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Regional Structure of the Country on Costs and Results of
Innovative Activity: The Case of the Russian Federation

Viacheslav Sirotin and Marina Arkhipova

The department of Statistics and Data Analysis, faculty of Economics, National Research
University Higher School of Economics, Moscow, Russian Federation

vpsirotin@yandex.ru

archipova@yandex.ru

Abstract: Innovations have a great impact on the progress of modern society. Highly developed countries are homogenous
in providing high living standards while countries with lower level of innovative activity cannot keep such a level and differ
substantially from each other in values of main social indicators. We show it with the model of the relation between Globa
Innovation Index and Human Development Index for more than 100 countries. Generally the level of innovative
development changes for the better worldwide. But the countries and their counties, or regions, progress in different
ways. To provide the effective control of the regional devolvement it is important to obtain relevant information
presenting regional structure of the country on innovative development indicators such as the output of innovative
products and services and the expenditure on technological innovations. As a descriptive model we first use kernel density
estimates of probability density function. Some groups in the structure are close to each other and hardly distinguished by
traditional grouping procedures. In order to find if the regional system is really heterogeneous we use fuzzy approach to
classification that seems to be the most suitable for compound structure analysis.It is based on a statement that each
element (region) is a member of each group, and the degree of this participation is a value of the membership function.
Both parametric decomposition of probability density function and nonparametric «c-means» clustering are applied for
regions stratification on the innovation potential and activity indicators. For identified groups (strata) we search the
influence of various factors on innovative development using weighted variables. As weights we apply the values of the
membership function for corresponding group. For group profiling and modelling along with general indicators of regiona!
economic development the specific indicators of small enterprise evolvement are used. Modelling results show the role o
small entrepreneurship in innovative development in identified regional groups.

Keywords: innovative development, population well-being, regions stratification, fuzzy clustering, small enterprise

1. Introduction

Growth of living standards is the main goal of modern society. Population well-being indicators have become
the decision-making criteria for social and economic policy. Countries and international organizations pay
great attention to measuring and fostering the progress of society. Innovative technological development is
considered to be the mainstream in providing of the progress.

Interconnection between innovations and quality of life becomes the matter of great importance. From one
hand technological development create new possibilities for life improving. In turn, the quality of life is one of
the most important factors of innovative development. The question is if there is a convergence in the
processes of the modern society progress. For the answer we first have to define indicators characterizing
various sides of the development.

For comprehensive analysis of the problem various approaches to the measuring of the population well-being
should be considered. So named objective indicators using quantitative values characterizing consumption and
living conditions can hardly be fitted for all the countries. At the same time some less-informative indicators
based on the well-being subjective estimates are more universal. Their combination may give the proper
perspective for the researcher.

Innovations have a great influence on economical, social and political progress of modern society. The
achievements in innovative development make countries more competitive and create new possibilities for
their population.

The level of innovative development varies from country to country. A lot of indicators for its monitoring are
published and widely used in estimating competitiveness of the countries and other aspects of their economec
and social development. Less investigated are the processes of innovative and technological development of
regions in a particular country. Effective management of the technological development includes relevare
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impacts to each part of the regional system. In order to provide the effective control of the development it is
important to obtain the information support, which may be based on statistical models describing the
structure of the regions. This analysis for such vast country as Russia may show if the regional structure of the
country is substantially heterogeneous, and define the most important factors for fostering further progress.

Widely used ordinary clustering may be useless for defining the complicated structure of the objects. When
classifying on the base of quantitative indicators the most effective is parametrical approach. It allows
distinguishing groups which are close to each other and substantially intersected. Parametrical procedures are
hardly applicable in multidimensional variable space and in the case of great enough number of extreme
values, so we have to use nonparametric procedures like clustering. But they may be more relevant when
fuzzy approach for really uncertain structures is applied. It is based on assumption, than each element is a
member of each group at the corresponding degree. This kind of classification seems to be the most suitable
one for defining the structure of regions.

2. Literature and data sources review

Official statics offices, international organizations, research centres, universities, national statistics services
measure and publish indicators of population well-being on regular base. A great amount of information on
the subject may be found in reports and papers. Some of them are focused on the methodology problems
concerned constructing the indices and indicators.

There are many kinds of indicators of the population well-being such as Index of Economic Well-Being (Sharpe,
1998), Index of Social Progress (Estes, 1998, 2002), and others. One of the most widely used indicators is the
Human Development Index (HDI). A lot of interesting indicators are proposed, but many of them are focused
on the particular aspect such as Health-Related Quality of Life (Andersen, 1999), Social Weather Station
(Mangahas, 1998).

As an indicator of innovative and technological development the Global Innovative Index (GlI) can be used. It
was created by Business School INSEAD, and since 2012 it is co-publish by INSEAD and the World Intellectual
Property Organization (WIPO, a specialized agency of the United Nations). The Global Innovation Index ranks
countries on parameters like Institution and Policy, Human Capacity, Infrastructure, Technological
Sophistication and Business Markets to arrive at a global ranking for nations on innovation.

Many authors concentrate their attention on searching the impact of technological development on modern
saciety, and in turn on the social progress influence on creating new technologies. Fagerberg et al (2011)
analyze factors that shape the technological capabilities of individual U.S. states and European countries. The
analysis demonstrates convergence in technological capabilities from 2000 to 2007. The results indicate that
social capabilities, such as a highly educated labour force, an egalitarian distribution of income, a participatory
democracy and prevalence of public safety, condition the growth of technological capability. Kundu and
Sarangi (2004) presented the report concerning the methodology of building a Composite Index for Asia
reflected both information and communication technologies and Human development aspects.

As a main data source the Russian Federal State Statistics Service database is used for solving problems and
modelling indicators of innovative activity. For creating composite indicator of population well-being the
indexes provided by Gallup are used.

3. Innovative development impact on quality of life

Well-being is an integral characteristic of social and economic conditions and the needs of the individual or
social group. There are two methodological approaches for the measurement of the achieved level of well-
being:

The first approach, which can be defined as a subjective one, bases on the well-being as a subjective degree of
satisfaction of people with their lives. In this case, the man himself appreciates well or bad is his life on various

criteria, so the idea of the well-being for each individual can be based on the results of sociological survey.

The second approach estimates the well-being of the population on the following principles:

= objective assessment of well-being;
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=  ability to compare indicators of well-being in the current period with their means in the previous periods;
=  comparability of population well-being indicators in various countries and regions.

In this case, the well-being is the composite measure of subjective satisfaction of the person and objective
indicators provided by other people who have complete and accurate information and the necessary skills in
the field of research. This approach involves the construction of a socio-economic indicators framework that
reflects human well-being in more comprehensive way. Many international and regional organizations are
engaged in the development of well-being indicators. Each of them is developing indicators in accordance with
their interests.

The most widely used and universal index of social progress of the society is the Human Development Index
(HDI) that is an integral measure of human development. It measures the average achievements of each
country in three basic dimensions: a long and healthy life (health), access to knowledge (education) and a
decent standard of living (income).

Data availability determines HDI country coverage. To enable cross-country comparisons, the HDI is calculated
on the base of data from leading international data agencies and other credible data sources available.
According to the United Nations classification Russia is in the group of countries with high HDI.

Another universal index based on alternative approach may be constructed as the first principal component of
the partial indexes provided by Gallup.

A uniform system of measuring the level of innovative capacity, as well as of measuring the level of well-being,
does not currently exist, and every index depends on the organization, which conducts a survey of innovation
activity, using different sets of parameters. One of the most interesting and universal in countries comparing is
the Global Innovation Index. The Gll “recognizes the key role of innovation as a driver of economic growth and
prosperity and acknowledges the need for a broad horizontal vision of innovation that is applicable to both
developed and emerging economies, with the inclusion of indicators that go beyond the traditional measures
of innovation”.

The Global Innovation Index relies on two sub-indices, the Innovation Input Sub-Index and the Innovation
Output Sub-Index, each built around pillars. Five input pillars capture elements of the national economy that
enable innovative activities: Institutions, Human capital and research, Infrastructure, Market sophistication,
and Business sophistication. Two output pillars capture actual evidence of innovation outputs: Knowledge and
technology outputs and Creative outputs. Each pillar is divided into sub-pillars and each sub-pillar is composed
of individual indicators. Sub-pillar scores are calculated as the weighted average of individual indicators; pillar
scores are calculated as the weighted average of sub-pillar scores. Four measures are then calculated:

= The Innovation Input Sub-Index is the simple average of the first five pillar scores.
*  The Innovation Output Sub-Index is the simple average of the last two pillar scores.
= The overall Gll is the simple average of the Input and Output Sub-Indices.

The Innovation Efficiency Index is the ratio of the Output Sub-Index over the Input Sub-Index. The Gll model is
revised every year in a transparent exercise to improve the way innovation is measured.

For the research of interaction between innovative development and living standards the regression moded
has been constructed. Nonlinear regression model of HDI was specified as a logistic curve

HDI___ ymax - ymin + ymin + €
l+exp( a, + a GI)

’

where y_. and y_. aremax and min levels of HDI for the model,

a,and a, are the parameters of the logistic curve,

& is the error term.
After identification the model may be presented as follows:
0,443

HDI = + 0,481
e 1 + exp( 5174 - 1,698 GII )
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ds; The model curve along with initial data is presented on Figure 1.
HDI
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Source: own elaboration using data http://www.globalinnovationindex.org/gii

Matp://hdr.undp.org/en/statistics/hdi
Begure 1: Model of the relation between global innovation index and human development Index

Qauntries with high level of both indicators form relatively homogeneous group, while countries with low level
of mnovative activity are extremely heterogeneous, and the level of HDI in these countries depends mostly of
amher factors, e.g. natural recourses, history etc. Some of countries are in between and tend to become the
members of the advanced or the following groups.

Bsom another perspective we can see on Figure 1 three domains with different variances according to the
&obal Innovation Index value. For the first (following) group value of Gll is lower than 3, the lower border of
most developed countries is approximately 3.7, and the group in between may be referred to as the
iddle one. Inside each group we can hardly find any relation between HDI and Gli, and the overall interaction
s rather determined by the between-group difference in mean HDI. We consider the regional structure of
ssia as substantially heterogeneous, and presenting the Russian regions as countries in the corresponding
laaeter plot provides the similar pattern with following, middle and leading groups of regions on innovation
pwelopment.

seated models allow estimating social impact of innovative development indexes. The dual role of the social
aate may be discussed in the context of the research. From one hand the social climate of the society is
ed under influence of the technological environment. From the other hand the latter may be considered
= a factor of progress in technology and innovations.

Selection of homogeneous groups of regions using parametric and nonparametric
approaches

& reasonable to produce analysis of the regional development separately for homogeneous groups of
yons and compare the results. Russian Federation includes 83 regions; some of them are the components of
large ones. On economical reasons we also will consider Altay as an agglomeration of two regions: Altay
jon itself and Altay republic. Few regions can hardly be included to the list because of their peculiarities and
of data for the particular period. So the main set includes 73 regions. They differ essentially on the level of
Wopment and structure of economy. Modern economy is based on innovations, so along with the variable

@acterizing the output of innovative products and services X, the expenditure on technological innovations

will be used for modelling and stratification. While the former presents the achieved level of innovative

Wopment, the latter describes the innovative potential. Both factors are measured in million roubles per
| mhabitants and logarithms of their standard deviations are approximately equal.

pssifying the best way to extract maximum information contained in scalar variable values is to create a
etric model of the probability density function (pdf). Theoretical assumptions along with the general

 of the distribution can help in specification of the model.

@ei of the distribution which is relatively free of theoretical guessing may be created on the base of kernel
b estimation. One of the most preferable kinds of kernel is Gaussian that provides the smoothing of the
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empirical distribution without breaks. The effective bandwidth should allow avoiding both over smoothing and
under smoothing. The result of pdf kernel estimation is presented on Figure 2.

Log of Innovative Products and Services Output -4 a
Log of Expenditure on Technological Innovations per Capita

Source: own elaboration

Figure 2: Estimated probability density function for the logarithm of output of innovative goods and services in
Russian regions, 2012 year (kernel bandwidth=0.5)

As it was predicted earlier, three groups of regions may be distinguished in that nonparametric model of
general distribution.

We consider data to be a sample of a population of regions with the same properties as regions of Russia in
corresponding proportions. Each value in the sample is an observed value of the population for one case
(region). As usual the main problem of the parametric approach is to determine the type of theoretical
distribution for population. In creating each value of x a great amount of factors act as multipliers, so we can
suppose the lognormal distribution for the homogenous subpopulation '

1 - nx-u)" 27 (In x-
/()= e
2mxx,(1-p )lzl :

’

T . ,
where x=(xl x2) and Inx=(Inx, Inx,)’ are the vectors of variables, X,is the output of

innovative goods and services, X, is the expenditure on technological innovations;

= (E(ln(xl))] and ¥ = 012 PG5, are the expectation and variance-covariance matrix of In x .
E (ln(xz )) poo, o,

Considering three close to each other groups of regions in the population (see Fig.2) we may present pdf as a

normalized weighted sum of three lognormal functions. Each i-th group in this sum is in turn a lognormal

distributed homogeneous population f(x, £;,Z,) . So for the whole population

f(x)= Zqif(x;lui’zi) ’

i=l
3
q,is a i-th group’s share in the population so that Zqi =1.
i=1
The maximum likelihood estimates & = (ﬁl,ﬁz,ﬁk,il,§2,23,ql,§2,§3)T for independent parameters of
theoretical distribution may be obtained from the equation

L(0)= ];[f(x,-,é) =maxL(0), °ri(p)=in1(d)= 3in £ (x,,0) = max/(6)

i=1

The estimating results are presented in Table 1.
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Table 1: Estimates of parameters

stNr‘—’at?ufs 1 'UI ’uz 0-1 0-2 p
1 0,14 -1,08 -1,66 1,79 0,92 -0,05
2 0,38 -0,08 0,87 0,88 0,60 0,04
3 0,48 0,98 2,21 0,82 0,74 0,08

Source: own elaboration

Three homogeneous groups have been identified with the model. The most numerous is the group of leading
regions which includes just half of the whole population. The group of followers is the most variable like the
group of the following countries on Fig.1.

To determine the real level of innovation development the scale effect should be eliminated, so the relevant
indicators for this purpose should be normalized by its dividing on the population of the corresponding region
or the number of employees. If the theoretical assumption meets the empirical estimates of the probability
density function, the approach may be fruitful. But that is not the case. Taking into account the normalized
data scatter plot (Figure 3), we can hardly rely on high goodness-of -fit of the estimated parametric model
because of a great number of outliers on it.

That is why the nonparametric clustering seems to be more suitable. But the model should correspondent to
the nature of the phenomenon, so the fuzzy modification of “k-means” clustering may be applied. In a
traditional clustering it is supposed that each case should be a member of any one cluster. Fuzzy “c-means”
dlustering is based on the statement that each case obtains at some degree the features of all the clusters, and
a measure of such a membership for i-th object (i=1,..,n) in j-th cluster (j=1,...k) is a value of a membership

function 4, C [0;1].

400 | R -
| &
- _3’@0,1,’,.__,,,,.,;!.,,:,?‘, -
Z; ®
3 \ (.0 ¢
6 o ¢
- g — ,,‘,,&,& é‘ —
6,00 -&ho $00 $1.000,00 2,00 4,00
o
S — S —— ,wg . - @
* ":1691
a0

Source: own elaboration using data of http://www.gks.ru/bgd/regl/b11 14p/Main.htm

Figure 3: Scatter plot of the Russian regions on logarithm of output of innovative goods and services and
logarithm of expenditure on technological innovations, 2010 year

The membership function may be specified using the distance from the object to the centre of the cluster Y

in the following way:
k
Hy = (1/7';‘]'2)/2(1/"1'1'2) )
j=l

The number of clusters has to be defined in advance, and the empirical distribution analysis and its projections
might be useful. Also it is necessary to select the starting centers of the clusters, for example, it may be first k
cases. Then, we have to calculate the membership function for the next case correcting the centers of all the
clusters

E—;c(,v) _ Zn:(ln x( /‘f,-V) )2 )/ i (,Ufjv) )

i=1 i=1
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After calculations using all data the procedure will be repeated while the maximum difference between the

values of the membership function {,ul.j }(p) and {,U,-j }(””) for the same case and cluster at p-th and (p+1)-th

iterations becomes less than predetermined threshold limit. All the values M; form a membership matrix.

The number of cases in the group or cluster is defined as a weighted sum of all the values of the membership
function in the group. Generally it is not an integer value. Properties of each cluster may be presented with its
etalon means, for this purpose a kernel of the cluster should also be used. The kernel of cluster includes

regions with big enough value of the membership function yz 2 U, (e.g. Uy 2 0,7).
Classification using more than one variable seems to be more comprehensive. Fuzzy modification of the so
named “k-means” clustering allows making this analysis more informative.

5. Fuzzy clustering results

According to the first (parametric) stage of classification three groups were considered. The results of fuzzy
classification are presented in Table 2.

Table 2: Characteristics of the groups, 2010 year

Groups of Russian regions
Mean group value Following Middle Leading
Inx, -0,52 0,38 0,74
Inx, 0,24 1,14 1,77
Group share, % 26,9 31,5 41,6

Source: own elaboration

Despite the difference in values of indicators, the structures of this (nonparametric) and previous (parametric)
models are alike. The most numerous is the leading group including more than 2/5 of all the regions. The least
numerous is the group of underdeveloped on producing innovations regions with the share about 1/4.

The membership function values are presented in the Table 3. The membership for the particular region in the
corresponding group is delighted by grey color which is the darker the greater is the value of the membership
function.

Table 3: Membership function for Russian regions, 2010 year (fragment)

Regions : Following Middle Leading
Kemerovo 0,01 0,00
Kursk 0,07 0,03
Arkhangelsk 0,07 0,04
Krasnodar 0,12 0,07
Pskov 0,17 0,10
Altay 0,19 0,09
Kostroma
Penza
Smolensk
Vladimir
Ivanovo
Amur
Belgorod
Moscow (city)
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Source: own elaboration

Regions with great enough value of membership function are considered to form the kernel of the

corresponding group (Table 4).

Table 4: Regions of the group kernels in 2010 year

Regions Following Middle Leading
Udmurtia 0,00 0,02
Stavropol 0,01 0,05
Tomsk 0,01 0,07
Vologda 0,01
Orenburg 0,03
Leningrad 0,04
Chuvashia 0,04

The most typical following The most typical The most typical leading regions
regions representatives of the
middle group of regions

Kemerovo Kostroma Belgorod Leningrad

Kursk Penza Moscow (city) Chuvashia
Arkhangelsk Smolensk Udmurtia Tula

Krasnodar Vladimir Stavropol Novgorod
Pskov Tomsk Bashkortostan
Altay Vologda Moscow (reg.)

* Transbaikalia Orenburg

Source: own elaboration

it is important that membership function close to the maximum value of one does doesn’t obviously mean the
best results in the innovative activity; it only means that the region is the typical representative of the
corresponding group.

6. Determinants of the regional structure and features of the groups

Various aspects of regional development may be presented with corresponding indicators. Based on the
available information a set of indicators has been constructed:

= regional domestic product per capita;

= mean monthly wages in regions;

= turnover of small and medium enterprises;
= manufacturing industry turnover;

s product proceeds

Mean values of indicators for each stratum should be calculated as a weighted means. The membership
function values 4 are used as weight coefficients.
i

It is important to recognize the reasons for splitting the whole population to discrete groups. It seems to be
that in Russian Federation as such a reason may be considered the level of small enterprise development. And
prominent difference in values of corresponding indicators supports this statement (Figure 4). Medium and
especially small enterprise development is greater in more innovative regions, and the difference in small
enterprise can be the real determinant of leading regions as a mean for creating and using innovations.
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Following Middle Leading

Source: own elaboration using data of http://www.gks.ru/bgd/regl/b11 14p/Main.htm

Figure 4: Turnover of enterprises, thousand roubles per inhabitant

Difference in innovation activity provides the difference in economic development of the regions. In turn the
level of economic development allows fostering innovations. Analyzing regional domestic product per capita
(Figure 5) we can see increasing of its value along with the level of innovative development.

300000.00

350000.00 +

250000.00 -

50000.00

200000.00 ——
150000.00 -+
100000.00 +——

!

0.00 +—— e

Following Middle Leading

Source: own elaboration using data of http://www.gks.ru/bgd/regl/b11 14p/Main.htm

Figure 5: Regional domestic product per capita in groups of regions

Regional domestic product in the leading group exceeds the corresponding level in the following one by more

than 26 percent.

Greater level of economic development creates additional opportunities for improving of the population well-
being. The difference in mean wages is more impressive than in regional domestic product: it is more than 36

percent (Figure 6).
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Following Middle Leading

Figure 6: Mean monthly wages in groups of regions
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Wence, we can see the evidence of that high level of innovative activity provides essential impact on economic
deweiopment of regions, and it is strongly connected with medium and especially small enterprise
dewelopment which seems to be the key factor of innovative development.

7. Conclusion

There is relation between innovative development and quality of life. All the countries with high value of the
@obal Innovative Index are the best in providing human development. Less innovation developed countries
ae not so homogenous, and they differ enough in both objective and subjective indexes of the population
wed-being. While the human development index rely mostly on historical background, cultural traditions and
ather general factors, the subjective index may be connected with the dynamic and achieved level of
mnovative activity. It is important to find additional evidence to this assumption on regional level in further
mesearch.

e proposal of substantial difference in innovative development in such a vast country as Russian Federation
& supported by the model using fuzzy approach to classification of stratified objects. It shows that country
mdudes three relatively homogenous groups that differ substantially from each other in costs and results of
anovative activity. The profiles of the groups are different, but there are two kinds of indicators describing the
groups. When indicators of small and medium enterprise development show the reasons of the difference in
mnovative activity of the regions, the indicators of general economic development and living standards of the
population present the consequences of that difference.

Advanced methods of parametric and nonparametric classification permit to provide comprehensive analysis
of the regions innovative development and technological progress. The progress in measuring additional
mdicators on regional level needs improvement of statistical base and providing up-to-date information.
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