R-ECONOMY, 2021, 7(2), 72-87

doi: 10.15826 /recon.2021.7.2.007

Original Paper

doi 10.15826/recon.2021.7.2.007
UDC 332.1
JEL O3 R11

Measurement of the intellectual capital of Russian regions

N.Sh. Roze

Institute of Economics, Finance and Business, Bashkir State University, Ufa, Russia; nellliona@yandex.ru

ABSTRACT

Relevance. The rapid growth in the value of intangible resources brings up a prob-
lem of managing innovative development and evaluating intellectual capital. Intel-
lectual capital is essential for socio-economic development of countries and regions.
Research objectives. The key objective of this study is to develop an approach to
evaluate the balance of structural components of regional intellectual capital. Data
and methods. The proposed approach has been tested on the data from 75 Russian
regions for 2000-2018. Calculations are made on the basis of mathematical formu-
lae, the methods of linear scaling and of paired comparisons. Visualization of the
calculation results was carried out by using the GeoDA spatial modeling software.
Results. The article describes an approach to assessing the balance between the
structural components of intellectual capital. It includes a measurement algorithm,
a system of indicators and a model for assessing structural components of intellec-
tual capital, a criterion scale for determining the balance of structural components.
The proposed approach allows us to develop a step-by-step guide to effective deci-
sion-making. Conclusion. The proposed approach and indicators can be used for
devising strategies of intellectual capital management on the regional level.
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AHHOTAIIUSA

AKTyanbHOCTD. [IoBbllIeHNe LIEHHOCTY HeMaTepUa/IbHbIX PeCyPCOB CTaBUT IIPO-
671eMy yIpaB/ieHNs IHHOBALMOHHBIM PasBUTHEM U OLIEHK MHTE/IEKTYaIbHOTO
Kannrasa. VIHTe/IeKTyalbHbI KamuTaa He0OXOAMUM I COLMaTbHO-9KOHOMM-
JeCKOTO PasBUTHA CTPaH 1 pernoHoB. Llemb muccmemoanmsa. KnoueBoil 1ebio
[AHHOTO MCCTIENOBaHMs SB/LIETCS paspaboTKa MOAXoAa K OLeHKe cOaaHCUpo-
BAaHHOCTM B3aUMOJIEIICTBMsA CTPYKTYPHBIX KOMIIOHEHTOB MHTEUIEKTYaTbHOTO
KamnTasa pervioHa. [JaHHble u MeTopbl. IIpemaraeMplil Mofxof 6T alipoOMpo-
BaH Ha JaHHBIX 72 pernoHoB Poccun B mepuop ¢ 2000 o 2019 rop. Busyanmmsanmsa
Pes3y/IbTaTOB PacueToB IPOU3BEMIeHA C MCIOMb30BAHNUA NIPOTPAMMHOTO IMaKeTa
npocTpaHcTBeHHOro Mofenuposanuss GeoDA. Pesynbrarel. B cratbe omycan
HOAXOf, K OlieHKe 0OajlaHca CTPYKTYPHBIX COCTAB/IAIONINMX MHTE/UIEKTYaJbHOTO
KarmmTana. OH BK/IIOYaeT B ce0sl aITOPUTM M3MEPEHNs, CUCTeMY IIOKa3aTerelt
U MOJIeNb OLIEHKM CTPYKTYPHBIX COCTABJIAIOIINX VHTENIEKTYaNbHOIO KaluTana,
IIKa/ly KpUTEpPUEB M/ OLpefe/eHysi COalaHCHPOBAHHOCTU CTPYKTYPHBIX CO-
crapsaomyx. [Ipenmaraemplit OAXO/, MO3BOJIsAET pa3paboTaTh MOLIArOBOE Py-
KOBOJCTBO 110 9(p(peKTMBHOMY NpUHATHUIO pelieHnii. BerBogsl. IIpentaraembrit
HOJXOX M MHAMKATOPBI MOTYT OBITH MCIIONB30BAHBI I/IsI Pa3pabOTKIU CTpATEruii
yIIpaBJIeHN UHTENEKTyaIbHbIM KallMTalIoM Ha PerMOHaIbHOM YPOBHe.

Introduction

KJIFOYEBBIE CJIOBA
VIHTE/UIEKTYa/IbHbIN KaIUTall,
VHHOBALVIOHHOE Pa3BUTHE,
OLIEHKa yPOBHA
VHTE//IEKTYa/IbHOTO KallATaIa,
Y€I0BEYECKMI KaIUTaJL,
CTPYKTYPHbIN KalluTal,
OTHOIIEHYECKIMIT KalUTas
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Global challenges and trends, the ubiquity
of the Internet of Things, the acceleration of the
product lifecycle, technological innovation and
many other phenomena of the coming digital re-
volution cause inevitable changes in the systems
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and economic structure of countries and regions.
Innovations transform the social paradigm of peo-
ples lives. Companies, regions and countries that
have mastered new methods and tools for mana-
ging intangible resources get significant economic
benefits and may become leaders of change.
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These trends are reflected by the federal stra-
tegic documents of the Russian state, such as the
“Strategy for Innovative Development of the Rus-
sian Federation until 20207, “Strategy for Scienti-
fic and Technological Development of the Russian
Federation until 20357 the state program “Scien-
tific and Technological Development of the Rus-
sian Federation”, in particular its sub-program
“Development of the National Intellectual Capi-
tal”. It is reasonable to assume that activities based
on science-based approaches and methods, tech-
nological process, and managerial innovations
are designed to improve the quality of life, labor
productivity and human efficiency. However, in
order to develop strategies aimed at stimulating
innovative development, it is necessary to study
the relationships and patterns in the management
process to select the most effective tools.

Based on earlier research, this paper divides
regional intellectual capital into three compo-
nents - human, structural and relational capital
(Kuzminykh et al., 2019). Human capital refers
to the resources of individuals who have all the
necessary knowledge and abilities to respond
promptly to the changes that constitute innovative
development. Structural capital corresponds to
the organizational and administrative resources
of a region (procedures, technologies, manage-
ment systems, hard- and software, administrative
structure, intellectual property) that contribute to
the codification of knowledge. Relational capital
is here understood as resources resulting from in-
teractions with internal and external stakeholders
in the social, economic, political, and organiza-
tional spheres (Roze, 2018).

The key objective of this study is to propose
an approach to the evaluation of structural com-
ponents and to the development of recommenda-
tions to improve the effectiveness of intellectual
capital management in regions. To achieve this
goal, the following tasks need to be addressed:

— to analyze the approaches to the assessment
of intellectual capital at the regional level;

—to develop an algorithm for assessing in-
tellectual capital and the balance of its structural
components;

- to determine the indicators that charac-
terize each structural component of intellectual
capital for calculation of integral indicators of
human, structural and relational capital;

— to determine the approach, calculation for-
mula, and criteria for assessing the level of intel-
lectual capital;

R-ECONOMY 4

— to develop a set of criteria for assessing the
balance between the structural components of in-
tellectual capital;

— to test the approach by using the data on
Russian regions.

Literature review

Intellectual capital is the main resource
of innovative development in the twenty-first
century; it determines the competitiveness and
prosperity of territories in their transition to
innovation economy. This is what makes eva-
luation of intellectual capital and systems for its
management so important. As far as the struc-
ture of intellectual capital on the regional and
national levels is concerned, 4 or more compo-
nents are usually identified (Roze, 2017). For
example, A. Rembe identifies 4 components of
national intellectual capital: human capital, mar-
ket capital, process capital, and renewable capital
(Rembe, 1999). E. Pasher points out 5 compo-
nents: financial capital, human capital, market
capital, technological capital, renewal and deve-
lopment fund (Pasher 2005). N. Bontis describes
five subcategories of national intellectual capital:
human capital, capital market, process capital,
renewal capital, and financial capital (Bontis,
2004). J. Pomeda et al. argue that national intel-
lectual capital consists of human, organization-
al, technological, reputational, and social capital
(Pomeda, 2002).

G. Tovstig and E. Tulugurov consider re-
gional intellectual capital as the sum of all the
enterprises operating on its territory. They also
consider external socio-political and economic
factors and internal factors such as human and
structural capital (Tovstig & Tulugurov, 2009).

One of the components of intellectual capi-
tal on the national and regional level discussed
in research literature is renewal capital (Rembe,
1999; Stahle, 2005; Pasher, 2005; Weziak, 2007;
Makarov, 2015), which refers to technology, the
ability to develop and support innovation and re-
produce intellectual capital. However, if we look
at renewal capital as organizational and techni-
cal knowledge, this resource can be attributed to
structural capital (Roze, 2017).

One of the key features of intellectual capital
is the fact that its effectiveness is determined by
the interaction of its structural components (Xia
& Niu, 2010; Naydenova & Oskolkova, 2012;
Alkhateeb, Yao, Cheng, 2018; Barilenko, 2019;
Maryam, 2021; Pap, Petkovi¢, Simicevi¢, 2021).
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Methodologies for evaluation of intellectual
capital include the following types:

1) methodologies based on assessment of
the intellectual capital of an enterprise (Khuzina,

2015);

2) methodologies based on the calculation of
an integral index of intellectual capital or indica-
tors for each of its structural elements;

3) methodologies based on determining
quantitative rather than qualitative indicators

Unfortunately, there are no methods for cal-
culating the monetary indicator that could be

used to evaluate the intellectual capital of a region.

Table 1 below provides a brief overview of the
current approaches to evaluation regional intel-
lectual capital.

Table 1
Comparative analysis of approaches to the evaluation of intellectual capital
Authors / approach Advantages Disadvantages
1 2 3

Bontis, N. (2004) / National in-
tellectual capital index (Bontis,
2004)

This approach allows to identify
countries with high rates of national
intellectual capital in relation to their
financial capital

1. The indicators used for calculating the sub-in-
dices are unbalanced;

2. subjectivity of weighting in the coefficients
method

Tumyan, L.V. (2015) / General-
ized index of national intellec-
tual capital

The methodology is based on the
principle of information accessibility

1. The use of ratings instead of relative and abso-
lute statistics can lead to inadequate results;

2. When only one rating is used, the final indica-
tor of the national capital index becomes subjec-
tive and shows a certain research bias.

Macerinskiené, 1., Macer-
inskas, J., Aleknaviciaté, R.
(2012) / National model for
measuring intellectual capital

The methodology helps determine
the value of national intellectual
capital

The use of the expert method for factor weighting
gives relatively unbiased results only if a large
number of experts are involved.

Andriessen, D. (2008) / ICM
model

The methodology helps determine
the relationship between spatial
distribution of intellectual capital and
the development of specific spatial
formations

Chub, A.A. (2015) / Adaptation
of ICM models

The indicators are adapted to Russian
reality

1. This method does not allow us to assess intel-
lectual capital in terms of value.

2. The indicators used for comparison can be
applied only in combination with the indicators
of the development of territorial institutions,
industries and individual enterprises.

3. Unbalanced indicators

Shahovskaya, L.S. (2015) / As-
sessment of regional intellectual
capital

This method provides the most com-
plete picture of the state of human
capital

1. The final indicator is similar to the Human De-
velopment Index, which can result in a confusion
of concepts and goals;

2. More focus is placed on human capital than
on other indicators, which may lead to biased
estimates

Kireeva, V.V. (2015) / Aggregate
assessment of the intellectual
capital of regions

Easy to calculate; availability of data

1. The structural capital of the region is repre-
sented by only one indicator;

2. The indicators of human and social capital
reflect the state of the human capital and require
clarification of the indicators of social capital

Kuyantseva, L.I., Kuyantse-
va, M.I. (2011) / Regional
intellectual capital index

The selected indicators are not
adjusted to the structure of regional
intellectual capital

The method is based on the minimum set of in-
dicators, which fail to provide a complete picture
of regional structural capital

Ermolaev, M.B., Ivanova, V.Yu.
(2012) / Assessment of regional
intellectual capital based on the
ideal point method

1. Absence of subjective evaluation
when weighting the indicators;

2. Selected indicators tested for
correlation

This method is suitable for rating assessment, but
it is difficult to draw conclusions when conside-
ring regional intellectual capital of individual
regions

Viedma Marti Jose Maria
(2011) / Region’s Intellectual
Capital Benchmarking System

This method can be used not only
for assessment, but also for strategic
management of intellectual capital

The system of indicators covers a wide range

of socio-economic indicators, which leads to
blurring of the boundaries of the concepts under
discussion.

Hervas-Oliver, J.L., Dalmau-Por-
ta, J.I. (2007) / Regional index
of intellectual capital (macro-,
meso- and micro-levels)

1. The index and indicators, adjusted
to specific countries and to the vision
of territorial stakeholders.

2. All aspects of intellectual capital
formation can be taken into account

1. The measurement system is complex and
multi-factorial, which requires a lot of time and
effort to carry out the assessment.

2. Can contribute to the “double counting” effect
when considering some factors

Source: author’s compilation

74

R-ECONOMY 4

Online ISSN 2412-0731

r-economy.com



http://r-economy.com
https://doi.org/10.15826/recon.2021.7.2.007

R-ECONOMY, 2021, 7(2), 72-87

doi: 10.15826 /recon.2021.7.2.007

Thus, we can conclude that there is currently
no universal approach to the problem. In parti-
cular, this applies to the balance of indicators and
reasonable equivalence or unequal importance of
structural components. It should also be noted
that none of the approaches we considered can be
used to describe the formation and usage of intel-
lectual capital as a fundamental resource for re-
gional innovation development due to certain pe-
culiarities of intellectual capital management. It is,
therefore, necessary to consider the interactions
of intellectual capital’s structural components.

This study describes an approach that has
certain advantages (although it does not eliminate
all the disadvantages of the methods described
above): first, it allows us to evaluate each structural
component separately; second, relative indicators
are used for evaluation, which enables us to con-
duct a more accurate comparison of the regions
in question; and, finally, this method allows us to
look at the balance of structural components.

Method and Data

The proposed approach includes an assess-
ment algorithm. It can also be used to devise a
step-by-step guide to effective decision-making.
This approach takes into account the patterns of

1. Identification of the structural components of intellectual
capital and the conditions of their functioning

'

1.1. Analysis of the innovation policy, identification of problems

Is there
enough data to adjust
the strategy?

yes

no

1.2. Definition of the model for the formation and use
of intellectual capital

¥

2. Evaluation of structural components

v

2.1. Definition of the set of indicators of structural components

!

2.2. Building a model for assessing structural components

no Is the model

adequate?

yes

transformation of intellectual capital and is based
on the principles of discreteness, accuracy, com-
prehensibility and effectiveness as well as the mas-
sive involvement of experts in this sphere in the
research (see Figure 1).

The algorithm comprises five consecutive
steps:

The first step is to identify the structural com-
ponents of intellectual capital and the conditions
of their functioning on the regional level. Since
these processes are inextricably linked with the
actions taken by the authorities to regulate inno-
vation, we need to analyze the key principles of
the regional innovation policy. We also need to
identify specific problems associated with the for-
mation and interaction of structural components.

Second, it is necessary to assess the current
state of the structural components. To this end,
we need to identify a set of indicators characte-
rizing each structural component and to develop
a model for quantitative assessment of each com-
ponent and their comparison.

The third step is to assess intellectual capital
by developing a mathematical model reflecting
the balance of structural components and quanti-
tative estimates of intellectual capital calculated at
the previous step and interpret the results.

3 3. Assessment of regional intellectual capital
4. Strategies and guidelines for intellectual capital
management for regional innovative development
4.1. Development of recommendations for intellectual capital
management for regional innovative development
4.2. Development and adjustments of recommendations,
strategies, programs, etc.
4.3. Using the system of indicators for assessing intellectual
capital

5. Monitoring and control of implementation
of recommendations on intellectual capital management

5.1. Analysis of effectiveness and adjustment of intellectual
-~ capital management strategies

Have
the indicators for the
reporting period been
achieved?

Figure 1. Algorithm for assessing the level of intellectual capital and the balance
of its structural components for regional innovation development
Source: developed by the author
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Fifth, the data obtained at the previous step
should be used to determine one of the alterna-
tive strategies of intellectual capital management
and to devise methodological guidelines to im-
prove the balance of its structural components.
Importantly, the proposed system of indicators
for assessing intellectual capital should be used
by governmental bodies at the municipal and re-
gional levels.

Finally, it is necessary to monitor the im-
plementation of the proposed guidelines. If the
goals are not achieved, it is necessary to return to
Step 3 - “Assessment of structural components”. If
the goals are achieved, which means that the stra-

tegy is effective, it is recommended to adjust the
recommendations for intellectual capital manage-
ment, program documents, and state programs in
accordance with the results obtained.

To describe structural components of intel-
lectual capital it is proposed to use sets of indi-
cators, which are summarized in a consolidated
indicator calculated as the arithmetic weighted
mean of the corresponding indicators (Table 2).
We selected the indicators by using previous re-
search findings and by analyzing the key char-
acteristics of structural components. Our choice
also meets the requirements of minimum essen-
tial sufficiency, information availability, univer-

Table 2
Indicators for components of regional intellectual capital
Kop, Indicator Description Boundaries after | Weight
data normalization
1 2 3 4
Structural capital
SC1 | Advanced production technologies per Reflects the state of the regional Max value =1 0.33
10,000 people informational and technical infra- Min value =0
structure for codification of available
knowledge
SC2 | Number of employees of governmental bodies | Reflects the state of the administra- Max value = 1 0.17
and local self-government per 10,000 people | tive and organizational management Min value = 0
structure of the region
SC3 | Coeflicient of inventive activity: the number | The coefficient reflects the level of Max value =0 0.5
of applications for patents for inventions demand for protection of intellectual Min value = 1
and utility models filed per 10,000 people | property in the region
Human capital
HC1 | Life expectancy Reflects the overall quality of life Max value =1 0.2
Min value = 0
HC2 | Dynamics of the number of researchers Reflects the quality of the region's Max value =1 0.33
R&D personnel Min value = 0
HC3 | Number of students enrolled in educational | Reflects the end result of the general Max value =1 0.2
programs of higher education — Bachelor's, |education system in the region Min value =0
Specialist and Master's programs per
10,000 people
HC4 | Percentage of the population with monetary | Reflects the level of poverty and Max value = 0 0.13
income below the minimum standard of inequality in the region Min value =1
living in this region
HC5 | Migration rate per 10,000 people Reflects the region’s attractiveness for Max value =1 0.14
workers Min value = 0
Relational capital
RC1 | Share of expenditures on socio-cultural Reflects the availability of resources Max value =1 0.5
events in the total expenditures of the re- to build trust with the local pop- Min value = 0
gional consolidated budget ulation through support of social
services and public infrastructure
RC2 | Number of small businesses per 10,000 Reflects how favorable the conditions Max value = 1 0.17
population in the region are for doing business Min value =0
and building relationships between
the government and local businesses
RC3 | Export Reflects the efficiency of internation- Max value =1 0.33
al economic relations Min value =0

Source: developed by the author. Based on the data from: Annual Statistical Collections of Rosstat “Regions of Russia. So-
cio-economic indicators” for 2000-2019, Federal State Statistics Service. Retrieved from https://www.gks.ru/
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sality, and comparability. Each set of indicators
includes both qualitative and quantitative indi-
cators. However, there are difficulties of finding
comparable information characterizing struc-
tural components, in particular, the relational
capital (see Table 2).

The weighting factors of significance are de-
termined by the method of paired comparisons.
This method is a helpful tool in situations where
only the preference relation between two indica-
tors in a pair is available. To determine the pre-
ference of specific indicators to others, we used
expert assessments. Since all the indicators have
different dimensions, a linear scaling method
(minimax method) was used in order to bring
them to a comparable form.

The consolidated indicator of structural
capital reflects the state of the intangible inno-
vation infrastructure in a region, the indicator
of human capital; the state of the system of hu-
man resources (e.g. attractiveness of living con-
ditions for highly qualified workers); the indica-
tor of attitude capital - the state of the system of
internal (society - government — business) and
external economic, political and socio-econo-
mic relations.

To measure intellectual capital it is proposed
to use the method of volumes, namely, the cal-
culation of the volume of a rectangular paral-
lelepiped, which is formed along the axes XYZ,
characterized by the levels of structural compo-
nents (Figure 2).
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Figure 2. Assessment of regional intellectual
capital through the volume method
Source: developed by the author

R-ECONOMY 4

This method was chosen for the following rea-
sons. Previous research findings have shown that
it is impossible to build an objective qualitative
regressing model describing the impact of struc-
tural components on innovation in regions due
to the limited time periods for which intellectual
indicators are usually calculated. Another reason
is the lack of a single methodological approach to
the calculation of such indicators, which increases
the risks of duplication and inconsistency of data.

The choice of the multiplicative convolution
method is determined by the fact that, firstly, the
calculation of the volume of a rectangular paral-
lelepiped reflects the level based on the values of
human, structural and relational capital, and sec-
ondly, it does not require normalization of par-
ticular criteria, since it is assumed that they are of
equal importance.

In this case regional intellectual capital is un-
derstood as a value that characterizes the develop-
ment of regional intellectual capital as a product
of multiplication indicators of its structural com-
ponents.

To calculate the volume of the resulting figure,
we applied the following formula:

V=axbxcg, (1)

where V is regional intellectual capital or ICr, in
fractions of one; a is the consolidated index of re-
gional human capital or HC, in fractions of one;
b is the consolidated index of regional structural
capital, or SC, in fractions of one; c is the consol-
idated index of regional relational capital or RC,
in fractions of one.
Thus, the formula takes the following form:

IC,= HC x SC x RC. (2)

The formula allows us to calculate intellectual
capital of each region under consideration and to
analyze the results obtained both in the context
of dynamics and in the context of geospatial as-
sessment of how intellectual capital is formed and
used in Russia.

Since for our calculations we used normalized
data, the maximum and minimum limits of the
value range can be defined as 1 and 0, respectively.

Gradations and the corresponding numerical
values of regional intellectual capital can be de-
termined by using the Jenks natural breaks classi-
fication method, which is a method of clustering
data to identify the best arrangement of values
in different classes (Chen, J. & Yang, S. & Li, H.
& Zhang, B. & Ly, J., 2013). Thus, the criteria for
measurement of intellectual capital are as follows:
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1. High level of intellectual capital - the val-
ue of the calculated indicator lies in the range of
0.101 and above.

2. 'The average level of intellectual capital -
the value of the calculated index lies in the range
[0,059; 0,101].

3. Low level of intellectual capital - the value
of the calculated index lies in the range from 0.059
and below.

However, as shown by the available research
evidence, the nature of intellectual capital for-
mation is not so much additive as synergetic in
nature, which means that it should be assessed
not only through the addition of individual parts,
but also through the analysis of their interaction.
Therefore, for a more accurate assessment, the cri-
terion of balanced interaction of structural com-
ponents is introduced.

To this end, we need to clarify the concept of
balanced interaction of intellectual capital’s struc-
tural components. It is worth noting that the con-
cept of balanced interaction differs from the con-
cept of effective activity, based on the principles
of minimizing costs and maximizing effects. Ba-
lanced interaction is based on the principle of ef-
fects harmonization, depending on the importance
of each structural element. In this case, the balance
is the optimal combination of structural compo-
nents, which provides the best result, and interac-
tion is the process of direct or indirect impact of
structural elements on each other, which results in
their interdependence. Given this, the balance of
structural components (or their balanced interac-
tion) in this study will be understood as the result
of their relationships, revealing the weight of their
influence on innovative development.

The results of our empirical analysis of the
distribution of the actual values of the calculated
data have shown that the interaction of compo-
nents can be considered balanced if at least one of
the following conditions is met:

1) the consolidated index of human capital
lies in the range of 0.45 to 0.6;

2) the consolidated index of the structural
capital lies within the range of 0.3 to 0.5;

3) the consolidated index of the attitude capi-
tal lies within the range from 0.08 to 0.3.

To determine whether the calculated value
falls within the established ranges, it should be
considered to a hundredth of a unit, since the
established ranges are closed. Thus, the criterion
scale of the balance of structural components will
look as follows (see Table 3).

R-ECONOMY 4

Table 3
Criterion scale of the balance
of structural components

Condi- | Options for fulfilling the
tions conditions

045-06| + |+ |+ +
03-0.5 + |+ + +
0.08-0.25| + + |+ +

Balanced interaction High| Medium | Low
Source: developed by the author

Structural
components

Human capital

Structural capital

Relational capital

When none of the conditions are met, the in-
teraction of structural components can be charac-
terized as unbalanced.

Calculations of the consolidated indicators of
structural components were made on the basis of
data for 2000 to 2019.

It is important to note that some regions were
excluded from the calculations due to the lack of
statistical data for earlier time periods, including:
the Nenets Autonomous District, the Republic of
Altai, the Republic of Crimea, the federal city of
Sevastopol, the Chechen Republic, the Republic
of Tyva, the Republic of Khakassia, the Chukotka
Autonomous District, the Republic of Ingushe-
tia, and the Republic of Kalmykia. Thus, further
analysis was carried out on the basis of data from
72 Russian regions.

Visualization of the obtained data was car-
ried out by using the GeoDA software spatial
modeling, which allows us to automatically group
geo-objects on the basis of the natural boundar-
ies criterion. The results of visualization are pre-
sented in the format of thermal maps of the Rus-
sian Federation, except for the above-mentioned
regions.

Results

When considering heat maps, it is import-
ant to note the following: the grouping is based
on the criterion of natural breaks and the num-
ber of intervals is set at 10, but the upper and
lower limits of the intervals differ depending
on the maximum and minimum values of the
consolidated indicators for each period. Thus,
for each year under consideration, 10 groups are
formed from the lowest indicator value to the
highest one.

Figure 3 shows heat maps of the consolidated
indicators of human capital for Russian regions
for several periods of time. Similar maps are also
drawn for the values of the summary indices of
structural and relational capital.

r-economy.com

Online ISSN 2412-0731


http://r-economy.com
https://doi.org/10.15826/recon.2021.7.2.007

R-ECONOMY, 2021, 7(2), 72-87

doi: 10.15826 /recon.2021.7.2.007

. 2000
\(

HC_2000
0.392 (2)

SSoooooSA

) ' 2010

HC_2019

<0.376 (2)
[0.376,0.421)
~[0.421,0.442)
[ [0.442, 0.453)
[ [0.453, 0.479)
I (0.479, 0.499)
I (0.499, 0.530)
I (0530, 0.546)
1 [0.546,0.834)
W >=0.834(2)

. 2005

HC_2005
<0.378 (4)
0.378,0.410,

e 2015

HC_2015
<0.438 (6)
[0.438,0.475) (1

0.475, 0.485) (3

0.485, 0.507) (8

0507, 0.546) (1

0546, 0.581) (1

) (3
) (3
) (7

(0581, 0.608
(0,608, 0.644
(0.644,0.705
> 0.705 (2)

Figure 3. Heat maps of consolidated human capital indicators of Russian regions

in 2000, 2005, 2010, 2015, and 2019
Source: developed by the author

If we look at the distribution of the values of
the human capital indicator in Russian regions
within a period covering several years, we can see
how the polarization trend has been replaced by
a more even distribution of human capital. In ad-
dition, we can note that in Russia as a whole, this
indicator has not increased for 20 years.

Heat maps of structural capital indicators
show that in the given period, the overall level of
structural capital in Russia has slightly increased,
especially compared to 2010 and 2015. However,
in general, the picture looks very static, which can
be explained by the reduction in the government
spending on research and the reorganization of

79

the federal executive authorities in charge of edu-
cation and science (Figure 4).

Furthermore, due to the acceleration of digi-
talization, there is a growing amount of digital
content and codified knowledge left uncovered
by the methodology of the federal statistical
bodies or official statistical data.

The heat maps of relational capital indicators
show the most unstable picture, especially in 2015,
when the average indicator of relational capital
in Russia reached the highest levels. This can be
attributed to the growing significance of the im-
port substitution policy: in this period the Rus-
sian economy received a strong impetus to create
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export-oriented small businesses and strengthen
horizontal ties (Figure 5).

Figure 6 shows the maximum and mini-
mum values of the indicators corresponding to
structural components of intellectual capital in
a 20-year period, which allows us to trace the
changes in the structure of intellectual capital.
The dynamics of human capital is illustrated
with a more uneven graph, both for maximum
and minimum values. This can be explained by
the particular nature of human capital stemming
from the change of generations and the constant
renewal of labor resources. The peak was recor-
ded in 2010 at the level of 0.978 (Moscow). Si-
milarly, the Russian capital has shown the record

2000

b 9 A
SC_2000

<0132 (4)
[0.132,0.171) (9)
[0.171,0.210) (19)
[0.210, 0.231) (6)
(0231, 0272) (13)
1 [0.272, 0.286) (2) <
1 (0.286, 0.350) (6) i
I [0.350, 0.410) (4)

B (0410, 0.522) (4)

M >= 0522 (3)

s 2010

fsg_2010

<0.132(11)
[0.132,0.148) (6)
[0.148,0.168) (11)
77[0.168, 0.174) (4)
11 [0.174,0.224) (16)
1 [0.224,0.267) (13)
M (0.267,0.337) (3)
1 (0.337, 0.495) (4)
1 (0.495, 0.582) (1)

= 0582 (1)

values of relational capital in 2018 at 0.916. The
minimum value of the human capital indicator
was recorded in 2007 at 0.178 in Amur region.

The indicator of structural capital was the
most stable: the line of the graph shows almost no
sharp declines or peaks and remained at appro-
ximately the same level for almost 10 years. This
can be explained by the fact that, unlike human
capital, structural capital is easier to codify; thus
knowledge and technology are not only preserved
but also transferred to the next generations. The
maximum value was recorded at 0.822 in 2019
in the Yamalo-Nenets Autonomous District; the
minimum, at 0.019 in 2019 in the Republic of
Dagestan.

~ 2005

SC_2005
<0.089 (2)
[0.089,0.130) (11)
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Figure 4. Heat maps of consolidated structural capital indicators of Russian regions
in 2000, 2005, 2010, 2015, and 2019

Source: developed by the author
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Figure 5. Heat maps of consolidated relational capital indicators of Russian regions
in 2000, 2005, 2010, 2015, and 2019

Source: developed by the author
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Figure 6. Maximum and minimum values of consolidated indicators

of the intellectual capital’s structural components in Russian regions in 2000-2019
Source: developed by the author
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The indicators of relational capital, unlike
the indicators of structural and human capital,
have an upward trend. The graph of the maxi-
mum values of relational capital has a jump-like
form, and the graph of the minimum values has
a smoothed form. Similar graphs reflecting the
dynamics of human and structural capital in-
dicators are more synchronous. This may be a
confirmation of the fact that a high level of re-
lational capital accumulation has a short-term
self-growth effect. The maximum value of the
consolidated indicator of relative capital was re-
corded in 2018 in Moscow, the minimum, in the
Khanty-Mansi Autonomous District in 2000.

We conducted a data normalization proce-
dure, which is why the extreme upper limit equals
one. Therefore, the calculated values can be used
to compare the consolidated indicators of compo-
nents with each other.

2000
ICR_2000 i
<0.045 (61)
[71[0.045,0.25] (8)
> 025 (1)
2010
i
/o)
ICR 2010
<0.045 (62)
[0.045,0.25] (7)
> 0.25(1)

ICR_2019
<0.045 (15)
[0.045, 0.25] (54)
>0.25(1)

The heat maps showing the level of regional
intellectual capital in different periods are in Fi-
gure 7. To group the regions, we chose the criteria
corresponding to those mentioned above for as-
sessing the level of intellectual capital.

Heat maps of intellectual capital within a
period covering several years show the overall
picture of formation and use of intellectual cap-
ital in Russia. These maps also help us assess the
strength of the influence of its structural com-
ponents on the final result. For example, in 2015
we can observe an abnormally high level of intel-
lectual capital in 61 out of 72 regions. However,
if we recall a similar heat map of the indicators
of relational capital in 2015, we will see that they
are synchronized. In other words, these maps
show the effect of significant geopolitical events,
such as the annexation of the Crimea in 2014,
the international response and import substitu-

2005

ICR_2005

<0.045 (58)
[11]0.045, 0.25] (11)
> 0.25(1)

ICR_2015
<0.045 (9)
[0.045, 0.25] (61)

> 025 (0)

Figure 7. Heat maps of Russian regions’ intellectual capital in 2000, 2005, 2010, 2015 and 2019
Source: developed by the author
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tion policy. All these events resulted in the mobi-
lization of the country’s own resources, reflected
in the indicators of relational capital.

In general, in the given period, we can see
an increase in the number of regions with a me-
dium and high level of intellectual capital com-
pared to 2005.

Figure 8 shows the dynamics of changes in
the maximum and minimum values of intellec-
tual capital in a 20-year period. The graph that
shows the maximum values of intellectual capital
has high declines and peaks, but in general it illus-
trates an upward trend. The graph that shows the
minimum values, on the contrary, is smoothed
and has a downward trend in the short term. This
may indicate the presence of a certain minimum
viable level of intellectual capital in Russia.

The maximum value of intellectual capital
was recorded in 2010 at 0.448 (Moscow), the
minimum, in 2007 at 0.005 in the Trans-Baikal
Territory.

Figure 9 shows the results of assessing the
balance of structural components of intellectual
capital in Russian regions in 2000, 2005, 2010,
2015 and 2019.

Assessment of the balance of structural com-
ponents of intellectual capital show that the num-
ber of regions with a medium or high balance has
almost halved. In the whole country, the balance
has decreased, but at the same time, the polariza-
tion of values has almost disappeared.

If we examine each region separately, it is
possible to identify certain patterns. However, a
noticeable disparity in the way changes in diffe-
rent structural components influence the overall
situation (the prevalence of human and struc-
tural capital) means that it is necessary to de-
velop specific recommendations for intellec-
tual capital management, taking into account
the conditions in each particular socio-econo-
mic regional system.

According to the data for 2019, only 7 re-
gions have a medium balance (one of which is
not represented in the heat map) - Vladimir, Ka-
liningrad, Kaluga, Tomsk, Moscow, and Perm re-
gions as well as the Yamalo-Nenets Autonomous
District.

1 - high balance;

0.5 - medium balance;

0 - low or no balance.
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Figure 8. Maximum, medium and minimum values of Russian regions’
intellectual capital in 2000-2019

Source: developed by the author
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Figure 9. Heat maps of the balance of structural components of Russian regions’ intellectual capital
in 2000, 2005, 2010, 2015, 2019

Source: developed by the author

Conclusion

The proposed approach to assessing the balance
of structural components of intellectual capital and
its role in regional innovative development is based
on an algorithm, a system of indicators, an eva-
luation model, and a criterion scale. This approach
can be used to develop more effective management
solutions. To assess the structural components of
intellectual capital, sets of indicators are used and
the corresponding consolidated indicators are cal-
culated. Human capital contributes the most to a
change in the index of intellectual capital in most
regions. Moreover, in some cases, human capital in
this major role may be replaced by relational capital
in the way similar to the technical substitution of
production factors.

R-ECONOMY 4

o1 ]

The proposed approach is based on certain
assumption. It also has a number of limitations,
namely, we had to select indicators for specific
structural components from a limited number of
indicators calculated by Rosstat since 2000 in the
framework of regional statistics. The quality and
quantity of indicators that characterize the forma-
tion and use of intellectual capital, however, has
increased significantly in recent years, giving us
a certain freedom of choice. As far as the indica-
tors calculated for 2015-2016 are concerned, we
cannot conduct a retrospective analysis or build
regression models.

Another limitation is the need to exclude
some of the regions due to the lack of statistical
data for the time period under review. Neverthe-
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less, the proposed approach allows us to assess
the level of intellectual capital and the balance of
structural components in Russian regions. We can
also determine the system-forming component,
which can serve as a basis for decision-making re-
lated to the adjustment of innovation policies at
the regional level.

The results of our calculations for 72 Russian
regions in a 20-year period lead us to the following
conclusions:

1. The values of human capital indicators have
a jump-like dynamics, in other words, in succes-
sive periods of time there can be recessions and
peaks. Since it is primarily human capital that
plays the key role in regional intellectual capital,
this fact should be taken into account to evaluate
the level of intellectual capital.

2. Values of structural capital indicators have
smooth dynamics, which makes structural capital
the most “stable” component of intellectual capital
and makes the model of intellectual capital based
on structural capital more relevant.

3.In the context of significant geopolitical
and socio-economic events, relational capital has
a stronger influence on capital than human or
structural capital.

4. Intellectual capital and the balance of its
structural components depends on how efficient
is the management of intangible resources in re-

gional innovation policies (such resources include
human resources, organizational and administra-
tive resources, and so on).

5. Our findings show that there are roughly
three scenarios of the use of intellectual capital.

The first scenario implies that the region’s po-
tential for strategic development is fully realized
and the balanced development of territories is
ensured. New approaches to management are im-
plemented through effective use of human capital
at a sufficiently high level. As a result, this region
realizes its innovative potential through the avai-
lability of highly qualified personnel, an effective
education system, good demographic perfor-
mance and an effective social protection system.

The second scenario implies that a region has
a developed organizational infrastructure, both
public and innovative, which gives an impetus
to accumulation of human capital and relational
capital.

The third scenario describes a situation
where none of the structural components can
be developed enough in mid-term, which means
that none of them can act as a growth driver for
the others.

The proposed approach can be used by gov-
ernmental bodies to develop strategies for intel-
lectual capital management and can be adjusted
for other countries and regions.
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