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Urgency of the research stems from the need to analyse
the complex transformation processes in the world economy
system, associated with transition to knowledge economy
(KE). Identifying the distinctive features of the countries at the
national level is a key prerequisite for generalization of these
processes at the global level.

Target setting. In the context of changes in the world
economy, an assessment of the level and dynamics of KE
development parameters in general and by individual
components is critical for every country. International
comparative analysis allows assessing the global landscape
of KE development as well as identifying its key factors.

Actual scientific researches and issues analysis.
Prominent Ukrainian and foreign scientists-economists formed
the theoretic and methodological bases for the study.
Numerous studies prove the relevance of the selected topic
and significance of the identified scientific and practical
problem.

Uninvestigated parts of general matters defining.
Global landscape of KE development has been studied in a
fragmented manner. In particular, it is related to search for its
structure and identification of the key factors of knowledge
management.

The research objective. To implement clastering of
countries using KE development parameters and to identify its
key factors.

The statement of basic materials. Clustering of
countries has been implemented using KE development
parameters in 2010 and 2014, including such components as
education, science, information and communication
technologies, manufacturing technologies and innovative
business. Based on the assessment of differences between
clasters, we have identified the key factors of KE formation.
Boundary values of these parameters by clusters enabled us
to evaluate a position of Ukraine in the global landscape.

Conclusions. Study outcomes characterize the structure
and heterogeneity of the global landscape of KE development.
We have identified its key factors, boundary values, which are
critical while assessing a position of particular countries and
identifying target indicators of their strategies.
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KNACTEPU3ALIA KPAIH Y TMOBAIIbHOMY
JNAHOLWA®TI PO3BUTKY
EKOHOMIKM 3HAHb

AKkmyanbHicmb memu OocriOxeHHSI 3yMoerieHa
HeobxioHicmio aHarnisy npouecie KOMIIeKCHOI
mpaHcgopmay;i csimozocrnodapcbKoi cucmemu,
rnog’asaHoi 3 nepexodoM OO €KOHOMIKU 3HaHb (E3).
BusieneHHsi kpaiHosux ocobriueocmell Ha HauioHarbHOMY
pigHi sucmynae 8axsnugor rnepedyMo8OK y3azallbHEHHS
yux npouecie Ha arnobanbHOMy pieHi

lMocmaHoeka npo6nemu. \4 KOHmMeKcmi
ceimoaocrnodapcbKux 3MiH Orisi KOXHOI KpaiHU € 8aXIugoto
ouyjHKa pieHsi i QuHamiku napamempie po3sumky E3 3azanom
ma 3@ OKpemMumu  KOMroHeHmamu.  [lposedeHHsi
MDKHapOOHO20 KOMIapamueHo20 aHanidy 003805si€ OUjHU-
mu enobanbHuli naHowaghm possumky E3, a makox eusHa-
qumu ii Knro4osi gpakmopu.

AHaniz ocmaHHix OocnioxeHb | ny6nikayid.
Teopemuko-memodonoeidHi 3acadu docnioxeHHs1 E3 6ynu
3aknadeHi rposiOHUMU 3aKOpPOOHHUMU ma yKpaiHCbKUMU
8YEHUMU-EKOHOMICmamu. YHucneHHi docriidxeHHs
niémeepdxyroms  akmyarnbHicmbs obpaHoi memu ma
8aXIrugicmb OKPEC/IeHOI HayKo8O-MpaKkmu4Hoi npobremu.

BudineHHs1 HedocnidxeHUx 4YacmuH 3a2aslbHoi
npo6nemu. [nobanbHuli naHOwagm po3sumky E3
docnidxeHo hpaemeHmapHo. Lle, 30kpema, cmocyembcsi
nowyky (020 CMPyKmMypu | 8U3HAYEeHHS KITYO8UX
¢hakmopis E3.

lNocmaHoeka 3aedaHHs. 30ilicHumu Krnacmepusaujio
KpaiH 3a napamempamu po3sumky E3 ma eusHayumu ii
Knto4osi ghakmopu.

Buknad OCHOBHO20 Mamepiany. BukoHaHo
Krnacmepusauilo KpaiH 3a napamempamu po3sumky E3 y
2010 ma 2014 pp., sknroqaro4u maki i ckrnadosi sik ocsima,
Hayka, IKT, supobHu4i mexHoroeil, iHHogauiliHul 6i3Hec.
Ha ocHosi ouiHku eidmiHHOCMeU MiX Kracmepamu
8U3HaYeHO KI1to408i hakmopu cmaHoesneHHs1 E3. paHuyHi
3Ha4YeHHs Uyux Mapamempig 3a Knacmepamu 003801uMU
ouyiHuUmu no3uyii YkpaiHu y anobanbHomy naHOwaghmi.

BucHoeku. Pe3ynsmamu docrnidxeHHs
Xapakmepu3ytomb  cmpykmypy i HeOoOHopiOHicmb
a2nobanbHoeo naHOwaghmy po3zsumky E3. BusHnadyeHo ii
KIt0408i ¢chakmopu, 2paHUYHi 3Ha4YeHHs SIKUX 8axkruei rnpu
OUIHUi Mo3uuili OKpemux KpaiH ma 8cmaHO8/eHHI Uirnbogux
iHOukamopie ix cmpameait.

Knroyoei crnoea:  eKoHomika ceimose
2ocnodapcmeo; KnacmepHUU aHani3.

3HaHb;

Urgency of the research. In the early XXI century, the signs of global structural crisis of the world
economy have been observed, which was a result of the accumulated problems, inherent in the mod-
ern economic model in a general sense, and it marked a completion of the previous long-wave cycle.

176

Polyakov M. V., Shevchenko G. Y., Bilozubenko V. S. Clustering of

countries in global landscape of knowledge economy development

(o) I



HaykoBuii BicHuk Moniccst Ne 1 (13), 4. 1, 2018 Scientific bulletin of Polissia Ne 1 (13), P. 1, 2018

EKOHOMIKA TA YTIPABJIIHHA HALIOHAJIBHUM rOCIIO4APCTBOM

A complex transformation of the world economic system, related to transition to the more advanced
type of economy — knowledge economy (KE) as the higher level of reproductive evolution, started in
the context of transition to a new cycle, launched by the forth industrial revolution. Knowledge be-
comes the most critical resource in the economy of such type and it enables humans to better organ-
ize and support their vital activities, in particular, economic management, especially considering the
growing demands and exacerbation of resource limits.

A top-priority challenge to build the KE has emerged at the national level and it has become a sub-
ject to state strategies for social and economic development of multiple countries of the world in the
context of the world economy transformation. The transformations, related to building of KE, are
formed at the country level, where certain asymmetries and specific characteristics become apparent.
Therefore, from the perspective of studying the global landscape of KE development, it is particularly
important to analyze similarities and differences of the countries, to divide them into groups (clusters)
based on a wide range of parameters and to provide insight into the formation of a new type of the
economy.

Target setting. Most countries of the world more or less use the KE concept while elaborating the
strategies of social and economic development and well as while implementing structural and institu-
tional transformations. Taking it into consideration, a complex assessment of the level and dynamics
of KE development parameters is critical for every country. Such scientific and practical problem also
arises in the world-level studies, in particular, within the framework of international comparison, and it
can be addressed using cluster analysis. At the same time, generalization of a wide range of parame-
ters, representing such complex matter as KE and its multiple components, is of particular importance.
Clustering of countries will make it possible to obtain the structure of global landscape of KE develop-
ment as well as qualitatively and quantitatively to assess the progress towards a new paradigm.
Searching for similarities and differences of countries, we can also identify the key factors of KE for-
mation, determining positions of individual countries.

Actual scientific researches and issues analysis. Theoretic and methodological bases for study
of KE were laid by such internationally recognized scientists as: P. Drucker, B.-A.Lundvall,
F. Machlup, R. Solow, J. Stiglitz, F. von Hayek and others. Their best practices, being reconsidered
and supplemented, can be productively used while studying modern processes at the national and
global levels. The leading Ukrainian economists made a significant contribution into study of
knowledge economy, in particular: O. Amosha, O. Belorus, A. Galchinsky, V. Heyets, |. Kalenyuk,
D. Lukyanenko, V. Sidenko, L. Fedulova, A. Filippenko, A. Chukhno and others.

We would like to highlight a few scientific publications, proving the urgency of this paper topic and
nature of the problem. Thus, O. Belorus lays the emphasis on the processes of reproductive evolution
and structural transformation [1], which give rise to challenges and define the focus of analytical stud-
ies of changes in the world economy, in particular, related to KE development. Kh. Kyrylych stresses
the problem of uneven development of the world economy [2], which makes the objective, related to
assessment of similarities and differences of countries, i.e. clustering, more complicated and relevant.
The paper of I. Kalenyuk and L. Cimbal emphasizes the importance of studying the KE development
that, in particular, is attributable to a new paradigm and determinants of the world leadership [3]. The
papers of M. Kaur and L. Singh [4] and R. Vadra [5] prove the importance of such study for the devel-
oping countries. The assessment of global landscape of KE development becomes more relevant. In
recent years, there have been published numerous papers (in particular, P. Altbach [6]), which sug-
gest examining the global knowledge economy. Therefore, the tasks of assessing the global land-
scape of KE development as a new dimension of international comparisons are actualized.

Uninvestigated parts of general matters defining. It should be noted that, despite of the close
attention to assessment of modern transformations of the world economy, the processes of KE devel-
opment at the global level are studied quite fragmentarily. Among other things, it is related to search
for the structure of global landscape of KE development, assessment of general progress of the coun-
tries and identification of the most important factors.

The research objective. The objective is to implement clustering of countries using KE develop-
ment parameters, facilitating assessment of the global landscape of the respective processes and
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identification of the key factors of formation of this type of economy.

The statement of basic materials. For the purposes of cluster analysis it is required to identify the
parameters, characterizing formation of KE. In our point of view, KE is mostly represented by a unity of
such elements as: education, science, information and communication technology (ICT), production
technologies and innovative business.

The target of clustering is to identify objectively the existing clusters (groups) of countries with simi-
lar value of parameters for KE development, based on the available multidimensional input data. Clus-
tering will enable us: 1) to divide countries into clusters according to qualitative and quantitative pa-
rameters for KE development to enhance quality of studies; 2) to identify distinctive features of each of
the clusters; 3) to highlight distinctive features of different clusters, thereby identifying the key factors
of KE and their boundary values by clusters, which characterize transition to this kind of economy. The
results of clustering will outline the concept of KE development at the global level.

Clustering is one of the targets of Data Mining, implying division of a set of homogeneous objects,
characterized by input vectors, into clusters according to the degree of their similarity. Every cluster is
formed in such a way that the objects, composing it, are the most similar to each other and are not
similar to the objects, included into the other clusters. This forms the basis for comparison of clusters
and identification of differences between these clusters and the countries, included into the clusters.

Distribution of countries by clusters is performed based on the data, characterizing individual compo-
nents of KE. A set of data is formed based on official statistical reports, provided by international organi-
zations, as well as well-recognized international ratings and indicators. Data is distributed across five
analytical columns, according to understanding of KE, where the measurement indicators are structured
(Tab. 1).

Table 1
Indicators for clustering of countries by the parameters of KE development that are structured
by analytical columns

Columns
Education Science ICT Production Innovative
Technologies business
1. Government ex- 1.Research and 1.ICT service 1.High- 1. Ease of Doing Busi-
penditure on education, | development ex- | exports (% of | technology ex- | ness Ranking;
total (% of GDP); penditure (% of | service exports, | ports (% of man- 2.Business sophistica-
2.Gross enrolment ra- | GDP); BoP); ufactured ex- | tion (Innovation and
tio, tertiary, both sexes 2.Researchers in 2.ICT goods | ports); Sophistication  Factors
(%)1; R&D? (per million | exports (% of | 2.Economic Subindex) (Global
3. Higher education | people); total goods ex- | Complexity In- | Competitiveness Index,
and training (Global 3. Scientific  and | ports); dex (ECl) (Cen- | World Economic Fo-
Competitiveness Index, | technical journal 3. Networked ter for Interna- | rum);
World Economic Fo- | articles; Readiness Index | tional Develop- 3. Innovation Input
rum); 4.Citable docu- | (World Economic | ment at Harvard | Sub-Index (Global Inno-
4.Expected years of | ments; Forum); University) vation Index, World In-
schooling (Human De- 5.Patent applica- | 4.ICT Devel- 3.Technologi- tellectual Property Or-
velopment Index, United | tions, residents; opment Index | cal readiness | ganization and
Nations  Development | 6.Patent grants, | (International (Global Competi- | INSEAD);
Programme); residents Telecommunica- | tiveness Index, 4.Innovation  Output
5.Mean years of tion Union). World Economic | Sub-Index (Global Inno-
schooling (Human De- Forum). vation Index, World In-
velopment Index, United tellectual Property Or-
Nations  Development ganization and
Programme). INSEAD).

T Gross enrollment ratio is the ratio of total enrollment, regardless of age, to the population of the age group that officially corresponds to the
level of education shown. 2 R&D — Research and Development

Sources: The World Bank Group // https://data.worldbank.org; Center for International Development at Harvard University //
http://atlas.cid.harvard.edu; World Economic Forum // http://www.weforum.org; The Global Innovation Index //
https://www.globalinnovationindex.org. United Nations Development Programme. Human Development Reports //
http://hdr.undp.org. SCImago Journal & Country Rank // http://lwww.scimagojr.com; International Telecommunication Union //
https://iwww.itu.int; World Intellectual Property Organization // http://www.wipo.int/portal/en/index.html.
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Proceeding from the specifics of data set, for clustering of countries we chose k-means algorithm,
being the most efficient, when data creates compact bunches in the multidimensional indicators
space, which are very different from each other. The algorithm consists of the following steps:

1. k of initial centers of future clusters is chosen randomly (k — is a number of clusters);
2. The algorithm includes each selected object into the cluster, having the closest center ac-
cording to the chosen metrics;
3. Mass centers of the created clusters (u;) are recalculated according to the formula
1
Ui = |S_i|ZXjESi xj’

where S; — obtained clusters, i =1,2,..., k;
X; — j parameter, x; € S,
4. We calculate the total squared deviation of cluster points from centers of these clusters:

D= Zf:l ijesip(xj'.ui)z!
where p — chosen metrics.
A criterion of objects similarity is a distance between the objects. Euclidean space was chosen as
metrics. It is a geometric distance between points in multidimensional (Euclidean) space and a pair of
points p=(p,...,pn) and g=(qy,...,qn), Which is calculated according to the formula:

d,q) =/ (1 — 41)? + (02 — 42)% + - + (D0 — 40)?-

The algorithms are committed to minimize the total squared deviation of cluster points from centers
of these clusters. k-means algorithm for Euclidean metrics looks like this:

D = Z£(=1 ZXjESi(xj - nui)z'

5. Steps 2-4 are repeated iteratively until the value of the total squared deviation stops changing.
The total squared deviation is a functional of this algorithm quality.

In order to obtain tangible results, we made audit of data quality and defined the number of clusters
for this sample. It was carried out using the scaling method, which allows us, having a few deviations,
to maintain basic structural relationships between objects of different clusters. It has been determined
that the optimal number is four clusters.

It should be taken into consideration that since the very beginning the selection of countries has not
included the countries with the lowest indicators for all components of KE that is often caused by
weakness or a lack of scientific and technological potential as well as a lack of complete set of data.

Clustering was carried out using the data analyzing software of the portal Science Hunter (URL:
http://sciencehunter.net.). Its results for 2014 are shown in the Tab. 2 (in comparison with clustering
according to data of 2010, Serbia and Turkey moved from IV to Il cluster).

Table 2
Results of clustering of countries according to parameters for KE development

Cluster Countries

I USA, China, Japan;

Australia, Austria, Belgium, Great Britain, Germany, Denmark, Israel, Ireland, Canada, the Republic
1] of Korea, the Netherlands, New Zealand, Norway, Slovenia, Finland, France, Switzerland, Swiss, Es-
tonia;

Argentina, Bulgaria, Hungary, Greece, Spain, Italy, Latvia, Lithuania, Poland, Portugal, Romania,
11 Serbia, Slovakia, Turkey, Ukraine, Croatia, Czech Republic, Chile;

1\ Brazil, India, Indonesia, Malaysia, Mexico.
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The assessment, based on the absolute and relative indicators, allowed singling out the USA, Chi-
na and Japan into a separate cluster as the countries with the strongest economies of the world. The
USA and Japan are the undoubted leaders according to a majority of absolute indicators and multiple
relative indicators of KE and, at the same time, they demonstrate positive dynamics. These countries
should be considered as the countries, which have achieved such quality as KE. Concerning China,
they are significantly ahead of other countries according to absolute indicators and they are a little bit
behind (and often even ahead of) the rest of countries according to a number of relative indicators.
Besides, China intensively builds up parameters of all components of KE. In scientific and technologi-
cal aspects China approaches the level of quality, corresponding to KE. In general, the countries of |
cluster have the highest absolute positions in respect of KE development in the world.

The countries of Il cluster are essentially similar to each other by the structure of economy, relative
and multiple absolute parameters of KE development. In general, these countries can be considered
as the countries, which have achieved or are close to achievement of the quality of development, typi-
cal of KE. It is proven by the overall level and positive dynamics of the indicators. The countries of I
cluster are behind the USA, Japan and China according to the level of some absolute indicators that
can be explained by objective circumstances. At the same time, a number of countries of Il cluster are
the world leaders in science and some fields of technology, which, in particular, is related to: Germa-
ny, the Republic of Korea, France, Israel, Switzerland, etc. These countries have even more balanced
combination of KE components than the countries of | cluster.

Il cluster is formed by the countries with modern mixed economy, cutting-edge technology, high
level of scientific and educational development and business innovative activity. In aggregate these
countries also play the leading role in transformation of the world economy. Besides, the countries of
this cluster are of interest for study of: 1) rapid progress (Israel, the Republic of Korea, and Ireland);
2) successful introduction of market model for acceleration of technological development (Estonia and
Slovenia); 3) transition of the developed raw material producing countries to KE (Australia, Canada,
Norway, New Zealand); 4) building of inclusive science intensive economies, having no heavy industry
(Denmark, Israel, Finland, Belgium). Il cluster is the most interesting for Ukraine and therefore, pa-
rameters of countries from this cluster can serve as a basis for establishment of target indicators or
guidelines.

Il cluster is quite varied. A number of countries (Argentina, Turkey and Chile) have undergone indus-
trialization stage for the previous years and some countries (Greece, Spain, Italy and Portugal) are now
experiencing a long-term recession after the crisis of 2008-2009. A majority of countries (Bulgaria, Hun-
gary, Latvia, Lithuania, Poland, Romania, Serbia, Slovakia, Croatia, Czech Republic) — are the countries,
which carried out successful transformations after the collapse of socialist system and are now develop-
ing within the framework of European structures. This cluster has also integrated currently quite success-
ful countries (for instance, Poland and Chile) as well as the countries, which do not show extraordinary
progress. In general, these countries are significantly behind the countries from | and Il clusters.

Due to objective reasons, the countries of IV cluster have lower indicators of all KE components
than the countries of previous clusters. At the same time, every country of the IV cluster demonstrates
considerable achievements in certain spheres, taking into account their actual state of affairs. These
countries also have a huge potential for economic growth, therefore they are interesting in terms of
studying the processes of KE formation.

The analysis confirmed the objectivity of the clustering of countries. The objective to find differ-
ences between clusters enabled us to form training sampling that, being classified, makes it possible
to identify the key features of the countries of each cluster as well as distinctive features between clus-
ters (classes). In fact, the analysis allows identifying the key factors of KE as far as the boundary val-
ues of certain parameters, separating some classes from the others, thereby actually act as the devel-
opment framework of KE in qualitatively different groups of countries. A positive feature of this analy-
sis is that the aspects, which require enhanced development as well as parameter values, which have
to be achieved, become evident for every individual country.

For classification, aimed at identifying the key factors, we used structural-logical methods for train-
ing sample, which allow performing qualitative assessment of the significance of individual parameters
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as well as groups of indicators and enable us to find differences between the identified classes (clus-
ters). x parameter (attribute) means discrete description (probably, modified quantitative or qualitative
description) of one or another feature of the object under study. In its turn, X object, from our perspec-
tive, is described using a set (xy, ..., x,,) of discrete values of x; parameters (attributes) in the space of
parameters (attributes) with a dimension of n, where the values (attributes) of these parameters are
set along its axes x3, X, ..., X,. Therefore, a description of the object X will mean a set X = (xy, ..., x,) of
discrete values of parameters (attributes), hereinafter referred to as the discrete set X.

Training sample is represented in the form of table of empirical data, consisting of a multitude of
verified discrete sets X, i.e. the sets, where we know their belonging to one or another class, given in
this sample. Inclusion of certain parameters has been assessed using the following formula:

V(xig, e, x5) = %ZAEFmaxY(Tn_A:)i (1)

where k — number of classes (clusters);
my — number of objects, belonging to class (cluster) Y;
A=1y, tp,..., (0 S < ki-1), j=1,..., y — arbitrary set of parameter (attribute) values xq, ..., X; (1sy < n);

m, — amount of sets of training sample of m class, that the following relation is applied to x;=t;
(=1,...,7), ty — value of parameters (attributes) x; in a set 4, I — a multitude of all sets of parameter

(attribute) values xi, ..., Xj.

We can show that 1/k < V (xy, ..., xj) < 1. This assessment takes on boundary value that is equal
to 1 in case of absolute difference between classes. It is important to note that such assessment is
calculated, directly based on data of training sample and characterizes it as the resolving power. In
our training sample we use 22 parameters, characterizing KE development. In boundary case, even if
we use just binary encoding of data, required to simplify solution for classification of training sample, a
search for the groups of key factors (parameters) would require verification of 2% different combina-
tions of factors, i.e. four millions of their varied combinations. Manual verification of all these combina-
tions is simply impossible. Application of the assessment (formula 1) and the algorithm for search of
the informative groups of parameters allows us considerably to shorten the above-stated enumeration.
Using the software, which allows implementing the aforementioned algorithm and is available on the
portal Science Hunter (URL: http://sciencehunter.net), we have obtained the following group of factors,
which can be called the key one as far as the values of these factors significantly differ in the coun-
tries, included into different clusters. Therefore, these factors can serve as indicators of KE develop-
ment in one or another group of countries and can be called the key factors.

Analysis of the data for 2010 enabled us to identify the following key factors of KE:

1 — Gross enrolment ratio, tertiary, both sexes (%) — this indicator naturally proves the growing im-
portance of the higher education as well as the necessity to “enroll” there the entire population of the
country aiming to build knowledge economy;

2 — Mean years of schooling — the key role of this indicator is also explained by significance of edu-
cation, but, at the same time, duration of study becomes essential, where its increasing becomes the
prerequisite for formation of the high level of human resources. The importance of the duration of
study is significantly growing in the period of technological changes, when it is necessary to master
new technologies and continuously to educate human resources. First of all, this is required by mod-
ern industrial revolution and digital transformations.

As it has been established in XX century, the indicators of education continue to be the most critical
parameters, dividing countries by the level of social and economic development. A priority of educa-
tion does not disappear even today, when a new type of economy is created based on the human in-
tellectualized capital;

3 — Patent applications, residents — this indicator demonstrates the activity of scholars and innova-
tors as well as overall performance of R&D in a particular country. The growing number of applications
is reasonable in conditions technological changes. The importance of this indicator stems from the
necessity to enhance scientific and technological activities in an effort to generate innovations in the
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beginning of the new economic wave;

4 — Innovation Input Sub-Index — this subindex of the Global innovative index is complex and it en-
compasses a humber of components (institutes, human capital and studies, infrastructure, marketing
sophistication, business sophistication). The key importance of this indicator stems from the im-
portance of innovative capability.

Thus, the given indicators for 2010 in aggregate have divided the obtained clusters of countries. All
these indicators are essential for KE separately as well as jointly, when the synergetic effect is pro-
duced. Overall significance consists, first of all, in sharing knowledge, increasing the quality of human
resources and creating the preconditions for innovations. Tab. 3 shows maximum and minimum val-
ues of key indicators, according to the obtained clusters of countries.

Table 3
Boundary values of basic parameters that the clusters of countries are distributed by,
according to development of KE components, 2010

Gross enrolment ratio, Mean years of Patent applications, Innovation Input
tertiary, both sexes (%) schooling, years residents, units Sub-Index
min max min max min max min max

Cluster | 58,011 80,917 7,5 12,4 241977 293066 3,64 54
Cluster Il 52,793 99,660 9 12,6 84 131805 4,52 5,54
Cluster 11l 54,672 102,731 8 12,3 108 8877 3,44 4,45
Cluster IV 17,9115 55,999 4,4 9,5 290 8853 3,51 4,51
Ukraine 81,934 11,3 2556 3,6

Ukraine demonstrates high level of Gross enrolment ratio, tertiary, both sexes and Mean years of
schooling. However, it should be noted that the quality of higher education is much lower than in the
developed countries, and the duration often depends on labor market problems. According to the
number of patent applications, Ukraine is closer to the countries of Il and IV clusters, but, in respect of
conditions, we demonstrate quite high level of potential. The assessment of preconditions for innova-
tions (Innovation Input Sub-Index) is close to the bottom boundary of Ill and IV clusters (as well as the
indicator of China).

In 2014 the following factors became the key factors of KE:

1 — Gross enrolment ratio, tertiary, both sexes (%) and 2 — Mean years of schooling — the fact that
these parameters are still in the list of key factors proves the importance of education for knowledge
economy;

3 — Patent grants, residents — this parameter demonstrates activity of scholars and innovators as
well as overall performance of R&D in the country. Like in case of patent applications, the importance
of this indicator stems from the necessity to enhance scientific and technological activities in an effort
to generate innovations. The significance of efficiency in conditions of technological changes in the
countries of | and Il clusters has increased,;

4 — Networked Readiness Index— this parameter demonstrates the importance of ICT. Probably,
the key role of this indicator was identified through building of information society and digital economy
in the leading countries as well as formation of new models of industrial production, where ICT is an
integral part, which became a practical basis of modern economy;

5 — Technological Readiness — the importance of this factor and its transformation into the key fac-
tor, probably, stems from the growth of technological significance in the context of industrial revolution.

Therefore, in 2014 these indicators in aggregate divided the obtained clusters of countries. All the-
se factors are also critical for KE, both individually and jointly, having a common significance in syner-
gy. Tab. 4 shows maximum and minimum values of key indicators, according to the obtained clusters
of countries in 2014.

In 2014 Ukraine has higher value of the indicator Gross enrolment ratio, tertiary, both sexes (%).
By this indicator Ukraine significantly exceeds the bottom boundaries of Il and Il clusters and even
exceeds the lower threshold of the first cluster. A situation with the parameter Mean years of schooling
is almost the same and it even more exceeds the bottom boundary of cluster I. At the same time, the
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lowest quality of education in Ukraine should be taken into consideration, as well as remoteness of the
value from the upper threshold of I, Il and Il clusters. By the quantity of Patent grants, residents,
Ukraine exceeds the bottom boundaries Il, Il and IV clusters, but we are significantly behind Il clus-
ter, and by 57 times lower than the upper boundary of Il cluster. By Networked Readiness Index the
Ukrainian value is considerably lower than the upper boundary of all clusters. Moreover, Ukraine has
not even reached the bottom boundary of Il cluster. By parameter Technological Readiness Ukraine is
on the bottom boundary of Il cluster and is far from the upper boundary of all clusters. Technological
Readiness is the “weakest” point of Ukraine among the key factors of KE building.

Table 4

Boundary values of basic parameters that the clusters of countries are distributed by,

according to development of KE components, 2014
Gross enrolment Mean years of Patent grants, resi- Networked Technological
ratio, tertiary, both schooling, years dents, items Readiness readiness
sexes (%) Index
min max min max min max min max min max
Cluster | 79,99 90,31 7,5 12,9 144621 177750 4,05 5,61 3,53 5,78
Cluster Il 56,48 94,21 10,3 13,1 26 97294 4,6 6,04 5,05 6,28
Cluster 11l 52,92 113,87 7,6 12,4 6 6863 3,53 4,78 35 5,42
Cluster IV 25,54 49,28 54 10 223 720 3,85 4,83 2,75 4,21
Ukraine 82,305 11,3 1701 3,87 3,5

Conclusions. Therefore, the analysis that was performed made it possible to distribute countries
by four clusters, characterizing the structure and heterogeneity of global landscape of KE develop-
ment. The obtained clustering has demonstrated the objective picture of similarities and differences
between countries that has been used as a basis for identifying the key KE factors and their boundary
values by clusters. Based on this data, we have made assessment of the countries positions that ena-
bles us to identify target indicators while developing the strategies of their social and economic devel-
opment, focusing on individual components of KE. In further studies we are going to focus on assess-
ment of synchronism in transition of individual groups of countries to knowledge economy.
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