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Abstract. A global trend of economic development is the transition to the formation of a new economic
paradigm - the information economy. Ability to generate knowledge and innovation is a prerequisite for improving
the competitiveness of the country and its regions; as well, it determines the pace of their social and economic
development. In this context, the need to determine the levels of the development of the information economy and
its structural components (educational, research and innovation) in the regions of the country is actualized. The
purpose of the article is to develop and test a methodological toolkit for assessing the development of the
information economy in terms of its structural components, that will allow for the formation of regional clusters by the
intensity of educational, innovation and research components, and to identify priority vectors for stimulating the
development of the information economy at the macro- and meso-economic levels. When developing
methodological tools, the authors proceeded from existing methodological approaches in the world, the possibility of
adapting them to national specifics, as well as the potential of statistical bases. In order to cluster the regions of
Ukraine by the development level of educational, innovation and research components of the information economy,
the k-means algorithm is used. The conducted cluster analysis showed that processes of the formation of the
information economy in Ukraine are developing unevenly and are in the stage of formation. More regions of the
state fall into the cluster of problematic regions with low levels of the development of educational, innovation and
research components; leadership in the development level of the information economy is demonstrated by Kharkiv
region, assigned to the cluster of regions with the intensive development of the information economy; in addition, a
cluster of perspective regions with the level of the moderate development of the information economy is highlighted.
The research made it possible to find out the main problems and identify areas of regional imbalances in the
development of the information economy, including in terms of its structural components. In conclusions, the authors
proposed directions to improve the approaches to the government control of the processes of the information
economy evolvement, based on specific features of the regions, their smart specialization, actual capacities and the
achieved level of the development of the information economy components.

Keywords: information economy, region, innovations, higher education, R&D, cluster, educational, innovation,
research components.

Introduction. The global trend of economic development is a transition to the formation of a new
economic paradigm — the information economy. A new type of economic system is characterized by the
intensification of knowledge-intensive types of production. In such circumstances, education, science
and innovation turn into productive forces of the society.The ability to generate knowledge and
innovation becomes a prerequisite for improving the competitiveness of the country and its regions, as
well, determines paces of their social and economic development. The degree of the country’s
integration into the global area depends directly on the level of the development of higher education,
R&D and innovation.

The most representative index of the information society development in the countries of the world is
the Information and Communications Technology Development Index (IDI), which is computed annually
by the UN ITU (International Telecommunication Union). Iceland, the Republic of Korea, Switzerland,

Cite as: Shkarlet, S., Kholiavko, N., Dubyna, M. (2019). Information Economy: Management
of Educational, Innovation, and Research Determinants. Marketing and Management
of Innovations, 3, 126-141. http://doi.org/10.21272/mmi.2019.3-10

126


http://doi.org/10.21272/mmi.2019.3-10
http://doi.org/10.21272/mmi.2019.3-10

S. Shkarlet, N. Kholiavko, M. Dubyna. Information Economy: Management of Educational, Innovation, and Research
Determinants

Denmark, and the United Kingdom are the IDI rating leaders. Moreover, the retrospective analysis
shows that first positions of this rating are the countries characterized by positive dynamics and high
investment volumes of innovatively active enterprises, universities and research institutes (Table 1). In
2017, Ukraine ranked only the 79th among 176 countries in the world. Whereas in 2002 Ukraine was
ranked the 59th, in 2012 - the 71th. Thus, Ukraine occupies a mediocre position in the global space in
terms of the pace of the information society development.

Table 1. Ranking of the countries by IDI

Region Top-5 Ukraine’s rank
World 1 - Iceland; 2 - Korea (Rep.); 3 — Switzerland; 4 — Denmark; 5 — United Kingdom 79 (out of 176
countries)
CIS 1 - Belarus; 2 — Russian Federation; 3 — Kazakhstan; 4 — Moldova; 5 — Azerbaijan 8 (out of 10
countries)
Developed Countries | 1 - Iceland; 2 — Switzerland; 3 — Denmark; 4 — United Kingdom; 5 — Netherlands 44 (out of 46
countries)
Eastern Partnership | 1 - Belarus; 2 — Moldova; 3 — Azerbaijan; 4 — Georgia; 5 — Armenia 6 (out of 6
countries)

Sources: compiled by the authors on the basis of (ICT Development Index, 2017)

In our opinion, the national economy is a complex social and economic system, which structural
components are the economies of the country’s regions. Accordingly, the pace of the formation and
development of the information economy in the country correlates with the pace of regional
development. Significant disparities in the development of educational, innovation, research
components, and negative manifestations of decentralization processes, changes in correlation between
the center and regions, as well as significant differences in the levels of the social and economic
development of Ukrainian regions negatively affect the prospects of the economy informatization. This
substantiates the need to improve the public policy for stimulation the development of higher education,
science and innovation, not only at the national but also at the regional level. Consequently, the need to
determine levels of the development of the information economy and its structural components
(educational, research, innovation) in the regions of the country is actualized. To this end, we will
conduct a cluster analysis because it enables the compression of data, that is, the aggregation of a large
body of data into several groups. Grouping within the same cluster of several maximally similar objects
makes it possible to study not each object individually, but to study their groups. This optimizes time and
the research process as a whole; there is an opportunity to conduct the in-depth analysis, identify trends,
specify problems and outline prospects of intensifying the information economy development in the
country by targeting the intensification of its educational, research and innovation components at the
meso-economic level.

Literature Review. Fundamental principles for the study of fransformations of the modern society in
the period of its informatization are laid in the works of Bell D. (1973), Toffler A. (1980) and Masuda Y.
(1983).Peculiarities of the information economy evolvement within the information society are studied by
Castells M. (1997) and Porat Mark U. (1977). At the same time, there is a number of research questions,
which require further elaboration. They include the need to analyze the development of the information
economy, identify current trends and outline issues and areas of regional imbalances. Clustering is one
of the methods of this analysis. Clustering belongs to the class of machine learning tasks and involves
self-directed learning («unsupervised learning»-«learning without a teacher»). Due to this, we get an
effective tool for the automatic division of objects into classes; such a distribution is based on the
criterion of similarity of the analyzed objects.

Key questions of the cluster analysis are revealed in works of Ky'm Dzh.-O. (1989) and Jain A.,
Murty M., Flynn P. (1999). Clustering is quite actively used in modern economic research, i.e. when
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studying clusters in the institutional economy (Vojnarenko M., 2011); by analyzing clusters within the
global economy (Sokolenko S., 2004); when identifying prospects for the development of Euro regions
(Mikula N., 2003); in determining the features of the impact of regional clusters on the recovery of the
economic development (Bezvushko Ye., 1999), etc.

A. Butenko and Ye. Lazaryeva (2009) research the role of clusters by the development of the
innovation model of the region’s economy. Within the article by Vojtovy'ch A. (2010), results of the
clustering of the regions of Ukraine by the level of the social and economic development (by using
dynamic and spatial methods of the cluster analysis) are presented. Ivanov Yu., Tyshchenko V. (2015)
have conducted the clustering of regions by the level of the development of the knowledge-based
economy, in particular, in terms of its structural components. Korepanov O. (2018) attempted to assess
the territorial development of the information society in Ukraine. This was done by adapting the UN
methodology to determine the ICT development index (in terms of sub-access index, sub-use index and
sub-skill index).

At the same time, modern approaches to the grouping of regions by the level of the information
economy development have not been adequately reflected in the scientific literature, including their
clustering by educational, innovation and research components of the national economy informatization.
In order to fulfill this task, we used the k-means algorithm (Hartigan & Wong, 1979) from the set of
methods of the cluster analysis. The k-means algorithm refers to non-hierarchical methods of the cluster
analysis, it is an iterative method of dividing a set of data m into a given number of clusters k (k <
m).Under this method, clusters are researched (learned) independently, without further specifying their
number or requesting information about the affiliation of objects to specific clusters.

The k-means algorithm assumes the formation of new clusters that are as far apart as possible. The
separation of clusters continues until the so-called stopping rule is executed, i.e. reaching a state where
the composition of the cluster does not differ from that achieved one in the previous iteration of the
distribution. The approach of the k-means algorithm is to minimize the difference between the objects
selected for clustering. This algorithm is based on the hypothesis that there is a probable number of
clusters k; an appropriate assumption is made based on the results of the previous research, the
researcher's intuition, or theoretical reasoning.

When choosing a clustering method, we focused on the algorithm given the strengths inherent in it,
i.e. testability, speed and ease of use (by calculating automation); clarity and transparency of both the
algorithm itself and the results obtained. In addition, the k-means algorithm is not without its
disadvantages: the increased sensitivity to factors capable of influencing average values of the cluster;
the likelihood of complexity when processing large databases; a focus on working with continuous
(rather than discrete) data.

Within the number of modern scientific works, the action of k-means algorithm is described (Pankaj,
2004; Artuhur & Vassilvitskii, 2007; Har-Peled & Sadri, 2005). Think tank (Kanungo et. al, 2004) in co-
publishing offers the authors’ approach to the formation of the simplified k-means algorithm applied
practically. However, this approach has a major drawback — slowness, which is a considerable time
losses for its use.

Within his research, D. Arthur and S. Vassilvitskii (2006-2007) focus on the quantitative assessment
of the duration of the k-means algorithm. The work of L.Bottou and Y. Bengio (1995) is partially devoted
to the issues of the use rate. In their co-publishing, they prove, that the use of Newton's fast algorithm in
the clustering by the k-means algorithm allows minimizing the quantization error.

D. Sculley (2010) proposes two modifications of the k-means algorithm to optimize it and reduce its
cost. The article focuses on the difficulties that the users of web application face.

As well, the article of C. Elkan (2003) is devoted to the acceleration of the k-means algorithm. In
addition, it is emphasized that acceleration should not lead to a decrease in the level of accuracy of the
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obtained clustering results. The acceleration algorithm proposed in the article of C. Elkan is tested on the
big batch of objects (up to 1000 measurements). However, the author himself in the article cites some
limitations of the developed algorithm. Therefore, issues of accelerating the process of the use of the
k-mean algorithm remain open (Wu & Kumar, 2009; Mielikainen, 2002). However, given all its
shortcomings and positives, we believe that this algorithm is an effective research tool and can be used
to cluster regions of Ukraine by the development level of educational, research and innovation
components of the information economy.

Methodology and research methods. In order to cluster the regions of Ukraine by the level of
educational, innovation and research components of the information economy, a two-stage analysis was
conducted by us:

1) on the first stage, the model is learning — clusters recognition was taking place;

2) on the second stage, the model is testing — identification of its accuracy and direct clustering by
the k-means algorithm with the formulation of conclusions and recommendations that are adequate to
the results obtained.

In the course of the study, official statistics of the website of the State Statistics Service of Ukraine
were used. When selecting partial metrics for the clustering, we focused on the publicly available open-
source database. However, some difficulties have arisen, as today there are no statistics on some
required indicators (Table 2). In addition, it is important to note that results of the clustering were
significantly influenced by the absence of official statistical databases in Luhansk, Donetsk regions and
the Autonomous Republic of Crimea (because of the inability to monitor them due to the temporary
occupation of these territories). We also deliberately excluded statistical data of Kyiv from the initial
information base, which is justified by a special administrative status of the capital, advantages of the
development in comparison with other regions. The need is due to the fact that otherwise clustering
would not show a real picture of the potential and actual state of the information economy development
in the regions.

Table 2. Input data to cluster regions by the development level of innovation, educational,
research components of the information economy

Component Partial indicators Symbols
number of higher education institutions of the llI-IV levels of accreditation Ery
number of students of higher education institutions of the IlI-IV levels of Er
accreditation :

. number of postgraduates Ers

Ed(lll;aegﬁ?al number of Ph.D. candidates Ers
number of employees involved in R&D who have received higher education Ers
number of higher education institutions which train Ph.D.candidates Erg
number of higher education institutions which train postgraduates Er
number of students of higher education institutions pro 10000 of population Ers
share of innovation-driven industrial enterprises Ir1
number of introduced new technological processes Irz
the volume of introduced innovative types of products Irs

Innovation | amount of costs for innovative activity of industrial enterprises Ir

(IRinn) share of sold innovative products in the volume of industrial one Irs
patents for inventions for regions (national applicants) Irs
share of enterprises involved in innovation Ir7
number of applications for inventions from national applicants Irs
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Continued Table 2
number of organizations performing R&D Sr
number of scientists Sr2
amount of costs for R&D Sr3

Research amount of internal running cost for fundaments research Sry
(IRsc) amount of internal running costs for performing research Srs
amount of internal running costs for performing scientific and technical St

developments
number of Doctors of Sciences, employees involved in R&D Srr
number of Candidates of Sciences/Doctors of Philosophy involved in R&D Srs

Sources: compiled by the authors

The methodology of the conducted research is organized as follows. Section 1 is devoted to the
reveal of the clustering algorithm used in the article. Within Section 2, results of the algorithm
approbation are presented, in particular: clustering of the regions of Ukraine by the development level of
the information economy, the structure of this Section is according to three isolated components, i.e.
innovation, educational and research. Section 3 contains the author's interpretation of the obtained
results of calculations. In final Section 3, prospects of the development intensification of the information
economy both on the macro-economic (national economy) and meso-economic (regions and clusters of
the regions) levels are presented.

The purpose of the article is to conduct a thorough analysis of the development of innovation,
educational and research components of the information economy in the regions of Ukraine by means of
the methodology of the cluster analysis.

Results. K-means clustering algorithm. Nowadays, the algorithm proposed in 1979 by Hartigan J.A.
and Wong M.A is widely used, since it is characterized by the efficiency, relative simplicity and sufficient
virtue of the results obtained. The basic idea of the algorithm is to divide the set of observations into
clusters in such a way that: the average of the cluster objects are as different from each other as
possible; distances (differences) between objects of one class are minimal; distances between objects of
different classes are maximal; the total quadratic deviation of the cluster points from the centroids (i.e.
the coordinate mean of the clusters) is minimal (1):

min [Zf, X0, €9 —will 2], (1)

where, x - input values, x4V eR™, u;eR™

u; — centers of clusters S;

S={S1, Sy, ..., Sk}

k — number of clusters (k <m)

m — number of observations (out of the area Rn)

(x, x@, ..., xm) — number of observations (Chy'gry'ns'ka & Vlasyuk, 2006; Vojtovy'ch, 2010).

Sequence of the clustering by the k-means algorithm can be presented as follows:

Block | —initial — includes the following stages:

1) choice of initial points (centers) of clusters. This choice can be made either automatically on a
random basis or by selecting the first k-observations;

2) assigning of each object of a set of observations to relevant clusters;

Block Il - correcting — involves the redistribution of objects among clusters by the following stages:

1) calculating centroids of clusters;
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2) calculation of distances between each object of the analyzed total and centers of clusters (in any
metric);

3) moving previous cluster centers to the centroid (the average of the coordinates of the objects
assigned to the cluster);

4) iterations on the redistribution of objects between clusters to stabilize cluster centers — in
accordance with the stop rule or the stop criterion of the algorithm also determine the minimum change
in the root mean square error (2):

1 .

Wy = ;Zx(j)egix(’), (2)
J

where, x —initial input data

Wi, -y Uy — centroids in clusters St, Sa, ..., Sk

Note: the algorithm stops when centroid u; doesn’t change, i.e., when p;t = p;t*1 (Dubrov,
Mxytaryan, & Troshy'n, 1998);

Block Il - testing — assessment of the quality of clustering, i.e. how clusters differ from each other:
1) calculation of mean values for each cluster;

2) quality assessment of the clustering.

Given the above, the k-means algorithm for our study can be visualized as follows — Figure 1.

| Creation of the batch of objects for clustering |

I I I

Educational Research Innovation

component component component
[ I [

| Selection of a variables plurality to evaluate the objects batch |

\4
| Normalization of the values of variables |
3 \
2 | Calculation of the degree of similarity (homogeneity) of objects |
g v
£ | Determination of number of clusters |
ﬂ,
= \V
| Determination of the initial centers of clusters |
1
\i7\
| Selection of the closest cluster for each object | =
5 4 =
é | Correction of clusters composition | >
= N
£ | Checking the stop ciiteria of the algorithm | not performed
K V is performed P
| Assessment of the clustering quality | not satisfactory
: ‘
\/ satisfactory

| Interpretation of the clustering results |

Figure 1. K-means algorithm for clustering the regions of Ukraine by the development level of
the information economy
Sources: compiled by the authors
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The choice of the proximity measure of objects, or metrics is very important by the cluster analysis. It
is the metric distance between the objects of the analyzed observation that underlies the identification of
similarity, which in turn determines their affiliation to certain clusters. The k-means algorithm works
iteratively, which is usually accompanied by the migration of objects (in our case, regions) between
clusters.

In course of the clustering process, objects under observation are represented as dots in
multidimensional coordinate space. A characteristic vector (usually a set of numerical values) is formed
for each object. In the next step, the selected indicators are normalized, i.e., they are reduced to a
certain range (for example, [0; 1]). Only afterwards, the degree of similarity (distance) for each pair of
objects is determined. The most common is the use of the function of the Euclidean distance (3):

p(x,y) = llx —yll = /22=1<x,,—yp)2 , &)

where, p(x, y) - Euclidean distance,
y — input data of the objects, the distance between them is measured in n-dimensional space
x,y €R™ (Plyuta, 1980; Prokopenko & Ganin, 2008).

In order to determine the strength of the correlation between partial indicators within each
component of the information economy development, the Pearson’s coefficient is calculated (4) (Plyuta,
1980; Turovs'ky'j, 2017):

¥ (xg—Mx) (yk—My) (4)

r =
p.xk,yk )
JEaM0? 1My

where, 1, i i — linear coefficient of the Pearson correlation;

Xk, Yk— values of variables;
Mx, My — assessment of the mathematical expectations of the values x«, yk (5-6):

M, =30 %, (5)
My =~3i i 6)

where, x, y — input data of objects
n — batch volume (Soshny kova & Tamashevy'ch, 1999).

Values of the coefficients of the Pearson correlation are within the range of the interval [-1; 1]. If
roxkyk Mmoves to 1, then the correlation between them is direct; if rpxyx moves to -1, then the correlation is
inverse; if rpxy=0, then there is no linear relationship between the indicators (however, this does not
mean that there is no complete correlation between the indicators).The greater the absolute value of the
Pearson coefficient is, the closer the linear correlation connection between the indicators is confirmed.

Results of the regional clustering in terms of components of the information economy development.
In Figure 2, the correlation degree between the selected for clustering partial indicators is visualized:
more intense coloration means smaller Pearson coefficient values, that is, a lower degree of correlation
between indicators. Data in Fig. 2 testify to the statistical and mathematical validity of further processing.

Looking through Figure 2 in details, it should be noted that there is a close correlation between all
partial indicators within each component. At the same time, the following indicators show a slightly lower
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degree of correlation: the amount of internal running costs for performing scientific-technical
(experimental) elaborations is in the research component; the number of students of higher education
institutions calculated pro 10 thousand of population — in the educational component; and partial
indicators of the innovation component (in comparison with other two components of the information
economy development) are characterized by much higher level of independence.

a) research component

b ) innovation component

Irl

- 096

Ir2

090

Ir3

Ird

084

Ir5

078

Iré:

Ir7

072

Ir8

i 0.66
S8

c) educational component

-096

0.90

0.84

Erl Er2 Er3 Erd Ers Eré Er7 Erg

Figure 2. Charts of the indicators correlation: a) research; b) innovation; c) educational
components of the information economy development on the regional level
Sources: compiled by the authors

Performed calculations, iterative metrics made it possible to cluster the regions of Ukraine according
to educational, research and innovation components of the information economy development. Results
of the cluster analysis allow us to formulate the following conclusions.In course of clustering the regions
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of Ukraine by the research component of the information economy, three groups are outlined (Figure 3).
Kharkiv region was recognized as a leader; Dnipro and Lviv regions are assigned to perspective regions
with the average development level. Other regions of Ukraine (21 regions) are included in the cluster,
which objects are characterized by the low development level of the set of parameters of the research
component.

Cluster
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Figure 3. Cluster distribution of the regions: the research component of the information
economy development
Sources: compiled by the authors

The largest cluster (88% of the analyzed regions) is the first cluster. It contains regions that
demonstrate heterogeneous tendencies of the development of the research component of the
information economy. Despite existing opportunities and reserves (availability of scientific-research
institutes and higher education institutions, that, in addition to teaching conduct research activity),
regions included in the first cluster at the current stage are not able to ensure successful implementation
of the available potential. The reasons for this, in our opinion, are the declarative nature of the priority of
scientific and technological development; low level of the commercial attractiveness, applied value of
R&D results; insufficient motivation of the research and educational staff to improve the quality of
research; predominantly fundamental, theoretically oriented research, low practical value and
commercial attractiveness of their results.

The second cluster includes Kharkiv region, which demonstrates the intensive development by the
research component of the information economy. Leadership positions in this field are substantiated by
the efficient functioning of organizations carrying out research and development (about 150), and
scientists in particular (about 10 thousand).There are powerful universities in Kharkiv region (Kharkiv
Polytechnic Institute, Kharkiv National University named after V.N.Karazin, Kharkiv National Medical
University, etc.), that concentrate the intellectual potential and conduct thorough research. It is in this
region of Ukraine that one of the highest indicators of funding for research is observed in Ukraine,
including basic, applied research, scientific and technical (experimental) development.
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The third cluster is presented by two regions that demonstrate the average development level of the
research component. In our opinion, subject to the synchronization of interests and coordination of
activities of subjects of state, business, educational and public sectors (The Quadruple Helix -
Carayannis & Grigoroudis Model, 2016), intensification of the scientific and technological development of
Lviv and Dnipropetrovsk regions is possible. Moreover, Dnipropetrovsk region has more perspectives to
move from the third cluster to the second one, in view of the dynamics of statistical indicators (for
example, the number of scientists, the amount of internal current costs for applied research and
experimental development). In turn, establishing such correlation will create stable preconditions for
activating the development of the information economy by increasing the effectiveness of research and
their commercialization in the real sector of the national economy.

The research component of the information economy influences the dynamics of the innovation
component. This is reflected in results of the clustering of the regions of Ukraine by the innovation
component — Figure 4. Effective implementation of the existing potential and attraction of talents to the
region have provided the leading positions in Kharkiv region by the innovative component (cluster 2).The
cluster of perspective regions with the average development level (cluster 3), besides Dnipro and Lviv
regions, has been completed with Zaporizhzhia and Odesa regions. Moreover, the leadership in this
cluster is taken by Zaporizhzhia region, the second place is Dnipro region. Majority of the regions of the
country (79%) were related to cluster 1, which objects are characterized by the low development level of
partial indicators of the innovation component of the information economy.
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Figure 4. Cluster distribution of the regions: the innovation component of the information
economy development
Sources: compiled by the authors

It should be noted that this component of the information economy development in Ukraine is the
most problematic for all regions of the state. Disruption of the correlation between subjects of the
Quadruple Helix model leads to the fact that:

— state and local authorities make unsubstantiated decisions on investing innovative activities (in
terms of spheres and industries);
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— higher education institutions generate innovative ideas, often devoid of commercial value, with
low levels of the investment attractiveness;

— enterprises spend financial resources on innovative projects, the implementation of which
ultimately does not bring the projected level of profitability due to their lack of validity (technical,
economic, scientific);

— innovation culture in the society is underdeveloped, employees have not developed innovative
thinking and skills of using modern information and communication technologies in professional activity.

The educational component of the information economy is considered a structuring by us (Figure 5).
This view can be explained by the fact that it is in the higher education system of the country that the
overwhelming majority of scientists, teachers of the country are employed. The educational component
partially integrates in its structure the elements of research and innovation components of the
information economy. The analysis of the research and innovation components revealed the increasing
contribution of higher education institutions to the development of the information economy. In particular
in the following directions: a) training of the scientific staff, as well as future specialist able to think and
act innovatively; formation of a new generation of entrepreneurs capable of doing business in the context
of the informatization, digitalization of the world economy; b) generation of innovative ideas,
development of new technologies and modernization of technology during the implementation of
research activities. In other words, the higher education system, on the one hand, provides staffing for
the development of the information economy, and on the other hand, the direct research and validation
of their results.

Cluster:
o1
B2
| K

Kharkiv

Mykolaiv

Zaporizhzhia

Romania

.‘\,I Rators

Figure 5. Cluster distribution of the regions: the educational component of the information
economy
Sources: compiled by the authors

Therefore, according to the cluster analysis, the group of regions with the intensive development
(cluster 3) includes Odesa, Zaporizhzhia and Kharkiv regions; the cluster of perspective regions with the
average development level (cluster 1) includes Kyiv, Kirovograd, Donetsk, Lviv, Mykolaiv and Sumy
regions; the rest — are assigned to the cluster of regions with the low development level of the

136 Marketing and Management of Innovations, 2019, Issue 3
http://mmi.fem.sumdu.edu.ua/en



S. Shkarlet, N. Kholiavko, M. Dubyna. Information Economy: Management of Educational, Innovation, and Research
Determinants

educational component (15 regions which makes 62% of analyzed regions) — Fig. 5. Obtained results
showed that the educational component has the biggest perspectives by the intensification of the
information economy development. Moreover, we are talking about complex engagement of the potential
of higher education institutions, including the state support and stimulation of the development of not
only educational but also research and innovation activity of universities.

Modern optimization processes in the higher education system of the country are accompanied by a
decrease in the number of educational institutions. These processes are aimed at consolidating
universities, transforming them into regional centers of the talent attraction, economic entities capable of
attracting and making effective use of investment resources. In practice, implementation of the
aforementioned faces difficulties that require full consideration of specific needs of individual regions of
Ukraine. This applies both to the professional and qualification structure of professionals in demand in
local labor markets, as well as to the structure, profile orientation and quality performance of the
university research. Inconsistency of the state policy on optimization in the higher education system with
meso-economic challenges causes a deepening imbalance in the processes of the establishing the
information economy at the regional level, breach of the correlation between the higher education,
business, government and society.

The next stage of our study was a consolidated clustering of the regions of Ukraine for the totality of
selected indicators (Table 2). In order to minimize the error and detail the results obtained by the
integrated clustering, a bigger number of clusters were isolated (k=4) — Table 3.

Table 3. Results of the consolidated clustering of the regions by the development level of the
information economy

Cluster Regions Cluster description
1 54% of the analyzed regions: regions with the low level of the information economy
Volyn, Donetsk, Zhytomyr, development: problematic regions, in which randomness and
Transcarpathia, Kyiv, Kirovohrad, selectivity are observed in the processes of establishing the
Luhansk, Mykolaiv, Rivne, Kherson, information economy; regions-outsiders that are just in the

Khmelnytskyi, Chernivtsi, Chernihiv early stages of the information economy
2 13% of the analyzed regions: regions with the dynamic development of the information
Dnipropetrovsk, Lviv, Odesa economy: regions that have reserves to increase the pace of

informatization of the economy and in the future — to move
into a cluster of regions with the intensive development

3 |4% of the analyzed regions: a region with the intensive development of the information

Kharkiv economy. Both integral clustering and clustering in terms of the
components have confirmed leader positions of Kharkiv region

4 129% of the analyzed regions: perspective regions with the average development level of the

Vinnytsia,  Zaporizhzhia,  Ivano-|information economy: regions characterized by the uneven
Frankivsk, Poltava, Ternopil, Cherkasy | dynamics of the information economy development; they have
necessary potential (intellectual, scientific-technical, innovation)
in order to activate processes of the information economy
informtization

Sources: compiled by the authors

Let us analyze the obtained results of clustering. Regions included in the first cluster are problematic
regions with the low level of the information economy development. This is due to the low level of their
economic, social development, low entrepreneurial activity; lack of effective motives for the
implementation of research activities; obsolescence of the material and technical base of scientific
institutions and universities, which limits the possibility of thorough research. Inert development and low
innovation activity of local businesses, disruption of business contacts between higher education
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institutions and enterprises, ineffective state policy on supporting science and education lead to the
emergence of destructive phenomena in the processes of the economy informatization. Such regions
need state support to increase the investment attractiveness of the science, higher education, diversified
sources.

The second cluster unites regions, that have similar economic development trends, are
characterized by favorable economic and geographical location, have significant potential, have
developed financial and credit systems, and are able to attract highly qualified personnel. These areas
are characterized by the investment attractiveness of the higher education, science and innovation.
Research activity of universities of Odesa, Lviv, Dnipropetrovsk regions is focused on the applied and
experimental development and focused on generating commercially attractive results in response to
actual challenges of the business sector.

Leading positions of Kharkiv region are obvious, which is substantiated by its dominance over a
number of analyzed indicators:

— the number of scientists, postgraduates, doctoral students, students (including in calculations per
10 thousand of population testifies to the powerful human and intellectual potential);

— the volume of introduced new technological processes, innovative products, number of
applications and patents for inventions indicates the high efficiency of the research and innovation
activity of subjects in comparison with other regions of the country;

— costs volume on research and innovation demonstrates awareness of the importance of science
and innovation in the economic development at micro- (enterprises), meso- (regions) and macro-levels
(national economy), manifested in the growth of the investment in scientific and innovative projects,
creates opportunities for the development of the innovative and information infrastructure, allows to
update the material and technical base of research and educational institutions.

Conclusions. To sum up, we can state that processes of establishing the information economy in
Ukraine are developing unevenly. Such unevenness at the level of different regions of the country can
activate processes of establishing the information economy, however, provided that found disparities are
objectively conditioned, regulated, moderate. In our opinion, activation of the processes of the formation
of the information economy in Ukraine requires improvement of approaches to state regulation, which
cannot be universal, but must be based on specific features of the regions, their smart specialization,
actual capacities and the achieved level of the development of the information economy components.
Strategic guidelines for the state support for regions with the intensive and dynamic development of the
information economy should be defined as follows: stimulation of the development of the innovative,
research, educational activity; contributing to maintaining growing trends of the information economy
development; accelerating the commercialization pace of the R&D results in higher education
institutions; guaranteeing respect for intellectual property rights; deepening the interaction of the subjects
of the Quadruple Helix model; widespread support for innovative actors; enhancing the investment
attractiveness of the education and science.

Vectors of the strategic development of perspective regions with the average pace of the information
economy establishing should be aimed at creation of favorable conditions for further structural changes.
It is important to identify systematically (at national and regional levels) factors that stimulate the
development of educational, research and innovation components of the information economy. For this
group of regions of Ukraine, it is extremely important to attract investment for the development of the
information and innovation infrastructure.

The calculations showed that the information economy in Ukraine is only at the stage of formation;
the largest number of regions of the state falls into the cluster of problematic regions with low
development levels of educational, innovation and research components. Such regional distribution
reflects the difficult social and economic situation in Ukraine, which is difficult to forecast in the medium
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and long term. The group of problematic regions needs the utmost attention from the public sector. In
our opinion, particular emphasis should be placed on the intensification of the higher education and
science, namely:

— enhancing the competitiveness of universities by increasing the quality of educational services;

— harmonization of the higher education institutions with the demands of the business sector,
bringing it in line with the smart specialization of regions;

— investing in updating the material and technical base of educational and research institutions;

— increasing the pace of implementation of the latest information and communication technologies;

— skills development by future staff to work with modern information and communication
technologies, development of the information literacy of the population, etc.

The problem of financing the educational, research and innovation activity is common to all regions
of Ukraine.This is caused, first, by low investment attractiveness of educational and science fields;
second, by low diversification of funding sources for educational and scientific institutions; third, by non-
synchronization of the subjects of the Quadruple Helix Model; fourth, by insufficient level of the
innovation activity of domestic business. Thus, the need to develop and implement a comprehensive
strategy for state regulation of the processes of the formation and development of the information
economy becomes justified. Moreover, the development of such a strategy should be based on the
synergistic approach, taking full advantage of the partnerships of the entities of the Quadruple Helix
Model.
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IHchopmaLlifiHa eKkoHOMIKA: MeHeXKMEHT iHHOBALiNHOI, OCBITHBLOI Ta AOCNIAHNLbLKOI AeTepMiHaHT

[nobanbHuM mpeHAOM eKOHOMIYHO20 PO38UMKY € nepexi0 00 (hopMyBaHHSI HOB020 EKOHOMIYHO20 yKknady — iHghopmayiliHoi
eKoHoMiKu. 30amHicmb 00 2eHepauii 3HaHb ma iHHo8auili cmae nepedymo8oK0 NIdBULUEHHS KOHKYPEHMOCNPOMOXHOCMI KpaiHu
ma i pezioHis, a makoX eu3Hayae memnu iX COuianbHO-eKOHOMIYHO20 PO3BUMKY. Y makoMy KOHmeKCmi akmyanizyembcs
HEOOXIOHICMb  8U3HAYEHHST pigHi8 PO3BUMKY  iHGhOpMaUiliHOI eKOHOMIKU ma i CmpyKmMypHUX KOMNOHEHM (0C8IMHbOI,
0oCiOHUYbKOI, HHOBaUILIHOI) y peeioHax kpaiHu. Memoio cmammi € po3pobka U anpobauis MemoduyHo2o iHempymeHmapio
OUiHKU po38UMKY iHGhopMayiliHOi ekoHOMIKU y pO3pi3i ii cmpyKkmypHUX KOMNOHeHm, wo 003601UMb ChOpMysamu pezioHasnbHi
Knacmepu 3a IHMEHCUBHICMIO 0C8IMHbOI, iHHO8aUIlIHOT i AOCMIOHUULKOI KOMNOHEHM, @ MaKOX eu3Ha4yumu npiopumemHi
86KMOPU  CMUMYITIOBaHHS PO38BUMKY iHOPMAUiUHOI eKOHOMIKU Ha Makpo- ma MEe30eKOHOMiYHOMY pieHsX. [lpu po3pobyi
Memodu4yHO20 iHCMpyMeHmapito aemopu 8uxo0usnu 3 icHytoyux y ceimi memoduyHux nidxodig, moxnusocmi ix adanmauyii 0o
HauyioHanbHOI cneyucbiku, a makox nomeHuiany cmamucmuyHux 6a3. [nsa 30ilicHeHHs1 knacmepu3sauii peeioHie YkpaiHu 3a
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pigHeM po3suUMKy 0C8IMHbOI, iHHO8aUilHOT ma 00CHiOHUUBKOI KOMNOHEHM iHghopMayiliHOT eKOHOMIKU 8UKOPUCMAHO areopumm K-
means. [lposedeHull KnacmepHull aHani3 nokasas, WO NPOUECU CMaHOBEHHS iHEhOPMaUilHOi eKoHoMiKU 8 YKpaiHi
po3guUBaloMbCs HEPIBHOMIPHO ma nepebysaromb Ha emani cmaHosneHHs. binbwa Kinekicms obnacmell depxasu nompansise 8
Kknacmep npobeMHUX Pe2ioHie 3 HU3LKUM PiBHEM PO3BUMKY 0C8IMHbOI, iHHO8ayiliHOI ma Q0CMIOHUUbLKOI KOMNOHEHM; NidepchKi
nosuyji 3a pisHeM po3gumky iHghopmauyiliHoi ekoHomiku demoHcmpye Xapkigcbka obrmacme, 8idHeceHa Ao Kacmepy peeioHie 3
IHMEHCUBHUM PO3BUMKOM  iHGbopMaUiliHOI eKOHOMIKU; BUOKDEMIIEHO MaKOX Kiacmep NepcneKkmuBHUX peeioHie i3 cepedHim
pigHem po3sumKy iHghopmauitiHoi ekoHomiku. [IposedeHe docnidxeHHs 00380/1UN0 BUSBUMU OCHOBHI NPobIeMHi MOMeHMU ma
ideHmucbikyeamu 30HU BUHUKHEHHS pezioHanbHuX ducbanarcie 8 po3sumky iHopmayiliHoi ekoHoMiKu, y momy qucni 8 po3pisi it
CMPYKMYPHUX KOMNOHEHM. Y GUCHOBKaX asmopamu 3anponoHO8aHO Hanpamu 800CKOHaeHHsl nidxodie 00 OepxasHO20
peayrnisaHHs NPouecie CMaHoBITeHHs iHhopMayiliHOi eKOHOMIKU, W0 IDYHMYIMbCS Ha 8paxysaHHi cneyuchidHuX ocobnueocmsx
pezioHig, ix cmapm-cneyianizauii, hakmudHux nomyxHocmel ma Q0CsieHymoeo pigHs PO38UMKY KOMNOHEHM iHghopmayitiHOT
EKOHOMIKU.

KntouoBi crosa: iHhopMmalliiiHa ekoHoMika, perioH, iHHoBaLji, BuLa ocBita, R&D, knactep, OCBiTHS KOMMOHEHTA, iHHOBaLiHa
KOMMOHEHTA, AOCNiAHMLibKa KOMIMOHEHTA.

Manuscript received: 19.06.2019.
© The author(s) 2019. This article is published with open access at Sumy State University.

Marketing and Management of Innovations, 2019, Issue 3 141
http://mmi.fem.sumdu.edu.ua/en



