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Abstract
Afforded achievement of the scientific and therietdgical areas is one of the determinant condgitmat
increase the competitiveness and productivity ohemy. Accordingly, the promotion of research and
development activity has vital priority in the diegment policy. However, some issues come up: HeVB&T
input and output divided among the territorial witls it possible to put the regions in a defiitder on the
basis of S&T activities? Does center-periphery tielaship exist in S&T sector as we get used to dther
areas of economy? In the first part of my studymiieintroduce different composite indicators irethrea of
S&T based on international and Hungarian profesaiditerature. In the second part we will examihe S&T
activities of the Hungarian regions, separating #imsolute and relative indicators which describe tasearch
and development in different classes. After makimvn the results of the comparative analysis, Wlemeate
complex indices with the help of the principal comgnts analysis (PCA), set out from both the alsand
relative indicators. By this, it will be possible put the Hungarian regions in an unambiguous omethe
basis of their S&T activities.
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1 Introduction

Afforded achievement of the scientific and the teabgical areas is one of the determinant
conditions that increase the competitiveness anduyativity of economy. Accordingly, the
promotion of research and development activity i priority in the development policy of
Hungary. However, some issues come up: How are Dt and output divided among the
country’s territorial units? Is it possible to pghe regions in a definite order on the basis of
R&D activities? Does center-periphery relationséist in R&D sector as we get used to it in
other areas of economy?

In the first part of my study | will examine the R&activities of the Hungarian regions,
separating the absolute and relative indicatorelvblescribe the research and development in
different classes. After making known the resulidhe comparative analysis, | will create
complex indices with the help of the principal canpnts analysis (PCA), set out from both
the absolute and relative indicators. By this,ilt e possible to put the Hungarian regions in
an unambiguous order on the basis of their R&Dvdies.
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2 Compositeindicators

An increasing interest is shown from both the pmdit decision-makers and the public
opinion regarding the complex indices that comphee performance of the countries. The
indices that allow comparing the countries in asyeaay are suitable for demonstrating the
very complex and elusive fields, like technologidalelopment, innovation and research and
development. It is easier to inform the public a@mwith these indicators than finding a
common trend from lots of single indices and thee @roved to be useful in the
benchmarking countries’ performance. Complex imglican send a misleading political
message at the same time if they were createdmMroag way or misunderstood. The image
shown by the indices often forces the users egpethe political decision-makers to make
simplistic analytical or political conclusions, tead of having the composite indicators as
keynotes and arouse interest in the publicity. Mhaitability can only be evaluated by the
fields affected [1].

2.1 Summary Innovation Index

The Summary Innovation Index (SllI) is the compositdicator of the aggregated national
innovation performance that consists thirty indiresn the European Innovation Scoreboard
(EIS). In the first step they count a so called Birsion Composite Innovation Index (DCII)
for all the seven subgroups (human resources,dmand support, firm investments, linkages
and entrepreneurship, throughputs, innovators aodamic effects), which is the unweighted
mean of transformed values of variables concerttiegcertain subgroups. In the second step
they determine a so called Block Composite Innavatndex (BCII) for all the three groups
(enablers, firm activities and outputs), which e tunweighted mean of the transformed
values of variables concerning the certain groupthe third step they create the summarized
innovation index, which is the unweighted meanha transformed values of all the thirty
indices. According to the summarized innovationexdhey aggregate the companies into
four groups (innovation leaders, innovation follesiemoderate innovators and catching-up
countries) with the help of the hierarchical clusenalysis based on the summarized
innovation index [2], [3].

2.2 Global Innovation Scoreboard I ndex

They count a so called dimension composite innowaithdex for all the three dimension of
the Global Innovation Scoreboard (GIS), which i thArithmetic mean of indicators

concerning the given dimensions. The Global InnowatScoreboard Index (GIS Index)

consists there Dimension Composite Innovation lesliqDCIl). Since the innovation

scoreboard emphasizes the innovation activity ef dampanies, the first dimension (“firm

activities and outputs”) take part in the creatadrGIS Index with 40 percent weight, while

the other two dimension (“human resources” andréstfucture and absorptive capacity”)
with 30-30 percents. On the basis of the GlobabWation Scoreboard Index and also with
the help of the hierarchical cluster analysis tlaggregate the countries into four groups
(complete linkage between groups) [4].

2.3 Revealed Regional Summary Innovation Index
The composite indicator of the Regional Innovati®ooreboard (RIS) is the Revealed

Regional Summary Index, (RRSIl) which identifies theader regions according to the
relative innovation performance in the Europeanddnand in certain countries as well.
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According to the last method the RRSII is the weghmean of the Regional National
Summary Innovation Index (RNSII), and the RegidBatopean Summary Innovation Index
(REUSII) [5]. In the firs step they subject the RN&nd the REUSII indices to
transformation, before using them for counting RRSII index. In the second step they
determine the RRSII index, which is the weightedamef the transformed indices of the
RNSII and the REUSII.

2.4 Technological Advance I ndex

Technological-Advance Index (Tech-Adv) is one obgé two indicators, which creates
Industrial-cum-Technological-Advance Index (ITA)TA is contained by the Industrial
Development Report of the United Nations Industbalvelopment Organization (UNIDO).
The origins of the index are two sub-indices: IndakAdvance Index (Ind-Adv) and Tech-
Adv. The Tech-Adv sub-indicator is defined as thghenetic mean of the share of the
medium- and high-tech added value industry on thal tadded value, and on the total of
manufacturing exports. The previous one refleces dbncentrate degree of the productive
structure of the countries in the medium-tech aigh-tech industries while the last one
expresses the competitiveness of the national ecnstructures in the markets of the
developed sectors [6].

2.5 Technology Activity Index

The Technological Activity Index (TAI) is one ofdke two indicators, which create the
Innovation Capability Index (UNICI). The United Mats Conference on Trade and
Development (UNCTAD) developed UNICI and publicizésin the World Investment
Report. The index is the arithmetical mean of the sub indices: TAl and Human Capital
Index (HCI). This measures the technological attiusing both input and output measures,
respectively represented by labor force employeR&D related activities, and the amount of
patents and scientific publications [7].

2.6 ArCo Technology I ndex

ArCo Technology Index (ArCoTi) is a composite iratiar, which considers the variables
connected with three dimensions of technologicaktigyment. The first one is the innovation
activity of the economic system of the countriesolht expresses with the numbers of the
patents and the scientific articles. The secondedsion contains the spread of the old and
new technologies (internet penetration, telephareepation, electricity consumption), while
the third dimension consists the development of druskills. ArCoT]l is the arithmetic mean
of the three sub indices which are also the arittimeeans of the variables that create them

[8].
2.7 Index of the World Economic Forum

The twelfth leg of Global Competitiveness Index (§5@eveloped by the experts of the

World Economic Forum (WEF) is an innovation indexhich contains seven variables:

capacity of innovation, quality of scientific resefa institutions, company spending on R&D,

University-industry research collaboration, goveeminprocurement of advanced technology
products, availability of scientists and engineatsity patents [9].
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2.8 Index of the World Bank

The Knowledge Economy Index (KEI) developed bydhgloyees of World Bank (WB) and
the third leg of Knowledge Index (KI) are also imation indices which include royalty and
license fees payments and receipts as input vagadoid patent applications granted by the
USPTO, scientific and technical journal articles @#put variables. These indices are
available in absolute value and per capita as j@@]l

2.9 Principal Component Analysis

Borsi and Telcs [11], [12] tried to get an answkethiere can be constructed a composite
indicator for the understandable groups of R&Distias therefore it explains an adequately
large part from standard deviation of the indicBsey answered the question with Principal
Component Analysis (PCA) [13]. According to thetatement with the help of this method

the set up composite ranks that consider moreeasdian be interpreted well.

2.10 Genetic Algorithm

Borsi and Telcs [11] tried to get an answer if éhean be created an unperemptory weighting
between research and development indices with whishatistically consistent rank can be
created. They gave an answer with one of the poaristic optimum searching solution:
Genetic Algorithm (GA) and they stated that a ceterposition can be defined onto the
countries analyzed with the help of the method.

2.11 Fuzzy Set Theory

The Fuzzy Set Theory (FST) that is often appliethim fields of management sciences [14]
[15], [16], [17] was first used by Moon and Lee J1® make composite science and
technology indices. The science and technologiudites analyzed were assigned according
to secondary and primary research then they asie@xperts of different fields (academic
sector, civil sector, industry, natural scienced social sciences) to give their opinion on the
relative significance of the indicators with thelghef attributes. From the indicators —
weighting the experts’ answers with the particwaue with the help of the Fuzzy Set Theory
— they created three composite indicators: “R&DUN{R&D personnel, R&D expenditure,
and R&D stock), “R&D output” (patent, paper, teclogy trade) and “economic output”
which were applied for cross section and longitatanalysis.

2.12 Data Envelopment Analysis

Borsi [24], [12] used the Data Envelopment AnalydM=A) in the Hungarian professional
literature [19], [20], [21], [22], [23] for the fat time for analyzing R&D efficiency based on
Fare et al [25]. However in the international pssienal literature [1] this field of application
is not new. In the data envelopment analysis treduhe R&D expenditures and the R&D
workers as inputs and the numbers of publicationd patents as an output. The data
envelopment analysis calculates those points inmthk dimensional space which represent
the countries performing the best. The points datex the curve of the efficiency potentials.
The countries below the curve are not effectivehatsame time from the efficiency indices
of those countries that can be found near thenpdiséion of the ineffective countries can be
assigned.
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2.13 Other indices

Organizations like International Institute for Maement and Development (IMD), the
National Scientific Board, RAND, and the United Nats Development Programme (UNDP)
tried to measure the R&D and innovation performan€ehe countries with composite
indicators. However these attempts were only fa year and did not go on [26], [27], [28],
[29], [30]. We would like to mention the attempthieh were made to measure especially the
R&D activity of the industrial and service sectdd], the creativity which serves as a basis
for research and development activity [32], [33}l @zonomic globalization [34].

3 Territorial ranks

The research and development activities of the lduag regions can be described with either
absolute or relative indicators. | observe that #pplication of various indicators give

opportunities for different explanation. Accordit@yBorsi-Telcs [11], the absolute indicators
represent the counties as “weighted points” onrttag of Hungarian R&D, whereas the

relative indicators describe certain “competitivesieand “effectiveness”. Furthermore, the
absolute and relative statistics lead to differintitorial ranks, therefore | will discuss the

absolute and relative indicators in different paftsny study.

3.1 Territorial ranks by absoluteindicators

There are different input and output indicatoréet@ture the R&D performance and the most
important are reachable by territorial units in gtatistical reviews so it makes the research
and development activity in the Hungarian coun{l&JTS 1ll.) and regions (NUTS II.)
comparable.

Table 1: Absoluteindicators of resear ch and development, 2007
Total R&D Resear ch themes

Number of R& D Expenditure, . Scientific
units calculated staff million HUF and developing publications
number tasks

Central Hungary 1374 16 252 158 761 13681 22 497
Central 186 1417 12916 1358 1450
Transdanubia

Western 216 1246 14 819 1900 2058
Transdanubia

Southern 246 1066 6072 1198 2990
Transdanubia

Northern Hungary 173 1155 8373 1815 2278
Egj ;he”‘ Great 335 2417 20446 2303 4246
Southern Great 310 2401 18983 2426 3428
Plain

Total 2840 25954 240 371 24 681 38947

Source: KSH [35]

« R&D units are those places, where research andlajguwent are done as primary or
secondary activity under national, educational amporative bounds [36]. On the first
place we can find Central Hungary with its 1 374suwhich makes up 48% of the whole.
The next one is Northern Great Plain (335 R&D ynatsd Southern Great Plain (310
R&D units). There are another two regions with mtivan 200 units in each: Southern
Transdanubia and Western Transdanubia.
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Total R&D calculated staff number is the numbeewiployed in R&D sector reflected to
the full time jobs [36]. On the first place thee Central Hungary again with 16 252
researchers, 63% of the whole. The second is NortHengary (2 417 researchers) and
then comes Southern Great Plain (2 401 researchers)

The most important statistic of research and dgretnt activity is the expenditure of
R&D units, or with other words sum of currents asapital expenditure coming from
national or international sources as well [36]. Bpelst and Pest county has the main
dominance in this field as well, 65% of the expéamdis are used here: In Central
Hungary therefore in 2007 more than 158 billion HWu€re spent on research and
development while in Northern Great Plain it wasrenthan 20 billion HUF, in Southern
Great Plain it was about 19 billion HUF.

Total number of research themes and developing task registered goals at R&D units
which tend to make new possible scientific-techgmlal results [36]. Two years ago in
Central Hungary there were 13 681 research the5%¥%, of the whole. On the second
place there was Southern Great Plain (2 426 rdse¢aemes), and the third was Northern
Great Plain (2 303 research themes).

Total numbers of scientific publications are thetten works of the researchers written
either in Hungarian or in a foreign language: boaktsapters, studies, and articles in
learned journals [36]. The first place of Centralngary is essential: there were 22 497
publications in 2007, 58% of the whole. The secamdNorthern Great Plain (4 246
publications) again and then Southern Great PBa#2g publications).

3.2 Territorial ranks by relativeindicators

The comparison of the Hungarian regions is possitde only by absolute but relative
indicators based on ranks as well. However thedieators are not available at the Hungarian
statistical yearbooks, they can be determined lokdraund calculations.

Table 2: Relative indicators of resear ch and development, 2007

R& D persons per Expenditureasa  Expenditure per Scientific Scientific

ita per centage of R& D person, publications per publications per
cap GDP million HUF capita R& D person

Central Hungary 0,0056 0,0141 9,7687 0,0078 1,3843
Central 0,0013 0,0055 9,1153 0,0013 1,0233
Transdanubia

Western 0,0012 0,0063 11,8933 0,0021 1,6517
Transdanubia

Southern 0,0011 0,0039 5,6964 0,0031 2,8049
Transdanubia

Northern Hungary 0,0009 0,0044 7,2492 0,0018 1,9723
’F\,‘gj;her” Great 0,0016 0,0090 8,4592 0,0028 1,7567
gl’;tnher” Great 0,0018 0,0090 7,9063 0,0026 14277
Total 0,0026 0,0103 9,4665 0,0039 1,5006

Source: KSH [35], [37]

In the aspect of researchers per capita Centragjiyns the very first with its 5.6%o. This
situation in Southern Great Plain is much worserdhare only 1.8 full time researchers
per 1000 person. It is even worst in Northern GRdain (1.6%o) but it is still in the top.
Expenditure as a percentage of GDP is also a gatidator of the R&D competitiveness
of the regions. Maybe it is not a surprise that t&érHungary is the first again with
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1.41%. The next one is Southern Great Plain (0.98#6) than comes Northern Great
Plain (0.90%).

* In the aspect of number of scientific publicatiqgres capita Central Hungary is the first
with again 7.8 publications per capita in 2007. Biieer regions’ “productivity” is less,
like Southern Transdanubia (3.1%0) and Northern GRdain (2.8%0). The front-rankers
are followed by Southern Great Plain with two pellerof arrears. The other regions’
lags can be considered much more serious.

* The situation is completely different with the nuenbof scientific publications per
researcher. On the first place there is Southeamsianubia, with 2.8 publications per
researcher in 2007. The researchers have eminsalisran Northern Hungary (2.0),
Northern Great Plain (1.8) and Western Transdan(ibig. Central Hungary in this rank
has only the sixth place.

* In the area of expenditure per researcher Westemns@lanubia is in the best position with
its 11.89 million HUF. In this aspect Central Hungs arrears is minimal, because they
spent 9.76 million HUF in 2007. Central Transdaaubas only subtle arrears from this
sum, where a researcher — in a figurative senseild ecnanage 9.11 million HUF.

4 Territorial rank-optimization with principal component analysis

It is unambiguously clear from the analysis of dyuranks, based on absolute and relative
indicators, that the more indicators exist, the enc@anks can be set up for describing the
research and development activities of the Hungaregions. After that, it seems a
reasonable object to create a complex index, whafitains the most possible pieces of
information about the examined indicators. In otwerds, a complex index can explain the
largest possible part from the standard deviatidh@indicators.

The previous task can be solved with principal congmt analysis, which is a special case of
the explorative factor analysis [38]. Its primaryrpose is the reduction of dimension number,
in other words the reduction of variables, so tihat least possible information can be lost
about the statistical population and same conahsstan be made at the same time [39].

As the description of the R&D activity gives chanfoe analyzing absolute and relative
indicators, it is worth completing the principalngponent analysis for both groups. | will
explain the results accordingly on absolute indicaat first and then on relative ones as well.

4.1 Optimal territorial rank based on absoluteindicators
The absolute indicators, which describe the R&Dvds of the Hungarian regions, are

strongly correlated with each other, as the valbeK®O (0.799) is middling and the
hypothesis of the Bartlett’s test of sphericity hadbe rejected, too (Sig. 0.000).
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Figure 1: Principal component analysis of formed orders based on absolute
indicators
Source: Compiled by author

The eigenvalue of the first principal componend.i@87, in other words, the 99.732% of the
information kept by the five absolute indicatorssvgaiccessfully compressed in one variable.
The simple linear correlation coefficients (facteeights) between the principal component
and the absolute indicators are very large, allfithes of it approaches one (numbers on the
left arrows) just like the extraction communalitieSthe original variables (numbers above
the right upper corner of the rectangles). All thesean that the absolute indicators used in
the analysis count for a lot approximately the samegght at the creation of the principal
component.

The principal component produced by this way cqoesls to a complex index, with the help
of which unambiguous rank can be formed on theshaisthe R&D weight of the Hungarian
regions. Indisputably, Central Hungary stands anfitst place, as it was the first through all
the absolute indicators. Northern Hungary takes gbssession of the second place, and
Southern Great Plain is the third. Western Trangdianand Southern Transdanubia are right
in the middle places of the regions. Northern Hupgand Central Transdanubia can be
characterized with the smallest R&D weight.

4.2 Optimal territorial rank based on relative indicators
The correlation of relative indicators, which délses R&D activities, is unacceptable on the

basis of KMO value (0.358), but according to thetlB#’s test of sphericity (Sig. 0.000) the
original variables are not independent, so thecgead component analysis has existence.
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[111]

Figure 2: Principal component analysis of formed ordersbased on relative
indicators
Source: Compiled by author

The value of the first principal component calcethtvith relative indicators is 3.113, namely
the 62.266% of information, which is brought thrbugriginal variables, was successfully
compressed in one principal component. The facterghis except for the “scientific
publications per researcher” and “expenditure p&DRpersons” (0.51-0.54) are very high
(0.85-0.96) also at this case, just like the lashmunalities of the relatives indexes (0.73-
0.92), from among which the “scientific publicatoper researcher” and “expenditure per
R&D persons” (0.26-0.29) are the odd one out, @msequently, these variables take part in
the creation of the principal component of R&D &affiveness” and “productivity” with
lower weight than the other variables.

The complex index created by relative indicatorBngs an unambiguous rank among the
regions in this case, too. The first place of Carittungary is no longer a question. Southern
Great Plain stands in the second place and Nort@eeat Plain stands in the third. The
following regions are right in the middle place: $t&¥n Transdanubia and Central
Transdanubia. Northern Hungary and Southern Tramsdma have the largest lagging on the
areas of the R&D “effectiveness” and “productivity”

5 Conclusions

In what follows, | will summarize the most importaesults and conclusions of my analysis,

which is connected with the R&D activities of therdjarian regions.

* As a summary it can be told, that the quantitatimd qualitative measuring methods of
the separate indices can be observed as facts.théitielp of them the relative position of
the countries can be determined in a specific anehthe spatial or temporal direction of
change can be assigned. Furthermore the indicarersuseful in order to determined
trends, to arouse attention in connection withpmctato set up political priorities, and the
benchmarking or monitoring of performance. We ftalilout composite indicators, when
separate indices create a single index on the basismathematic or calculation model.
The composite indicator is able to measure sucltiicimkensional concepts which cannot
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catch separate indices [1]. The most important @idegges of the composite indicators:
they are able to sum up complex or multidimensidopics, they give an image of given
topic, it is easier to interpret than to find a enon trend in many separate indices, they
facilitate the ranking of the countries, help withtching the attention of the public
opinion, summarize the performance of the countaied their temporal changes, they
decrease the extension of the index lists, conteore information. Disadvantages: they
can send misleading political information if theg areated badly or misunderstood. They
can be useless if their structure is unclear arskdbaon incorrect statistic principals.
Politics can influence the selection of the sulided and weights. The demand is
increasing for making sub-indices and statistiaiicance analysis [40].

Analyzing the absolute indicators of research aedetbpment (R&D units, total R&D
calculated staff number, expenditure in R&D unitstal number of research themes and
developing tasks, total number of scientific pusions), there is no doubt about the first
place of Central Hungary, however the further saqaechanges from indicator to
indicator.

In the case of the relative indicators (researchms capita, R&D expenditure as a
percentage of GDP, number of scientific publicatigrer capita, number of scientific
publications per researcher, expenditure per reBedrthe situation is very similar with
one exception: the number of scientific publicasiger capita Central Hungary stand only
in the end of the rank.

The principal component analysis is very good famdensing the absolute indicators into
one complex index, without any important loss oformation (0.268%). Then an
opportunity is offered to line up the Hungarianioeg by their R&D weights: 1. Central
Hungary, 2. Northern Great Plain, 3. Southern Gipdain.

For the reduction of data, the principal analysis also be applied in the case of relative
indicators, although here the loss of informati®8n.{4%) can be considered more serious.
The final rank on the areas of “effectiveness” ,aguctivity” principal component of the
R&D is obvious as well: 1. Central Hungary, 2. Smuh Great Plain, 3. Northern Great
Plain.
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