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Abstract: The sector of knowledge-intensive services is one of the fastest-growing sectors in the
present-day economy of knowledge, which explains the scientific interest in developing methods of
its quantitative assessment. The object of the research is the development of new approaches to the
mathematical modeling of the efficiency of the regional knowledge-intensive services sector, based on
a distance function approach to assess productivity changes. An approach was proposed to analyze
the efficiency of this sector using data envelopment analysis and Malmquist productivity index
and its components. The article presents the results of the assessment of indicators characterizing
the development of knowledge-intensive services in education, innovation, and ICT obtained from
80 Russian regions for the period 2010–2020. To perform the analysis, the following input variables
were used: volume of investments in fixed assets in ICT; share of personnel employed in the ICT;
share of internal expenditures on R&D in GRP; the number of personnel engaged in R&D; share of
innovative-active organizations and registered patents; funding for higher education institutions;
and the number of higher education institutions graduated. Output variables were number of used
advanced production technologies in the region; share of innovative goods, works, and services in
GRP, and use of the intellectual property. As a result of applying the data envelopment analysis,
Malmquist productivity index and its components, data were obtained on the positive dynamics of
the development of the knowledge-intensive services sector in Russian regions and conclusions were
drawn about the sector’s growth sources due to economies of scale.

Keywords: data envelopment analysis; Malmquist productivity index; efficiency assessing; knowledge-
intensive services; regional development

1. Introduction

In today’s world, knowledge and information have become the main source of com-
petitiveness and economic growth in countries and regions [1], where “knowledge econ-
omy” [2], and knowledge-intensive services and goods have come one of the leading sectors
of the “new” economy of the 21st century [3]. Knowledge, as an essential component of a
modern economy, has become a key asset within the service economy [4], much like fixed
assets in traditional economies [5].

Knowledge-intensive services and goods (commonly known as KIS) form a special
economic sector that produces and manages knowledge [6,7], increases the share of the
knowledge value in GDP [8], and is the driver of future technological development [9,10].
Knowledge-intensive service activities are sources, facilitators, or carriers in innovation [11].
As sources of innovation, they initiate and develop innovation activities in organizations
and regions; as facilitators, they support an organization in its innovation processes; and as
carriers, they integrate and transfer existing knowledge amongst organizations [12].
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The industries of knowledge-intensive services include service entities that incorporate
advanced technologies in their services or service delivery such as commercially traded
business, finance, and information services, services in research and development (R&D),
consulting, accounting, legal services, information services, marketing related services, and
information technology [12].

In developed economies, the growth rate of the knowledge-intensive services sector
outstrips the growth rates of the primary and secondary sectors, and its development in
the quaternary sector has a significant impact on the economic growth of countries [13].

The importance of this sector is determined by its scale and growth rates. The growth
multiplier of the sector is a few times greater than the growth in traditional sectors of the
economy, and by 2020, the knowledge-intensive services sector had become comparable in
its contribution to GDP to commodity sectors [14,15].

Education, innovation, and ICT, which form a knowledge-intensive services segment,
today have the greatest innovative potential and are the driving forces of economic growth
in general. The quality of education of the population, effective mechanisms for the transfer
of innovations, and the level of digital technologies implementation largely determine the
efficiency of economic development in the context of the “knowledge economy”.

The “knowledge intensity” of knowledge-intensive services renders them “cen-
ters of value added” [16]. Today, they are critical to knowledge dissemination and
economic growth.

Investments in the knowledge-intensive services sector in this context are an effective
tool for influencing economic growth, necessitating the study of planning and regulation of
the processes of developing markets for intellectual goods and services.

Since knowledge-intensive services play an important role in the regional economy
as sources of competitive advantages and provide a contribution to economic growth, the
formation, development, and stimulation of the knowledge-intensive services sector in the
modern economy have become priority tasks, and the knowledge-intensive services sector
should be considered as one of the factors for the further increase in innovation and the
formation of the “knowledge economy”.

The share of knowledge-intensive services sectors in the economy can be viewed as an
indicator of the economy’s ability to assimilate new knowledge and stimulate innovation
and growth.

Managing the effective development of the knowledge-intensive services sector is
an important task of economic policy in all countries. The conditions for their formation
and the potential for development are of interest from a theoretical, methodological, and
practical point of view. Therefore, the study of the specifics of the development of the
knowledge-intensive services sector is of high scientific value; it is necessary to develop
tools for assessing the level of development of these segments of the economy, their
dynamics, and the structural changes occurring in them.

The importance of the knowledge-intensive services sector as the most essential
driver of the country’s economic development determines the need for the diagnostics
of development to justify its regulation policy. It is necessary to draw conclusions about
the directions of the development of Russian regions in terms of the development of the
knowledge-intensive services sector. An important task of our study was also to identify
indicators that can be influenced to ensure the growth of the knowledge-intensive services
sector from the perspective of subsequent monitoring and public administration.

The objective of this study was the application of the data envelopment analysis
(DEA) and Malmquist productivity index and its components to assess the dynamics of the
development of the knowledge-intensive services sector.

This article presents the analysis methods and results of assessing the dynamics of
statistical indicators characterizing the development of knowledge-intensive services based
on data obtained from 80 Russian regions for the period from 2010 to 2020.

The main research question was to characterize the dynamics of knowledge-intensive
services in the education, innovation, and ICT sectors as a basic segment of knowledge
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generation and disseminating as well as to identify Russian regions, demonstrating the
more intensive development of the sector and describe the factors that have led to structural
changes over the last 10 years.

The purpose of this paper is to expand the use of mathematical models and methods
based on DEA to assess the development of the knowledge-intensive services sector and
identify trends in the efficiency of its development in Russian regions.

The study tests the following hypotheses:

Hypothesis 1 (H1). Knowledge-intensive services sector demonstrates a positive change in its
efficiency in Russian regions as a whole for the period from 2014–2020.

Hypothesis 2 (H2). The growth of the knowledge-intensive services sector is extensive and driven
by scale efficiency change.

Hypothesis 3 (H3). The efficiency of the knowledge-intensive services sector aligns in the
Russian regions.

To achieve the research objectives, the following tasks were accomplished:

- methodological approaches to the analysis of the dynamics of knowledge-intensive
services were defined and assessment tools developed on the basis of DEA models;

- relevant indicators were sampled to estimate input and output variables characterizing
the development of knowledge-intensive services in Russian regions;

- the calculation of quantitative performance indicators based on the Malmquist produc-
tivity index was carried out to evaluate the dynamics of knowledge-intensive services
over two periods; and

- the analysis of modeling results was conducted to determine best practices and direc-
tions of balanced development of knowledge-intensive services in Russian regions.

The novelty and the academic contribution of the research compared to existing stud-
ies [17–20] are that we have deepened the analysis of knowledge-intensive services based
on the DEA model by extending the assessment factors and the component-specific decom-
position of the Malmquist index, which allowed us to reach new conclusions regarding the
increase/decrease efficiency of the sector in the regional economies.

The research strategy includes the definition of relevant indicators and periods to
assess knowledge-intensive services, pre-processing of regional data, application of DEA
models, calculation of the Malmquist index and its components, creation of a regional effi-
ciency rating for different periods as well as conducting cartographic analysis to determine
the spatial balance of development of knowledge-intensive services in Russian regions.

The present work is organized as follows. The main research purposes and problems
are posed in the Introduction. The theoretical framework and literature review are pre-
sented in Section 2. Section 3 introduces the methodology of the research, describes the
data, variables, materials, and methods. Section 4 illustrates the empirical results. Finally,
Section 5 provides a discussion on the results and their main implications.

2. Theoretical Framework and Literature Review

The sector of knowledge-intensive services is one of the pioneering areas of scientific
development because the sector is relatively new, having only emerged about 30 years
ago. The tradition of identifying this sector originated in the general field of research of
post-industrial society, where the service sector began to play a leading role.

The study of the sectors of the knowledge-intensive services is based on the use of a
symbiosis of complementary basic theories of the development of economic systems: the
sectoral model, evolutionary, and institutional approaches to the development of regional
innovative systems as well as the knowledge economy and the paradigm of post-industrial
development. Within the framework of these approaches, the role of knowledge-intensive
sectors in ensuring the acceleration of economic growth is substantiated.



Mathematics 2022, 10, 173 4 of 22

In the framework of the three-sector model developed by Fischer, Clarke, and Fourastier,
in the modern tendencies of post-industrialization, the fourth sector stands out, which is
represented to a large extent by knowledge-intensive services [21–23].

Additionally, this topic is considered from the perspective of the theory of “knowledge
economy”. Machlup first turned to the problem of knowledge research as a key element of
modern economic development [2]. According to his approach, in the knowledge economy,
the sphere of creating new knowledge is formed by fundamental and applied science, higher
education, the innovation system, the patent system, research, and development. In the
development of this idea, various concepts of the “knowledge economy” and approaches
to its study were formed. Nelson and Phelps created one of the first models of economic
growth based on the dissemination of knowledge [24].

The starting point for the formation of the “knowledge economy” can be considered
to be 1991, when the volume of investments in information technologies for the first time
exceeded the number of investments in production technologies [25].

The first discussion of knowledge-intensive services sector on the European Commis-
sion level was made in 1995 in the report “Knowledge-Intensive Business Services: Users,
Carriers, and Sources of Innovation”, where it was called the Cinderella sector, which, with
the growing role of the service sector in the modern economy and the contribution that this
sector makes to innovation and competitiveness, remains poorly understood [26].

Today, this sector is characterized by a steady increase in the added value of intellectual
work and knowledge-intensive services [27] and a traditionally high level of employment
of highly skilled personnel [28]. Since the actors of the intellectual service sector cooperate
mainly with companies from other sectors [29] through the mechanisms of the innovation
spillover, their activities influence the whole economy [30], contributing to the progress in
the knowledge-intensive economy.

The industry of knowledge-intensive services is the market of professional knowl-
edge [31], which requires cognitive and creative abilities and relevant professional knowl-
edge. Miles I. defined the sector of knowledge-intensive services as services that “in-
volve economic activities which are intended to create, accumulate, or disseminate knowl-
edge” [32].

The studies of knowledge-intensive services in the “knowledge economy”, the analysis
of their role in the post-industrial economy are fairly multifaceted and comprehensive
in modern research [33–36]. The theoretical and methodological basis of the knowledge-
intensive services sector study and the detailed classification by functional purpose is
implemented in [37].

Defining boundaries and segmenting knowledge-intensive services markets is cur-
rently a research issue under discussion. This includes professional business services,
accounting and auditing, legal advice, recruitment, marketing services, technology, com-
puter and engineering services, industrial design, architecture, and some other business
services [38]. In addition to traditional business services, knowledge-intensive services
include R&D activities, vocational education, commercialization of scientific products, prop-
erty valuation, and publishing activities, and information-communication services [39].

There is a special segment of knowledge-intensive services, knowledge-intensive ser-
vice activity (KISA), which is a complex of scientific, technological, organizational, financial,
and commercial activities, aimed at commercializing accumulated knowledge, technol-
ogy and equipment, and creating, implementing, and disseminating innovations [40].
Education, information technology, and innovation are the main sectors of this activity.

In our study, we considered problems in the development of knowledge-intensive
service activity as a basic sector of knowledge generation in knowledge-intensive services.
This sector implements an innovative process through the education and training of highly
qualified personnel, innovation generation, commercialization, while vertical and hori-
zontal spatial diffusion of innovation as well as spillover effects influence the associated
innovation development processes and the regional economy [41].
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These segments of the knowledge-intensive services sector are in the zone of active
economic policy of the state and are flexibly regulated through the mechanisms of public
spending and indirect incentive measures. The synergistic effect of interaction between
education, ICT, and innovation in regional economies led to the growth of the knowledge
economy. It is also important in the sector of knowledge-intensive services that there are
objective statistics on financing from different sources and forms of ownership, information
on the number of employees, and measurable quantitative results of operation, which
increase the practical value of the findings of their evaluation.

To analyze the effectiveness of knowledge-intensive services, we propose using the
DEA tool and the calculation of the Malmquist index. The application of the DEA method-
ology to the study of the efficiency of economic systems [42–45], innovative development
and economic policies [46–51], and environmental management [52] has long been studied.
An important issue discussed is the specificities of the DEA models with different sets of
indicators that characterize certain aspects being studied. A detailed overview of input and
output variables selected for analysis used by various authors in the “knowledge economy”
study for DEA knowledge-intensive sector modeling is given in [8] and [53].

The large-scale study [54] on the assessment of research and innovation potential
in 28 European Union countries for 2010–2015 used a super-efficient non-oriented non-
radial slack-based DEA model of available R&D indicators (five input indicators and two
output indicators). Input variables were R&D expenditure in the higher education and the
business enterprise sector as % of GDP, human labor indicators as total researchers, human
resources in science and technology as % of active population, and share of employment
in service-intensive sectors. Output indicators were high-tech export as % of total export
and the number of scientific publications. The results of the study consist in assessing
the development of the EU innovation sector and identifying the groups of countries that
are the best in terms of efficiency and trends in their efficiency changes. It is notable that
the results also failed to confirm that countries with a high R&D intensity attain a high
R&D efficiency.

The influence of knowledge-intensive specialization on total factor productivity (TFP)
based on the data from 248 regions of the European Union at NUTS-2 level for the period
2014–2016 using the multiplicatively-complete Färe–Primont index was estimated in [8].
To calculate TFP, a set of factors was used, consisting of two inputs (employment in
thousand hours worked and gross fixed capital formation) and one output (gross domestic
product). Some conclusions have been drawn regarding TFP trends in EU regions and
uneven distribution of employment in high-tech manufacturing and knowledge-intensive
services in the EU regional space as well as the positive impact of knowledge-intensive
specialization on TFP and its spillover from nearby regions.

A two-stage DEA model to evaluate the relative efficiency of knowledge innova-
tion processes in the period of 2004–2010 in 19 EU countries, with a particular focus on
differences between the old European Union countries and V4 (Visegrad group) coun-
tries was used in [55]. Knowledge innovation processes were divided into two essential
sub-processes, knowledge production process, and knowledge commercialization process.
Inputs in the knowledge production and commercialization process are a number of scien-
tists and researchers employed full time, R&D expenditures of private and public sector
and accumulated “knowledge stock” as the capitalized R&D expenditures with using of a
perpetual inventory method, labor force out of the R&D, and accumulated “knowledge
stock” in the process of commercialization. Outputs from the knowledge production and
commercialization process are international scientific papers, the number of patents, added
value of industries, and the export of new products in high-tech industries. The DEA assess-
ment results show that the majority of analyzed countries reach higher relative innovation
efficiency in knowledge commercialization than in knowledge production, and the most
important slacks can be found in the financing of R&D. It is noteworthy that according to
the data [56], for the Russian environment, the regional analysis showed a higher potential
of knowledge producing and patenting than commercializing.
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The estimation of the efficiency of knowledge-intensive business services on the level
of 1.674 small- and medium-sized companies in Italy over the period from 2012 to 2017
was carried out in [57] by relying on the DEA-based Malmquist productivity index, which
was decomposed into two components: efficiency change and technical change index. The
results allowed us to determine the regions with increase or decrease in the Malmquist
productivity index and arrive at the conclusion that the technological change component,
as a measure of innovation, strongly limits the productivity growth behavior of knowledge
intensive business industry for all Italian regions.

The growth of efficiency in technological innovation in nine highly patent-intensive
industries in China for the period of 2004–2013 was identified in [58] based on the DEA-
Malmquist index method. By decomposing the Malmquist index of the technological
innovation efficiency of highly patent-intensive industries, we can see that level of techno-
logical efficiency change is the main factor affecting the technological innovation efficiency
in patent-intensive industries.

Individual elements of knowledge-intensive services and relative efficiency of the
R&D process across a group of 22 developed and developing countries were analyzed
in [59], where R&D technical efficiency was estimated based on CRS and VRS models
of DEA. Gross domestic expenditure on R&D and the number of researchers are inputs,
and patents granted to residents are outputs. The inefficiency in the R&D resource usage
highlighted by this study indicates the underlying potential that can be tapped for the
development and economic growth.

A detailed assessment of the technical and scale efficiencies of the knowledge-intensive
services sector based on the data from the countries of the Association of South East Asian
Nations for the period 1995–2010 is given in [53]. These empirical studies used the R&D
expenditure, foreign direct investment inflows, trade openness, and education expenditure
as input variables, while real GDP growth, high-tech exports as a percentage of total
manufacturing exports, computer users, patents, and scientific and technical journal articles
have been commonly considered as output variables for assessing the performance of a
country’s knowledge economy.

In general, it can be noted that there is not a large number of publications on the
evaluation of the dynamics of the knowledge-intensive services sector. Despite the rate
of growth and its significance for future development, research publications in this sector
are rather scattered and fragmented. The existing papers have mainly used specific DEA
models for variables available in the official statistics of regions and countries and described
the performance of certain segments of the knowledge-intensive sector. Most of the studies
are consistent with the main indicators of the knowledge-based sector.

We also used a number of the previously considered indicators, taking into account
the specifics of the scientific field and patenting procedures in Russia as well as the national
statistics, which influence the choice of variables for the analysis.

The present study continues the scientific discussion on the development of knowledge-
intensive economics and the effectiveness of spatial development in Russian regions,
contributing to the development of the DEA methodology. No such studies have been
conducted for Russian regions. The study makes an academic contribution to the search for
analysis tools for the dynamic structural shifts in the knowledge-intensive services sector in
the data of Russian regions to identify regional technology and innovation policy measures.

3. Methodology
3.1. Data

Relevant indicators for assessing the dynamics of the knowledge-intensive services
sector are indicators characterizing it in the areas of education, innovation, and ICT. The
choice of indicators is largely due to their availability in open statistics. To assess the
dynamics of the development of knowledge-intensive services, we defined input and
output variables for these sectors.

The following indicators were identified as inputs:
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1. ICT sector:

• ICT investment, ths rub.—volume of investments in fixed assets aimed at the acquisi-
tion of ICT in the region; and

• ICT personnel, %—share of people employed in the ICT sector in the total employed
population in the region.

2. R&D and innovations:

• R&D finance in GRP, %—share of internal expenditures on research and development
in GRP;

• R&D personnel—number of personnel engaged in research and development, pers.
per 10,000 employed in the regional economy;

• Innovative activity, %—share of organizations, implementing technological, organiza-
tional, and marketing innovations in the total number of surveyed organizations in
the region; and

• Registered patents, 100 unit—registered and issued patents as a result of intellectual
activity.

3. Education:

• HEI finance, mln rub.—amount of funding for educational institutions of higher
education; and

• HEI graduates, ths pers.—number of bachelors, specialists, and masters who gradu-
ated from higher education institutions, pers.

The following indicators were also identified as outputs:

• Used of advanced technologies, ths units—number of used advanced production
technologies in the region;

• Innovative goods in GRP, %—share of innovative goods, works, and services in the
total volume of goods shipped, works performed, services rendered; and

• Use of intellectual property, 100 units—used patents as intellectual property.

The effects of the interaction among inputs will occur in a few years, when investment
in education, innovation, ICT, and the human capital involved start to create value added
and increase the share of knowledge-intensive services in the regional economy. In our
study, we assumed that input variables are transformed into the resulting output variables
with a time lag of four years. Thus, input variables of 2010, 2013, and 2016 changed
output variables in 2014, 2017, and 2020 (Figure 1). Therefore, to analyze the dynamics and
calculate the Malmquist index, two periods were singled out and the resulting indicators
were calculated for two periods: 2014–2017 and 2017–2020.
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3.2. Materials and Methods

Econometric methods have traditionally been used to construct frontier function as a
method of estimating efficiency. DEA methods represent an alternative approach to solving
the multi-factor problem of assessing efficiency in the input–output space. Efficiency in this
case assumes an assessment of the ratio of the total beneficial effect of the object’s activity
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to the resources expended in the course of this activity. The purpose of applying DEA is to
construct a piecewise linear function is that all of the objects under consideration in the
feature space will be located to the right or above the resulting boundary. The frontier
estimation uses linear programming methods. Objects with minimal inputs, which produce
the maximum economic output, are considered efficient.

The methodology provides a composite index of relative effectiveness, taking into
account a variety of factors. The advantages of this approach include the possibility of
using heterogeneous factors and they do not need to be normalized. An important feature
of DEA is the absence of a priori postulation of the type of function that sets the boundary.
The DEA-based integrated assessment of capacity dynamics is a universal tool for assessing
complex meso-level socio-economic facilities.

Nowadays, various modifications of DEA models are applied including input-oriented
and output-oriented, constant return to scale (CRS) [60] and variable return to scale
(VRS) [61], technical, and scale efficiency [62]. The Malmquist index is used on panel
data to calculate total factor productivity (TFP) change. To assess the efficiency of objects
in dynamics, the Malmquist Index was used, which evaluates the regression or progress
of efficiency.

The total factor productivity (TFP) using the Malmquist index was calculated as the
geometric mean between the coefficients showing changes in the input and output variables
from the previous period relative to its production function at times t and t + 1. The
peculiarity of the DEA method based on the Malmquist index, as opposed to independent
effectiveness evaluation at time t and time t + 1, is that it also takes into account the change
in the efficiency boundary itself between these periods.

Consider a set consisting of N objects called decision-making units (DMU), whose
performance will be evaluated by the DEA-based method. Each DMU, i = 1, . . . , N, is
represented by a set of P input variables and R output variables. The corresponding input
values xi are a vector of dimension P, and the output values yi are a vector of dimension
Q, where i = 1, . . . , N. Thus, we can obtain input matrix X of dimension NxP and output
matrix Y of dimension NxQ for each DMU. Let Xt be inputs at time t, and Yt be outputs at
time t, t = 1, . . . , T.

Let us consider production technology Ft for a DMU at time t:

Ft = {(xt, yt) : xt can produce yt}.

Define the output distance function [63] as:

dt
0(xt+1, yt+1) = min

θ

{
θ > 0|

(
xt+1,

yt+1

θ

)
∈ Ft

}
The distance function is used to measure efficiency over a period t, and can be rep-

resented as the reciprocal of output-oriented efficiency measure [64]. In this case, output-
oriented measures are used.

The Malmquist productivity change index in the DEA model between period t and
period (t + 1) is [65]:

MI0(xt, yt, xt+1, yt+1) =

(
dt

o(xt+1, yt+1)

dt
o(xt, yt)

·d
t+1
o (xt+1, yt+1)

dt+1
o (xt, yt)

)1/2

. (1)

MI0 can be represented as the geometric mean of relative productivity changes from t
to (t + 1).

To calculate MI0(xt, yt, xt+1, yt+1), we need to find four components of the distance
functions. At this stage, it is required to solve the following linear programming problems:
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(
dt

o(xt, yt)
)−1

= maxϕ,λ ϕ,
Subject to
−ϕyi,t + Yt λ ≥ 0,
−xi,t + Xt λ ≥ 0,
λ ≥ 0

(2)

(
dt+1

o (xt+1, yt+1)
)−1

= maxϕ,λ ϕ,
Subject to
−ϕyi,t+1 + Yt+1 λ ≥ 0,
−xi,t+1 + Xt+1 λ ≥ 0,
λ ≥ 0

(3)

(
dt

o(xt+1, yt+1)
)−1

= maxϕ,λ ϕ,
Subject to
−ϕyi,t+1 + Yt λ ≥ 0,
−xi,t+1 + Xt λ ≥ 0,
λ ≥ 0

(4)

(
dt+1

o (xt, yt)
)−1

= maxϕ,λ ϕ,
Subject to
−ϕyi,t + Yt+1 λ ≥ 0,
−xi,t + Xt+1 λ ≥ 0,
λ ≥ 0

(5)

Tasks (2)–(5) must be solved for DMUi, i = 1, . . . , N. Hence for N DMUs and T
periods, there are N·(3T − 2) linear programming problems. As a result, the Malmquist
productivity change index can be tabulated in DMU space or time space, and this provides
the summary measures used for calculating. If there is a performance improvement from
period t to t + 1, MI takes on values greater than 1. The values MI < 1 or MI = 1 indicate a
decrease or constancy in DMU efficiency during the study period.

Using identity transformations, the following expression for a given index can be
obtained from (1):

MI0(xt, yt, xt+1, yt+1) = dt+1
o (xt+1, yt+1)

dt
o(xt , yt)

·
(

dt
o(xt+1, yt+1)

dt+1
o (xt+1, yt+1)

· dt
o(xt , yt)

dt+1
o (xt , yt)

)1/2

= EC·TC,
(6)

where EC =
dt+1

o (xt+1, yt+1)

dt
o(xt, yt)

, (7)

TC =

(
dt

o(xt+1, yt+1)

dt+1
o (xt+1, yt+1)

· dt
o(xt, yt)

dt+1
o (xt, yt)

)1/2

. (8)

In (6), the EC index reflects the change in technical efficiency and shows whether the
DMU is getting closer to its efficiency frontier. TC index reflects the technological change,
which is the geometric mean of two ratios and characterizes the shift in the potential frontier
in time (the impact of scientific and technological progress). If TC > 1, this is interpreted as
the presence of technical progress.

The technical efficiency change can be decomposed using CRS and VRS DEA fron-
tiers [66]:

EC = SE·PE,

where

SE =

(
dt

VRS(xt+1, yt+1)/dt
CRS(xt+1, yt+1)

dt
VRS(xt, yt)/dt

CRS(xt, yt)
·
dt+1

VRS(xt+1, yt+1)/dt+1
CRS(xt+1, yt+1)

dt+1
VRS(xt, yt)/dt+1

CRS(xt, yt)

)1/2

, (9)
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PE =
dt+1

VRS(xt+1, yt+1)

dt
VRS(xt, yt)

. (10)

Scale efficiency change SE measures the degree to which a DMU becomes closer to
its most productive scale size from period t to t + 1. Pure technical efficiency change PE is
relative to a variable return to scale model.

The considered index-based approach allowed us to assess the main sources of pro-
ductivity changes. To identify the main source of efficiency changes, the obtained indices
can be compared. In the case of PE > SE, the increase in pure technical efficiency should be
indicated as the main source of efficiency change. In the case of PE < SE, the main source of
efficiency is gained in the efficiency of scale.

4. Results

We tested the proposed model on the data on the development of knowledge-intensive
services in Russian regions. When forming the list of DMUs, the DEA model took into
account those constituent entities of the Russian Federation for which the figures on the
formed list of indicators are provided in official statistical sources. These regions can have
a significant influence on the location of the border.

The DEA model to analyze the dynamics of the development of the knowledge-
intensive services sector included eight input and three output variables, and 66 out of
80 Russian regions were considered as DMU. The data according to these indicators and the
lag model were derived from official open sources for regional statistics for 2010–2020 [67].

Descriptive statistics on knowledge-intensive services sector indicators for the selected
regions are presented in Table 1, which illustrates the great variability of the data and
confirms its uneven development at the regional level.

Table 1. Descriptive statistics of DEA model variables.

Variables Mean Median Standard Deviation Min Max

Used of advanced technologies, ths units 3.412 2.263 3.483 0.086 20.649

Innovative goods in GRP, % 6.557 5.300 5.592 0.000 27.500

Used of intellectual property, 100 units 4.799 2.235 8.328 0.040 79.770

ICT investment, ths rub. 3.600 1.668 7.306 0.140 76.783

ICT personnel in total employed population, % 1.528 1.401 0.560 0.556 3.261

R&D finance in GRP, % 0.879 0.540 1.005 0.030 6.700

R&D personnel, pers. per 10,000 employed 30.672 19.081 35.449 2.000 211.977

Registered patents, 100 units 4.939 2.050 13.617 0.030 114.810

Innovative activity, % 9.356 8.500 3.937 2.100 24.500

HEI finance, mln rub. 9.780 3.858 24.453 0.419 223.937

HEI graduates, ths pers. 18.792 10.825 30.647 0.716 271.927

In the process of applying DEA models based on the Malmquist index, reflecting the
dynamics of technological progress, the regions were compared in efficiency with each
other and with themselves at different times.

At the first stage of the study, the values of the Malmquist index and its components
were calculated for the two periods of 2014–2017 and 2017–2020 (Table 2).
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Table 2. Malmquist productivity index for Russian regions (2014–2017 and 2017–2020).

Region 2014–2017 Region 2017–2020

PE SE MI PE SE MI

Krasnodar Region 1.000 1.204 1.853 Kaliningrad Region 1.146 2.357 4.465
Orenburg Region 1.502 1.265 1.750 Altai Republic 1.000 1.061 3.977

Altai Republic 1.000 1.867 1.724 Murmansk Region 1.296 1.569 2.725
Belgorod Region 1.190 1.591 1.518 Ivanovo Region 1.111 1.867 2.673

Kemerovo Region 1.000 1.155 1.452 Astrakhan Region 1.098 1.724 2.629
Kaluga Region 0.981 1.122 1.402 Tomsk Region 1.468 1.489 2.575

Arkhangelsk Region 1.040 1.234 1.349 Republic of Karelia 1.000 1.574 2.455
Vladimir Region 1.030 1.019 1.333 Omsk Region 1.401 1.318 2.371
Stavropol Region 1.013 1.377 1.329 Altai Region 1.088 1.634 2.356

Irkutsk Region 1.006 1.262 1.320 Republic of Khakassia 1.000 1.000 2.108
Tyumen Region 1.000 1.000 1.290 Komi Republic 0.911 1.243 2.101

Khabarovsk Region 1.491 1.012 1.272 Republic of Sakha (Yakutia) 1.231 1.039 2.019
Saratov Region 1.000 1.000 1.245 Primorsky Krai 1.379 0.874 1.914

Republic of Karelia 1.191 0.953 1.232 Stavropol Region 1.000 1.000 1.900
Chelyabinsk Region 1.047 1.035 1.219 Novosibirsk Region 1.062 1.075 1.682

Kurgan Region 1.149 1.099 1.218 St. Petersburg 1.324 1.026 1.647
Kostroma Region 1.000 1.021 1.205 Smolensk Region 1.060 1.231 1.631

Republic of Bashkortostan 1.000 1.000 1.184 Leningrad Region 1.000 1.000 1.579
Republic of Sakha (Yakutia) 0.892 1.300 1.175 Kaluga Region 1.046 0.979 1.548

Republic of Khakassia 1.000 1.000 1.173 Amurskaya Oblast 0.820 1.306 1.502
Smolensk Region 0.943 1.285 1.171 Perm Region 1.000 1.000 1.471
Volgograd Region 0.892 1.115 1.162 Bryansk Region 1.065 1.273 1.458

Samara Region 1.000 1.084 1.159 Sverdlovsk Region 1.000 1.000 1.437
Sverdlovsk Region 1.000 1.000 1.143 Nizhny Novgorod Region 1.000 1.000 1.414

Moscow city 1.000 1.000 1.139 Pskov Region 1.000 1.085 1.376
Ulyanovsk Region 1.204 1.286 1.113 Republic of Buryatia 0.765 1.490 1.333
Zabaykalsky Krai 1.000 1.000 1.105 Republic of Udmurtia 1.000 1.000 1.332

Republic of Tatarstan 1.000 1.000 1.102 Ulyanovsk Region 1.000 1.000 1.330
Bryansk Region 1.235 1.207 1.100 Chelyabinsk Region 0.918 0.997 1.327

Perm Region 1.000 1.000 1.014 Krasnoyarsk Region 0.872 1.012 1.324
St. Petersburg 0.983 0.977 1.006 Tver Region 1.000 0.994 1.317
Ryazan Oblast 1.000 1.019 0.997 Orenburg Region 1.000 1.634 1.297
Kirov Region 1.000 1.072 0.993 Kirov Region 1.000 1.111 1.276

Novosibirsk Region 0.682 1.316 0.989 Oryol Region 0.810 1.159 1.226
Mari El Republic 1.000 1.000 0.982 Kurgan Region 0.990 1.105 1.181

Leningrad Region 1.000 1.000 0.964 Kursk Region 1.054 1.000 1.175
Primorsky Krai 0.612 1.336 0.943 Belgorod Region 1.175 1.044 1.160

Tver Region 1.000 1.000 0.928 Moscow Region 1.000 1.000 1.150
Tula Region 1.000 1.000 0.915 Voronezh Region 0.874 1.201 1.144

Rostov Region 0.801 1.252 0.910 Tyumen Region 1.000 1.000 1.137
Penza Region 1.000 1.222 0.901 Novgorod Region 1.000 0.869 1.122
Omsk Region 0.815 0.950 0.896 Vladimir Region 1.000 1.000 1.085

Yaroslavskaya Oblast 1.000 0.986 0.889 Tula Region 1.000 1.000 1.059
Komi Republic 1.000 0.801 0.876 Tambov Region 0.871 1.039 1.051

Republic of Mordovia 1.000 1.000 0.855 Samara Region 1.000 1.000 1.035
Novgorod Region 1.000 1.000 0.850 Penza Region 0.907 0.986 1.017

Kursk Region 0.921 1.168 0.845 Rostov Region 1.062 0.958 0.997
Tomsk Region 0.934 1.018 0.832 Zabaykalsky Krai 1.000 0.929 0.996

Nizhny Novgorod Region 1.000 1.000 0.828 Republic of Mordovia 1.000 1.000 0.980
Voronezh Region 0.916 1.139 0.810 Chuvash Republic 1.000 1.000 0.967

Vologodskaya Oblast 1.000 1.000 0.791 Vologodskaya Oblast 1.000 0.958 0.950
Tambov Region 1.003 0.886 0.791 Kemerovo Region 1.000 1.000 0.946
Oryol Region 1.306 0.683 0.781 Irkutsk Region 0.862 0.684 0.930

Murmansk Region 0.836 0.886 0.780 Ryazan Oblast 0.891 0.985 0.927
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Table 2. Cont.

Region 2014–2017 Region 2017–2020

PE SE MI PE SE MI

Pskov Region 1.000 0.817 0.774 Republic of Bashkortostan 1.000 0.934 0.908
Ivanovo Region 0.908 0.936 0.764 Republic of Tatarstan 1.000 1.000 0.859

Kaliningrad Region 0.863 0.755 0.753 Volgograd Region 1.124 0.669 0.850
Moscow Region 1.000 1.000 0.751 Saratov Region 0.828 0.808 0.828

Republic of Udmurtia 1.000 1.000 0.748 Lipetsk Region 1.000 1.000 0.820
Altai Region 0.919 0.762 0.714 Khabarovsk Region 1.000 1.000 0.794

Amurskaya Oblast 0.940 0.836 0.707 Kostroma Region 1.000 1.000 0.753
Krasnoyarsk Region 0.775 0.752 0.666 Krasnodar Region 0.967 0.964 0.714
Chuvash Republic 1.000 1.000 0.639 Yaroslavskaya Region 0.690 0.835 0.695

Lipetsk Region 1.000 1.000 0.598 Arkhangelsk Region 1.000 0.865 0.668
Astrakhan Region 1.071 0.537 0.571 Mari El Republic 1.000 0.994 0.598

Republic of Buryatia 1.001 0.297 0.292 Moscow city 0.473 0.942 0.351

The composition of the leading regions, in accordance with the values of the Malmquist
index MI ≥ 1, changed significantly over the two periods studied. Traditional regional
leaders in the knowledge-intensive services sector showed relatively low MI values. How-
ever, this does not mean that the output of these regions is reduced. These structural shifts
are largely due to the fact that in the period 2017–2020, individual regions experienced an
increase in output values, with the input ones remaining at the level of the previous period.
However, there was a general trend toward an increase in the number of regions, which
demonstrates an increase in the efficiency in the development of the knowledge-intensive
services sector (Table 3). In the period from 2017 to 2020, the number of regions with a
positive development performance of knowledge-intensive services increased by 22.73%
compared to the period from 2014 to 2017. This supports the H1 hypothesis of positive
growth in knowledge-intensive services as a whole in Russia.

Table 3. Structural changes in the dynamics of the efficiency of regional development.

Period 2014–2017 2017–2020

MI ≥1 46.97% 69.70%

MI <1 53.03% 30.30%

Figure 2 describes the distribution of regions by the level of the knowledge-intensive
services sector efficiency from 2014 to 2017. Figure 3 shows the Malmquist index by regions
of Russia from 2017 to 2020.

The analysis of Figures 2 and 3 allowed us to visually demonstrate the structural
spatial shifts that occurred in Russian regions in knowledge-intensive services between
2017 and 2020 and showed an increase in the number of regions with the rapid development
of the sector. Twelve regions for which some indicators are missing (registered patents and
innovative activity in 2010–2014) are highlighted in gray.

The analysis of structural shifts in the knowledge-intensive services sector demon-
strates changes in the spatial arrangement of regions in dynamics. For example, in
2017–2020, knowledge-intensive services growth occurred in those regions that had low
efficiency growth rates in 2014–2017. These are mainly the regions of central and western
Russia. The increasing growth in the knowledge-intensive services sector in these regions
indicates that the sector’s efficiency has improved. We interpreted this trend as an increase
in the evenness of penetration of the knowledge-intensive services on the territory of the
country and a decrease in the polarization of regional development, which supports the H3
hypothesis of the relative leveling of the development of knowledge-intensive services in
Russian regions.
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In the period from 2017 to 2020, the less developed regions “caught up” with the
regions that were more developed in the period between 2014 and 2017. In addition,
the regions of western and central Russia are densely populated industrial regions and
the growth of knowledge-intensive services is more desirable from the point of view of
spatial development than, for example, even higher knowledge-intensive services growth
in regions that are economic leaders, or in eastern resource-producing regions. Provided
that the resource inputs we use are a good reflection of the amount of financial resources
invested in the knowledge-intensive services sector, we can conclude about a more balanced
regional development. Regions located outside the production capacity had increased
efficiency by 2020, which indicates a rational public policy for the development of these
territories as a zone for the growth of new technological structures and a knowledge-
intensive economy.

Table 4 shows the average values of the Malmquist index and its components between
2014 and 2020.
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Table 4. Malmquist productivity index over the period between 2014 and 2020.

Region Region No. EC TC PE SE MI

Moscow Region 52 1.408 1.860 1.000 1.408 2.619
Altai Region 23 1.327 1.382 0.995 1.334 1.834

Kursk Region 19 1.337 1.301 1.091 1.225 1.739
Chelyabinsk Region 33 1.181 1.345 1.006 1.173 1.589

Republic of Udmurtia 53 1.000 1.572 1.000 1.000 1.572
Republic of Tatarstan 62 1.218 1.265 1.048 1.162 1.540

Sverdlovsk Region 43 1.762 0.855 1.225 1.438 1.507
Republic of Khakassia 6 1.062 1.387 1.013 1.048 1.473

Khabarovsk Region 60 1.441 1.016 1.171 1.231 1.464
Voronezh Region 25 1.227 1.188 1.041 1.179 1.458

Yaroslavskaya oblast 59 1.196 1.218 1.069 1.119 1.457
Republic of Sakha (Yakutia) 5 1.328 1.076 1.005 1.322 1.429

Republic of Karelia 13 1.258 1.099 1.000 1.258 1.382
Republic of Buryatia 20 0.952 1.424 0.955 0.998 1.356

Republic of Mordovia 64 0.993 1.353 0.919 1.081 1.343
Orenburg Region 1 1.524 0.871 1.183 1.288 1.327

Krasnoyarsk Region 54 1.116 1.162 1.000 1.116 1.297
Tver Region 58 1.012 1.274 0.851 1.189 1.290

Ulyanovsk Region 28 1.142 1.126 1.141 1.002 1.287
Penza Region 49 1.000 1.281 1.000 1.000 1.281

Mari El Republic 51 0.996 1.277 0.980 1.016 1.272
Ivanovo Region 2 1.422 0.890 1.147 1.240 1.266
Kaluga Region 24 1.000 1.234 1.000 1.000 1.234

Kemerovo Region 30 1.043 1.175 1.084 0.962 1.226
Vologodskaya Oblast 40 1000 1.221 1000 1.000 1.221

Kostroma Region 47 1.244 0.978 1.097 1.134 1.217
Perm Region 50 1000 1.211 1.000 1.000 1.211

Astrakhan Region 3 1.024 1.174 1.015 1.009 1.203
Republic of Bashkortostan 48 1.176 1.020 1.067 1.102 1.199
Nizhny Novgorod Region 57 1.075 1.091 1.000 1.075 1.172

Arkhangelsk Region 29 1.059 1.086 0.983 1.077 1.150
Tambov Region 41 1.092 1.031 1.000 1.092 1.126

Novgorod Region 56 0.866 1.279 0.932 0.929 1.108
Primorsky Krai 15 0.997 1.109 1.000 0.997 1.106

Novosibirsk Region 45 1.041 1.052 1.000 1.041 1.095
Krasnodar Region 42 1.000 1.082 1.000 1.000 1.082

Ryazan Oblast 63 0.964 1.088 1.000 0.964 1.049
Leningrad Region 34 0.967 1.072 1.000 0.967 1.037
Tyumen Region 27 0.941 1.096 1.000 0.941 1.032

Moscow city 66 0.918 1.123 0.878 1.045 1.030
St. Petersburg 46 0.818 1.241 0.910 0.899 1.015

Chuvash Republic 65 1.228 0.819 1.221 1.006 1.005
Kirov Region 38 1.000 0.998 1.000 1.000 0.998

Kurgan Region 8 1.065 0.936 0.985 1.081 0.997
Rostov Region 31 0.865 1.149 1.001 0.864 0.994

Smolensk Region 16 1.000 0.985 1.000 1.000 0.985
Kaliningrad Region 11 0.915 1.069 1.028 0.890 0.978

Irkutsk Region 26 0.932 1.047 1.000 0.932 0.976
Pskov Region 37 1.000 0.973 1.000 1.000 0.973
Altai Republic 4 1.047 0.919 0.895 1.170 0.962

Bryansk Region 12 0.946 1.016 0.944 1.002 0.961
Samara Region 44 1.045 0.916 0.952 1.098 0.957
Saratov Region 32 1.010 0.943 0.922 1.095 0.953

Amurskaya Oblast 7 1.010 0.943 1.000 1.010 0.952
Omsk Region 21 1.054 0.901 1.020 1.033 0.949
Tula Region 55 0.717 1.310 0.822 0.872 0.939

Murmansk Region 10 1.000 0.929 1.000 1.000 0.929
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Table 4. Cont.

Region Region No. EC TC PE SE MI

Oryol Region 36 1.000 0.916 1.000 1.000 0.916
Tomsk Region 14 0.896 1.017 0.935 0.959 0.912
Komi Republic 22 0.979 0.886 1.000 0.979 0.867

Belgorod Region 17 0.754 1.042 0.831 0.907 0.786
Vladimir Region 39 1.000 0.786 1.000 1.000 0.786
Zabaykalsky Krai 35 0.997 0.769 1.000 0.997 0.767
Volgograd Region 9 1.000 0.700 1.000 1.000 0.700
Stavropol Region 18 0.667 0.948 0.688 0.971 0.633
Lipetsk Region 61 0.583 1.071 0.875 0.666 0.624

Table 5 presents the aggregated results of the calculations of the Malmquist index
and its components by regions to exclude the effects of possible fluctuations in indices for
individual periods. Given that the Malmquist index uses paired period comparisons, it is
useful to compare the values of the performance indices for one single period of 2014–2020.

Table 5. Malmquist Index summary of means for the model.

Period EC TC PE SE MI

2014–2017 1.009 0.976 0.992 1.017 0.985

2017–2020 1.074 1.202 0.998 1.076 1.290

Geometric means 1.041 1.083 0.995 1.046 1.127

2014–2020 1.084 1.169 0.990 1.095 1.267

In the period 2014–2020, within the framework of which the research was carried
out, there was a tendency to increase the total factor productivity (MI = 1.127). TC > 1
reflects a change in the frontier of production capabilities; in this case, the efficiency of the
leading regions had increased. EC > 1 shows that the regions reduced the gap with the
leading regions.

From 2014 to 2017, the development of knowledge-intensive services could not be
considered effective. From 2017 to 2020, its efficiency increased. The average values of
the Malmquist Index and its components over two periods maintained the trend while
considering three intervals, which indicates that the model is sufficiently stable.

Analysis of the variability of the main performance indices (Figure 4) confirmed that
technological change (TC) was the most significant factor of increased efficiency for the
Russian regions. An important feature of effective development over both periods is that
positive performance was achieved in both periods and on average through scale efficiency
change. The mean pure efficiency change in these cases was less than one. With a slight
increase in pure efficiency change, there were, on average, regions that were not effective
in terms of PE index. This confirms hypothesis H2 on the significant influence of scale
efficiency in the development of the knowledge-intensive services sector.

The regions in the sample were very unevenly distributed; there were significant
differences in the development dynamics between various regions, while for scale efficiency,
changes in the difference was greater than for the pure efficiency changes.

The distribution of MI for the regions is summarized in Figure 5.
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Figure 4. Variability of aggregate performance indices by region for the period of 2014–2017. 

The regions in the sample were very unevenly distributed; there were significant 
differences in the development dynamics between various regions, while for scale effi-
ciency, changes in the difference was greater than for the pure efficiency changes. 

The distribution of MI for the regions is summarized in Figure 5. 
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Examining the dynamics of the aggregated values of the Malmquist index and its
components PE and SE by considered regions, we can conclude that the pure efficiency
change occurred to a much lesser extent than the scale efficiency change (Figure 6). The
above was also true for leading regions. The abscissa shows the numbers of the regions
indicated in Table 4.



Mathematics 2022, 10, 173 17 of 22

Mathematics 2022, 10, x FOR PEER REVIEW 17 of 22 
 

 

Figure 5. Histogram of the distribution of regions according to the Malmquist index. 

Examining the dynamics of the aggregated values of the Malmquist index and its 
components PE and SE by considered regions, we can conclude that the pure efficiency 
change occurred to a much lesser extent than the scale efficiency change (Figure 6). The 
above was also true for leading regions. The abscissa shows the numbers of the regions 
indicated in Table 4. 

 PE
 SE
 MI1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

2,0

2,2

2,4

2,6

2,8

 
Figure 6. Cross-region mean estimation of the Malmquist index components. 

To identify the best practices based on the approximation of the optimal scale of ac-
tivity, it was proposed to identify those regions with PE > 1 and SE > 1 (Figure 7). 

 

Figure 6. Cross-region mean estimation of the Malmquist index components.

To identify the best practices based on the approximation of the optimal scale of
activity, it was proposed to identify those regions with PE > 1 and SE > 1 (Figure 7).

Mathematics 2022, 10, x FOR PEER REVIEW 17 of 22 
 

 

Figure 5. Histogram of the distribution of regions according to the Malmquist index. 

Examining the dynamics of the aggregated values of the Malmquist index and its 
components PE and SE by considered regions, we can conclude that the pure efficiency 
change occurred to a much lesser extent than the scale efficiency change (Figure 6). The 
above was also true for leading regions. The abscissa shows the numbers of the regions 
indicated in Table 4. 

 PE
 SE
 MI1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

2,0

2,2

2,4

2,6

2,8

 
Figure 6. Cross-region mean estimation of the Malmquist index components. 

To identify the best practices based on the approximation of the optimal scale of ac-
tivity, it was proposed to identify those regions with PE > 1 and SE > 1 (Figure 7). 

 

Figure 7. 3D Scatterplot of MI against PE and SE.

The regions in this area demonstrated both an approach to the efficiency frontier and an
increase in returns to scale over the period under consideration. A total of 24% of the regions
belonged to this group, in particular, the Republic of Tatarstan, the Sverdlovsk region,
Republic of Bashkortostan, and Chuvash Republic. The experience of these regions can be
used to develop strategic directions for the development of knowledge-intensive services.
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5. Discussion and Conclusions

The importance of knowledge-intensive services as a major driver of a country’s
economic development makes it necessary to diagnose development in time and space in
order to support regulatory policies.

For the knowledge-intensive services sector, both traditional rating models [68] and sta-
tistical methods can be applied taking into account different factors for several knowledge-
intensive economy segments [69]. The application of the DEA methodology enhances
the ability to assess the sector’s performance and dynamics in a resource-result approach.
Most of the previous DEA-based research has focused on aspects of the development of
knowledge-intensive services. Compared with these, we proposed a methodology to assess
the dynamics of the knowledge-intensive services sector based on DEA to assess whether
the sector is being developed through the expansion of resources or their efficient use. Our
study attempted to implement a systemic approach by using a group of indicators covering
features of the sector such as education, innovation, ICT, and their development.

The study was based on the examination of statistics and the updating of the sample
as well on the inclusion of new periods in the study, which enriches our knowledge of the
sector and allowed us to identify new trends and areas of its development. In the article,
the time interval included the period from 2010 to the present day (taking into account
open statistics data), which makes it possible to update fundamental knowledge about the
development of the sector as a whole, in contrast to previous works.

Previous studies on the development of the knowledge-intensive services sector at the
meso-level by DEA methods have assessed the particularities of the regions, taking into
account country specificities [70,71]. The choice of input and output variables was limited
in the article by the specificity of reflecting the functioning of the sector in Russia. The
depth of statistics due to the need to take into account time lags determined the number
of study periods. Such a systemic study of the knowledge-intensive services sector in the
regions of Russia was carried out for the first time.

In order to assess the structural change in the knowledge-intensive services sector in
Russian regions, methodological approaches to the assessment of its efficiency were devel-
oped in this study using data envelopment analysis based on a set of indicators reflecting
the quantitative characteristics of segments of education, R&D and innovations, and ICT as
part of the knowledge-intensive services sector. Input variables (volume of investments
in fixed assets aimed at the acquisition of ICT in the region; share of personnel employed
in the ICT sector; share of internal expenditure on R&D in GRP; the number of personnel
engaged in R&D; share of organizations implementing technological, organizational, and
marketing innovations; registered patents; funding for higher education institutions; the
number of graduates from higher education institutions), and the output variables (number
of used advanced production technologies in the region; share of innovative goods, works,
and services in GRP and use of intellectual property) were used.

Our study attempts to distinguish regions by knowledge-intensive services sectors
through decomposing the Malmquist index into TC, PE, and SE, which is a scientific novelty
of research. Recent research has been aimed at drawing conclusions on the directions of
the development of Russian regions from the point of view of the knowledge-intensive
services sector. The proposed approach makes it possible to divide the efficiency change
into the shift in the production capacity boundary and the movement of regions to or from
it during the period from 2014 to 2020.

We obtained the following main conclusions in support of the hypotheses put forward.
The use of the Malmquist index for the two periods of 2014–2017 and 2017–2020 showed
generally positive development of the knowledge-intensive services sector in Russian
regions. The increase in the number of efficient regions from 46% in 2014 to 53% in 2020
indicates an increase in the effectiveness of the knowledge-intensive services sector in the
regions under consideration during the study period; that is, most regions have joined the
development of knowledge-intensive economies. This may indicate the positive impact of
resource provision and financing policies of regional development in the regions.
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Based on the evaluation of the effectiveness of the development of knowledge-intensive
services both over time and by region, it can be concluded that the change in aggregate
costs explains most of the differences in efficiency. In so doing, pure efficiency change has
less impact on total factor productivity.

At the same time, it should be noted that the development of knowledge-intensive
services is characterized by some unevenness in various aspects, particularly in the net
efficiency index.

The study revealed that the high dynamics of knowledge-intensive services showed
regions were not traditional leaders in innovative and economic development; the increase
in their efficiency has been due to a reduction in the deviation from the leading regions and
the significant impact of scale efficiency.

The applied significance of the study is the ability to use timely assessments of the
sector’s dynamics and potentials to determine national priorities. Prospects for the transfor-
mation of the Russian economy in accordance with the requirements for the development
of a new technological paradigm will be associated, first of all, with regions that have
demonstrated an increase in the efficiency of the sector, both in terms of pure efficiency and
scale efficiency.

Public policies for the development of these segments of the regional economy should
include measures to support the development of knowledge-intensive sectors. It is also
important to reduce regional differentiation of knowledge-intensive sectors for their even
and sustainable development. Calculating and monitoring the regional ranking results
for knowledge-intensive services sector development allow for the diagnosis of ongoing
structural changes in this sector to obtain empirical estimates for the perspective.

A further step is aimed at exploring the phenomenon of regional efficiency improve-
ments along Russia’s western and southern borders, involving most input variables such as
foreign direct investment, openness to trade, international transfer of innovation, the share
of innovation exports of the total exports of products, and published scientific articles. The
study of stochastic DEA models with a view to possibly assessing the influence of other
factors affecting the efficiency of the regional development of knowledge-intensive services
is of future research interest.
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