employees and save time
to solve technical problems. For instance, technology developed by Facebook
requires only one employee to maintain 25 thousand servers, and the new design
of server racks allows engineers to replace hard drives in 2 min as compared to
an hour, which is huge time savings in replacement time;
the decline in average server prices due to reduction in component costs as a result
of economy and innovation;
the shift of the part of users to the public and hybrid cloud services (a model of
joint utilization of private and public clouds) [15];
organization and logistic problems caused by lockdowns, for instance, a slowdown
in the construction of new large American and European data centers by Google,
Apple, and Facebook in 2020 due to supply disruptions and lack of necessary
components (fiber optics, batteries, etc.) [16];
transformations in the enterprise behavior that boosted their demand for cloud
services during the COVID-19 pandemic;
the need for significant consumption of electricity and other resources;
the impetus of enterprises to rent server capacities from large cloud service
providers instead of buying servers;
the need to ensure conditions for effective operation by reducing operating costs;
implementation of corporate strategies to optimize and improve performance to
strengthen competitiveness.
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Fig. 17.1 Data centers M&A global activity. Source Compiled by the authors based on [17]

In 2020, following a slight slump in the data center market activity in 2018 and
2019 compared to 2017 [17], the data center industry reached a record figure in the
number of M&A transactions (Fig. 17.1). Experts point out the emergence of special
purpose acquisition companies (SPACs) created to acquire data centers [2].

In 2021, Blackstone Infrastructure Partners completed the acquisition of QTS
Realty Trust. It was the industry-record deal (USD 10 billion) exceeding the figures
of the previous year. In general, in the period between 2015 and 2020 in the data
center industry, 483 mergers and acquisitions were completed for a total of USD 107
billion [18], with 31% of transactions performed by the world-leading colocation
providers Digital Realty and Equinix, which have become the largest investors in
this market.

Accelerated growth in M&A activity in the data center industry is consistent on
the whole with the global trend to the increasing M&A activity in the technology
sector in the context of emerging Industry 4.0. The logical result of the industry
consolidation is the growing trend in the number of hyper-scale data centers (HDC)
(Fig. 17.2), which has more than doubled since mid-2016.
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Fig. 17.2 The hyper-scale data centers dynamics, 2016–2021. Source Compiled by the authors
based on [15, 16, 19]



198 E. I. Inshakova and R. M. Kachalov

HDCs can scale and develop massively since the costs of attracting another 1,000
or even 1 million users to their services or applications are insignificant. As HDCs
provide unique opportunities to manage costs in purchase and supply transactions,
large-scale companies with a turnover of billions of dollars can no longer function
effectively in the current conditions without utilizing HDC for data connectivity and
data computing.

By July 2020, despite the Covid-19 pandemic, as many as 26 HDC were estab-
lished worldwide. The number of HDC shows sustainable growth, with the emer-
gence of 16 new data centers on average every quarter over the last three years [19].
Such HDC operators as Amazon, Microsoft, and Google jointly account for over
half of the data center space. The HDC providers such as Amazon Web Services,
Microsoft Azure, and Google Cloud continue extending their global data center
network [20]. According to expectations, the HDC market will be growing at a
CAGR of about 3.4% per year between 2021 and 2026 [16]. On a global scale, the
HDCmarket for the year 2020 has the following distribution: out of the total number
of HDC, 39% is located in the United States, while China (9%) and Japan (6%) take
second and third place, respectively [19].

HDCdevelopment is expected to be consistent with othermegatrends of the global
economy in terms of personnel and competencies, technology and materials, insti-
tutional and organizational features, implementation of appropriate modernization
projects, and environmentally friendly innovative technologies [12].

17.3.2 Formation of Global Data Center Networks

Recently, there has been an accelerating trend on behalf of the largest IT companies
and companies for which IT technologies are outside their core business toward the
extension of their data center networks to various countries to optimize their functions
and reduce operational costs (Table 17.1).

Data center networks provided by multinational companies Amazon, Microsoft,
and IBM cover over 40 countries in at least two of the following [Synergy] mega-
regions: North and South America, Europe, Middle East, Africa, and Asia–Pacific.
Google and Oracle also have extensive global data centers. Data centers of other
major players in the market are located mainly in the US (Facebook, Apple, Twitter,
etc.) or China (Baidu, Tencent Holdings). The Chinese mega-company Alibaba is
actively developing its global data center network, which has extended to the United
States, Hong Kong, Singapore, Japan, and the United Arab Emirates.

TNC IBM (https://www.ibm.com/cloud/data-centers/) consistently extends its
global data center network, which comprises more than sixty data centers in eigh-
teen countries, including North and South America, Europe, Asia, and Australia.
The network integrates the IBM data centers, data centers acquired from SoftLayer
company, newly established centers in China, Hong Kong, Japan, India, Canada,
Great Britain, US, Mexico, Spain, France, Italy, Germany, Switzerland, Norway,
etc.). IBMplans to extend its data center network to theworld’s largest geographic and

https://www.ibm.com/cloud/data-centers/
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Table 17.1 Global data center networks of the selected largest companies, 2020–2021

Company name Headquarters home
country

Number of data
centers

Number of national
markets served

Equinix USA 202 24

Digital Realty USA 214 14

China Telecom China 456 > 10

NTT Communications Japan 48 17

Telehouse/KDDI UK/Japan 40 12

Coresite USA 22 8

Verizone USA 150 40

Cyxtera Technologies USA 60 9

China Unicom China 550 2

Amazon Web Services USA 116 16

Google Cloud USA 24 11

Microsoft Corporation USA 16 8

IBM Cloud USA > 60 19

Facebook/Meta USA 17 5

Source Compiled by the authors based on: [21; official websites of the largest IT-companies]

financial centers, including the Middle East and Africa. However, in 2020, intending
to optimize and improve the network efficiency, the company stopped funding the
construction of three data centers in Dallas, Houston, and Seattle, the US, and one
data center in Melbourne, Australia.

TNC Google (Google Cloud, https://cloud.google.com/infrastructure) has estab-
lished twenty-four data centers in eleven countries: fourteen located in the states of
South Carolina, Iowa, Georgia, Oklahoma, North Carolina, Oregon, and others, one
in Chile, South America and one in Canada, two are located in Taiwan and Singa-
pore, Asia. Six data centers are established in Finland, Belgium, Ireland, Denmark,
Netherlands, and Europe. Google Cloud will continue extending its network of data
centers into another five new countries: Qatar, France, Italy, Spain, and Germany.
The company intends to ensure its presence on the African continent by establishing
a data center in this part of the world. As TNC embraces the policy of establishing
carbon–neutral data center capacity, it is expected that the new data center will be
powered by renewable energy.

Hewlett-Packard uses another way of establishing corporate data center networks
(https://baxtel.com/data-centers/hewlett-packard). In 2006, the company announced
the plan to consolidate eighty-five of its data centers into six huge mega-centers
located in three US cities, Atlanta, Houston, and Austin, each housing two data
centers. Based on the factors such as space availability, electricity supply, network
capacity, and small likelihood of disaster occurrence, these cities were selected as the
centers for the network. According to estimates, cost reduction was projected at 25%
per year. At present, the current company’s savings comprise $ 1 billion annually.

https://cloud.google.com/infrastructure
https://baxtel.com/data-centers/hewlett-packard
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The largest social network Facebook, rebranded as social technology company
Meta since October 28, 2021, has been extending its global data center network
(https://datacenters.fb.com) since 2010. In 2010, Facebook created two HDC in
the USA (in Oregon and North Carolina) and one data center in 2011 in Europe
(Sweden). In addition, the company leases space at the data centers in Silicon Valley
(Santa Clara, San Jose), San Francisco, and Virginia. In 2021, the global Face-
book/Meta network comprises 17 data centers: 13 located in the USA, Ireland,
Denmark, Sweden, and Singapore, each having one Facebook data center. Strate-
gies for the construction and operation of large-scale data centers focus mainly on
the imperatives of a green economy and an inclusive society: the use of renewable
energy sources, the utilization of natural and climatic resources at the data centers
location sites to provide natural cooling of machine rooms, using thermal energy
released during the operation of data centers’ equipment for heating buildings, etc.
For instance, the data center in Finland, owned by theRussia-based companyYandex,
provides heating and hot water in residential houses for twenty thousand residents
of the host town Mäntsälä.

17.3.3 The Development of Data Center Market in Russia:
Trends and Regional Prospects

In the Russian Federation, the data center market with its relatively small size can be
classified as emerging. Like other world data center markets, it was affected by the
pandemic, which inflicted expenses for personnel protection, required implemen-
tation of automation tools for remote monitoring of the systems, caused delays in
the commissioning of new capacities, etc. However, compared to 2019, in 2020, it
grew by 19%, and with the total capacity of data centers, it occupied the fifteenth
position in the rank of the countries in Europe, Asia, and the Middle East [22]. At
the same time, the pace of its development in 2020 was ahead of the global data
market. The potential demand for the services of commercial data centers in the
Russian Federation is estimated to increase due to the rapid digital transformation
of the economy that involves an exponential growth in data volume, a sharp increase
in demand for cloud services. In addition, the prospects for commercial data centers
to provide services to enterprises and the public sector enable to enhance the data
center market growth [23].

In 2020, the Russian data center market continued to grow (Table 17.2, Fig. 17.3).
At the end of the year, the total capacity of the 30 largest commercial data centers
increased by 12%.Rostelecom-DPC, ranked first in the country, exceeds the competi-
tors by a significantly greater margins as the company accounts for almost a third of
all server racks. In 2020, the company launched a new data center in St. Petersburg
and data center Nord 5 inMoscow. The total revenue of Russian data center providers
is growing, and profitability per server rack increased by 17% in 2020 compared to
2019 [24].

https://datacenters.fb.com
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Table 17.2 Top 8 suppliers of the data center services in Russia, 2020

2020
Ranking

2019
Ranking

Company name Number of
racks

Number of
data centers

Revenue
growth
2019/2020, %

1 1 Rostelecom/DataLine 13,170 31 36.0

2 2 IXcellerate 3,415 4 108.6

3 6 Selectel 3,028 6 43.4

4 3 DataPro 2,800 2 67.2

5 4 MTS (DPC “Avantazh”) 2,240 1 n/a

6 5 Linxdatacenter 2,020 2 5.9

7 – Rosenergoatom/StoreData,
Xelent

1,660 3 –

8 7 3data/CoreDataNet 1,453 15 −14.4

Source Compiled by the authors based on [24]
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Fig. 17.3 Dynamics of revenue in commercial data centers of the Russian Federation. Source
Compiled by the authors based on [25].Note: 2020 revenue value – preliminary estimate; 2021–2023
revenue values—forecast

In 2020 and 2021, the main trends in the development of the Russian data center
market can be described as follows:

(1) the emergence of new participants, companies for which information tech-
nology is outside the core business area (JSC Rosenergoatom, a Russia-based
energy company, the operator of nuclear power plants; PNK Group, the indus-
trial property developer in Russia; JSC Goznak, one of the world leaders of
secured printing), establish their powerful data centers;

(2) the development of consolidation and scale enlargement processes through
mergers and acquisitions. Thus, the emerging data center network developed
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by Rosenergoatom (7th in the 2020 rating) comprises the greenfield data
center Kalininsky located in the Tver Oblast, and the two data centers Xelent
and StoreData data centers acquired in 2021. In April 2021, a consortium of
investors (Russian Direct Investment Fund, ER-Telecom Holding, and based
in the Middle East Talos Fund I LP) acquired 100% of Svyaz VSD LLC, a
Russian branch of the Dutch company Linx data center (6th in the rating). The
goal of the acquisition was the cloud platform LinxCloud and two data centers
located in Moscow and St. Petersburg [26]. In early July 2021, MTS PJSC
(5th in the rating), a leading Russian company providing digital, media, and
telecommunications services, announced the acquisition of data center Green
Bush DC, one of the largest in the Russian Federation;

(3) Moscow still dominates in the regional structure of the data center market in
the Russian Federation (Fig. 17.4): the metropolitan region contains more than
73% of the total number of commercial data centers of the country, while the
growth rate of Moscow data centers exceeds the growth of the market as a
whole.

At the same time, other regions of the Russian Federation are implementing large
projects for the construction and acquisition of data centers. So, several companies are
actively building data centers in Innopolis in the Republic of Tatarstan. In 2020, the
Tele2 company established 12 data centers in six regions of theRussian Federation (in
Moscow,St. Petersburg,Rostov,Novosibirsk,NizhnyNovgorod, andYekaterinburg).
In addition, the above noted Rosenergoatom and ER-Telecom Holding have recently
completed data center M&A deals in the St. Petersburg segment of the Russian data
center market [25, 26]. However, Fig. 17.4 shows that the regional share in the data
center services market can hardly be called significant. In addition, it saw a decrease
between 2016 and 2020. Analysts predict this trend to continue, foreseeing that the
main economic reason—a higher average profit per server rack and, accordingly,
shorter payback periods for projects [25]—will maintain the investors’ interest in
the Moscow region, at least in the short term.
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Fig. 17.4 Data center market in the Russian Federation: the regional structure according to the
number of racks. Source Compiled by the authors based on [25]
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17.4 Conclusion

Data centers are a new organizational form of the global economic system trans-
formation following the megatrends of economic development [27], including the
intensively developing digital transformation.Data centers that accumulate and store,
process and analyze, provide, and manage Big Data are becoming a critically impor-
tant factor in ensuring sustainable and comprehensive development of the economy
and society in the context of Industry 4.0.

Data centers as drivers of inclusive economic and social growth, providing busi-
ness and social communications in the global economy, have proven their utility
during the pandemic lockdowns. Despite the heavy economic impact of the COVID-
19pandemic, the data centermarket continues to develop due to the explosive demand
for data center services, primarily in the cloud segment.

The identified trends in the development of the global data center market are as
follows:

• the consolidation processes in the data center industry that involve a rise in the
number of M&As, and growth in the M&A transaction value in the period under
study;

• an increase in the number of hyper-scale data centers, with the dominant share
located in the United States;

• formation by large-scale companies their global data center networks by transna-
tionalization of activities to optimize their functions and reduce operating
costs.

The Russian data center market is defined as emerging, with its growth rates in
2020 outstripping the global ones. Among the main trends in the market develop-
ment, the following factors are identified: the emergence of new participants—large
companies for which information technologies are outside their core business; a rise
in consolidation and scale enlargement processes through M&As; the dominance
of the capital cities Moscow and St. Petersburg in the regional structure of the data
center market, where a shorter payback period on the investment projects is ensured,
with the predicted stability of this trend at least in the short term.
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Chapter 18
Drivers and Stoppers of Inclusive
Development of Financial Services
and Products in Modern Russia

Leyla A. Markevich , Ekaterina A. Shkarupa ,
and Lyubov V. Grigoryeva

Abstract Currently, the services and products of leading financial and credit orga-
nizations demonstrate asymmetry in the context of the target audience, range of
services, their cost, quality, and technology for companies and individuals. In such
conditions, the formation of a systematic approach to identifying drivers and stoppers
of inclusive development of the Russian market of financial services and products is
highly relevant. The inclusive development of financial services and products refers
to their production and provision with real access for all groups of the population
and their consumption that is individually effective and socially useful. The empir-
ical basis of the study was the main indicators characterizing the current state of
inclusiveness of financial services and products in modern Russia. The authors iden-
tified the main problems of the production, provision, and consumption of financial
services and products by Russians and determined the directions of their inclusive
development by applying the six-factor meta-production function of O. V. Inshakov
(Inshakov in Economics of Contemporary Russia 1, 11–25, 2003).

18.1 Introduction

The inclusiveness of the population in the consumption of financial services and
products is considered as their “real accessibility” to different socio-economic groups
of the population: people with different incomes, different places of residence in the
context of city-village and region-financial center, different gender, age, health status,
level of financial and digital literacy, etc. [1–4]. “Real access” implies convenient and
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responsible provision of services at a price that is affordable for the consumer and
economically justified for the supplier, as a result of which consumers who were not
previously covered by the financial services sector turn to official financial services,
and not to the available informal alternatives.

The opposite phenomenon of financial inclusion is financial isolation and exclu-
sion of some people and their groups from financial relations, inequality, and
unavailability of financial services and products consumption.

The basic set of financial services according towhich financial inclusion is defined
in world practice today, is established by the Global Partnership for Financial Acces-
sibility of the Group of 20 (G-20), and includes insurance, lending, savings, and
payment services for both people and small businesses [5].

The emphasis in the Global Partnership for Financial Accessibility of the G20 is
real access based on convenient and responsible provision of them at a reasonable
cost by official financial institutions within the framework of their conscientious
behavior. In this aspect, it is important: the activities of official financial service
providers are regulated by the relevant supervisory authority to protect the rights and
interests of their consumers; the official suppliers themselves conduct their activities
responsibly, that is, transparently, reduce the consumer risks of their customers,
take into account the solvency of customers, are focused on the convenience of
consuming their services; consumers of financial services should have a sufficient
level of financial literacy for effective consumption of services.

In our opinion, the inclusive development of financial services and products
presupposes their production, rendering and provision in the future, in which all
strata and groups of the population have real access to those whose consumption is
individually effective and socially useful.

18.2 Methodology

The theoretical basis of the study was the work of foreign and domestic researchers
in the field of theory and practice of financial inclusion [1, 2, 4–8], as well as
works on the problems of accessibility of financial products and the peculiarities
of financial behavior of the population [9]. The contributors applied O. V. Inshakov’s
meta-production function arguments [10] to systematize the factors of inclusive
development of financial services and products.

The information and empirical base of the study was made up of official statis-
tical materials of the Federal State Statistics Service of the Russian Federation and
the Central Bank of the Russian Federation, analytical, review developments of
researchers published in periodicals and the Internet.

The present research is based on the study and generalization of theoretical and
factual materials on the problems of the development of financial services and prod-
ucts in modern Russia using various methods: systematic, comparative, as well as
tabular and graphical methods of data processing and presentation.



18 Drivers and Stoppers of Inclusive Development of Financial … 211

18.3 Results

18.3.1 Accessibility is not Necessary for All Financial
Services and Products

The study of financial inclusion in relation to the population should take into account
that not all financial products and services are equally useful for mass and individual
consumption, which means that financial inclusion by default should not extend to
all existing financial services and products. That is, when assessing the availability
of a financial product or service, it is necessary to understand that in one case it is
good that they are available to all groups of consumers, and in another case mass
availability is individually and (or) socially dangerous. According to the authors,
financial accessibility should be considered and ensured in alignment with their
socially and individually useful types.

Financial products and services consumed by the population can be divided into
groups according to the criterion of purpose:

(1) savings and investment (they are an investment of available funds in order
to preserve and increase them, including by obtaining additional income
and (or) increasing their value. In Russia, this group includes bank deposits,
savings certificates, foreign currency and precious metals, individual invest-
ment accounts, insurance policies, securities, products of collective forms of
investment—mutual funds, non-state pension funds, consumer credit coopera-
tives and citizens’ unions, individual trustmanagement, speculation in financial
markets);

(2) credit and loan products and services (carried out to finance the current mone-
tary expenses of the borrower at the expense of borrowed funds. In fact,
we are talking about financing current consumption at the expense of future
income. In Russia, these include loans received from banks and microfinance
organizations, interpersonal loans).

The usefulness and danger of mass availability of a financial service/product,
in our opinion, is determined by the potentiality of their effective consumption.
Financial products and services can be consumed efficiently and inefficiently.

Effective consumption, in our opinion, does not significantly worsen the current
and significantly increases the future level and quality of life of the consumer and
results in an increase in the level of his material well-being. In conditions of uncer-
tainty, the efficiency of consumption of a financial product before the start of its
consumption is considered as potential. Only with the course of time, retrospec-
tively, it is possible to assess with confidence whether the consumption of specific
financial products or services was effective or ineffective.

The potential efficiency of consumption of savings and investment financial prod-
ucts and services in conditions of uncertainty and Russian specifics is determined
by their type: some products are initially ineffective (in Russian realities, these
are bank deposits, most insurance policies, investments in non-state pension funds,
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investments in bonds), while others are potentially effective (individual investment
accounts, individual trust management, investments in stocks, ETF funds, businesses
and startups).

The potential efficiency of consumption of credit-borrowed financial products
and services is determined by the type of loan and its burden on the budget of an
individual or household. Obviously, inefficient consumption is inherent in expensive
loans issued by microfinance organizations. Loans for business creation, mortgages,
and educational loans have the highest efficiency, that is, those that are essentially
investments in the future and not financing current consumption.

It is logical to assume that among any financial products and services, over time,
appear “useful” and “dangerous” products and services to increase or decrease the
material well-being, level, and quality of life of their consumers. The availability of
“dangerous” financial services and products should be limited, and “useful” should
be absolute.

Thus, achieving full financial inclusion for all financial services and products
consumed by the population is impractical. It is more reasonable to ensure full acces-
sibility for socially and individually useful financial services and products and limited
accessibility for socially and individually dangerous ones.

18.3.2 Inclusiveness of Financial Services and Products
in the World and Modern Russia

Conducting a cross-country analysis of individual indicators of inclusiveness offinan-
cial products and services allows identifying their typical and specific stoppers and
drivers.

According to the latest surveys conducted by the World Bank in 2017 and
published in the report “The Global Findex Database 2017. Measuring Financial
Inclusion and the Fintech Revolution” [11] (Table 18.1), it can be seen that certain
indicators of financial inclusion in a number of countries have similar values.

In particular, in the EAEU space, the Kyrgyz Republic has the highest value of
the indicator characterizing the physical unavailability of financial institutions for
the population due to territorial remoteness (17%). In Russia, Armenia, the Republic
of Belarus, and Kazakhstan, a part of the population (6–9%) is also unable to use
financial services due to the territorial remoteness of the place of residence from
financial infrastructure facilities.

The high cost of financial products and services also reduces their accessibility for
the population of the EAEU countries. In Armenia and the Kyrgyz Republic, almost
1/5 of the adult population notes this problem of financial inclusion. In Russia, 14%
of citizens also note that the high cost of financial products and services does not
allow them to be used. It is noteworthy that in China (not a member of the EAEU),
this indicator is quite low—4%, and it is equal to the value of the indicator for the
Republic of Belarus.
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A special problem of financial inclusion in the EEC countries is poverty. Almost
2/5 of the population of Armenia and the Kyrgyz Republic indicates the lack of funds
as a key aspect of the inability to use financial products and services. In Russia and
Kazakhstan, 1/5 of the adult population faces a similar problem.

The formation of savings as a source of income in emergency situations in the
EEC countries is not developed. In particular, in the EAEU countries, the share of the
adult population forming savings as a source of passive income for emergencies does
not exceed 35% (the Republic of Belarus), and its minimum value is 3% (the Kyrgyz
Republic). In contrast to the EAEU, in Germany, France, Japan, and the USA, this
figure is 53%, 63%, 87%, and 62%, respectively.

In this regard, the analysis of indicators on the use of modern digital technologies
in the financial sector, providing public access to financial products and services, is
of particular relevance. The global indicator of the use of electronic payments by the
population is 45%. There is an ambiguous picture in the EEC countries. In particular,
in Russia and the Republic of Belarus, more than 60% of the adult population use
electronic payments, which is higher than the global value. The Kyrgyz Republic
has the lowest value of this indicator in the EAEU space—27%.

It should be noted that according to the World Bank, 97% of the adult population
ofGermanymakes electronic payments. In France, Japan, and theUSA, this indicator
is also quite high and amounts to 90%, 89%, and 89%, respectively.

Analyzing individual indicators of inclusiveness of financial services and products
in the world, we will deepen the analysis with data on modern Russia (Table 18.2).
The data presented in the table demonstrate the ambiguous dynamics of financial
inclusion indicators.

Against the background of a reduction in the number of financial and credit insti-
tutions, their concentration occurs in large cities and regional centers, which reduces
the physical accessibility of financial services and products to the population, which
was previously confirmed by World Bank data. However, this is smoothed over by
the development of digital platforms and ecosystems of key players in the market of
remote provision of financial services to the population.

The annual cost of financial services and products produced is also quite high for
the population and can reach an average of 44% of the average per capita income
of Russians. And the profitability of the most popular service, deposits, is rapidly
declining. Therefore, about 85% of Russians annually refuse financial and credit
services due to their high cost/low profitability.

However, against the background of the presented negative facts, there is an
increase in the level of financial knowledge and activation of financial behavior.
In particular, the low yield on deposits has reoriented the population to search for
and choose new financial services, (for example, Individual Investment Account)
resulting in a rapid increase in the volume of funds placed on these accounts (379%
in 2020 compared to 2018).
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Table 18.2 Selected indicators of inclusiveness of financial services and products in Russia in
2018–2020

Name of indicator 2018 2019 2020

Infrastructure of providers of financial services and products

Number of active
CO/MFOs/Insurance Business
Entities/Professional securities
market participants, units

484/2,002/275/297 442/1,774/255/263 406/1,385/232/260

Production of financial products and services

Annual cost of a voluntary home
insurance policy against standard
risks, rub

n/a 6592.3 6748.8

Annual cost of the CASCO
policy, rub

n/a 52,717.3 51,326.0

Annual cost of the CMTPL
policy, rub

n/a n/a 9,437.7

Payment for the use of consumer
credit (interest rate in value
terms), rub

n/a 15,356.5 14,835.9

Average weighted rate on
deposits/loans (as of December of
the corresponding year), %

5.62/17.87 4.66/14.83 3.38/13.41

Standard index of affordability of
financial services (from 0 to 7,
where 7–100% of the population
refused to use all 4 financial
services due to their high
cost/low profitability)

n/a 6 6

Consumption of financial products and services

Proportion of the adult population
using at least one open account of
an individual in the CO, taking
into account deposit accounts, %

87.46 87.46 93.69

Number of accounts opened to
individuals for which, since the
beginning of the reporting year,
operations have been carried out
to write off funds, access to
which is provided remotely,
million units

236.2 254.5 282.9

(continued)
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Table 18.2 (continued)

Name of indicator 2018 2019 2020

Proportion of the adult population
with deposits in the CO and (or)
funds placed in the NFO (MFO,
CPC or SKPC) in the form of a
loan agreement and (or)
investment life insurance and/or
in the IIA and (or) brokerage
accounts and (or) in mutual
funds/including CO/NFO, %

35.41/34.65/2.78 36.41/34.65/2.78 47.8/41.82/6.55

Percentage of the population
using voluntary insurance, %

n/a 22.76 33.53

Per capita income of the
population, thousand rubles

33.2 35.3 35.7

Share of expenses for savings in
the structure of all private
consumption, %

1.7 3.4 4.2

Volume of deposits of individuals
in credit institutions, trn. rub

28.5 30.6 32.8

Volume of savings certificates
issued by CO, thousand units

151.3 32.9 12.1

Volume of loans granted to
individuals by CO, trn. rub

14.8 17.6 20.0

Amount of funds placed in the
IIA, billion rubles

99 197,3 375,6

Financial Literacy Index 53 n/a 54

– Financial knowledge
– Financial behavior
– Financial setups

53
52
53

n/a
n/a

54
54
52

Index of penetration of Fintech
services

n/a 82% n/a

Where CO—credit organizations, that is, commercial banks; NFO—non-credit financial organiza-
tions; MFOs—microfinance organizations; CPC—consumer credit cooperatives; SKPC—agricul-
tural credit consumer cooperatives; CASCO—voluntary insurance of motor vehicles; CMTPL—
compulsory motor third party liability; mutual fund—mutual investment fund; IIA—individual
investment account.
Source Compiled by the authors based on [12–14]

18.3.3 Stoppers, Drivers, and Factors of Inclusive
Development of Financial Services and Products
in Modern Russia

Against the background of declining real incomes of Russians, rising unemploy-
ment, rapid development of technologies for remote provision of financial services,
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still low level of financial literacy, a surge in fraud in the financial sector, especially
in digital format, gaps in the statutory regulation of consumer protection of finan-
cial services, the provision and consumption of financial services has a number of
problems, including:

(a) high competition between official and alternative (unofficial) financial service
providers in the microloan markets;

(b) the emergence of a number of unofficial specificmarket participants (collectors,
anti-collectors, financial consultants (advisers), credit brokers, crowdfunding
internet sites) and a number of financial services and products (electronic
wallets and private electronicmoney, including cryptocurrencies) insufficiently
regulated by the state;

(c) a high entry threshold for the consumption of truly profitable financial assets;
etc.

Inclusive development of financial services and products inmodern Russia, taking
into account the announced problems and the current level of inclusiveness, should
mainly involve:

(1) formalization of the status of domestic informal financial and credit insti-
tutions and their services and products, including financial and tax consul-
tants, collectors, anti-collectors, credit brokers, electronic wallets, private
moneylenders;

(2) overcoming the extractive nature of the provision of financial services;
(3) combating financial fraud and improving the security of financial transactions

in the digital environment;
(4) the fusion of financial and digital literacy of Russians (now these are two

different directions, little overlapping with each other);
(5) formation of an effective and efficient system of protection of the rights of

financial services consumers;
(6) formation of a financial market infrastructure adequate to the structure of

society, including the development of transparent technologies of over-the-
counter financialmarkets and investment platforms for crowdfunding financing
of startups whose activities will be supervised by the state directly or
through supervision of self-regulatory organizations of such platforms and
their participants;

(7) development of social partnership between business and the state as a basis for
attracting Russians to voluntary forms of medical and pension insurance; etc.

Based on the current state of the financial market and its inherent problems, the
stoppers of its inclusive development in modern Russia include: undeveloped forms
of collective investment; undeveloped financial market; non-preferential taxation
of investment income [7]; unsettled protection of the rights of financial services
consumers, especially in terms of remotely consumed; lack of informative platforms
about the state of the economy, the Russian joint-stock companies available to the
general public; developed financial and digital fraud.
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It should also be recognized that in Russia, the services and products of leading
financial and credit organizations (banks, insurance companies, non-state pension
funds, management companies, cooperatives, brokers, exchanges, etc.) are extrac-
tive, that is, they are focused on extracting resources from a few from many, their
provision is biased, the playing field is uneven (different and selective) for people
with different characteristics (income levels, place of residence, type of employment,
age, health status), as well as for people and organizations (there are obvious distor-
tions in the range of services, their cost, quality, maintainability for organizations
and individuals).

The drivers, in our opinion, are high digital literacy of Russians, and its possible
convergence with financial literacy; the need of all groups of economic entities (state,
population, business, financial, and credit intermediaries) for investments for effec-
tive social protection of the population [3]; high level of Fintech development in
Russia and remote financial services; and activation of financial self-awareness of
Russians.

Based on the approach proposed by [10], we adapted [8] the meta-production
function arguments proposed by him to highlight the factors of inclusive development
of financial services and products in modern Russia to solve the problems announced
above in the areas we identified earlier (Table 18.3). The authors have identified three
main problems of production, provision, and consumption of financial services and
products (a, b, c) and seven directions of inclusive development of financial services
and products in modern Russia.

The presented factor matrix clearly illustrates the development pathways of finan-
cial inclusion in the context of existing stoppers and drivers of financial inclusion in
Russia.

18.4 Conclusion

In the Expert Report “Global Standard-setting Bodies and Accessibility of Financial
Services for the Low-income Population: Development of Proportionate Standards
and Recommendations”, issued in 2011 by CGAP on behalf of the G20 Global
Partnership for expanding access to financial services (GPFI), the main direction
of ensuring financial inclusion in the country is the joint development of propor-
tionate standards and recommendations by five global regulatory authorities [11].
Today, five global regulatory authorities are represented by the Basel Committee on
Banking Supervision (BCBS), the Committee on Payment and Settlement Systems
(CPSS), the Group for the Development of Financial Measures to Combat Money
Laundering (FATF), the International Association of Deposit Insurers (ISDA), and
the International Association of Insurance Supervisors (IAIS). It is assumed that
these organizations should jointly address issues of standardization of the activities
of national financial and credit institutions supervised by them in order to formalize
the statuses, including alternative providers of financial services; protect the rights of
financial services consumers; remote provision of financial serviceswith an emphasis
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Table 18.3 Factor matrix of inclusive development of financial services and products in modern
Russia (author’s approach)

Factors Factor description Problem being resolved Focus area

Humanitarian Expanding the target audience:
the low-income population, the
elderly, people with limited
capabilities or disabilities,
certain religious communities,
leveling geographical factors
(coverage of remote, sparsely
populated or hard-to-reach areas)

(c) (2)
(3)
(4)
(5)
(6)
(7)

Resource Improving the quality and range
of financial products and
services, including through the
creation of mechanisms for
involving long-term cheap
money held in the PFR and NPF
in the investment process

(a)
(c)

(1)
(2)
(3)
(4)
(5)

Technical Development of digital business
models, infrastructure platforms,
improvement of elements of the
Marketplace system, use of
Internet and mobile access
capabilities

(a)
(b)
(c)

(3)
(4)
(5)

Institutional Changing norms and rules that
activate and restrain the
production, rendering and
provision of individually and
socially effective and useful
financial services and products

(a)
(b)

(1)
(6)

Organizational Expansion of institutions
providing financial products and
services, access points to
financial services, adaptation of
financial services distribution
channels to serve customers with
special needs, improving
financial literacy in the context of
using technologies to ensure
financial accessibility,
overcoming financial behavioral
distortions

(a)
(b)
(c)

(1)
(2)
(3)
(4)
(5)
(6)

Informational Formation of a knowledge base
about the main financial products
and services, risks, rights of
consumers of financial services
and ways to protect them

(a)
(b)
(c)

(3)
(4)

Where the PFR is the Pension Fund of Russia; NPFs are non-state pension funds
Source Compiled by the authors
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on electronic money and agency models and similar innovations. The national mega-
regulators of the financial and credit sphere, in turn, should gradually introduce these
standards into banking, insurance, financial supervision, and regulation.

Russia needs to overcome the stoppers of inclusive development of finance
in the following areas: formalization of the status of unofficial financial service
providers, namely: collectors, anti-collectors, credit brokers, private moneylenders,
crowdfunding Internet platforms, electronic wallets, independent financial consul-
tants; protection of the rights and interests of financial services consumers, espe-
cially consumers of credit products of microfinance organizations, pawnshops;
combating financial fraud; improving financial literacy of elderly consumers of
financial services.

These areas correlate with the already existing factors of financial inclusion devel-
opment, including the rapid development of remote forms of provision of financial
services; the high level of digital literacy of Russians; the increasing financial literacy
of the adult population; the increasing financial activity of Russians in the field of
socially and individually useful types of financial services and products.
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Chapter 19
The Impact of Digital Technologies
of Tax Administration on Increasing
the Inclusiveness and Sustainability
of Economic Development

Natalia V. Gorshkova , Viktoria M. Ksenda , and Irina V. Grigorenko

Abstract The modern world is at the next, innovative stage of its development,
connected with mainstreaming of IT technologies and digitization of processes that
have affected all spheres of human activity. Financial and economic relations are
no exception. The digital economy paradigm is embedded in the financial system,
providing convenience, time savings, and technology security, which increases not
only the availability of financial services but also is a stimulating tool for ensuring and
increasing the profitability of public finance. Contactless technologies have become
an integral part of the tax administration system, which is designed to neutralize
the negative perception of the tax process by the population and business enti-
ties, to make it open, accessible, which makes it possible to improve tax collec-
tion, increase inclusiveness and sustainability of economic development. The chapter
formulates a modern concept of tax administration, critically analyzes existing elec-
tronic services and tax administration programs, presents their classification, and
identifies shortcomings and prospects for optimizing this process.

19.1 Introduction

Taxes are one of the main financial levers of state regulation of economic devel-
opment. The amount of financial support for the implementation of the tasks of the
state depends on the efficiency of the tax administration system,which is complicated
by the fact that the payers of fiscal payments tend to underestimate the tax base or
conceal the object of taxation, and, accordingly, the amount of taxes, since for them
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it is a mandatory payment that is alienated from their own income. Therefore, one of
the problems in tax administration is the evasion of mandatory payments and the use
of illegal taxation schemes, which is a negative factor for the tax and budget system,
and, accordingly, economic development. Thus, the main task of the state is to reach
consensus in relations with taxpayers, while the digitization of the tax administration
system will make the taxation process total, transparent, and inevitable.

19.2 Methodology

The world experience of digitization of certain areas of the tax sphere is considered
in the works of foreign and Russian authors [1, 2, 3, 4]. The issues of disclosing the
content and essence of tax administration, determining the problems and prospects
of Russian tax administration are reflected in the results of scientific research by [5,
6, 7, 8, 9]. The technologies of tax administration are considered in the works of
[10, 11, 12].

The data of the Organization for Economic Cooperation and Development [13],
foreign tax administrations, as well as the Accounts Chamber of the Russian Feder-
ation [14], the Ministry of Finance of the Russian Federation [15], and the Federal
Tax Service [16] were used in the paper.

When performing scientific research, general scientific methods of inquiry were
used observation, analysis, induction, deduction, comparison, analogy, generaliza-
tion; and private scientific methods the method of expert assessments, statistical
analysis.

19.3 Results

The dominant technological trend of the XXI century—the Fourth Industrial Revolu-
tion, based on robotization (automation) and digitization of processes, has embraced
the advanced world community, including Russia. The Russian economy is under-
going a digital transformation. The development of the digital economy assumes that
“digitized data is a key factor of production in all spheres of socio-economic activity.
This makes it possible to create conditions for economic growth, improve the quality
of life of citizens, increase the competitiveness of the country and strengthen national
sovereignty” [17].

The development of the digital economy is connected not only with the formation
of key institutions and infrastructure, but also practically implemented, in particular,
in the financial sector. The tax system was no exception.

Taxes are the main source of revenue for the budget system—the foundation
for ensuring financial security and the viability of the state. However, the burden
of paying them lies with taxpayers, some of whom consider taxes and fees to be
excessive additional expenses and avoid paying them. These circumstances lead to
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the emergence of a hidden (“shadow”) economy with the absence of accounting for
taxpayers, objects of taxation, the tax base, and, accordingly, the emergence of tax
arrears and shortfall in budget revenues (Fig. 19.1).

To eliminate and control such facts, a tax administration system is provided,
understood by the authors of this study as a tax process management system aimed
at implementing the tasks and achieving the goals of state tax policy [7].

The Federal Tax Service (FTS of Russia) is a federal executive authority that
performs the functions ofmonitoring and supervising compliancewith the legislation
on taxes and fees, the correctness of calculation, completeness, and timeliness of
taxes, fees, and insurance contributions, etc. to the relevant budget [18]. In addition,
the service is the chief administrator (collector) of federal budget revenues. So, in
2020, it accounted for about 60% of the collection of total federal budget revenues
(Table 19.1).

However, the functional responsibilities of the Federal Tax Service of Russia
have become much broader and more voluminous. Now it is not only a controlling
authority but also a service that provides a high level of public services for business
organization and tax payment, which contributes to improving the efficiency of tax
administration and inclusive development of Russia. This became possible due to
the introduction and development of contactless information resources and programs
allowing to systematize huge data streams.

9.2 9.4
11.4

8.0

6.7
7.0 6.5 6.3

01.07.2015 01.07.2016 01.07.2017 01.07.2018 01.07.2019 01.07.2020 01.01.2021 01.07.2021

Fig. 19.1 Indicator (Debt-to-income)—debt-to-income ratio, %. Source Compiled by the authors
based on [16]

Table 19.1 Federal budget revenue receipts by federal budget revenue administrators, %

Name of the administrator of federal budget revenues 2016 2017 2018 2019 2020

Total 100.0 100.0 100.0 100.0 100.0

Federal Customs Service of Russia 32.7 30.3 31.2 32.0 25.4

Federal Tax Service of Russia 51.5 60.7 61.3 62.5 58.6

Ministry of Finance of Russia – 1.8 1.7 1.9 8.1

Rosimushchestvo 7.1 1.8 1.7 2.3 2.4

Other federal agencies 8.7 5.3 4.1 1.3 5.5

Source Compiled by the authors based on the data of the Audit Chamber of the Russian Federation
[14]
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It is worth noting that the process of automating the activities of the Federal Tax
Service of Russia began long before the digital economy became a priority for the
development of the Russian economy. The stage of deep digitization started about
10 years ago, when the modern automated information system of the Federal Tax
Service “Tax” (AIS “Tax”) andPersonal accounts of taxpayers startedworking. In our
opinion, the beginning of automation, the so-called “zero stage”, should be associated
with the appearance in the 2000s of a pilot project on submitting tax reports via the
Internet through specialized operators via telecommunication channels, which was
successfully implemented and received its legal regulation with the appearance of
the Order of the Ministry of Internal Affairs of Russia (at that time the Ministry of
Taxes and Duties) on the procedure for submitting tax returns in electronic form.
This expanded the possibilities of taxpayers to submit reports, in addition to postal
items and personal presence in the tax authority.

In recent years, the following focus areas have been developed:

– technological (improvement of the VAT-2 Automated Control System, transi-
tion to Online cash registers, labeling of fur products and medicines, modern-
ization of the Tax-3 AIS, introduction of the “My Tax” mobile application in
connection with the introduction of the Self-employment tax (SET), introduc-
tion of the national goods traceability system, development of electronic docu-
ment management, expansion of interaction between credit organizations and tax
authorities);

– non-technological:

(1) managerial and organizational (expansion of interdepartmental interaction,
international cooperation, application of a risk-based approach in planning,
criteria for tax monitoring);

(2) legislative (submission of VAT tax reports only in electronic form, consolida-
tion of the concept and status of “Taxpayer’s Personal Account” in the Tax
Code, automatic provision of tax benefits (without a taxpayer’s application),
reduction of the terms of desk tax audit, cancellation of tax returns on land and
transport taxes).

These measures allowed the tax authorities to achieve better results in 2020
compared to 2018 [16]:

– additional charges for one on-site audit increased (over 30%);
– the number of on-site tax audits decreased (by more than 2 times);
– the number of court decisions on disputes that have passed pre-trial settlement of

tax disputes has decreased (by more than 1.5 times);
– the number of documents submitted for state registration in electronic form has

increased (more than 3 times).

Currently, the official website of the Federal Tax Service of Russia (www.nal
og.ru) is a powerful web resource that hosts 66 electronic services: personal accounts;
COVID-19; business registration; information about the individual taxpayer number

http://www.nalog.ru
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Table 19.2 Indicators of the functioning of the services of the Federal Tax Service of Russia in
2020

Service Value

My taxpayer account as an individual entrepreneur (IE) 2.6 mln IE

My taxpayer account as legal entity 1.1 mln companies

My taxpayer account for individuals 34.4 mln persons

Information about the TIN of an individual 1.164 billion requests

Information about legal entities and individual entrepreneurs in respect
of which documents for state registration are submitted

513 mln requests

Check yourself and the counterparty 2.828 billion requests

Source the Federal Tax Service of Russia [16]

(TIN); payment of taxes and duties; business risks; information from state regis-
ters; tax calculators; tax accounting; international taxation; background information;
feedback/assistance (Table 19.2). In addition, 86 open data sets, 12 state registries,
5 mobile applications are presented there [16].

Referring to the research addressed to information support of tax administration
processes, it should be noted their descriptive nature or analysis of advantages and
disadvantages [5, 7, 8, 9].

We propose to classify software products in this way:

(1) for the work of tax authorities (AIS “Tax-3”, ASK “VAT-2”, ASK “KKT”, PC
“Region”, “Svod-2000”, “Local level EDI system”);

(2) for accounting management and interaction with taxpayers:

– by companies (“My taxpayer account as legal entity”, “My taxpayer account as a
foreign company”, “Business registration”, “Online cash registers”);

– by individual entrepreneurs (“My taxpayer account as an individual entrepreneur”,
“Business registration”, “Online cash registers”);

– by individuals (“My taxpayer account for individuals”, “My taxpayer account for
self-employment taxpayer”, “Business registration”).

The functioning of such resources is based on technologies: BigData (AIS “Tax-
3”), Blockchain (ASK “VAT-2”), and Api (“My tax”). Their use makes it possible to
efficiently extract, process, store voluminous data, build chains of relationships, and
program [10, 11].

To assess the effectiveness of automation and the introduction of digital resources,
let us analyze the quantitative indicators of the use of software products and the level
of tax revenues.

Until 2020, federal budget revenues demonstrate a steady growth trend (Table
19.3).

According to the estimates of the Ministry of Finance of the Russian Federation
[15], the main reasons for the decline in revenues in 2020 were, first of all, restrictive
measures caused by the spread of coronavirus infection, as well as lower prices
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Table 19.3 Actual execution of federal budget revenues in 2016–2020

Indicator 2016 2017 2018 2019 2020

Income, % of GDP 15.7 16.4 18.7 18.5 17.6

Oil and gas revenues, % of GDP 5.7 6.5 8.7 7.3 4.9

Non-oil and gas revenues, % of GDP 10.1 9.9 10.0 11.2 12.7

Source Ministry of Finance of the Russian Federation [15]

for Urals crude oil, which affected oil and gas revenues. However, non-oil and gas
revenues demonstrate positive dynamics, which is associated with the indexation of
excise tax rates, and the rise in business activity of businesses, which affected the
increase in the amount of value added tax.

Starting in 2019, the structure of federal budget revenues began to change, which
is also associated with changes in oil prices and, as noted in the Ministry of Finance
of the Russian Federation [15], with an increase in the quality of tax administration
aimed at improving the efficiencyof administration of non-oil andgas revenues. Thus,
compared to 2018, in 2020, the share of non-oil and gas revenues in the total volume
of federal budget revenues increased by 18% and amounted to 72%. Accordingly,
the share of oil and gas revenues decreased from 36% in 2016 to 28% in 2020. The
factors that influenced such changes include prices for hydrocarbon rawmaterials; the
exchange rate of theUSdollar against the ruble; the completion of the “taxmaneuver”
in the oil industry; the introduction of a tax regime on additional income from the
extraction of hydrocarbons; the expansion of benefits for hydrocarbon production
and a decrease in oil production and exports as a result of the OPEC + agreement.

There have also been changes in the structure of oil and gas revenues of the federal
budget. By 2020, the share of the mineral extraction tax has increased, and the share
of export customs duties has decreased.

In the structure of non-oil and gas revenues of the federal budget, more than half is
accounted for by value added tax, the share of which shows positive dynamics from
year to year (about 58% in 2020). And, despite the force majeure circumstances
that arose in 2020, the restoration of business activity by the end of 2020 allowed
VAT receipts not to be reduced. Corporate income tax receipts also showed positive
dynamics until 2020 [15].

It is hard if not impossible to evaluate the functionality and effectiveness of the
use of such software products as the Automated Information System “Tax-3” (AIS
“Tax-3”) and the Automated control System “VAT-2” ASC “VAT-2”: their users are
employees of tax authorities, and thedata posted and stored there belong to tax secrecy
and are intended for official use. At the same time, analyzing regulatory documents
and scientific publications [6, 11], we should note that AIS “Tax-3” is a unified infor-
mation repository of taxpayer data, as well as a resource for collecting, processing
information, and compiling reports. Despite the fact that the current version is more
advanced than all the previous ones, there are still some shortcomings of functioning
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in the form of errors in the operation of the software and duplication of informa-
tion in other resources. The main scientific and Innovative Implementation Center
(GNIVC) is the developer of AIS “Tax-3”.

ASK “VAT-2” is also an internal software product used by the Federal Tax Service
of Russia. Its essence lies in the control of illegal VAT deductions along the chain:
at the stage of product creation and to the final consumer by identifying multi-risk
(“green”, “yellow”, “red”) taxpayers. If any have been found, the tax authority denies
the taxpayer a tax deduction for VAT. The main drawback of this program is that the
result of the data analysis that is carried out cannot be used when considering tax
disputes, only exclusively for the purpose of conducting tax audits. In addition, the
collection and analysis of documents are labor-intensive and are already carried out
directly by employees of tax authorities, which reduces the effects of this software
product. However, the VAT-2 Automated Control System has proven itself quite
effective. So, at present, the share of doubtful VAT deductions does not exceed 0.4%
[16], and as we have already noted, the share of tax revenues has increased.

Taxpayers’ personal accounts are services that have proven themselves extremely
effective. The most popular and functional service is one for individuals, in which
about 30million people are registered. In addition, it is also possible to use this service
through the public services portal (a reference and information Internet portal that
provides individuals and legal entities with access to information about state and
municipal services in the Russian Federation). Personal accounts for legal entities
and individuals are less in demand and functional. Such taxpayers, as a rule, use other
software products integrated with accounting. In addition, the main disadvantage of
these services is the impossibility of electronic filing of tax reports, which is very
important for individual entrepreneurs working without employees or with a small
number of them, since accounting is minimal and does not require the use of special
accounting and tax accounting programs.

One of the advanced technologies and innovative solutions in the field of taxation
is the introduction of a self-employment tax and the application “My Tax”. This
application is intended for “self-employed” citizens, for those who have logged in
through their Personal Account on the official website of the Federal Tax Service of
Russia or downloaded the application. The usual tax registration is not required; the
very fact of authorization confirms that an individual or an individual entrepreneur
who does not attract employees has expressed a desire to carry out a certain type of
activity and therefore pay taxes. The application, like the taxation system itself, has
no analogues and is in demand by taxpayers. The results of its implementation since
2019 are presented in Table 19.4.

These data indicate the demand for this tax regime, which attracts, first of all, by
the simplicity of application: the absence of a separate registration as a taxpayer, free
access to themobile application “MyTax”. It is only necessary to register and deposit
the received income, or in case of non-cash receipt, the system will recognize them
itself and the tax will be calculated automatically. In addition, various categories
of citizens are involved in the taxation process, which solves several main tasks:
ensuring tax revenues, recruitment and employment problems, and social adaptation
of the population. Thus, it can be said that the development of tax inclusivity is
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Table 19.4 Results of the application of the self-employment tax

Factor Value

Number of self-employed 5 million people (including 25,000 minors)

The amount of income received 327 billion rubles

Amount of taxes paid 8 billion rubles

Age of the self-employed 30–40 years

Employment indicators (gender indicator) 60%—men, 40%—women

Main activities Consulting, construction and marketing
services, renting of apartments, taxi

Types of activities carried out (age indicator):
up to 30 years from 40 years

Marketing and advertising, delivery services;
consulting and tutoring, renting of dwellings

Types of activities carried out (gender
indicator): women
men

Hairdresser, cosmetologist, manicure master,
babysitter, speech therapist;
car repair and maintenance master, taxi driver,
loader, electrician, plumber

Source Compiled by the authors based the Federal Tax Service of Russia [16]

in evidence, which assumes the simplicity of participation in tax relations and the
availability of fulfillment of tax obligations, which expands the possibilities of each
person to do what he knows without unnecessary difficulties and at the same time
pay taxes without hindrance.

According to OECD experts, “the Federal Tax Service of Russia has a high degree
of digital development of administration” [1]. The Russian Tax Service is a member
of the OECD group on digital transformation, where the best world practices are
studied, and the global paradigm of digital transformation of tax administration is
being formed. In addition to Russia, this group includes Australia, Great Britain,
Denmark, Spain, Canada, Kenya, Finland, New Zealand, Norway, and Singapore.

Thus, in the OECD document “Tax Administration 3.0: Digital Transformation
of Tax Administration” [13], the tax monitoring system introduced in Russia has
become an example of world practices. This is a reliable, secure authentication, and
authorization of taxpayers to provide the tax authority with remote access to the
taxpayer’s accounting and tax reporting systems. This system can be called “soft”
remote tax control. In 2019, the number of participants in tax monitoring increased 6
times to 44, in 2020, 52 more major taxpayers were added. Together with the current
participants, about 30% of federal budget revenues are provided.

Along with Russia, there were the following examples of world practices:

– Singapore, where the National Digital Identity System (NDI) has been created,
which provides all residents with a digital identity card for individuals, a corpo-
rate pass, a corporate digital identity card for businesses and other organiza-
tions. SingPass provides authenticated access to government electronic services,
ViaCorp pass can be used by companies to interact with customers, securely make
transactions with government agencies and other organizations;
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– Norway has developed a new loan application scheme: instead of receiving infor-
mation from applicants, banks can now receive the necessary information digitally
from the tax service;

– Kenya has expanded the range of payment channels to include mobile money
payments via M-Pesa (Digital Tax Payments). Kenya is a world leader in mobile
money. As of December 2019, there were 58.4 million mobile money subscribers
in the country (with a population of 47.5million inhabitants). Digital tax payments
allow taxpayers to pay taxes quickly and conveniently using their mobile phones.
After entering the uniquely generated payment registration number and phone
number into the KRA payment application, the taxpayer receives a message on
his mobile phone asking him to approve the tax payment;

– Australia has launched the Single Touch payroll, which calculates wages, taxes,
and generates reports to the Australian Taxation Office in real time;

– Spain has developed a Virtual VAT Assistant. This is an artificial intelligence
system (chatbot) that provides information about the registration and correction
of invoices, obligations, tax benefits, and tax rates. The system provides 24/7
support, which reduces the administrative burden and increases the mobility of
information;

– Finland has replacedmore than 70 old outdated systemswith newCOTS software,
an information system that generates taxpayer data and dossiers [13].

The OECD Report “Tax Administration 2021: Comparative Information on the
OECDand other countries with developed andDeveloping economies” [13] provides
comparative data on aspects of tax administration in 59 countries of the world,
including the effectiveness of tax administrations in collecting taxes; the processes
of registration and identification of taxpayers, processing and desk tax control of
declarations; digital services that facilitate the smooth execution of tax obligations,
etc.

The world’s leading examples in the development of tax administration technolo-
gies are Australia (Digital Partnership Office), Canada (implementation of a platform
combining digital IT services,APImanagement, interaction capabilities, automation,
and cloud technologies), and theNetherlands (Development of reliable online ecosys-
tems, paperless exchange). The tax administrations of these countries are developing
new technological conditions for servicing taxpayers with the introduction of third-
party services, which will speed up the process of calculating and paying taxes. In
addition, one of the transformative innovations of the global tax administration is the
use of chat-bots (electronic assistants) and mobile applications. The countries that
have implemented these innovations include Australia (Improvements to the online
digital assistant—Alex), Canada (Live agent chatbot), Costa Rica (TRAVI chatbot
and online chat review), Peru (Virtual assistant—SOFIA), Russia (Virtual assistant
(chatbot)—TAXIK), Singapore (Filing chatbot), Spain (Virtual assistance—Personal
income tax and personal information), and Great Britain (Webchat and other digital
services). Mobile applications are relevant for use by taxpayers in Brazil (Mobile
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app tax and customs “Normas”) and Russia (online service solution “My tax”). The
number of states whose tax administrations use application programming interfaces
(API—application programming interfaces) is growing: Israel (Zero VAT on hotel
accommodation services), Norway (modernization of the Norwegian VAT system),
Russia (Tax Monitoring), Singapore (Collaboration with software developers), and
the United Kingdom (Making tax digital). However, there are countries that have
long integrated API technologies into their services and are engaged in their in-depth
implementation, creating entire centers: Australia (The ATO Strategic direction for
APIs) and Canada (API Centre of Excellence) [13].

The system of tax administration of foreign countries is not identical because
it depends on the development of the state, the construction of the budget and tax
system, and public administration. Digital transformation has comprisedmany devel-
oping countries. In countries such as Singapore, Chile, and South Africa, there are
already informational web pages that provide taxpayers with information about their
obligations, answer many questions from taxpayers, and ensure the submission of
documents. Brazil has managed to expand the coverage of electronic registration
of all its taxpayers [1, 2, 3, 4]. As the authors note [4], the Russian system of tax
administration, in comparison with foreign ones, has a repressive character and is
aimed at subsequent control. However, one cannot agree with this, since preventive
mechanisms andmethods have been introduced in the tax administration system, and
tax sanctions are the result of non-compliance with the requirements of laws.

The analysis allows us to conclude that the modern national system of tax admin-
istration, functioning in a digital environment, forms a solid financial basis for
achieving national goals and priorities of state development (Fig. 19.2).

Digital technologies in tax administration expand the functionality of tax author-
ities in the control of dishonest taxpayers and provide an affordable way for the
executors of tax obligations to implement them.

The development of the digital environment of interaction between the subjects
of tax relations—tax authorities and taxpayers—encourages not only to improve the
digital tax infrastructure but also to increase the technical capabilities and increase
the tax literacy of the executors of tax liabilities. Scaling of these conditions will
contribute to the active tax behavior of taxpayers and effective tax administration.

It is supposed that it will be possible to ensure tax collection and promote the
competitiveness of Russian business through the development of a national system
of traceability of goods, customs monitoring, and the launch of a new tax regime
“USN.online”, the introduction of the institute of “single tax payment”, improving the
quality of tax administration of excise taxes on tobacco, modernization of resource
rent taxation [15].
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Fig. 19.2 Model of the tax administration system. Source Developed and compiled by the authors

19.4 Conclusion

The new era of the information society and advanced technologies has affected not
only the sphere of production, financial services and products, but also tax relations.
The Russian tax administration system has become invisible and convenient for
taxpayers, functioning in real time, which increases the performance indicators of
tax authorities, reduces the risks of questionable transactions, and expands the circle
of taxpayers. Now the functions of tax authorities are centered not only on control but
also on the provision of information and consulting services; a favorable atmosphere
is created for the fulfillment of tax obligations, which increases tax collection and
reduces the level of tax offenses. The analysismade it possible to classify the software
and service products of the Federal Tax Service of Russia, evaluate the results of their
use and propose a modern model of the tax administration system. The advantage of
this model is the effective implementation of budget, tax, and customs tariff policy,
based on the principles of transparency of the interaction of subjects of tax relations,
the functional trend chasingof the fulfillment of taxobligations, the quality of services
provided in the conditions of digitization and aimed at increasing inclusiveness and
sustainability of socio-economic development of the country.
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Chapter 20
The Internet as a Special Information
Space for Attracting and Implementing
Investments

Denis E. Matytsin

Abstract The study considers the modern information space as a set of electronic
websites for the turnover of investment objects. This set of platforms is available to
an unlimited number of investors and recipients of investments, for these persons to
make remote investment transactions and make a profit. Within the framework of a
systematic approach, the concepts of the investment Internet space and the turnover of
investment objects in the Internet space are formulated. The classification of invest-
ment websites by the level of qualification of investors by recipients of investments
has been carried out. The investment Internet space is continuously and intensively
used by the individuals and legal entities. The parties interact on websites to make
remote investment transactions. There are no restrictions on the free will of a person,
who intends to enter the specified space as an investor or a recipient of investments.
This freedom has no legal restrictions that can be implemented effectively and with
complete certainty. The activity in the remote transactions by millions of individ-
uals—the unqualified investors inmodern Russia—is growing at an accelerated pace.
This requires immediate preventive measures at the federal legislative level.

20.1 Introduction

Encyclopedic volumes reveal the term Internet as an international (worldwide)
computer network of electronic communication, uniting regional, national, local,
and other networks [1]. This concept is widely discussed in both Russian and foreign
scientific literature. For example, S.V. Petrovsky proposed the following definition:
“An international public telecommunication network intended for the exchange of
machine-readable messages (data), that is, information about the surrounding world,
its objects, processes and phenomena, objectified in a form that allows for their direct
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machine processing” [2]. Researcher Maksurov A.A. sees the Internet as a kind of
human communicative activity, because of which all its main features fully belong
to him [3].

The legal definition of the term Internet is not contained in the regulations. In
particular, we do not find it in Federal Law No. 149-FZ of July 27, 2006 “On Infor-
mation, Information Technologies and Information Protection” [4]. However, some
features of the Internet as a legal phenomenon can be identified from regulatory
legal acts. This is a special system based on communication technology; the main
purpose of the Internet is to receive and transmit information in various forms and in
large volumes; you can use the Internet only through computer devices [5]. Here we
disagree with N.V. Rachmanina, who apparently means computers, since at present
it is possible to use the Internet quite effectively through mobile telephone commu-
nication devices (smartphones). At the same time, mobile telephone communication
allows a person to connect with one or another addressee on the Internet via radio
waves, and computers provide the same via wires (cables) [6]. Over the past 5–
8 years, technologies that allow computers to connect to the Internet without wires
have been developing quite intensively. Such options provide for the “transforma-
tion” of a computer into a mobile phone when a so-called modem is used, to which
a standard telephone SIM card is connected [7].

For the purpose of our research, the investment Internet space should be under-
stood as a system of interconnected electronic machines—servers and other devices
that store, process, receive, and transmit information through wires and radio waves
in the form of special computer codes. Data and commands are transmitted at the will
and in the interests of investors in contact with each other, investment intermediaries,
and recipients of investments, whose circle is not limited. This option of remote inter-
action is very rational and in demand: there are no restrictions in distance, in time
of day; the data exchange rate is very high. During the last 5–8 years, a huge leap
has occurred due to the development of computer technology and software, which
currently allows huge amounts of information to be transmitted at great speed. As
a result, it is now possible to receive images and sound of several persons on a
computer monitor at once and conduct a live dialogue with them regardless of the
geographical location of the persons in contact with each other. It should be noted
that the equipment itself, electronic devices, servers, tangible, and intangible assets
that make up the Internet belong to specific individuals, who for the most part are
not public (state) entities. The main tools of this development process are digital
platforms, with the help of which the transition from the order of interaction “one–
to-one”, “one-to-many” to the system “many -to-many” is built. We agree that in
modern Russia, the change in the technologies of interaction of economic entities
in combination with the created consulting and technical business centers provides
real progress toward an innovative economy [8].

In this chapter of themonograph, as part of the regulatory framework, Federal Law
No.149-FZ of 27.07.2006 “On Information, Information Technologies and Informa-
tion Protection”; Federal Law No.325-FZ of 21.11.2011 “On Organized Auctions”
were studied. The study of doctrinal sources covers the scientific works of a number
of Russian and foreign scientists, among these authors: Inshakova A.O., Goncharov
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A.I., Ershova I.V., Petrovsky, S.V., Maksurov, A.A., Rachmanina N.V., Budarina
N.A., Akkaev A.A., Kurasova S.E., Afanasyeva E.V., Amelin R.V., Khabrieva T.Ya.,
Chernogor N.N., Fadeeva A.Yu., Tamm V., and Tapscott D. At the same time, at
the scientific and methodological level, the issues of using the Internet as a special
information space for attracting and making investments have not received much
attention from researchers until recently.

20.2 Methodology

The development of the content of this chapter is based on the materialistic world-
view and the universal scientific method of historical materialism. General scientific
methods of cognition are applied: dialectical, hypothetical-deductive method, gener-
alization, induction and deduction, analysis and synthesis, and empirical descrip-
tion. The research also uses private scientific methods: dogmatic, comparative-legal,
hermeneutic, structural–functional, etc.

20.3 Results

As noted above, it can be assumed that the legislator leaves us the opportunity to
independently reveal the concept of the Internet. Moreover, to do this based on the
definition that a special system of technical devices integrated into an information
and telecommunications network functions to transmit information through commu-
nication channels, which is accessed using computers [1]. This network functions as
a global conglomerate of websites, each of which has its own unique domain name
and address. Domain names and (or) network addresses allow you to identify sites
on the Internet. At the same time, the legislator interprets the website as a complex of
computer programs and information accessed via the Internet [4]. Users receive and
transmit information to each other, precisely focusing on these sites. In our opinion,
the first brick—the key link of the entire web of the Internet is precisely the website
belonging to a specific person (persons). A website with its unique domain name and
its highly specialized subject combines a certain number of necessary files and related
archival resources. These resources contain relevant information that is accessible
via the Internet. TheWorldWideWeb erases the boundaries of national jurisdictions
and time constraints, providing the widest possible space for finding both recipients
of investments and investors anywhere in the world. The flexibility and initiative of
this method significantly reduces the costs of contacting persons and increases the
effectiveness of communications.

Many researchers also claim that thewebsite is the key tool of Internet communica-
tions. At the same time, some researchers insist that face-to-face meetings between
partners are much more effective than communication via the Internet, since the
perception of partners is much better during face-to-face meetings [9]. However,
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as noted above, modern video technologies used when making transactions on the
Internet almost completely neutralize the disadvantages of the absence of meetings
of individuals at an agreed time in the same room. In our opinion, the adaptation
of Internet users to the remote method of video communication is happening very
rapidly, the widespread transition to the preparation, execution, and implementation
of transactions on the Internet will definitely happen before the end of the 2020s. The
necessity and expediency of meeting individuals in the same room for transactions
as well as for interaction during the execution of such deals will decrease to zero
over the next 5–8 years.

Modern society quite consciously increases the role and expands the functionality
of the information space in public relations from year to year [10]. It is natural that
the investment sphere is also moving leaps and bounds into the information space. It
should be clarified that direct investments involving investments in tangible assets of
specific property complexes of business entities within the framework of the imple-
mentation of relevant development projects still require the personal presence and
active participation of investors, and this form of investment is still being success-
fully implemented. At the same time, transactions with certain objects are massively
reproduced in the investment Internet space and from year to year the varieties of
such transactions are constantly expanding; in our opinion, it is reasonable to say that
there is a turnover of investment objects. We believe that the turnover of investment
objects in the Internet space should be understood as systematically executed trans-
actions with certain assets for their purchase and sale, as a rule, at changing prices,
through remote interaction of persons through websites in order to make a profit.

At the public level in the Russian Federation, the Agency for Strategic Initiatives
has introduced an Investment Standard that combines 15 successfully used prac-
tices at the regional level (http://investstandart.ru/o-standarte/). These practices were
applied by the most economically developed regions, and later they were extended to
other regions. This standard has become the main project that should help economic
entities in the regions of Russia to attract investment. With the help of the standard,
the business community can evaluate the actions of authorities in the field of invest-
ment development and even influence some of their decisions. The specified standard,
one of the mandatory requirements, provides for the availability of a website on the
Internet in two languages (Russian and English, maybe in other languages used in
the region or by potential investors), with a description of investment opportuni-
ties. Taking into account the fact that digitalization and information technologies are
increasingly penetrating both business and the public sectors, the website seems to
be an excellent presentation of the potential that this subject of the Federation has.
The website must be up to date so that potential investors can fully assess investment
opportunities and build interaction.

As you can see, the investment website is a hub from which potential investors
begin to get acquainted with a wide range of offers from investment recipients. Next,
the investor can focus his attention on the website of a single recipient of the invest-
ment [11]. Facebook, Instagram, etc., which are used to attract partners, will also

http://investstandart.ru/o-standarte/
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be mentioned here about the existence of social networks, such as Vkontakte, Face-
book, etc., which are used to attract partners. In addition, there are specialized social
networks for finding business partners, such asLinkedIn,MyCircle, Professionals.ru,
Viadeo, etc.

We believe that the websites that exist on the Internet to attract investment by
initiators of business projects should be differentiated into two groups according to
the level of training of participating investors. The first group is investment platforms
designed for the execution of transactions by qualified investors. The second group
is investment platforms where unqualified participants can invest their capital. The
first group of investment sites is characterized, first of all, by the large amounts of
money for which transactions are carried out; the specificity of the objects them-
selves for investment; and the complexity of remote investment technologies. The
second group of platforms is intended for unqualified participants and conducting
simple, standardized transactions by the widest range of investors (people). It is
significant that the investment issues concerning the second group of websites rela-
tively widely are covered in the scientific literature. However, we practically do not
find developments on the functioning of the first group of websites in the scientific
literature.

In addition, in our opinion, remote Internet sites related to the investment sphere
should be differentiated into three groups by initiators of interaction: banking
websites, websites of investment intermediaries, and websites of direct recipients
of investments. Let us consider these sites further.

The first group is the Internet sites of commercial banks. Undoubtedly, banks
are the largest and main subjects of the capital market, acting as investment inter-
mediaries and direct recipients of investments. The classic investment option—a
bank deposit—has been used for several hundred years and it is quite in demand
and satisfies the interests of many owners of capital. In addition, banks are quite
actively attracting funds from a wide range of investors for their turnover by placing
various securities, for example, bonds. Along with this, banks as intermediaries
provide services to clients, for example, for the acquisition and (or) sale of certain
investment instruments, for example, investment fund units.

The second group is the Internet sites of investment intermediaries. In this
group, we include only legal entities with special legal capacity—these are licensed
investment companies (brokers, dealers, asset managers); operators of investment
platforms included in the relevant Register of the Bank of Russia; and exchanges.

Traditionally, the largest and most well-known investment platforms around the
world are exchanges, they carry out the bulkof the turnover of investment instruments.
Federal Law No.325-FZ of 21.11.2011 “On Organized Auctions” provides for the
functioning of legal entities of special legal capacity in theRussian Federation—trade
organizers [12]. Exchanges are possible only in the organizational and legal form
of a joint-stock company with its own funds the amount of 100 million rubles. Six
exchanges are listed in the Register of licenses issued by the Bank of Russia (https://
www.cbr.ru/registries/rcb/): PJSC “Moscow Exchange MICEX-RTS”; PJSC “St.
Petersburg Exchange”; JSC “St. Petersburg International Commodity Exchange”;

https://www.cbr.ru/registries/rcb/
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JSC “St. Petersburg Currency Exchange”; JSC “Stock Exchange “St. Petersburg”;
and JSC “National Commodity Exchange” (there are no trading systems in Russia).

In Russia, PJSC “Moscow Exchange MICEX-RTS” (hereinafter referred to as
MICEX) dominates, of course. The website presents hundreds of different services
that contribute to both the implementation and attraction of investments: for bidders,
private investors, asset managers, international investors, and issuers.

In 2013, the Bank of Russia issued Exchange License No. 045–002 to PJSC
Saint Petersburg Exchange (hereinafter referred to as PJSC SPB). The document
states that the license was issued to carry out activities for conducting organized
auctions (https://spbexchange.ru/ru/futures/files/licenzia_birji.pdf.). The website of
PJSC SPB states that PJSC SPB is an organizer of trading in foreign securities within
the Russian jurisdiction, which provides opportunities for private investors to make
transactions with foreign financial instruments. It is also indicated that individuals
can carry out independent transactions only through professional participants of the
securities market admitted to trading on the Stock Exchange, who have licenses from
the Bank of Russia for brokerage activities, of which 46 companies are represented
on the website of PJSC SPB (https://spbexchange.ru/ru/stocks/participants.aspx.).

One of the services on the website of PJSC SPB provides for the procedure for
remote connection of a potential investor to remote exchange services. First, it is
necessary to choose a broker from among the above accredited bidders and contact
him via the Internet. Next, it is necessary to conclude a contract with the broker—you
can also make a remote transaction. Secondly, the investor is invited to choose an
online trading system from the list of certified systems and get access to transactions
on the exchange. It should be clarified that it is possible to connect to PJSC SPB
remotely only through a licensed brokerage company, from among the legal entities
admitted to trading (https://investcab.ru/ru/inmarket/connect/).

For remote interaction, technical and network services are provided by PJSC
SPB Association of Financial Market Participants “Non-Profit Partnership for the
Development of the RTS Financial Market” (hereinafter NP RTS). There are three
possible options: (1) dedicated communication channel—own fiber-optic line (cable)
built from the client to the NP RTS data processing center, there may be a dedi-
cated cable provided by NP RTS. Two (or more) parallel channels increase the
reliability of access. To service each channel, the client needs to purchase special
equipment and transfer it to the management of NP RTS; (2) encrypted channel via
the Internet “network-to-network” (LAN-to-LAN) from the NP RTS network to the
client’s network segment. To service the channel, the client needs to purchase special
equipment and transfer it to NP RTS; (3) Internet connection using a VPN client via
a secure channel to connect one client computer does not require the purchase of
additional equipment (PPTP client software package) (https://nprts.ru/ru/services/it-
service/net/.).

The third group is thewebsites of legal entities—issuers offering their securities to
a wide range of investors directly. Russian legislation does not prohibit a legal entity
that has issued securities, for example, bonds, from distributing them to investors
without contacting investment intermediaries or the stock exchange. It is also possible
to subscribe directly to additionally issued shares, issued depositary receipts of the

https://spbexchange.ru/ru/futures/files/licenzia_birji.pdf
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company, etc. To clarify, we are not aware of issuers that carry out direct remote
transactions with investors. First of all, this concerns the regime of commercial
secrecy, and, in addition, most issuers consider the organizational and financial costs
of direct conduct and registration of transactions impractical. For example, on the
website of LLC “Leasing Company Simple Solutions” it is indicated that at the
beginning of 2021 there are four issues of PR-Leasing bonds in circulation on the
MICEX, which can be purchased through a broker. On the PR-leasing website, there
is a service for an investor to open an account with a broker and conduct a transaction
for the purchase of bonds of the specified issuer.

For example, on thewebsite of the Joint-StockCompany “DOM.RF” it is indicated
that this JSC attracts investments, improves the quality and affordability of housing
through the development and implementation of federal standards for the profitable
purchase of housing in a mortgage. The website also states the “DOM.RF”. The
Russian Federation has issued 25 bond issues worth 195.6 billion rubles. At the
same time, all AHML 2018 Eurobonds (issue for RUB 15 billion) were repaid in
full and on time earlier, in 2018. From the “DOM.RF” website can easily switch to
the website of its subsidiary Mortgage Agent. The exclusive subject of its activity
is, firstly, the acquisition of claims on loans (loans) secured by mortgages and (or)
mortgages, and secondly, the issuance of mortgage-backed bonds.

According to our estimates in 2022, individuals and legal entities on a scale of at
least 5 billion users use the Internet. The modern citizen, as well as employees of
legal entities, implements the absolute majority of communications on the Internet.
The investment sphere, moreover, is simply repleted with opportunities for making
investments, for example, you can specify several websites that facilitate remote
investment transactions [13]:

– towave.ru—an online portal for startups, investors, where news and recommen-
dations for entrepreneurs are published;

– napartner.ru.—the website for initiators of business projects and investors
provides transaction support services. There is information about how successful
companies were financed, how they received investments;

– investgo24.com.—the website with investment projects, proposals for the
purchase and sale of businesses, analytical articles about investments;

– townmoney.ru.—the difference of this website is the opportunity to get a loan for
the development of your business project;

– other websites, such as investors.partners, start2up.ru, business-platform.ru, inno-
vationportal.ru, investclub.ru, rusinvestproject.ru, avito.ru, fbip.ru, beboss.ru an
angel.cooperation, simex.global.ru, etc.

20.4 Conclusion

The pandemic of 2020–2021 caused a natural increase in remote investment activity.
According to the National Association of StockMarket Participants, deposits of indi-
viduals in banks decreased from 22.9 to 21.2 trillion rubles in 2020 [14]. The number
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of Russian citizens who opened brokerage accounts on the stock exchange doubled
in 2020 and reached 9.8 million people. Investments of individuals in securities and
other investment instruments increased to 6 trillion rubles.

We believe that by 2025–2027 at least 30 million private investors will participate
in investment turnover from the territory of the Russian jurisdiction, which sharply
exacerbates the urgency of preventive measures by the relevant state organs. Russian
President Vladimir Putin is rightly concerned about the rapid development of events:
“Other forms of financial investments are being developed, including the purchase
of securities. Moreover, this is by definition more risky than bank deposits. It is
necessary to protect the interests of people who invest their money in the securities
market, but are not of course professional investors” (https://www.rbc.ru/finances/
01/02/2021/6017e70f9a7947cf2022efa4).

Thus, the modern information space (billions of individual computers connected
via cables to supercomputers, radio waves of billions of smartphones on the air)
is continuously used by individuals and legal entities. In particular, it is used as a
set of electronic websites for the turnover of investment objects. The free will of a
person who intends to enter the specified investment Internet space as an investor is
not limited. As well as the freedom of entry for the recipient of investments is not
limited. These persons can perform legally significant actions without having legal
restrictions, while restrictions cannot be implemented effectively and reliably [15].
Activity in remote transactions bymillions of individuals—unqualified investors—is
growing at an accelerated pace in modern Russia, which requires urgent preventive
measures from the Federal Center. We propose to make a decision at the legislative
level during 2023–2025 to develop and implement the State Program “Investment
Literacy of the population”.
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Chapter 21
Investment Technologies for Ensuring
the Inclusive Growth of the National
Economy

Inna M. Shor , Dildarakhon A. Shelestova , and Lubov I. Galamyan

Abstract The study aims to devise methodical and practical recommendations on
using investment technologies as a means to ensure the inclusive growth of the
national economy. Based on the authors’ approach to the notion and the role of
investment technologies for ensuring the inclusive growth of the national economy,
we provide recommendations for implementing economic methods, approaches, and
instruments at relevant stages of the investment process. At the stage of determining
the goals and areas of investment, it is advisable to invest in physical and human
capital, knowledge economy, housing construction, and export development. At the
stage of garnering resources to invest in investment projects, it is important to pay
attention to the government support of investment projects and public–private part-
nership. At the stage of the realization of investment projects, it is recommended to
secure a weighted growth of trade protectionism. Under Industry 4.0, there are broad
opportunities to form new assessment tools for investment technologies. Thus, we
introduce the author’s methodology to assess investment technologies based on the
matrix method using the digital technology of Big Data.

21.1 Introduction

The COVID-19 pandemic has had adverse effects on the key indicators of social
and economic development in every country. In this way, the restrictive measures
concerning the labor force, decrease in consumer demand, and change in consump-
tion patterns have led to the deterioration in the financial situation of the business. In
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some cases, businesses closed and it evoked the growth of unemployment. With the
increasing mortality rates, there is a growing discrepancy between the economies of
developed and underdeveloped countries as well as between rich and poor.Moreover,
there is an increase in gender inequality what makes women more vulnerable given
the peculiarities of their employment and income as compared to men’s.

Overall, it is possible to refer to the current situation as a syndemic which is
a combination of epidemiologic, social, economic, and other processes during the
coronavirus pandemic. So, it requires a complex approach to rethink the priorities in
countries’ social and economic development. The authors suppose that one of those
elements is investment technologies. They can help overcome the negative influence
of the pandemic through having beneficial effects on improving the population’s
potential, rate of productivity growth, stability of the economy, and through providing
the population and state with great benefits. Therefore, it is necessary to follow the
rule in implementing investment technologies which is enhancing the quality of life
is the main criterion of the national economy’s development, so the assessment of
economic reforms should be based on the improvement of welfare and standards of
living.

The aim of this study is to devise methodical and practical recommendations
on using investment technologies as a means to ensure the inclusive growth of the
national economy.

21.2 Methodology

Several works [1–10] focus on the notion, nature, and factors of inclusive economic
growth.Meanwhile, without any intention to compromise the aforementionedworks,
it is crucial to highlight that there seems to be no research on investment technologies
as a factor of inclusive economic growth.What ismore, such researchwould be highly
relevant under the given coronavirus crisis and the development of new technologies
in Industry 4.0.

In this research, we used general scientific methods that ensure the objectivity,
comprehensiveness, and exhaustiveness of the study. We also applied the methods
of observation and expert estimation that helped identify relevant issues in imple-
menting investment technologies. The SWOT analysis helps to identify strengths,
weaknesses, opportunities, and threats to investment technologies implemented in
Russia. The statistical method supplements our research with the analysis of the
Russian investment practices describing the obtained results in the implementation
of investment technologies. The matrix method for evaluation of investment tech-
nologies combined with Big Data technology helps operationalize the influence of
factors in investment technologies at any level of their implementation as well as to
conduct factor analysis of investment technologies in use and the assessment of the
risks of the reduction of the role of investment technologies in the inclusive growth
of the national economy.
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21.3 Results

Investment technologies are a set of economicmethods, tools, and techniques that are
used in the investment process with regard to its stages (the stage of determining the
goals and areas of investment, stage of garnering resources, stage of the realization
of investment projects).

At the stage of determining the goals and areas of investment, it is important to
invest actively in physical and human capital, knowledge economy, housing construc-
tion, and export development since they are the major drivers of inclusive growth
of the national economy. However, we should mention that, according to the World
Bank estimations, Russia ranks 55 out of 146 countries in the knowledge economy.
The result of this gap can be seen in the export of high-tech products: exports in
Russia equals USD 10 billion, while it is much higher in China (USD 740 billion),
Germany (USD 207 billion), the USA (USD 156.4 billion), and Singapore (USD
155.4 billion) [11]. Moreover, the development of the knowledge economy, which
is based on the education system and innovation ecosystem, is connected with new
technologies (i.e., Industry 4.0) and evolves under global social issues. Thus, in order
to unleash the full potential of the new economy, it is necessary to create a digital
basis for the economy with the use of advanced information and telecommunication
technologies as well as through investing into high-quality human capital [12].

At the stage of garnering resources and their further investment, it is crucial to
ensure that there is government support for investment projects that is aimed at,
firstly, improving the level and quality of life (since nowadays they are a social
challenge and an obstacle for economic growth), and secondly, changing the quality
of production capital and employment (since majority of employment opportunities
are low tech and low paid which leads to lowwages in those sectors of the economy).
Meanwhile, we would like to highlight the importance of government support in the
investor’s cost recovery under the current budget lawof theRussian Federation and/or
in providing tax deduction under the tax legislation of the Russian Federation.

We can address the federal targeted investment program for 2021 and for the
plan period of 2022 and 2023 as an example of the government’s participation in
projects’ financial security. According to this program, the government plans to
invest RUB 846.3 billion for 1,100 investment projects in 2021, RUB 885.5 billion
in 2022, and RUB 925.8 billion in 2023. As for the structure of expenditure, the
construction of road facilities ranks first with RUB 579.2 billion, maritime transport
ranks second with RUB 371.8 billion, and housing and public works rank third with
RUB 361.1 billion. It is also planned to invest in the construction of more than
40 healthcare, sport, and social welfare facilities. Moreover, the additional focus
is on disease prevention under the sanitary and epidemiological conditions and its
forecasted change [13].

Under the COVID-19 pandemic, it is highly important to preserve the government
systematic support of investment projects under a predictable and stable investment
environment. It will facilitate the achievement of strategic indicators of the country’s
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economic development, particularly regarding the growth of annual rate of capital
investment in Russia no less than 70% in real terms by 2030 as compared to 2020
[14].

Overall, a shift toward a situation when the government actively stimulates
inclusive growth requires changing the current budget law in Russia, particularly
concerning the right to exploit no less than half of international reserves. Nowa-
days, Russia’s international reserves exceed the aggregate reserves of Germany, the
UK, France, and Italy (while the aggregate population in these countries is about 50
million citizens more than in Russia). Thus, in order to ensure the financial security
of the inclusive growth of the national economy, it is necessary to earmark USD 300
billion [15]. The areas to use these reserves that imply long-term low-interest invest-
ment loans are as follows: technological reequipment, new transportation, logistics
infrastructure, and new capacities for high-tech industries based on the concept and
technologies of Industry 4.0.

At the stage of garnering resources to invest in investment projects, it is also
important to enhance public–private partnership. The crisis, which was caused by
the pandemic, has demonstrated that public–private partnership projects are the most
resilient in difficult social and economic situations. Despite the fact that some project
implementation rates of public–private partnership worsened, there was no default
in projects in this sphere, according to InfraOne [16]. It is crucial to highlight that
public–private partnership schemes help to spread the dispersion of risks between the
private investor and the government allowing a more flexible response to a changing
market situation, caused by the pandemic in this case.

At the stage of the realization of investment projects, it is important to secure
a weighted growth of trade protectionism that promotes manufacture relocation
to Russia. One of the critical areas of economic development, which has become
highly relevant under the pandemic situation, is the minimization of trade barriers
for Russian products and goods. In this regard, the government measures taken to
support export are highly relevant (e.g., the simplification of foreign exchange regu-
lation and monitoring, customs regulations, export control; saving time and reducing
costs for exporters; the digitalization of public procedures, etc.). Also, we would
like to emphasize the introduction of a complex digital ecosystem “single export
window” that can help reduce time costs and cost implications when submitting the
same documents to different state bodies.

As it regards the three stages of the investment process, SWOT analysis is appli-
cable to estimate the strengths, weaknesses, opportunities, and threats to the current
investment technologies in Russia. Some of the elements of the SWOT analysis are
included in Table 21.1.

This SWOT analysis helps to develop a complex of appropriate measures to
improve investment technologies in order to ensure the inclusive growth of the
national economy.

As it regards the peculiarities of modern development under Industry 4.0, it is
possible to state that digital technologies allow introducing a new set of tools to
assess investment technologies. In particular, Big Data technology can be used in
the methodology for investment project assessment based on the matrix approach. A
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Table 21.1 SWOT analysis of the current investment technologies

Strengths Weaknesses

The country’s beneficial economic and
geographic location

The competitive disadvantage among Russia’s
regions for attracting investments as compared
with the leading regions

The vast supply of resources (natural,
material, information resources, workforce,
etc.) that is crucial for the investment process

The infrastructural, normative, bureaucratic, and
other obstacles in developing economic methods,
approaches, and tools for the investment process

The extensive experience in the development
and implementation of economic methods,
approaches, and instruments in the
investment process

The lack of effective use of the advantages of the
country’s economic and geographic location

The government support for investment
activity

The low liquidity of physical funds of economic
entities and, consequently, it is impossible to
employ advanced economic methods,
approaches, and tools for the investment process

The extensive ties to intraregional,
interregional, and international relationships
under the investment process

The low level of investment activity among
economic entities

Opportunities Threats

The proactive development and
implementation of economic methods,
approaches, and tools for the investment
process as a result of the Industry 4.0
technologies and the improvement of the
investment climate

A discriminatory mechanism of the coordination
of investment flows that favors the federal
economic zones, the largest regions, particular
economic entities

The increase in sustainable development
practices in private–public partnership as a
means to promote investment activity

An increase in the competitive disadvantage
among Russia’s regions and economic entities in
the struggle to attract investment resources with
the leading regions and particular economic
entities

The decrease in the investment opportunities in
the budgets of Russia’s regions due to the
increased burden of the social policy
commitment

A high level of dependence in intraregional,
interregional, and international relationships
upon the internal and external social, economic,
and political situation

Source Compiled by the authors

matrix can be regarded as a logical system that represents a synthesis of the factors
determining the content of investment technologies regarding their stages [17].

The matrix in Fig. 21.1 reflects consolidated groups of factors at consolidated
stages of the implementation of investment technologies. On the one hand, they
encourage the effective use of economic methods, approaches, and tools in the
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Fig. 21.1 A matrix based on the principle “factors–levels” of investment technologies. Source
Compiled by the authors

investment process. On the other hand, they are obstacles and barriers to the develop-
ment of investment technologies. Some of them have already been mentioned in the
SWOT analysis presented above. For instance, government support, as a financial
and economic factor, plays an important role in resourcing investment activity at any
stage of the implementation of investment technology. Meanwhile, a discriminatory
mechanism of the coordination of investment flows that favors the federal economic
zones, the largest regions, and particular economic entities increases the competitive
disadvantage in the investment development of other economic entities.

It is important to highlight that the matrix combines a factor and a risk approaches
as it regards the research on investment technologies. It is highly relevant under the
current economic conditions that are characterized by a high level of instability and
active implementation of new Industry 4.0 technologies [18].

In scientific and practical terms, the quality of the aforementioned methodology
for the assessment of investment technology based on the matrix method relies
heavily on the objective formation of factors, which determine the essence of invest-
ment technologies, and speed of response to the risks of the effect of these tech-
nologies on the inclusive growth of the national economy. Thus, given the modern
tendency toward digitalization, it is important to pay attention to the use of Big Data
technology for analytics based on structured and unstructured data. As a result, it is
possible to identify what factors and at which level of the implementation of invest-
ment technologies decrease the positive impact of these technologies on the inclusive
growth of the national economy. This information can help devise and implement a
complex of necessary measures to eliminate or mitigate the aforementioned risks.

21.4 Conclusion

The use of investment technologies to ensure the inclusive growth of the national
economy requires the implementation of the most advanced economic methods,
approaches, and tools at relevant stages of the investment process. At the stage of
determining the goals and areas of investment, it is advisable to invest in physical
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and human capital, knowledge economy, housing construction, and export devel-
opment. At the stage of garnering resources to invest in investment projects, it is
important to pay attention to the government support of investment projects and
public–private partnership. At the stage of the realization of investment projects, it
is recommended to secure a weighted growth of trade protectionism that promotes
manufacture relocation to Russia.

Under Industry 4.0, there are broad opportunities to form new assessment tools
for investment technologies. Thus, we introduce the author’s methodology to assess
investment technologies based on the matrix method using the digital technology of
Big Data. It helps reflect the effects of the factors, which determine the essence of
investment technologies and which are formed at any stage of their implementation,
and perform a factor analysis of data on investment technologies and assess the risks
of the reduction of the role of investment technologies in the inclusive growth of the
national economy.
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Chapter 22
Efficiency of Human Capital Investments
as a Factor of Innovative Technologies
Growth and Sustainable Development

Veronika V. Antonenko , Olga S. Oleinik , and Ekaterina V. Stepanova

Abstract Ineffective funds and resources investment in basic elements of human
capital is increasingly observed across Russia currently, which is unexceptionally
relevant for all the subjects of such investments from individuals and households to
the state, in general. Therefore, in the course of 2013–2020, the authors of the chapter
conducted a series of studies aimed at assessing the current investments efficiency in
national human capital, as well as at detecting and developing means, methods and
institutional mechanisms to increase such efficiency. Statistical analysis of large data
sets was used as methodology for assessing investments effectiveness; data sources
included, firstly, publications of official state, regional, and departmental statis-
tics, and secondly, massive representative surveys of various economically active
population groups, heads of government bodies, and business organization, in-depth
and expert interviews with individual representatives of all the respondents groups.
This assessment method of investment effectiveness is completely authentic and
has not previously been used in such studies. Furthermore, tackling the urgent for
Russian Federation problem of investment efficiency increase in human capital will
enable the state to develop and introduce transformational new technologies, scale
successful investment solutions more quickly, in order to implement the sustainable
development goals.
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22.1 Introduction

The main reason for human capital investment is its constant expanded reproduc-
tion which is indicated by the positive dynamics of numerical values of the key
indicators characterizing this process in relation to the funds spent. In particular,
the essence of education is transfer of various knowledge and skills from previous
generations to subsequent ones.However, the primary goals of economy, determining
current business practices, embrace profits increment by efficiency improvement and
volume increase of production, enhancing the quality of life of population, etc. [15].
Nonetheless, transition of knowledge itself from one generation to another does not
necessarily lead to its increment and, accordingly, expanded reproduction of human
capital does not occur. In order to achieve the expanded accumulation goals, not only
the transfer of existing knowledge but also acquisition of new expertise is required
in each generation with further subsequent transfer to the following ones. In modern
society, this responsibility is fulfilled by science, being a constant companion of
education.

Science is an essential tool in constant andmassive knowledge acquisition process,
which results are eventually introduced in production, management, social, and
everyday life, and are subsequently transmitted to further generations through educa-
tion. This is an essential condition for human capital expanded reproduction, but only
in case of effective functions performance by key institutions involved. However,
at the current stage of global economy and its systems development, we face the
problem of exponential growth of information and knowledge available and their
unprecedentedly fast increment which is ever accelerating. As a result, it is now
progressively difficult to pass on expertise to new generations in equality structured
and quality manner as at earlier stages of economic system. The era of conveyor
production arguably now concerns not only goods and services, but also human
capital, including transfer of experience and knowledge. And just as the consumers
of goods and services are no longer able to absorb all the volumes produced, hence,
the crisis of overproduction; so much so, modern recipients of education and knowl-
edge cannot assimilate all of the expertise even within the framework of one major
or training specialization.

Therefore, the key conditions for human capital reproducibility at the present stage
of global economic system evolution are, firstly, further differentiation and special-
ization of knowledge transmitted to new generations, and secondly, precise selection
of those individual representatives who by their predisposition are more suitable for
assimilation of this data type, and subsequently more successful in corresponding
professional activity. This is especially true for critically important industries, spheres
of economic practice and science, because a certain level of qualified, competent and
efficient individuals in these areas ensures their further development; secures compet-
itiveness in the national and international arena [2, 3]. It should be pointed out, that
this trend is typical for Russian society where individuals since early childhood
are encouraged to develop numerous skills and are increasingly involved in diverse
educational and extracurricular activities, sometimes to the extant where their health
deteriorates due to constant overloads, both physical and emotional.
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22.2 Methods

Despite the long evolution and a significant number of concepts and theories of
Human Capital, researchers and followers do not share a unified perspective over
it nor has a «canonical» or commonly universal definition of the concept been
formulated. Therefore, every new economic research of the subject in the past or
present, analyzing various aspects of the issue of formation, reproduction, or effi-
ciency of human capital, brings into its essence and contents its own distinctive
insights, concepts, and ideaswhich correspond to goals and objectives of the research.
Only the core of content, which was formed by the key elements of human capital,
remained unchanged. In the course of the present research, we were primarily inter-
ested in those components of human capital, the volume and structure of investments
in which it is fundamentally possible to calculate and analyze, as well as assess the
return on them, which ultimately allows us to determine how these investments are
economically or socially effective, and to formulate a complex measures and insti-
tutional mechanisms to improve the efficiency of investment in human capital at
the level of economic systems of comparable and statistically dominant regions of
modern Russia. These key components are education and healthcare.

Nonetheless, currently existing approaches to assessing investment effectiveness
and investment appraisal techniques, entitled “discounting methods”, are exception-
ally applicable to measure corporate performance level and omit other structures of
the entire multi-level national economic system. For the most part, at all other tiers
hierarchically located both above and below [12, 13], there are critically significant
restrictions that do not allow to accurately determine the costs of human capital
formation; specifically, in the present study, the investment volume in education and
healthcare nor does it enable to calculate even approximately the income change
of an economic entity under consideration or prove that the income increase is an
outcome of investments made in human capital.

At the level of individuals or households, the factors of such restrictions are the
long periods of return on investment in human capital, at which any accurate nano-
and micro-economic forecasts are no longer possible, as well as the prevailing non-
economic motivation of most investment subjects. For instance, the economic effect
of higher professional education, as compared to secondary vocational education,
is either not obvious at all or is perceived decades after graduation from university.
At the regional level of Russian economy, the direct economic effect from total
budgetary and other investments in education and healthcare is almost unfeasible to
assess due to the huge number of factors that, in addition to these investments, affect
changes in the incomes of economic entities of the country at any level. Moreover,
the onset of the effects under consideration may refer to ultra-long-term processes,
for example, the return on investments in infrastructure projects for protection of
maternal and infant health occurs decades later, when such effects can no longer be
distinguished from accomplishments of numerous other factors.

Therefore, application of specific previously unusedmethods for assessing invest-
ments effectiveness in human capital justifies development and implementation of
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fundamentally new measures, institutions, and practices for the reproduction of
human capital in an average constituent entity of the Russian Federation, as well as
carry out a comprehensive monitoring of the results of such measures for a number
of key parameters specially selected for this purpose. The authors of the chapter
have proposed methodology for statistical assessment of the investment return under
consideration which implies correlation of costs with the dynamics of the indicators
characterizing it within a specific territory on the basis of intergenerational anal-
ysis for sufficiently long periods in order to effectively assess the received outcomes
as statistically significant. The suggested approach enables to evaluate efficiency
of human capital reproduction at the level of individuals, households, enterprises,
industries, and settlements typical for a particular territory, as well as in general for
Russian municipal districts, regions, and the country as a whole.

In general, in the course of 2013–2020, within the framework of the research
carried out by the authors, the following methods of collecting and processing
information were applied:

1. Data analysis from official state, regional, sectoral, and departmental statistics,
both for theRussian Federation as awhole, specifically for theVolgograd region,
as well as selectively for other constituent entities of the Russian Federation.

2. Sociological surveys on representative samples of young people in the
Volgograd region (N= 374),1 their parents and other older relatives (N= 345),
various categories of economically active population of the Volgograd region
(N = 604), heads of enterprises, organizations, institutions of regional munici-
palities (N= 240). The sociological surveys were related to collection real data
on the structure and volume of investments in human capital at all levels of the
national economy as well as on the return received.

3. In-depth semi-formalized interviews with young generation of the Volgograd
region representatives (N = 30).

4. Expert interviews with public and municipal government officials, regarding
their official duties, factual expenditures of the federal, regional and municipal
budgets for formation, development and maintenance of various elements of
human capital particularly in younger age groups (N = 20), as well as with the
heads of enterprises and organizations (N = 20) to find out their opinions as
employers, in particular, about the real level of expertise and skills of young
graduates in dynamics.

5. Processing of primary data was carried out using the computer program “Statis-
tica”; classical correlation-regression and factor analysis, as well as descriptive
statistics and graphical method were applied.

1 N – Number of Respondents.
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22.3 Research Outcomes

Throughout the evolution period of both capitalist economic systems and economics
as a science, attemptsweremade to assess investments effectiveness of human capital,
bypassing the above-mentioned discounting methods, initially due to lack of those,
and later as a result of limited application options; first and foremost, such evaluation
practices were applied at national or regional levels. For this, it was also necessary to
calculate the costs of reproducing human capital (in the sense of it that prevailed at
the corresponding stage of economic evolution and the development of the political
economy science, including those within which the term “human capital” itself did
not yet exist), the traditions of which were laid even W. Petty, A. Smith, A. Marshall
and other representatives of the classical and neoclassical approaches in economic
theory [8, 20, 21].

However, the calculated costs of human capital reproduction should correlated
with some results, and preferably, with those expressed in monetary terms, which
poses the main difficulty in this type of research. In the most detailed and elaborated
form, the solutions to this problem are presented in the works of world economists
[4, 14, 17, 20] and in Russian economic science by [3, 6, 10, 14, 17, 18, 20, 22].
Nevertheless, none of the listed above and other authors has completely resolved the
issue of correlating the calculated costs of reproducing human capital with useful
effects in the form of subsequent returns, including non-monetary and generally
noneconomic ones.

As noted above, any forms and types of investment in human capital provide
mainly its simple reproduction, including in terms of the formation of education
capital. For expanded reproduction, it is not enough to simply transfer existing knowl-
edge (no matter how efficiently it is conducted), but it is also necessary to form new
expertise. Then and only then will its constant increment be realized. Science is
responsible for such an increase, and it is unambiguous that this institution has no
opportunity to exist and function effectively without significant investments. Thus,
it is exceptionally important that in addition to the transfer of knowledge to new
generations, a clear differentiation of the carriers of human capital is also required
according to the ability to perceive this knowledge (due to their huge volume and
diversity at this stage of the global economy evolution), both in quantitative and in
a qualitative sense, meaning ability to learn in general and to acquire specific skills
and expertise.

Generally in modern Russia, the function of learners’ differentiation according
to academic capacities is performed using school grades system, the Uniform state
exams, as well as entrance, intermediate and final tests in universities, community
colleges and specialized educational institutions. However, identification of carriers
of human capital inclined to a particular type of professional, scientific, or creative
activity, including early vocational guidance, still functions ineffectively if at all in
this country today, which negatively affects human capital reproducibility. In addi-
tion, government is to ensure not only the transfer and augmentation of knowledge,
including through its regional and municipal authorities and institutions, but also
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enhancement of conditions for economically and socially effective use of knowledge
gained in economic, scientific, or other activities [5, 7]. Only in this case is it possible
to expand the reproduction of human capital at all levels of national economy.

This is directly related to another significant element of ensuring the investment
efficiency in human capital, that is, achieving its expanded reproduction and, as
a result, a strategic, long-term return and increase of invested funds. A correct,
accurate identification and selection of carriers of human capital according to
their psychophysiological, social, and other congenital or acquired characteristics,
ability to perceive and assimilate information of this particular type, as well as the
corresponding general knowledge and professional skills and expertise should be
conducted. The system is not just vocational guidance, although it is exceptionally
important for ensuring investment efficiency in human capital at any level, but first
of all, it is the identification of the propensity of a particular individual to any type
of activity in comparison with the approved list of critical types, on which the indus-
trial, scientific, economic performance, and safety of the country directly depend.
Therefore, national defensive capacity and strategic sustainable development are as
well involved, that is why, the earlier the selection system of individual approach to
human capital is introduced, the more effective and accurate such choosing is.

This does notmean that from early childhood it is necessary to orient an individual
to engage in a strictly defined type of professional activity in future. The point is only
that investing in higher professional education, primarily, at the state level, as well as
other corporate subjects of investing in human capital, should be conducted in carriers
ensuring a higher degree of probability to guarantee the return and increase of the
invested fundswhich, without such investments, would not be able, through their own
efforts or through the efforts of their families, to reveal their physical, intellectual,
or other potential to the fullest. In other words, it is necessary to pay for expensive
sports or scientific equipment (its purchase,maintenance, etc.) as a priority in relation
to those carriers of human capital who are clearly capable of achieving significant
results for the investor in this area, which does not at all exclude the financing of
general developmental sports or creativity for all categories of teenagers and young
people. But the primary task here seems to be “not tomiss” a leader who is potentially
able to carry out in the future an increase in human capital (national, regional, etc.)
in the form of obtaining new knowledge and skills or successful practical application
of existing ones, potentially in new ways.

Another topical issue in Russia today is the lack of a single centralized system
for the effective and accurate identification, maintenance, and development of innate
talents and abilities in gifted individuals from early age through adolescent and
youth periods. Currently existing institutions, as well as regularly held activities in
this area do not represent a single system, or a common database or databank, and
are not sufficiently effective. On the contrary, they often contribute to the dissipation
and irrational use of material, financial and other means and resources of all actors
involved in this process, from family to state, and also lead to excessive expenditure of
time and effort both for children and adolescents themselves, and for their parents [1,
9]. Therefore, a thorough development of government strategy in relation to gifted
individuals and talented youth with differentiation by levels and subjects of their
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implementation is necessary, which should be implemented for the most complete
and accurate disclosure of the potential of gifted children, adolescents, and youth of
this country.

This system introduction will significantly increase the competitiveness of
domestic human capital including in the international arena, especially in those
areas of activity where the relevant talents and abilities are of key importance. It
should be emphasized that events, for example, for talented and active children and
adolescents at the level of all municipalities and regions are held regularly, including
academic Olympiads, sports and creative competitions, etc. Institutionally, organi-
zational infrastructure for such activities in Russia is sufficiently developed, since
considerable efforts are made by local and federal governments to largest extent in
terms of stimulation of involvement of children and adolescents in academic, sports,
and creative activities. It is officially believed that this contributes to the development
of talents, disclosure of abilities, and finally, those individuals at adult age will be
able to work more productively, bringing a higher performance or simply additional
income for themselves, their employers and the state in general. In fact, those are
indicators of a competitive human capital, as well as the economic efficiency of
investment in it [16].

Nevertheless, in practice this is evidently far from being the case: colossal invest-
ments in human capital in the form of effort, time, and money at all levels, from
family to state, do not reveal high efficiency as many children and adolescents when
they grow up, do not always demonstrate the declared high professional expertise or
intellectual qualities. Moreover, at universities, the level of knowledge and skills of
students has been constantly decreasing for at least fifteen years. Moreover, when
fresh graduates enter the labor market, employers indicate the decline in the intel-
lectual, creative, and professional potential of graduates of higher and secondary
specialized educational institutions. One might assume that institutions aimed at
formal development of various skills and talents in children do not actually contribute
to progress, but arguably lead to excessive waste of time, energy, and health, both for
children and their families. For the latter, as well as for the state, this also involves
significant material and financial costs which will not be compensated in foresee-
able future, that is, investment in human capital is characterized by zero or negative
efficiency. The conclusions drawn are confirmed by the results of mass and expert
polls, formalized and in-depth interviews conducted by the authors. The decline in
the state of the nation children and young people’s wellbeing and health, especially
toward the senior grades at high school is convincingly demonstrated by the data of
medical and demographic statistics.

Figure 22.1 clearly reveals that after 2004, even in the years between the crises
of 2008 and 2014, budgetary spending on public health increased, many times faster
than inflation and consumer prices. Consequently, a smooth growth in such costs from
1992 to 2004 and an exponential increase after 2004 can be witnessed equivocally.
In this study, initial assumption is made that the share of expenditures on children‘s
health care in the overall structure of budgetary investments in health care is constant,
or deviations in the values of this share in some years are mutually offset, which is
most likely true [19]). Therefore, we can accept as a reliable fact a similar increase
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Fig. 22.1 Budgetary investments in Russian healthcare system over the period of 1998–2018.
Source Compiled by the authors based on [11]

in expenditures specifically for maintaining the health of children whose share in the
total structure of the considered expenditures most likely remained approximately
the same.

However, at the same time over the specified period in Russia, the qualitative
characteristics of reproduction of human capital have been steadily decreasing. In
particular, disease incidence in children,which consists of diseases in themain classes
and groups of illnesses, is growing. It is obvious that the dynamics of the indicator
presented in Fig. 22.2 has a tendency to increase, although it demonstrates a different
degree of its intensity and uniformity in certain years. The trend is still unsteady
until 2007–2008, yet after the indicator values unwaveringly go up. In general, the
trend is unambiguously positive, which refutes any claims about the effectiveness
of investments at the state level in children’s health. This example is typical, since
a similar situation is observed in most cases with other indicators characterizing
both health and education of carriers of human capital, namely: with a multiple
increase in investments over the period under review, the statistical characteristics
of the reproduction of human capital, on the contrary, decrease. At the same time,
a comparative analysis of expenditures on education and healthcare in the Russian
Federation and most global countries of shows that, in this country, spending do not
exceed those of themost developed economies. The corresponding data are presented
in Table 22.1.
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Fig. 22.2 Dynamics of total morbidity in children (all diseases) in Russia over the period of 1992–
2018. Source Compiled by the authors based on [11]

The data in Table 22.1 demonstrates that government spending on education and
healthcare in Russia is quite comparable to those in most global economies. Despite
the fact that the represented nations vary considerably in their economic development,
population size, and territorial location of the state, in none of them the corresponding
costs do not show numerical values that are many times more or less than in Russia.
It should be noted that although the Russian Federation according to the presented
indicators is characterized by such values rather closer to theminimum; nevertheless,
it is important here that they are not absolute, but represent a share of the GDP,
according to which Russia is now the 6th in the world, that is, it is a perfectly
acceptable and at the same time typical indicator. We might assume that it no longer
makes economic sense to increase government spending on education and health care
to any significant extent, but it is their structure that needs to be optimized, that is, the
investment resources reserved for the purpose of achieving expanded reproduction
of human capital cannot be spent chaotically, scattering them throughout the social
economic and demographic space, without considering all the possible benefits and
risks. On the contrary, it is necessary to develop precisely those skills and abilities
of carriers of human capital that will guarantee in future the development of new
technologies, introduction best economic practice as a contribution to sustainable
economic growth of corporations, enterprises, regions, and country as a whole.
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Table 22.1 Education and healthcare public expenditures as the main elements of human capital,
percentage of GDP

Country Year Education expenditures Year Healthcare expenditures

Russia 2019 3.7 2019 3.4

Belarus 2019 4.9 2019 4.2

Germany 2017 4.9 2017 8.7

Italy 2017 4.0 2017 6.5

Poland 2017 4.6 2017 4.5

France 2017 5.5 2017 8.7

Switzerland 2017 5.1 2017 3.8

Azerbaijan 2019 2.7 2019 1.1

Israel 2017 6.1 2017 4.7

India 2013 3.8 2017 1.0

South Korea 2016 4.3 2017 4.4

Turkey 2015 4.3 2017 3.3

Japan 2017 3.2 2017 9.2

South Africa 2019 6.5 2017 4.4

Argentina 2017 5.5 2017 6.6

Brazil 2017 6.3 2017 4.0

Mexico 2017 4.5 2017 2.8

Chile 2017 5.4 2017 4.5

USA 2014 5.0 2017 8.6

Australia 2017 5.1 2017 6.3

Source Compiled by the authors

Thus, modern technologies development and implementation in economic prac-
tice requires availability of new knowledge, skills, and expertise, as well as expressed
abilities for this, which is unattainable without effective investments in the human
capital of their carriers. Furthermore, professional knowledge and abilities subse-
quently develop competently and accurately, diverting significant amounts of funds
from current consumption over long periods of time. Today in this country, huge
funds are allocated for the development of a wide variety of qualities of preschoolers,
schoolchildren, and students, but “at the exit” we only get a decrease in the level
of health of the younger generations (due to physical and emotional overload in
preschool and school age), as well as formally higher level of education, skills, and
abilities, which in practice do not always correspond to real expectation of employers
in the labor market from the human capital of both young people and specialists of
older ages. Consequently, deep institutional transformations are required for the
entire sphere of investment in human capital, at all its levels and for all the subjects
involved.
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22.4 Conclusion

As a result of the conducted study, the following conclusions were obtained:

1. Currently in Russia, there is no national strategy for gifted children and talented
youth, affecting all subjects of its implementation at the federal, regional, and
municipal levels. In order to establish it, it is required to build a unified system
for identifying, maintaining, and developing the human capital of gifted indi-
viduals from early to adolescent age, starting from the youngest children and
ending with university graduates. Furthermore, direct and active involvement
in the process is required of preschool, general education, secondary special
and higher, additional education institution institutions, as well as of authori-
ties, potential employers, and business representatives. In addition, in order to
master new technologies and achieve sustainable growth, the national economic
system of Russia requires a complete revision regarding volume and structure
of investments in human capital.

2. Over the past 30 years in the Russian Federation, there has been a steady growth
in real volumes of investments in the human capital of children from the main
subjects of such investments, but at the same time, statistical indicators char-
acterizing the human capital of consecutive (by year of birth) generations of
children and youth are falling. In particular, during this period, wellbeing and
health of children, adolescents, and youth is constantly deteriorating, as well
as do their level of knowledge, education, erudition, and general culture. The
above-mentioned facts indicate ineffectiveness of investments in human capital
particularly in children in Russia, and their benefits continue to decline. Conse-
quently, a significant, and for specific components of human capital and subjects
of investment, a complete revision is required in terms of volume and structure
of corresponding investments, as well as their immediate and sustainable goals
and expectations.
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Chapter 23
Multilinguality of Digital Platforms
as a Factor of Inclusive Growth
in the Global Economic Space

Vera A. Mityagina , Irina D. Volkova , and Stephan Walter

Abstract The concept of inclusive sustainable growth is an important element of the
emerging philosophy of inclusiveness. Its primary aim is to provide equal opportu-
nities for all members of society. These opportunities are associated with a personal
identity—cultural, social, gender, national, and linguistic. Multilinguality of infor-
mation resources as a manifestation of linguistic pluralism is one of the ways to
ensure sustainable economic development. Leading multinational companies have
successfully used the strategy of glocalization for many years by means of self-
presentation on localized versions (in the languages of partner countries) promoting
values and ideas around the globe. The issues of translation and pragmatic adaptation
of digital content have become a relevant subject of up-to-date linguistic research.
Multilingual websites of various governmental and corporate organizations are the
best manifestation of the concept of linguistic inclusiveness especially in the time of
active migration processes. Numerous digital platforms provide content available in
a number of languages which ensures understanding of information in general and in
detail. This chapter presents an analysis of effective communication-based solutions
for creating multilingual websites, pragmatics of translation, strategies for making
up content for smooth online communication in the modern age of forced isolation
of heterogeneous ethnic groups and multicultural societies.
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23.1 Introduction

Informatization is one of the key tools for development of the global economic space.
It has affected all elements of social infrastructure, including education, healthcare,
trade, leisure, etc. The concept of the information society, which has been actively
used since the 1970s, most accurately reflects the essence of modern life influenced
markedly by advances in information and digital products and services, which are
communicated through a wide range of media, the Internet in particular.

23.2 Methodology

According to W.J. Martin, the information society is a society in which the quality
of life, as well as socioeconomic development in general, are directly dependent
on information resources and their use [18, p. 16]. Digital transformations in the
field of informatization, such as the creation of web platforms and technologies of
Industry 4.0, are one of the main factors in the development of companies, industries,
national economies, and the global economic space in general [25, p. 58]. Based on
expert estimates, the expected results of the Russian economy’s digitalization include
an increase in the country’s GDP by 19–34% by 2025 [26, p. 63]. International
institutions, the European Union in particular, highlight the importance of promoting
multilingualism of the information space [12]. The EU language policy considers
multilingualism as an important competitive advantage.

Global and national practices of using online services by governmental and
profit-making organizations show that advances in information and communica-
tions technologies promote the development of new socioeconomic and sociocultural
patterns and provide equal access of citizens to various e-services, such as electronic
education, electronic government, teleconferencing, networking, teleworking, and
e-commerce transaction services. The European sector of information and commu-
nications technologies of Industry 4.0 has the highest financing rates in the period up
to 2020 as compared to such important sectors as manufacturing, engineering, and
electronics [11, p. 14].

23.3 Results

The problem of development and adoption of these technologies is intercultural in
nature, since the realities of the electronic global village assume the creation of
globally oriented information resources placed on various online platforms. Avail-
ability of online content for various linguocultural communities is a prerequisite for
inclusive growth in the global economic space. To comply with this condition, it is
necessary to solve a number of current problems associated with information and
communications technologies and linguistics.
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First of all, it should be noted that for many regions of the world the problem
of digital inequality remains relevant. This problem primarily consists in the lack
of access to the Internet as the main source of information. According to the World
Economic Forum data, about 3.9 billion people on Earth—more than half of the
world’s population—are still not online due to economic, political, legal, and other
factors [14, p. 1]. The ways of dealing with this problem are being actively searched
for at the global and national levels within the framework of the countries’ economic
development strategies. The project of the World Economic Forum Internet for All
has become widely known today. It aims to provide global access to the broadband,
as well as create local content and information infrastructure [14, p. 4]. The problem
of digital inequality is also covered by national initiatives. For example, the task of
its elimination between the urban and rural population of Russia is outlined in the
Federal Law “OnCommunications” (amend. of 2021) [10]. In 2013, the leaders of 30
African countries adopted the SMART Africa Manifesto, which sets out the princi-
ples of promoting digital inclusivity and usage of information and communications
technologies [22]. Microsoft’s Airband Initiative advances digital equity in many
countries across the globe, including the USA, Ghana, Kenya, India, and others [2].

Secondly, the problem of online content availability for linguistic minorities
requires special attention, since, as a rule, websites of international organizations
have only a few language versions, English one being a global option. According to
theWorld Bank, 80% of online content is available in only 1 in 10 languages, despite
of the fact that these languages are native to 3 billion people [20].At the same time, the
UN report emphasizes that restrictions on the provision of information and services
inminority languages disable citizens to exercise their language rights [15]. There are
many cases of effective implementation of inclusive language policy in the Internet
by certain countries. For example, in the UK, healthcare providers are required by
law to provide translation of web materials, including documents and videos, for
non-English speaking patients. In Iceland, the authorities inform the public about
social services in seven languages thus providing equal access to information for all
citizens.

Unlike domestic initiatives of inclusive language policy, global tasks require
the use of the latest technologies and translation programs to ensure availability
of Internet platforms for speakers of as many languages and dialects as possible
around the world. As Irina Alekseeva rightly notes, globalization is possible under
the condition of a high level of translation activities [3, p. 8]. Translation has a great
potential for radical reform of the global economy, and “by the end of 2021, the
world market of linguistic services will reach $ 56 billion” [24]. Website localization
is the most frequently used procedure for translating verbal content and adapting
extralinguistic parameters of digital platforms. It is an effective strategy for inter-
national companies development. According to the definition of one of the largest
language service providers Language Line Solutions, localization is the process of
adapting digital content to a specific region’s language and cultural sensitivities so
that it seems natural to customers [17].

Today, a huge number of Internet sites of profit-making and governmental orga-
nizations have a multilingual user interface. Links to localized versions are usually
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indicated by the names of languages or countries. Let’s consider the cases of website
multilingual support using the examples of various online platforms. The French
State Agency for the Promotion of French Higher Education Abroad and Interna-
tional Student Mobility ‘Campus France’ is an online resource which aims to inform
foreign students about French higher education, administrative procedures when
traveling to study in France, as well as to provide assistance in choosing educational
programs and organizing a stay in the country. The website contains 95 localized
versions. The wide geographic coverage indicates the global scope of this organi-
zation and its aim to provide complete information about educational services to
citizens of different countries. Table 23.1 shows fragments of localized texts for
citizens of Russia, Australia, and Germany.

The use of the names of corresponding cities and countries and country-specific
information in the localized versions indicates high quality of the website’s multi-
lingual support. It should be noted that the website also contains a global English-
language version called ‘International Website’. Its content is neutral in terms of
culture and geography and is intended for users not covered by localized options.
As a matter of fact, it is impossible to pursue a website’s inclusive language policy
and take into account the world’s linguistic diversity due to the high cost of local-
ization services. As a rule, the possibilities of culture-sensitive multilingual support
are severely limited, and therefore it is advisable to focus on several leading markets
or target groups. Besides, user-generated content (blogs, forums, podcasts to audio,
and video content) cannot be cost-effectively rendered in multiple languages using
human translation.

Table 23.1 Fragments of localized texts from the Campus France website for citizens of Russia,
Australia, and Germany

For citizens of Russia • B Poccii cywectvyet bol�xoe koliqectvo yqebnyx centpov,
kotopye financipy�tc� pocol�ctvom Fpancii v Mockve
• C��m �il�� vo Fpancii «zaoqno» iz Poccii na dolgi�
pepiod ili ppaktiqecki nevozmo�en, ili ypipaetc� v
zavedomo nevypolnimye tpebovani� ego vladel�ca
• Boditel�ckie ppava, polyqennye v Poccii
(“me�dynapodnye ppava”), de�ctvitel�ny vo Fpancii
tol�ko v clyqae vaxego ppebyvani� vo Fpancii ne bolee goda

For citizens of Australia • Many Australian universities offer courses in French language, for
example by enrolling in a Bachelor of Languages or a part-time
Diploma of Languages
• New Caledonia is the closest French-speaking country to Australia

For citizens of Germany • WGs sind in Frankreich weniger üblich als in Deutschland. Es ist auf
jeden Fall sinnvoll, vor Ort zu suchen, um sich ein Bild von der
Wohnung machen zu können
• Eine Steuererklärung muss in Frankreich jedoch ab dem 18.
Lebensjahr erfolgen (entweder alleine oder gemeinsam mit den
Eltern), unabhängig davon, ob Steuern gezahlt werden

Source [6]
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Today, many large corporations, such as Twitter, WeChat, Foursquare, Tensor-
Flow, P&G, and others, use machine translation software to provide multilingual
support for user-generated content. The latest developments in the field of machine
translation are associated with improving the quality of translated texts through the
use of neural networks (Neural Machine Translation—NMT). The Google company
offers innovative NMT-based technologies Google Cloud (Translation API, AutoML
Translation, andMediaTranslationAPI) for instant translation ofwebsite content into
more than 100 languages fromAfrikaans to Zulu. In addition to the standard function
of embedding machine translation software into online platforms, new technologies
allow for building custom models for domain-specific needs, i.e., applications learn
to work with texts of specific genres and topics.

Figure 23.1 shows an example of a bilingual post from ‘TheUK inRussia’ commu-
nity of the Twitter social network. The first part of the post is a translation of the
tweet performed by the built-in Google Cloud program in accordance with the user’s
default language settings. It is followed by the text in the original English language.

Online platform of the largest electronic payment system PayPal is another
example of Google Cloud-based website which has localized versions for 202 coun-
tries. New translation technology enables PayPal to help people around the world to
make financial transactions using simple, convenient, and secure online services [13].
As in the previous example of the Twitter post’s machine translation, the translated
content of PayPal multilingual versions is generated according to the principle of
semantic equivalence with the preservation of translation invariants and the absence
of human-made pragmatic adaptation. Table 23.2 shows the main heading of the
section ‘How PayPal Works’ in the Russian, English, German and French languages
to prove the aforesaid.

Let us also give a few examples of multilingual websites of German cities with a
special emphasis on social andmarketing aspects. Multilinguality pursues two goals:

Fig. 23.1 Bilingual post from ‘The UK in Russia’ community of the Twitter social network. Source
[27]
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Fig. 23.2 Posters of Emden and Wuppertal promoting vaccination. Source [8, 19]

internal and external. The internal, inclusive goal is associated with a focus on urban
migrants who do not have sufficient language skills to participate in city life. In this
case, multilinguality is becoming a “languagemode” out of digital communication—
in various institutions, on large construction sites, in school classrooms or entire city
districts [5]. The external goal is to attract the attention of a global audience of inter-
ested users who are not proficient in German and provide them with the information
about a city’s economy, tourism, and other sectors. Cities are showing a growing
interest in place branding and self-promotion in the global Internet competition.

Multilinguality can be observed in specific campaigns. For example, the cities of
Emden and Wuppertal (Fig. 23.2) conduct campaigns for vaccination against coro-
navirus infection through the use of posters depicting local landmarks (for example,
the cable railway in Wuppertal).

Sloganswith theword “vaccinated”, such as “Wuppertal residents are vaccinated”
or “Emden is getting vaccinated” are given in many languages—Russian, Turkish,
Polish, Italian, Portuguese, Greek, Romanian, Farsi, and Arabic. These are the native
languages of the majority of migrants. Ensuring the availability of relevant informa-
tion by overcoming language barriers has become a generally recognized state and
public task. This is convincingly proven by the educational activities of various insti-
tutions. For example, informationalmaterials on vaccination are presented on theweb
portal of the Robert Koch Institute in the 23most common languages of migrants [4].
The website of the German Federal Government for Migration, Refugees, and Inte-
gration (Fig. 23.3) also provides information about anti-coronavirus measures in 23
languages [28]. Many higher education institutions of Germany are socially active
and offer guides for creation of multilingual websites. Such activities are another
promising opportunity for inclusive growth.
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Fig. 23.3 Homepage of the website of the German Federal Government for Migration, Refugees,
and Integration. Source [28]

Multilinguality is an important component of semiotic and linguistic landscapes
which provides a variety of communication opportunities and increases attractiveness
of places [16]. Regional factors often play an important role along with the social
function of inclusion. In Germany, 4 minority languages (Frisian, Danish, Sorbian,
and Romanic) are legally protected by the Council of Europe. In this connection, the
official website of the city of Flensburg [23] has a Danish-language version along
with the German and the English ones. In this way, the federal state of Schleswig–
Holstein supports its Danish-speaking residents and focuses on the citizens of the
neighboring state.

The website of the border town of Görlitz is presented in German, English, Czech,
and Polish [9], since Czechs and Poles being the neighbors are among the frequent
website users. To date, the website does not have a Sorbian-language version, despite
of the fact that Görlitz belongs to the Sorbian-speaking region. Only the website of
the city of Cottbus has a version in Sorbian (or rather, in Lower Sorbian) and is also
localized into border Polish [7]. It should be noted that the city of Zittau, located at
the “junction of three countries” (Dreiländereck), also uses the multilingual official
website with a localized version in Czech to draw attention to the Dreiländereck
economy [29]. This website does not have an English-language version. The website
of the city of Aachen has four language options besides German—English, Chinese,
Dutch, and French [1].

Thus, cities’ multilingual websites do not only ensure the global availability of
information necessary in economic and tourism communication, but also strengthen
local / regional identities and promote friendly relations with neighboring countries.
Integration of the Google Translate system into websites to transfer content in a
large number of languages is also a friendly one-click step on the way of multilin-
guality becoming the standard of digital platforms focused on social communication
accessibility and efficiency.
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23.4 Conclusion

On the one hand, multilinguality of digital platforms is an important component of
the inclusive language policy, and on the other hand, it is a competitive advantage of
websites from the marketing point of view. The importance of translation grows with
the increase in the volumes of information, its digitalization, and the speed of distri-
bution, which leads to the emergence of innovative translation technologies. Website
localization aims to create local culture-sensitive versions for the key target audi-
ences, while the capabilities of neural machine translation can significantly expand
the number of potential users due to numerous language options. At the same time,
localization of texts, performed by human translators with a focus on pragmatic char-
acteristics of an audience, assumes a high degree of adaptation of source texts and
requires a significant investment of time and money. In contrast, the latest machine
translation applications are able to instantly process large amounts of data at a lower
price. In general, it isworth noting that the ability of translation programs to self-study
and accumulate information is an important element in building a global Industry
4.0.
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Chapter 24
Linguistic Diversity: Institutional
Mechanisms, Language Policy,
and Inclusive Economic Development

Larisa A. Kochetova

Abstract Inclusive economy is closely related to the digital transformation of
society and has a linguistic dimension that requires the implementation of specific
language policy ensured by state institutions and public organizations. The paper
considers digitalization processes as having potential for preserving and maintaining
small-numbered languages and defines the set of targets to provide their mainte-
nance and preservation such as machine translation that can support the urgent task
of documenting the world’s minority languages; funding corpus-building projects
that could be used for language development and documentation purposes, devel-
oping Internet resources that would help to create a learning environment and unite
speakers ofminority language fromdifferent locations. The results obtainedwould be
useful when estimating long-term inclusive economic development as well as plan-
ning language policies, education policies aimed at preserving cultural and language
diversity as an indispensable tool for the implementation of sustainable economic
growth.

24.1 Introduction

Human capital as applied to knowledge of languages constitutes an important theme
of the relatively new discipline of Language Economics that emerged at the cross of
linguistics, economics, and sociolinguistics. Recently, analysis of language policy
has started to consider the effect of language skills on income and trade, and the
costs and benefits of language planning options, preservation of minority languages,
etc. The human capital dimension represents a large part of the new discipline, as is
explained in an edited volume on the subject by Gazzola and Wickström [7].

The idea of interaction between economy and language was first proposed by
German sociolinguist Florian Coulmas who discussed ‘how economic developments
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influence the emergence, expansion, or decline of languages; how linguistic condi-
tions facilitate or obstruct the economic process; how multilingualism and social
affluence are interrelated; how and why language and money fulfill similar func-
tions in modern societies; why the availability of a standard language is an economic
advantage; how the unequal distribution of languages in multilingual societies makes
for economic inequality; how the economic value of languages can be assessed; why
languages have an internal economy and how they adapt to the demands of the
external economy [5]. According to Coulmas, languages can behave like economic
systems and their spread depends on economic conditions. This means that assigning
an economic value to a certain language in the linguistic marketplace means vesting
it with some of the privileges and power related to that language.

It has long been recognized that economic development puts pressure on local
languages. The mechanism producing this pressure has to do with the fact that
economic development is based on specialization and trade, which in turn requires
a common language as a means of communication. Thus, as economic development
proceeds more and more people take on a common language thereby reducing the
importance of local languages and contributing to their extinction.

‘Language planning refers to deliberate efforts to influence the behavior of others
with respect to the acquisition, structure, or functional allocation of their language
codes’ [4, p. 45]. Language Policy can be implemented either officially through
legislation, court decisions, or policy that determines how languages are used, culti-
vates language skills needed to meet national priorities, or establishes the rights of
individuals or groups to use and maintain languages.

The concept of language policy (or language planning) offers a possible common
framework among disciplines and a shared research area for linguists, economists,
and social scientists in general. Language policies are increasingly acknowledged as
being a necessary component of many decisions taken in several policy areas. For
instance, language policy in education affects the supply of linguistic skills available
in a given labor market, and it can influence workers’ transitional mobility deci-
sions; language policies adopted by universities, condition the access to knowledge
for students; language planning at the state level can modify the rights of ethnic
minorities, etc. Hence the type and the range of questions raised by some of the
trends discussed above call upon innovative, efficient, and fair language policies to
manage linguistic diversity at several levels, and therefore upon interdisciplinary
research to support decision-making.

As Gazzola notes the potential contribution of economics and policy analysis to
the study, the design, and the evaluation of language policies were already clear to
sociolinguists in the 1970s, but the role of economics in language planning remained
marginal for roughly 20 years. All this began to change in the 1990s, when a growing
number of social scientists started to be more often involved in research on language
in society and in the economy, and where different applied linguists felt the need for
new inputs from the social sciences [7].

Methods used tomeasure the correlation between linguistic diversity and economy
have been suggested in the literature. François Grin presents a broad-based overview
of language economics and he proposes a theory-based typology of research and
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highlights the connections between economics and language policy, by focusing on
the selection, design, and evaluation of language policies [9].

The approach developed by Victor Ginsburgh and Shlomo Weber expands the
existing measurements of diversity that traditionally focus on the size or the number
of different groups of speakers by the notion of distance or dissimilarity. A number of
different indicators have been proposed to measure dissimilarity between languages
based on the notions of ‘fractionalization’ and ‘polarization.’ It gives some examples
of the relationship between, on the onehand, the indexes of linguistic fractionalization
or polarization and, on the other hand, different economic and sociological outcomes
such as growth, the quality of government, public good provision, and redistribution.
Hence indexes of linguistic diversity can contribute to our understanding of the
connections between languages and welfare [8].

There is a lack of consensus on the relation between linguistic diversity and GDP
per capita. Some researchers take a negative view stating that ‘a country that is
linguistically highly heterogeneous is always undeveloped or semi-developed, and a
country that is developed always has considerable language uniformity’ [14, 15]. On
the other hand, other researchers claim that, when using enough other explanatory
variables, besidesGDP, linguistic heterogeneity ceases to affect the level of economic
development [10]. Laitin and Ramachandran come to a similar conclusion: once
they account for linguistic distance from the official language, diversity no longer
influences GDP per capita [13].

Linguistic Diversity Index (ILD) [20] is a new quantitative measure of trends in
linguistic diversity. At the global level, the ILD measures how far, on average, the
world’s languages deviate from a hypothetical situation of stability in which each
language is neither increasing nor decreasing its share of the total population of the
grouping. The ILD can also be used to assess trends at various sub-global groupings.
Key findings are:

• Globally, linguistic diversity declined 20% over the period 1970–2005.
• The diversity of the world’s indigenous languages declined by 21%.
• Regionally, indigenous linguistic diversity declined over 60% in the Americas,

30% in the Pacific (including Australia), and almost 20% in Africa. According
to some linguists, this process may eliminate up to 90% of the world’s living
languages before the end of this century.

This hypothesis was tested in the study [6] that using a sample of more than 160
countries, and controlling for a number of other factors, found that economic devel-
opment (measured by per capita income) has a significant and powerful effect on
linguistic diversity. By simulating a counter-factual scenario in which the question
was asked what the number of languages would be if all the countries in the world
had the same per capita income as the average European country, it was found that in
this counter-factual scenario the number of languages in the world would be approxi-
mately 20% lower. The effect was found to be most pronounced for Africa where the
number of languages would decline by 35%. Using forecasts of per capita income
for 2100 assuming a yearly growth of per capita income of 2.5%, it was defined that
under those conditions the number of languages would decline by approximately
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32%, the figure much beyond the predicted 90%. This study paints a much brighter
future for linguistic diversity, which should be indispensable to an inclusive economy,
in which there is expanded opportunity for more broadly shared prosperity.

Another argument that supports linguistic diversity comes from the study [3]
according to which there appears to be a close link between linguistic diversity
and national identity. The results of a study on the impact of language skills on
national identification (as opposed to ethnic identification) in different Sub-Saharan
countries show that speaking more than two languages increases the chances of
identifying in national terms rather than in ethnic (or tribal) terms. In other words,
multilingual citizens are more committed to the nation. In former French African
colonies, there is a positive relationship between feelings of national identification
and the probability of having some language in common, a variable captured by the
‘index of communication potential’ (IPC), which is defined as the probability that
an individual can communicate with another randomly selected person within the
society [3].

It should be noted that in the studies of the relationship between language skills
and the feeling of national identification, the focus is not on a well-defined economic
variable such as income or growth, but on an essentially cultural variable as identity.
Developing a feeling of collective identity can be viewed as a form of immaterial
capital (or ‘cultural capital’) that can contribute to the well-being or welfare of a
community.

As is shown above, besides global scale, linguistic diversity has one more dimen-
sion related to the variety of languages within a certain state, of which Russia as a
home to many nationalities is a good example. Russia is a federal state consisting
of units with equal status, which are called the subjects of the federation. They have
different designations (okrugs, krais, etc.). Language policy in Russia is regulated
by the Federal Law ‘On the Languages of the Peoples of the Russian Federation’
of 1991 [21], and the Federal Law ‘On the State Language of the Russian Federa-
tion’ of 2005 with amendments adopted in 2014 [23]. According to Article 68 of the
Constitution of the RF, Russian is defined as the state language of Russia throughout
the territory of the Russian Federation. However, Article 69 of the Constitution reads
that the state protects the cultural identity of all peoples and ethnic communities of
the Russian Federation, guarantees the preservation of ethnocultural and linguistic
diversity. Thus, although there is the absence of direct enshrinement in the Consti-
tution of the right of autonomous okrugs and regions to establish their own state
languages, these subjects of the Russian Federation establish the official status of
these languages by their own norms and laws.

Taking all into consideration, the paper seeks to propose an outline for language
policy thatwouldmaintain linguistic diversity as an indispensable attribute of national
identity that as a non-economic variable contributes to building of an inclusive
economy giving priority to human capital.
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24.2 Materials and Method

The data for this study were obtained from the Information Materials on the Final
Results of the National Population Census 2010, Federal State Statistics Service
[20], a previous sociolinguistic research [1], data on income throughout the regions
of the Russian Federation provided by the Russian information Agency.

24.3 Results

According to the Linguistic Diversity Index (LDI, 2017), with the value 0.283, the
Russian Federation is ranked 143 out of 209 countries. On a list of the number
of languages by country, Russia is ranked 18 with as many as 115 languages and
44 immigrant languages, which makes 2.24% of the total number of the world’s
languages [21].

An analysis of the Russian regions on income and language diversity showed
that according to the 2010 census, the regions of the Russian Federation with high
linguistic diversity are the Komi Republic, The TumenOblast, Khanty-Mansi Okrug,
the Yamalo-Nenets Okrug, The Republic of Adygea, The Republic of Sakha, the
Republic of Dagestan, the Kabardino-Balkarian Republic, the Karachay-Cherkess
Republic, the Republic of North Ossetia, The Republic of Tatarstan, etc. It should
be noted that this list includes regions with the economic indicators that are among
the highest in the country (the Khanty-Mansi and the Yamalo-Nenets Autonomous
Okrugs, The TumenOblast), as well as regions with low economic performance [25].

Sociolinguistic research shows thatminority languages are spread inmany regions
of the Russian Federation, some of which do not have the status of republic,
autonomous okrug, or autonomous republic. According to the 2010 census [20],
in Tymen Oblast, small-numbered people demonstrate high loyalty to their ethnic
language as compared to other regions of the Russian Federation. For instance, in
the Tymen Oblast, 84% of the Nenets claimed the Nenets language as the native
whereas in the Arkhangelsk Oblast, of which the Nenets Autonomous Okrug is a
part, this figure comprised only 56%; 70% of Tatars in Tymen Oblast indicated Tatar
as their native language, whereas in other regions this proportion is much smaller.
According to the 2010 census, out of 460,971 of Yakuts who indicated their language
proficiency, 416,780 people claimed their command of Russian, and 401,240 claimed
mastery in Yakut. At the same time, representatives of the Yakut nationality called
their native language, basically, theYakut language (438,664 people), amuch smaller
part noted Russian (27,027 people).

Table 1 shows the results of the four censuses for Kalmyk people who claim
Kalmyk as their native language (the results of the three censuses are adapted from
[1]).
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We see that native language loyalty among Kalmyks that was in a small decline
between 1970 and 1980s shows signs of recovery as more people claimed the status
of Kalmyk as the mother tongue.

Considering the facts, the reasons behind low economic development must be
sought elsewhere, and it would be misleading to conclude that higher linguistic
diversity is the cause of poverty. T. Romaine argues that economic growth in the
hotspots should go hand in hand with the protection and promotion of biodiversity
and linguistic diversity. An increase in the socioeconomic well-being of indigenous
populations could be achieved if such populations were allowed to preserve their
traditional cultural and economic activities, which usually are intertwined with tradi-
tional knowledge and therefore transmitted with local languages. On the contrary,
assimilation to the dominant culture and language creates cultural alienation, under-
mines the social cohesion of indigenous populations, and it promotes the abandon-
ment of traditional economic activities that are usually linked to a deep knowledge
and respect of the natural environment in which such activities are embedded [17].

The major role in preserving and maintaining small-numbered languages belongs
to institutions, which Prof. Inshakov defined as functional organizations that ensure
a realization of the specific system of homogeneous institutions. ‘The variety orga-
nization forms for socially fixed functions are embodied in the system of institu-
tions of society. In the consciousness of each person, this system forms “imaginary
communities” to which a person assigns himself, and behaves accordingly ….’ [11].

Ethnic identity, which is an indispensable part of social inclusion, is ensured by
institutional mechanisms that act at the federal and local levels and complement each
other to support and preserve minority and indigenous languages and promote inclu-
sive economic growth. In a study of the Nenets language conducted by Zmyvalova
[19], the institutionalmechanisms that ensure the right of indigenous children to learn
their mother tongue at school are discussed, and the core elements of this right were
identified. The author points out that despite the fact that most of the international
treaties in the sphere of regulation of this right have been implemented in Russia,
it has become clear that formal implementation does not mean that implementation
is carried out in fact. One of the problems the researcher names is the absence of a
learning environment.

It is necessary to say that digital transformation of societies, which has a great
impact on economic growth, can contribute to a great extent to the maintenance
and preservation of minority languages, which is essential for inclusive economic
development. Let us look at a few examples of how digitalization can help preserve
linguistic diversity and provide social inclusion for people who belong to ethnic
minorities. It is known that statistical machine translation has been remarkably
successful for the world’s well-resourced languages, and much effort is focused
on creating and exploiting rich resources such as treebanks and wordnets. Machine
translation can also support the urgent task of documenting the world’s endangered
languages. The primary object of statistical translation models, bilingual aligned
text, closely coincides with interlinear text, the primary artifact collected in docu-
mentary linguistics. Even though there are many technical and logistical problems
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to be addressed, starting with the problem that—for most of the languages in ques-
tion—no texts or lexicons exists, it ought to be possible to exploit this similarity in
order to improve the quantity and quality of documentation for a language [2].

Another opportunity to document endangered languages and create resources that
can be successfully used in education, lexicography, translation, etc. is corpus linguis-
tics that provides tools for language documentation, processing, and development.
The Corpus of Kalmyk language comprises 800 thousand tokens of various written
genres such as novels, novellas, short stories, essays, newspaper articles (second half
of the twentieth—beginning of the twenty-first centuries). The texts are provided
with morphological markup that allows searching by lexeme, grammatical charac-
teristics, translation, as well as by combinations of word forms at a given distance
[24]. To date, the launch of the Yakut language Corpus [25] has been pronounced
that would include samples of fiction, journalism, spoken texts, and folklore. The
Corpus of the Yakut language would rely on the design of the National Corpus of the
Russian language, and itwould include samples of teenage speech and text samples of
modern writers. Also, the Institute for Humanitarian Research is planning to develop
morphological analyzers, which would be a large step toward the creation of artificial
intelligence in Yakut, which is essential for inclusive digital economy that provides
equal access to goods and services for every individual regardless of the language
they speak. Earlier, in honor of the 100th anniversary of the Udmurt Republic, the
national corpus of the Udmurt language was launched. The corpus of the Bashkir
language is being compiled as well.

Digitalization and rapid Internet penetration in all spheres of life can help secure
languages and create a new inclusive linguistic environment. As Kuzmin points out
‘Use of ICT has both positive and negative consequences. On the one hand, it may
decrease linguistic and cultural diversity, on the other hand, it opens new prospects
for preserving and even developing languages and cultures in cyberspace’ [12].

To promote multilingualism in cyberspace, goal-oriented measures need to be
taken to create a multilingualism-friendly environment. These goals can include
‘developing public use of the Internet for minority languages; elaborating infor-
mation resource development programs in minority languages; promoting training
in ICTs and information, especially in local languages; promoting the creation
of content in local languages; encouraging translation of the world’s classics into
minority languages, and giving access to these works by posting them online; devel-
oping integrated multilingual information resource networks; introducing electronic
documentation and record management in at least two languages; and promoting
development of operating systems, search engines and Internet browsers in minority
languages, developing online dictionaries, reference books, thesauruses, semantic
nets in minority languages’ [12].

So, we can conclude that the digitalization process can be advantageous for
minority languages as it can provide a platform for communication, create a
learning environment and unite people who share a minority language from different
geographical locations thus maintaining a sense of ethnic identity and contributing to
social inclusion and economic welfare. As one of the main challenges in preserving
linguistic and cultural diversity is to encourage small indigenous nations to use
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their own languages at all possible circumstances, web may provide a communica-
tion model which can support solidarity within local community as well as mutual
exchange with global community [16].

24.4 Conclusion

The ‘economics of language’, the field of research, which is grounded in the disci-
pline of economics, and studies the ways in which linguistic and economic processes
influence one another, provides analytical tools for displays a strong interdisciplinary
orientation, which places it on the fringes of mainstream economics. It is also well
placed to contribute to the evaluation of public policies regarding language because it
offers analytical tools for the systematic identification andmeasurement of the advan-
tages and drawbacks of policy alternatives and their contributions to the development
of an inclusive economy via enhancing cultural identity.

It has been found that economic growth is not correlated with linguistic diversity,
but the last need to be maintained to support inclusive economic development. The
economic approach to language policy, and focus on an application to education
policy, detailing the economics of second or foreign language education emphasizes
the need to combine disciplines to develop an inclusivemethodology for the selection,
design, and implementation of language policy.

We think that the application of economic theories and research methods to the
study of languages in society and multilingualism can be stimulating and bring
about several insights. As languages are inextricably embedded in social interactions,
an adequate knowledge of socioeconomic phenomena and of the relationship to
language and communication may enhance our understanding of language behavior
and language change.

Several aspects of such relationships need to be analyzed, notably: the impact
of language diversity on economic outcomes, the link between language knowledge
and national or ethnic identification.

The data show that ethnic populations in the regions with economic stability and
ethnic variety demonstrate a strong sense of ethnic identity that is reflected in the
number of people who claim ethnic language other than Russian their mother tongue.
It seems that an inclusive economy would encourage language and cultural diversity.

Digitalization processes can be viewed as beneficial for maintaining language
diversity and ethnic identity as they provide several opportunities for social and
economic inclusion for numerous ethnic groups, whose representatives can be sepa-
rated geographically. Availability of accessible ethnic languages corpora, machine
translation technologies, Internet websites using languages other than Russian would
enhance opportunities for social inclusion and contribute to sustainable and inclusive
economic development.

Even though this study lacks quantification of the data we think that linguists
and language policy scholars may benefit from becoming more aware of the poten-
tial relevance and import of formal models and quantitative analysis to the study of



24 Linguistic Diversity: Institutional Mechanisms … 285

Table 24.2 The proportion
of the Kalmyk claiming
Kalmyk as a native language

The year of census

1970 1979 1989 2010

98.67 95.11 93.57 94.6

languages in society. The interdisciplinary dialogue between economists and other
social scientists requires intense conceptual work and a sound understanding of
complex variables such as language. Language policy can be a suitable common
ground for interdisciplinary research. In order to understand existing language poli-
cies (either explicit or implicit) and to design and evaluate new policies and their
effects on inclusive economicdevelopment,weneed to take into account both patterns
of language use, and people’s linguistic attitudes, ideologies, on the one hand, and
notions such as costs, benefits, incentives, and welfare, economic growth, on the
other hand.
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Chapter 25
Host Country Language Teaching:
Theoretical and Practical Aspects
of Providing Inclusive Education
for International Students

Nikolay L. Shamne , Marina V. Milovanova , and Elena V. Terentyeva

Abstract The contributors aim at substantiating the need to create and test universal
methodologies ensuring inclusive educational environment for non-native speaker
learners in universities of host countries. The study shows that inclusive educational
environment is impossible without the use of digital technologies (mobile learning,
learning using VR and AR, artificial intelligence). The chapter proposes a universal
methodology for organizing teaching on the basis of modular training using mobile
technologies of industry 4.0. The authors present the results of the implementation
of modules in experimental groups of non-native speaker learners and trainees of
pre-study courses of Volgograd State University in the 2020–2021 academic year.
The academic results of the course participants taking part in the experiment were
processed using the Fisher angular transformation method, which allows comparing
samples with high accuracy of calculations. Analyzing the participants’ satisfaction
with the training results the researchers used a questionnaire based on Likert scale
and followed by data processing. The study showed that the use of the proposed
training module based on mobile technologies of industry 4.0 increases the level of
satisfaction with learning, which plays a crucial role in the process of adaptation of
non-native speaker learners to a foreign-language learning environment.

25.1 Introduction

Currently, the ideas of the fourth technological revolution are being actively discussed
in various research fields, including education from the standpoint of both theory and
practice. In the field of education these ideas are primarily related to the introduction
and active use of experimental teachingmethods based on digital technologies, which
in many ways make it possible to facilitate the inclusion of foreign students in the
educational environment and to reduce to a certain extent the time of social and
cultural adaptation [1–3, 12]. The possibilities of using digital technologies in the
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process of teaching foreign students are becoming particularly relevant at the present
time—the period of theCOVID-19 pandemic has determined the demand for distance
and mobile learning. The challenges of the modern global world require higher
education to develop and test universalmethods that ensure inclusive teaching of non-
native speakers in host educational institutions. It is obvious that in the conditions
of the fourth industrial revolution inclusive education should be organized using
m-learning, Augmented Reality (AR) and Virtual Reality (VR) technologies, and
artificial intelligence. The authors present an analysis of the experimental activities
of universities to solve the problems of organizing inclusive teaching of the Russian
language to listeners and students based on Industry 4.0 technologies on the example
of Volgograd State University in the framework of “projects main task of which is
to digitalize education and maintain a unified language educational space using the
state language of the Russian Federation” [11].

25.2 Methodology

While discussing the digital educational environment, and in particular, the inclusive
training of foreign students, the researchers emphasize the need to encouragemotiva-
tion to study, while noting a number of positive aspects: saving educational content,
matching it with the professional needs of students, focusing on the student himself,
and the intensity of the educational process, etc. [5; 7]. Volgograd State University is
seriously interested in increasing the motivation to study the basics of Russian as a
state language. In this regard, in the 2020–2021 academic year the administration of
VolSU initiated an experimental study aimed at finding forms of effective modular
learning. The study consisted of three stages. At the first stage, in February 2020 an
entrance test in the Russian language was conducted on the topics of the training
module “Business Communication” for non-native students of the 2nd year of the
45.03.01 Philology course and foreign trainees of theVolSUpreparatory courses. The
second stage included training in the basics of business communication in Russian
as part of the module in the period from March to May 2020. At this stage, it was
assumed that experimental and reference groups would be formed from each of the
tested groups of students and trainees to evaluate the results of the inclusive training
on the topics of the training module “Business Communication”, however, the tran-
sition to a distance learning format in March 2020 in connection with the COVID-19
pandemic required changes to the initial plan of the experimental study. Studying of
the “Business Communication” module was organized remotely on the basis of the
electronic information and educational environment (EIOS VolSU) using the mobile
learning functionality. The use of m-learning technologies has become possible due
to the 100% availability of smartphones for students. Students and trainees were
offered several training sets created using the Quizlet platform [10]. This platform
has proven itself well enough in learning foreign languages [8; 13]. The material of
the training module “Business communication” was taken as a basic course, which
“was organized according to the thematic principle and included several standard
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situations “Business conversation in the office”, “Specifying information by phone”,
“Filling out a questionnaire”, “Writing an application”. Lexical and grammatical
material and a system of exercises were offered for each situation [9].

The third stage included students and trainees’ polling and their impression
appraisal after training.

In the course of the work reference and experimental groups of students and
trainees were formed to compare the results of the inclusive modular and tradi-
tional training. We formed the groups randomly without taking into account the
level of students’ knowledge. The students of the experimental groups completed
modular distance learning course using m-learning technology; the reference groups
completed distance learning course according to the traditional system within the
framework of the courses “Culture of Communication” and “Culture of communi-
cation in various fields of communication” and the Russian language course with
the section “Business Communication” for non-native speaker trainees of the VolSU
preparatory courses.

After the training the participants of the experiment completed verification tests. In
order to provide a statistically confirmed evaluation of the obtained learning results,
we used the Fisher angular transformationmethod to take advantage of the possibility
of comparing small samples with high accuracy calculations using the formula ϕ =
2*arcsin(), where P is the percentage expressed in fractions of one. To evaluate the
results obtained students and trainees were asked to fill out a questionnaire about
their impressions of modular training at the end of the semester.

25.3 Results

The first stage of the study, within which the entrance testing of students of reference
and experimental groups in the Russian language was carried out, showed that all the
test subjects demonstrated approximately the same level of proficiency in Russian.
It is obvious that the second-year non-native speakers studying within the program
“Philology” had slightly better results than the trainees of the preparatory courses.
Next, we started the second stage, which involved teaching the module “Business
Communication” in a distance format applyingmobile learning technologies.Mobile
training was organized as follows: learning study sets—interactive work with lexical
and grammatical material in a distance format—work with authentic business texts
(forms, samples of applications, questionnaires; texts of short business conversa-
tions on the phone, etc.), feedback, evaluation. As criteria by which it was possible
to evaluate the effectiveness of modular learning using mobile learning based on
the Quizlet platform, the following indicators were determined: the time spent on
studying the training set, the percentage of correct answers when performing lexical
and grammatical exercises and tasks for texts. In order to evaluate the results obtained,
students and trainees were asked to fill out a questionnaire about their impressions
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of the training. We organized a survey using the classic Likert scale, consisting of
five ratings: disagree—1; partially disagree—2; don’t know—3; partially agree—4;
agree—5 [4, 6].

Mobile training in experimental groups was included in the module “Busi-
ness communication”. When studying each of the situations, students and listeners
referred to the author’s study sets created specifically for this module. The function-
ality of the Quizlet platform allows one to use various illustrations to facilitate the
perception of the learning situation when studying lexical and grammatical mate-
rial. For example, the training sets “Specifying information by phone”, “Filling out
a questionnaire”, “Writing an application” were provided with accessible images
that visually reinforce the given lexical minimum and the lexical and grammatical
constructions necessary for memorization. The academic results of mobile learning
had to be demonstrated to students and trainees when performing tasks and tests at
electronic information educational environment of VolSU on the site of the modular
course. Of course, we are aware that the inclusive modular training in business
communication in Russian using distance learning and m-learning technologies was
a kind of pilot project, and we had to change our initial plans in the situation of
the COVID-19 pandemic, actively adapt the training material to new conditions,
therefore the obtained training results need to be additionally verified and studied
more detailed. However, we still believe that the conducted experiment is a valuable
experience that can be used in the future when organizing and combining different
training formats.

So, proceeding to discussing the effectiveness of the inclusive modular training
we represent the table below showing the results of the final testing on all topics
of the inclusive modular distance learning applying m-learning technology in the
experimental and using traditional methods in the reference groups of non-native
speakers studying in the bachelor’s degree program “Philology”, the data are calcu-
lated using the Fisher angular transformation method. The column “Effect obtained”
indicates the number of subjects who successfully coped with the final test (83.3 %)
and showed results above 60 points on a 100-point scale (Table 25.1).

The obtained result ϕ empirical 2.621 is higher than the accepted critical value of
ϕ 2.11, which is statistically reasoned proof of the effectiveness of the training.

Proceeding to the consideration of the results of the training of students of the
Russian language courses (see Table 25.2) it can be seen from the table, the value of
the empirical 2.314 is higher than the accepted critical value of 2.21, which is also a
statistically sound proof of the effectiveness of the training.

Thus, the data of ϕ*empirical confirmed the hypothesis concerning the effective-
ness of the inclusivemodular training in Business Russian course, since the empirical
value of the Fisher criterion (ϕ*emp = 2.621 and ϕ*emp = 2.314) exceeds the crit-
ical value when comparing the results of training in experimental and reference
groups. In order to get feedback from students and trainees from participating in the
experiment, we asked the participants of the experimental groups to fill out a ques-
tionnaire where they needed to evaluate modular learning using the Likert scale. The
survey was attended by students in the number of 15 people (trainees) and 12 people
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Table 25.1 The results of the
effectiveness of modular
training in the 1st and 2nd
groups of 2nd-year students
of the bachelor’s degree
program “Philology”

Groups Effect
obtained

No effect Sums

Number of
subjects

Number of
subjects

1 experimental
group

10 (83.3%) 2 (16.7%) 12 (100%)

2 reference group 4 (33.3%) 8 (66.7%) 12 (100%)

Answer: ϕ*emp = 2.621

Source Compiled by the authors

Table 25.2 Results of the
effectiveness of modular
training in the 1st and 2nd
groups of students of Russian
language courses

Groups Effect
obtained

No effect Sums

Number of
subjects

Number of
subjects

1 experimental
group

12 (80.0%) 3 (20.0%) 15 (100%)

2 reference group 6 (40.0%) 9 (60.0%) 15 (100%)

Answer: ϕ*emp = 2.314

Source Compiled by the authors

(students) who expressed their assessment with “ + “ or “v” signs. An example of
the questionnaire will be shown in Table 25.3.

Basing on the results of the survey the authors complied two summary tables for
experimental groups indicating the total score for all judgments for each student. Then
the obtained datawere statistically processedwith the formation of a conjugacy table,
on the basis of which the correlation coefficient for each judgment was calculated,
followed by the calculation of Spearman’s rank correlation coefficient using theExcel
package. The results are presented in Table 25.4.

To interpret the data obtained the authors used a standard scale, according towhich
coefficient values less than 0.3 are an indicator of weak tightness of the connection of
signs; values greater than 0.3, but less than 0.7 are an indicator of average tightness of
the connection of signs, and values 0.7 and more are an indicator of strong tightness
of the connection of signs. Thus, the results of statistical data processing show the
presence of a strong connection for the judgment 3 “I liked learning business Russian
on the Quizlet platform.“ A fairly high indicator of the closeness of the connection of
the signs demonstrates judgment 2 “I liked to study business Russian remotely, the
tests allowed me to monitor my academic results,” the closeness of the connection
of the remaining judgments is in the average values. In general, the results obtained
indicate that the students positively evaluated the modular training and its results.We
also found out that more than 80% of students and trainees who have completed the
includedmodular training highly appreciated the use of theBusiness Communication
training module, they noted that training within this module allowed them to adapt
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Table 25.3 Questionnaire form for evaluating judgments on learning and its results on the Likert
scale

Judgment Disagree Partly disagree Don’t know Partly agree Agree

points

1 2 3 4 5

1. Studying the module
“Business
communication” in
Russian was useful for
me

2. I liked learning
business Russian
remotely, the tests
allowed me to monitor
my academic results

3. I enjoyed learning
Business Russian on the
Quizlet platform

4. I am satisfied with
my academic results

5. Studying “Business
Communication”
module has increased
my motivation to learn
Russian

Source Compiled by the authors

Table 25.4 Results of the Spearman coefficient calculation

Judgement Coefficient rs

1. Studying the module “Business communication” in Russian was useful for me 0.42

2. I liked learning business Russian remotely, the tests allowed me to monitor my
academic results

0.67

3. I enjoyed learning Business Russian on the Quizlet platform 0.71

4. I am satisfied with my academic results 0.32

5. Studying “Business Communication” module has increased my motivation to
learn Russian

0.45

Source Compiled by the authors

to the conditions of study at a Russian university better, increased their motivation
to study Russian and professional disciplines in Russian.



25 Host Country Language Teaching … 293

25.4 Conclusion

Thus, the effectiveness of modular training of non-native speaker learners in a
distance format (m-learning technology) indicates the feasibility of the proposed
approach. The results obtained can be used to develop other modules within inclu-
sive training of non-native speaker learners with the expansion of the set of digital
platforms and technologies.

Currently, the large-scale changes caused by the development of the fourth indus-
trial revolution (Industry 4.0) cover all spheres of society. The introduction of digital
technologies in education is a kind of revolution in the field of access to knowledge,
as well as a rethinking of traditional learning concepts. Training becomes more inter-
active and individual, since it allows, on the one hand, to involve the student in the
learning process more actively, on the other hand, it makes it possible to determine
individual performance more clearly. Applying distance format of modular training
of foreign students increases their motivation to a certain extent, since it sets clear
goals for them, allows them to “immerse themselves” in a certain thematic area, and
also gives them the opportunity to clearly see their mistakes and achievements.

Further development of the proposed methodology for teaching non-native
speaker learners in the context of the development of new technologies in society
(Industry 4.0) is a promising linguodidactic direction focused on the development of
individual competencies of students in the context of digitalization of the educational
process.

Digitalization of education in its various formats contributes to the inclusive
growth of Russian society, since it makes the educational environment accessible
to speakers of any languages and cultures, regardless of origin, gender, physical
abilities, etc.
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Chapter 26
Toponymic Policy as a Prerequisite
for Sustainable Socio-economic Regional
Development

Dmitriy Y. Ilyin and Elena G. Sidorova

Abstract This study reveals the aspects of the present-day toponymic policy,
providing cross-disciplinary insights. Its relevance is determined by the fact that said
policy facilitates gaining scientific knowledge on the prevalence of symbolic signs
over the public consciousness, as well as on the instrumental function of toponyms
in terms of shaping and upkeep cultural and ethnic mentality. Special attention is
paid to the increasing social importance of proper names assigned to urban elements
in terms of various communicative aspects, indicating their inclusion in social and
business activities and in the translation of meanings related to national and regional
cultures. The principles of nominating geographic objects are of scientific interest.
The total number of these names, understood as the hodonymic space, provides the
focus of research on the toponymic policy notion and its theoretical and method-
ological reasoning. The study analyzes not only the historically established totality
of names given to linear toponymic objects in three regional cities that reflects the
diverse ethnic contacts of the Volgograd region (Russia) as a multiethnic territory but
also the renaming of these objects as a result of government “intervention” into the
hodonymic space, as toponymy is impacted by various extralinguistic factors, i.e.,
social, cultural, and historical circumstances.

26.1 Introduction

Toponymic policies of Russian federal subjects need to be institutionalized; in other
words, they are to be coordinated by legally authorized regional structures that have to
solve the challenging task of structuring, registering, and normalizing the hodonymic
space of their region [1–3]. As O.V. Inshakov rightfully noted, the linguists should
not only study the institutional theory “as is” but also develop it in multiple ways
that include adapting innovative concepts [4, p. 47].
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Special attention is paid to the increasing social importance of proper names
assigned to urban elements (streets, secures, alleys. etc.). We fully agree with M.V.
Golomdiova, who believes that the changing demands of urban culture and commu-
nication, the necessity of cities as economic entities to successfully position them-
selves, coordinated activities of authorities in terms of urban nominations as part
of planned and systemic urban development policy, and the need to establish reli-
able regulatory and legal grounds for toponymic nomination represent only some of
the challenges the present-day toponymic policy needs to address when it comes to
nominating urban objects [5, p. 37]. From the territorial development standpoint, it
is worth noting that the modern onomastic space is actively expanding and becoming
denser while keeping some of its permanent elements for centuries. However, the
human being has always remained in its core as someone who invents, assigns,
uses, criticizes, or changes the names [6, p. 102]. Artificially nominated toponymic
objects represent the ethnic and cultural background, aswell as the political discourse
adopted by authorities in charge of naming and renaming geographic objects in the
region.

26.2 Methodology

Thematerials chosen for study are hodonyms of streets, alleys, squares, avenues, and
other address-forming elements of the street network, presented in the “Register of
Volgograd and Volgograd Region Addresses” informational website (later referred
to as the Register).

To analyze the hodonymic space specifies, we have selected three urban settle-
ments: Volgograd, the regional capital and the largest city in the region, with a
population of about 1 million people, Kamyshin, the town populated by approxi-
mately 100,000 people, and Petrov Val, the small town in the Kamyshin District of
the region, with a population of about 10,000 people.

The hodonymic space is represented by approximately 2400 elements of the
street network in Volgograd (in the descending order: streets, alleys, lanes, squares,
avenues, embankments, boulevards, highways, cul-de-sacs, junctions) approximately
300 elements in Kamyshin (streets, alleys, lanes, squares) and 100 elements in Petrov
Val (streets, alleys, avenues).

The hodonymic space of any settlement is diverse; the onomastic behavior of the
name-givers and municipal authorities dictates the choice of names for various urban
objects, their visual presentation in the urban environment, renovation or preservation
of various onyms [6, p. 104]. Describing the elements of this network provides
a comprehensive understanding of the structuring of urban nominations and helps
specify the criteria for linguistic coding of linear objects in a settlement [7–9].

The research methodology includes general scientific methods of induction,
generalization, analysis, synthesis, and description, as well as specialized linguistic
methods of structural-semantic analysis.
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26.3 Results

The study of names given to linear toponymic objects of the analyzed urban settle-
ments has distinguished the linguistic coding principles applied for nominating said
linear objects.

1. The most evident principle adopted by subjects authorized to regulate the
toponymic policy ismemorative, i.e., an object is named after a person, event, place,
or less commonly, an organization [10, p. 119]; thus, we can differentiate personal,
group, or event memorative hodonyms. Let us study the examples of these types in
the street networks of Volgograd, Kamyshin, and Petrov Val.

Personal memoratives, named after:

• outstanding national or global social and political personalities (these hodonyms
are found in all three settlements):

• Volgograd: Ulitsa imeni Yuriya Dolgorukova, Prospekt imeni V.I. Lenina, Bulvar
imeni Engelsa (Yuri Dolgorukiy Street, Lenin Avenue, Engels Boulevard);

Kamyshin: Ulitsa Lenina (Lenin Street);
Petrov Val: Ulitsa Lenina, Ulitsa Karla Marksa, Ulitsa Fridrikha Engelsa

(Lenin Street, Karl Marx Street, Friedrich Engels Street);
• Soviet social and political personalities:

Volgograd: Ulitsa imeni Nadezhdy Krupskoy, Pereuok imeni Krasina,
Ploshchad imeni Dzerzhinskogo (Nadezhda Krupskaya Street, Krasin Alley,
Dzerzhinsky Square);

Kamyshin: Ulitsa Kalinina, Ulitsa Kirova, Ulitsa Krupskoy (Kalinin Street,
Kirov Street, Krupskaya Street);

Petrov Val: Ulitsa Kalinina, Pereulok Dzerzhinskogo (Kalinin Street,
Dzerzhinsky Alley);

• local social and political personalities:
Volgograd: Ulitsa imeni Grigoriya Zasekina (Grigory Zasekin Street, named

after the city founder);
Kamyshin: Ulitsa Sad Tkachecnko (Tkachenko Garden, named after the town

mayor);
• defenders of Tsaritsyn during the Civil War, including local residents: Volgograd:

Ulitsa imeni Budyonnogy, Ulitsa imeni Kikvidze streets, Pereulok imeni Rudneva
(Budyonny Street, Kikvidze Street, Rudnev Alley);

Kamyshin: Ulitsa Budyonnogo, Ulitsa Kosolapova streets (Budyonny Street,
Kosolapov Street, with the latter named after the commander of the 1st Kamyshin
Division);

• defenders of Stalingrad during WWII, including local residents:
Volgograd: Ulitsa imeni Serzhanta Voronina street (Sargeant Voronin Street,

named after the soldier who defended Pavlov’s House in Stalingrad);
Kamyshin: Ulitsa Geroya Sovetskogo Soyuza A.P. Maresyeva (A.P. Maresyev,

Hero of the Soviet Union Street, named after the local resident and the Honorary
citizen);
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Petrov Val: Ulitsa Matrosova and Pereulok Matrosova (Matrosov Street and
Matrosov Alley, named after the soldier of the 56th Rifle Division, the Hero of
the Soviet Union);

• modern-day heroes and local residents who died in the line of duty or a military
conflict.

Volgograd:Ulista imeni Lyachina (Lyachin Street, named after the commander
of Kursk submarine, who died in 2000 and was posthumously awarded the Hero
of the Russian Federation);

Kamyshin:Ploshchad imeniGeroyaRossii A.M.Kolgatina (A.M.Kolgatin, the
Hero of Russia Square, named after the senior lieutenant of the Russian Army,
who died in 2000 during a military conflict in the Northern Caucasus region);

• cosmonauts:
Volgograd: Ulitsa imeni Gagarina, Ulitsa imeni Valentiny Tereshkovoy

(Gagarin Street, Valentina Tereshkova Street);
Kamyshin: Ulitsa Gagarina, Ulitsa Tereshkovoy (Gagarin Street, Tereshkova

Street), Proezd Egorova, Proezd Feoktistova (Egorov Lane, Feoktistov Lane),
including local residents—Ulitsa Malysheva (Malyshev Street);

Petrov Val: Ulitsa Gagarina, Ulitsa Tereshkovoy (Gagarin Street, Tereshkova
Street);

• writers and literary critics:
Volgograd: Ulitsa Bunina, Ulitsa Pushkina (Bunin Street, Pushkin Street),

Ploshchad Belinskogo (Belinsky Square), including local residents—Ulitsa
imeni Lukonina, Ulitsa imeni Margarity Agashinoy (Lukonin Street, Margarita
Agashina Street);

Kamyshin: Ulitsa Gogolya, Ulitsa Pushkina (Gogol Street, Pushkin Street);
Petrov Val: Ulitsa Gogolya, Ulitsa Pushkina, Ulitsa Turgeneva (Gogol Street,

Pushkin Street, Turgenev Street);
• composers and musicians:

Volgograd: Ulitsa imeni Chaykovskogo (Tchaikovsky Street);
Kamyshin: Ulitsa Sviridova (Sviridov Street);

• painters:
Volgograd: Ulitsa imeni Aivazovskogo (Aivazovsky Street);

• architects and sculptors:
Volgograd: Ulitsa imeni Vuchecticha (Vuchetich Street, named the author of

the monument ensemble to the Battle of Stalingrad heroes);
• actors and directors:

Volgograd: Naberezhnaya imeni Vladimira Vysotskogo (Vladimir Vysotsky
Embankment),Ulitsa imeni Ermolovoy (Ermolova Street), including local theater
actors - Ulitsa imeni Ivana Lapikova (Ivan Lapikov Street);

• scientists and researchers:
Volgograd: Ulitsa imeni Darvina (Darwin Street), including local academi-

cians—Ulitsa imeni Professora Inshakova Ulitsa imeni Zagorulko (Professor
Inshakov Street, Zagorulko Street, both named after the rectors of Volgograd
State University);
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Kamyshin: Ulitsa Koroleva, Ulitsa Mendeleeva (Korolev Street, Mendeleev
Street);

Petrov Val: Ulitsa Michurina (Michurin Street).

Alongside personal memoratives, the hodonymic spaces of Volgograd and
Kamyshin have group memoratives that are intended to preserve the memory of
military units or other groups that took part in a military conflict: Ulitsa 64-oy Armii
(64th Army Street) in Volgograd; Ulitsa Voinov-Internatsionalistov (Internationalist
Warriors Street) in Kamyshin or emphasize the importance of labor in times of
peace by nominating a linear object after a group of people united by occupation or
professional activity:Ulitsa Kosmonavtov (Cosmonaut Street, Prospekt Metallurgov
(Metallurgists Avenue) in Volgograd, Ulitsa Neftyanikov street (Oil Workers Street)
in Kamyshin.

Event memoratives are the street network elements named after important dates
and events in national history. In Volgograd, this linguistic code is represented in the
following hodonyms: 50 let Oktyabrya; Stalingradskoy Pobedy (50th anniversary of
October Revolution; Stalingrad Battle Victory). The hodonymic space of Kamyshina
and Petrov Val provides only a few examples of these nominations: Ulitsa XXII
Partsyezda street (22nd CPSU Congress Street) in Kamyshin, Ulitsa 30 let Pobedy
and Ulitsa 40 let Pobedy (30th anniversary of Victory Street and 40th anniversary of
Victory Street) in Petrov Val, demonstrating that this approach is ineffective when it
comes to nominating urban topographic objects in small towns.

The memorative linguistic code is quite productive: among a hundred street
network elements in Petrov Val, 54 objects, i.e., more than a half of them, are
named according to this principle, with Kamyshin and Volgograd having about 28%
and 30% nominations of this type and personal memoratives comprising the over-
whelming majority of them. The personalities commemorated in the names of linear
urban objects vary a lot. The hodonymic spaces of all three analyzed settlements
demonstrate personal memoratives related to significant national or global social and
political persons, military conflict participants (including defenders of Stalingrad),
scientists, cosmonauts, writers. Memoratives related to actors, architects, sculptors,
and painters are presented in Volgograd only, as the largest city of the three.Memora-
tives related to local social and political personalities, defenders of Tsaritsyn during
the Civil War, present-day heroes, local residents who died in the line of duty or a
military conflict, composers, and musicians can be found in the hodonymic spaces of
Volgograd and Kamyshin. The lack of such memoratives in Petrov Val is determined
by its relatively short history (the town was founded in 1942) and small size, i.e.,
lower demand for nominating new elements of the street network.

2.Another highly demanded reason for nominating urban linear objects is the locative
linguistic code, according to which the street network element is named after an
already existing geographic object of another type. The analysis of the Register has
revealed that the hodonymic spaces of Volgograd, Kamyshin, and Petrov Val have
linear toponymic objects with the locative semantics, determined by:
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• capitals of the former Soviet republics: Volgograd has streets named after 12 out
of 15 capitals: Ulitsa Vilnyusskaya, Ulitsa Erevanskaya (Vilnius Street, Yerevan
Street), etc., determined by the city status of the regional capital, while Kamyshin
has seven streets of this type: Ulitsa Bakinskaya, Ulitsa Kievskaya, Pereulok
Moskovsky (Baku Street, Kyiv Street, Moscow Lane), and no onyms of this code
were found in Petrov Val;

• settlements of the former USSR and modern Russia: Ulitsa Groznen-
skaya, Pereulok Pskovsky (Grozny Street, Pskov Lane) in Volgograd; Ulitsa
Yaroslavskaya (Yaroslavl Street) in Kamyshin; Ulitsa Saratovskaya (Saratov
Street) in Petrov Val;

• settlements of the Volgograd Region: Ulitsa Bykovskaya (Bykovo Street, named
after a local settlement),PereulokKackalisnky (KachanlinskayaLane, named after
Kachalinskaya stanitsa) in Volgograd; Ulitsa Volgogradskaya (Volgograd Street)
in Kamyshin; Ulitsa Kamyshinskaya (Kamyshin Street) in Petrov Val;

• foreign countries and their settlements were presented only in the hodonymic
space of Volgograd: Ulitsa Vengerskaya, Ulitsa Kitayskaya, Pereulok Varnensky
(Hunagey Street, China Street, Varna Lane), including twin cities of Volgograd:
Ulitsa Koventry, Ulitsa Port-Saida, Ulitsa Hirosimy (Coventry Street, Port Said
Street, Hiroshima Street);

• water objects: ylica Ba�kal�cka�, including those located in the Volgograd
Region:UlitsaDonskaya,UlitsaNevskaya (DonStreet,NevaStreet) inVolgograd;
Ulitsa Eltonskaya (Elton Street) in Kamyshin; while Ulitsa Lebyazhniskaya
(Lebyazhinskoye Street) is named after the lake located near Petrov Val;

• oronymic names: Ulitsa Araratskaya (Ararat Street), Pereulok Alpiysky (Alps
Lane) in Volgograd; Ulitsa Uralskaya (Urals Street) in Kamyshin.

The analysis of the Register demonstrates that the locative coding is widely
presented in the hodonymic spaces of settlements chosen for study, with the street
network of the regional capital having most names of this type. For smaller cities
and towns, “connection” to toponyms of their region or neighboring ones is more
typical.

3. Many names of the street network elements are determined by their geographic
position, landscape, size, and configuration, thusmaking it possible to define the topo-
graphic code. Examples of this code includeUlitsaBolshaya,UlitsaVerkhnyaya (Big
Street, Upper Street) in Volgograd; Ulitsa Zapadnaya, Ulitsa Ovrazhnaya (Western
Street, Gully Street), Pereulok Gorny, Pereulok Yuzhny (Mountain Lane, Southern
Lane) in Kamyshin; Ulitsa Rechnaya, Ulitsa Tsentralnaya (River Street, Central
Street) in Petrov Val.

4. The anthropogenic linguistic code that represents something man-made in the
name of a geographic object is typical for settlements of any type. The exam-
ples of these nominations in the hodonymic space include Ulitsa Bibliotech-
naya, Ulitsa Vokzalnaya (Library Street, Railway Station Street) Pereulok Aeropor-
tovsky, Pereulok Zavod\srkoy (Airport Lane, Factory Lane), Prospekt Universitetsky
(University Avenue), Proezd Aptechny (Apothecary Lane) in Volgograd; Ulitsa
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Zavodskaya, Ulitsa Tokarnaya (Factory Street, Lathework Street) in Kamyshin;
Ulitsa Parkovaya, Ulitsa Sportivnaya (Park Street, Sports Street),Pereulok Tonnelny,
Pereulok Shkolny (Tunnel Lane, School Lane) in Petrov Val.

5. The symbolic code helps to preserve in the hodonymic space the names reflecting
facts, values, and celebrations cultivated in the Soviet period. This coding is repre-
sented by such names of the street network elements as Ulitsa Kolkhoznaya,
Ulitsa Komsomolskaya (Kolkhoz Street, Komsomol Street) in Volgograd; Ulitsa
Oktyabrskaya, Ulitsa Pionerskaya (Octobrists Street, Pioneers Street) in Kamyshin;
Ulitsa Komsomolskaya, Ulitsa 1 Maya (Komsomol Street, May 1st Street) Prospekt
Pionerov (Pioneers Avenue) in Petrov Val. These nominations are frequently used
even in Petrov Val, as this small town was founded in 1942 when such nominations
were extremely popular.

For the hodonymic space of a big city, it is typical to have all linguistic codes
of urban linear elements, with their memorative names related not only to influen-
tial national or regional individuals but also to worldwide famous social personal-
ities, politicians, scientists, writers, painters, composers, actors, etc. The locative
nominations of a big city represent not only geographical elements of its region
or neighboring areas but also objects located in distant regions or even countries.
The approach to establishing the hodonymic space shared by all analyzed settle-
ments involves commemorating the names of local residents and people who largely
contributed to the safety and development of this particular settlement.

The hodonymic space of the analyzed settlements demonstrates a high level of
inclusion. 31 linear objects located in Petrov Val, i.e., 30% of all onyms of this
type in the town have doubling elements in the street network of Volgograd; more
similarities can be found among urban linear objects of Kamyshin and Vologorad:
196 nominations in Kamyshin, i.e., 65% of all town onyms have doubling street
network elements in Volgograd. Most doubling nominations are memorative (Dzer-
hzinskogo, Dostoyevskogo in Petrov Val and Volgograd, Budyonnogo, Timiryzeva
in Kamyshin and Volgograd); locative (Altayskaya (Altai), Eltonskaya in Kamyshin
and Volgograd); topographic (Malaya Zelyonaya (Little Green) in Petrov Val and
Kamyshin, Rechnaya, Tsentralnaya in Kamyshin and Volgograd); anthropogenic
(Zavodskaya, Sadovaya in Kamyshin and Volgograd); and symbolic (Kommunis-
techskaya (Communist) in Petrov Val and Volgograd, Pionerskaya, Revolutsion-
naya (Revolution) in Kamyshin and Volgograd). Finally, 33 nominations of street
network elements are presented in the hodonymic space of all three settlements,
with 20 (i.e., 60%) memorative (Gagarina, Kalinina, etc.), 6 symbolic (Komsomol-
skaya, Sovetskaya, etc.), 3 locative (Kamyshinskaya, Saratovskaya), 2 anthropogenic
(Sportivnaya, Shkolny)), and 1 topographic (Lugovaya—Meadow) nomination.
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26.4 Conclusion

Thus, the analysis of the hodonymic spaces of three urban settlements in the
Volgograd region, with different statuses and population sizes, has found that the
nomination of their street network elements is based on five dominating linguistic
codes, withmemorative, locative, anthropogenic, anthropogenic, and symbolic codes
being the most demanded in all three analyzed settlements. Besides, the names of
linear urban objects demonstrate the high rate of inclusion, which can be considered
the evidence of onomastic universality.
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Chapter 27
Practice of Infrastructural
Transformations of Educational
Environment as a Key Factor of Inclusive
Growth of the Russian Economy

Elena A. Eltanskaya , Larisa M. Generalova ,
and Anastasia V. Arzhanovskaya

Abstract In the context of active international cooperation and intercultural
dialogue affecting the Russian economy, there is a need for infrastructural changes in
the educational environment, the incorporation of traditional and innovative teaching
methods. The modern world has to face both the opportunities that the technolo-
gies provide and the challenges that they create in the local or global market as
the conditions of the electronic environment are different from the traditional ones,
therefore, it is important to not only understand the changing needs, the factors that
influence digital interaction, but also to choose suitable strategies to satisfy these
needs. The principle of inclusive growth implies overcoming structural restrictions
and rigidity and introducing new technologies. Nowadays, the system of inclusive
education is at its formation stage. The relevance of the research is that the practice
of infrastructural transformations in the education sector is tasked with the inclusive
growth of the Russian economy. The study substantiates the importance of such a
structural modernization as one of the key factors for providing a perfect balance
between society, state, and business. The contributors suggest considering crucial
factors influencing the improvement of economic conditions through the integrating
inclusive sector into the educational environment of Russia.
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27.1 Introduction

A new buzzword has recently emerged in the economic policy debate: inclusive
growth. This concept means creating favorable conditions for improving life quality
and ensuring equal opportunities for all groups of the population. In other words,
inclusive growth implies that the income from the economic rise should not belong to
a limited group of people, but the largest number of people. This can be reflected by
salaries, population employment, and extend to participation in public life in a broader
sense. It also includes such aspects as family income, employment opportunities,
security, and living standards. These aspects are indicators by which people judge
the economic policy and political leadership of their country.

Strong, sustainable, balanced, inclusive growth expresses the desire to benefit from
economic growth so that as many people as possible can benefit and not be left out.
From an institutional economic perspective [1], the degree of growth inclusiveness
crucially depends on whether all members of society or groups of the population are
subjectively perceived as “suitable” for an inclusive economy and, consequently, for
income generation.

Consequently, the consideration of inclusive economic growth is equally justi-
fied for both developing and developed countries. This phenomenon is explained
by the following factors: in recent decades, many industrialized countries have
severely neglected their political and institutional ecosystems, which has led to
inequality in many societies due to technological changes, increased globalization,
local deregulation, and increased immigration.

In turn, many developing countries have not been able to lay the foundation
for successful economic development: industrialization and global integration have
advanced, but the Government of these countries has missed the opportunity to
involve the general population in the economic development process.

27.2 Methodology

The study was based on the analysis, comparison, and generalization of existing
approaches in foreign and domestic theory and practice on the impact of the
transforming educational environment on inclusive economic growth. The research
is characterized by a multidisciplinary approach, as it integrates sociological,
pedagogical, historical, and general scientific approaches and methods.

The convergent approach, which is actively used in politics, medicine, law, and
sociology, serves as the basis for considering the transformation of the educational
infrastructure in the context of widespread digitalization [2].

The competence-based approach [3, 4] is associated with the goals of education:
the training of an all-around intellectually developed person who possesses basic and
professional competencies and is able to effectively apply them within professional
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activities. Successful implementation of the competence-based approach will allow
the specialist to reach a higher professional level in the current economic situation.

The system-activity approach [5, 6] allows considering the digital educational
environment as an environment for constructing individual educational routes, an
environment that develops andmotivates students for active educational and cognitive
activities. The methodology developed in the course of the research can be applied to
the study of the impact of the educational environment transformation on sustainable
economic development.

27.3 Results

More and more economic experts today agree that there is nothing wrong with the
fundamental concept of inclusive growth. Such a “rethinking” of structural economic
reform and its rebalancing concerning macroeconomic, economic, and trade poli-
cies is necessary for governments to respond more effectively to weak economic
development and the resulting growing inequality [7].

Since the goal of any economy is to ensure the prosperity of the largest possible
part of the population, the term “inclusive growth” clearly shows how economic
growth is the main prerequisite for solving issues of social-economic policy, empow-
ering people, strengthening the economy, and active participation in labour activity.
“The priorities of the pro-inclusive economy should be reoriented to more effec-
tive countering insecurity and inequality that accompany external challenges and
technological changes” [8].

Since “the inclusivemodel of any national economic development is basedmainly
on its internal factors”, it can be assumed that in many respects this problem is
connected “with the specifics of the industry of a particular country, and more specif-
ically with the imbalance of its technological structure” [9]. In this regard, it is neces-
sary to either replace technologically backward segments (branches, manufacturing)
of industrial productionwith technologically advancedones or compensate—in terms
of reducing the level of scientific and technological equipment of production facili-
ties [10]. Inclusive growth, according to scientists, should promote the development
of the most vulnerable population groups in the present, as well as take into account
the needs of future generations [11]. Practice shows that when it comes to the require-
ment of inclusion, it is often overlooked that autonomy and self-determination are
linked to the personal responsibility of everyone in a competitive society.

Therefore, the measures recommended by many analytical experts are reasonable
and serve this purpose. In particular, these are such measures as an investment in
education and infrastructure, opening and promoting businesses, and a firm state
budget policy.

Nowadays, economic thinking and activity affect every aspect of our lives. Thus
since the beginning of the financial crisis, a neoclassical economic paradigm domi-
nated, which was repeatedly criticized as a paradigm based on the practice of homo
oeconomicus, which constantly produced winners and losers. Then today, first of all,
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it is necessary to understand how, from an economic perspective, education should
be designed in order to achieve prosperity and success for everyone who participates
in the economy.

Therefore, it is education that is the crucial key to the prospects in the labor market
and the possibility of income generation in the market.

The pedagogical quest for inclusion is compensated by the tendencies of socio-
economic isolation, which are reproduced through the education system and become
visible in specialized educational institutions, as well as in various educational
courses. Nowadays, the search for adequate concepts of economic education is of
great importance for modern educational institutions.

An economic historical review and a critical analysis of institutional business
ethics, as well as the on-going debate in the field of business education, show that
inclusion is impossiblewithoutmorally responsible actors. In this regard, todaymany
researchers postulate the requirements for inclusive economic education, and already
existing concepts of economic education are examined for their suitability within this
context [12].

In pedagogical discourse, inclusion is understood as teaching children and young
people with special educational needs at schools and universities to make them aware
of their professional training in the primary labor market. However, the primary
task of any professional education is to train a highly qualified specialist able to be
employed in our economic system. It is the educational institutions that can encourage
students to be responsible for the formation of a socially and economically devel-
oped society. The education system, in conjunction with the economic one, makes
a significant contribution to the process of inclusion, providing opportunities and
guaranteeing access to active participation in economic life. Therefore, the educa-
tion system cannot be considered in isolation from the economy and society for
which it trains professional personnel.

Vocational education in a broad socio-economic sense should mean full compli-
ance with the United Nations Convention on the Rights of Persons with Disabil-
ities—the full and effective inclusion and participation of all members of human
society, as well as their equal opportunities in the economy of a particular state. In
the economic sphere, this means the right to a dignified life and the opportunity to
earn a living, protection from exploitation, and access to an educational environment.
Achievement of economic inclusionwill largely depend on access to the labormarket
and income prospects. It is not a coincidence that the paradox of inclusion in society
is now particularly acute in vocational schools.

Until recently, in the Russian education system, there was some heterogeneity of
the educational process associatedwith the division of groups and classes into general
and special, for people with special needs. All efforts to overcome this division were
called integration and had a positive connotation in the past.

Inclusion, on the other hand, means a new approach in which diversity of learning
is the norm. Its qualitative feature is the adaptation of the system to the specific
needs of interested persons, which until recently could not be taken for granted in a
competitive economic system.
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When it comes to the requirement of inclusion, it is often overlooked that
autonomy and self-determination are linked to personal responsibility in a compet-
itive society, which will allow students to find decent jobs and be able to earn a
living.

The use of computer-based learning and studying has continued for many years
and has been associated, typically, with the use of a portable computer, laptop, or
video projector. Today, with the ubiquitous Internet and smartphones in the pockets
of the students, computer-based learning is outdated. Digitization radically changes
the modern education process. Digitalization is considered by both scientists and
politicians as a key factor for enhancingdomestic competitiveness.Research-oriented
teaching and learning beganwith theBolognaReform.And today, people are thinking
more and more about how this can be implemented and supported with the help of
digital media. Teaching staff creates a space for research orientation in training
using digital media. Digital media can be used both to design individual processes or
stages more efficiently (for research, data evaluation, or dissemination of results) and
to incorporate processes that unlikely would be implemented without digital media
(such as analyzing large amounts of data and compiling a database).

27.4 Conclusion

The convergence of digital technologies for the arts can go in several directions. In any
case, a unique object with signs of copyright protection is created. Its circulation can
be most effectively established by tokenization. The two functions of the blockchain
network are most evident in the tokenization of intellectual property: the ability to
authenticate the origin of an art object or intellectual right and verify it in transactions.

That confirms our belief that the development of blockchain technology and smart
contracts enables artists and other creators to protect their works from misuse and
expropriation. A robust system for the management of digital art objects is being
established. In doing so, the goal of limited art token releases is usually not to
impose stricter restrictions on use or a new form of digital rights management but to
create new types of tradable digital assets.

Digitalization is a core force for economic growth and social development. In order
to use the digitization potential for innovation, economic growth, and full employ-
ment, it is necessary to create the appropriate conditions and remove possible obsta-
cles, expand infrastructure, improve the prospects for digital education and employ-
ment, develop and apply norms and standards, and be able to gain consumer confi-
dence. In a sense, digital media can be considered as tools for managing certain situ-
ations, getting better in a research-oriented teaching–learning format, improving
research methods, or generalizing heterogeneous data. Interactive tasks and assigned
objectives facilitate research and communication processes.
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Digital transformations provide newemployment opportunities and newprospects
for all segments of society, especially in developing countries. An inclusive economy
will ensure expanded opportunity for more broadly shared prosperity. It will allow
us to achieve a perfect balance between society, the state, and business.
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