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Measuring the Innovation Performance of Hungarian
Subregions

Zoltan Bajmocy — Izabella Szakalné Kané

Today’s spatial economic processes are heavilyémfted by the conditions of the learning-
based economy. In this peculiar framework one efrttain drivers of regional change is

technological change occurring through the sequemdéeinnovations. Therefore, the

interpretation and measurement of territorial inadion capacity has become one of the
main fields of interest in regional economics; heer the analyses conducted in lower
levels of territorial aggregation raise several inetlological problems.

Present paper aims to analyse and evaluate thevatimn capacity of the Hungarian
LAU-1 subregions on the theoretical basis of thgiaral systems of innovation. We rank the
innovation capacity of the subregions along didtiicnensions and also complexly, then we
carry out the classification of the subregions, amgl also analyse the spatial regularities of
the innovation capacity. In the last chapter wesatpt to shed light on the limitations of the
applied approach in order to discuss the problemhghe usual methods of innovation-
measurement and thus to provide possible futureares directions.

Keywords: regional systems of innovation, measuiringvation capacity, subregion

1. Introduction

In today’s “knowledge-based” or “learning-based’oeemy there exists a close
correlation between innovation capacity and thdérdéssconomic processes of the
different regions. Through learning and innovati@pacity, regions acquire unique
resources that are hard to reproduce and help thgrarform well in the territorial
competition (Storper 1997, Lengyel 2003). Therefogeasping the innovation
capacity (potential) of the different territoriahits has become a field of intense
research.

Although innovation research is primarily not rabten regional science
(Solow 1957, Nelson-Winter 1982, Inzelt 1998, Mavia—Phillimore 2003,
Fagerberg 2005), spatiality has still been clossdgociated to the study of the
innovation process and innovation capacity rigbtrfrthe beginning (Hagerstrand
1952, Moulaert—Sekia 200368y 2005, Lagendijk 2006).

On the one hand, regional science has drawn aitertt the fact that
innovation is a spatial phenomenon which largelypehels on region-specific
resources impossible to reproduce elsewhere (Aab2800, Asheim—Gertler 2005,
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Storper 1997). Consequently, the spatial situateord proximity of players
represents an important determining factor of imtion (Varga 2009).

On the other hand, it also explored that analysistte subnational level
assumes essential importance when exploring thevation capacity (Doloreux
2002, Todtling—Trippl 2005, Hollanders 2006, LengyRechnitzer 2004), since the
innovation potential of a given country may assusaene characteristic spatial
structure and display significant territorial digtias.

The present papedeals with this latter subject area by analyshegdtructure
of national innovation capacity on the level of mgions. The first part of our paper
reviews the interpretation possibilities of regibimmovation capacity together with
the measurement approaches deriving from them. i§hisllowed by introducing
the methodology of our subregional analysis andatestnating the results emerging
from the survey.

Our survey focused on various aspects. On the and,ht aimed to utilize
the experience of the most significant Hungariaah iaternational studies that focus
on the measurement of the innovation capacityroitaeial units. On the other hand,
we intended to gain an overall ranking also cowgtime different subareas that,
beyond comparing the performance of the differemitorial units, can also be used
to identify the relative strengths and weaknes$esgiven subregion. Furthermore,
we intend to offer a categorization of Hungariatregions based on innovation
capacity. Beyond all that, we analyse the reguigaripf the spatial structure of
subregional innovation capacity, the potential l(@peér) effects of neighbouring
subregions.

The final chapter of the paper examines the lingitet of the applied
approach, by which we also attempt to draw attent®m some crucial points that
represent general problems of the measurement agps of territorial innovation
capacity. This also offers potential future reskaticections. Finally, we summarize
our most important findings.

2. Interpreting and measuring the innovation capacityof regions

The innovation process is closely linked to spigiaStorper’'s (1997) concept of
the “regional worlds of innovation” alludes to thishile the different territorial
innovation models (TIM) unfold the same ideas(]2 2005, Moulaert—Sekia 2003,
Lagendijk 2006). Therefore, innovation does notehehave a spatial aspect, but
the spatial situation (distribution) of the playarsd the given regional environment
exercise an endogenous influence on its outcomeg@&/2009).

Regional science has constructed various concefitd) (that aimed to
explain the excelling innovation performance oftaier regions (and consequently
their competitiveness and success). These thdwaigsally provide a description of
the peculiar characteristics of successful regtmmspared to others.
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The concept ofegional innovation system®&IS), that has assumed special
significance among TIM models in relation to expiag innovation capacity, partly
follows this tradition. Besides emphasising spiyialthis approach obviously
carries the attributes of the system models ofvation as well. Compared to other
TIM models, the RIS concept carries one consideraolvantage in terms of the
interpretation possibility of territorial innovatiocapacity. The concept of regional
innovation systems (similarly to national innovatigeystems) derives the innovation
performance of regions from elements that are raptess present in all regions and
differ only in terms of their performance and thmeguency of interactions among
the elements. This way, by reviewing system elemand their relations we may
gain a picture about the innovation performanceefptial) of the regioh

Todtling and Trippl (2005) describe regional innti@a systems as an open
formation, the major elements of which are the gsitesns of “knowledge-
generation and diffusion”, that of “knowledge apption and exploitation”, their
system of relations and the policies influencin takse. Similarly to Cooke’s
(2004) interpretation, they emphasise the socidbeztdedness of RIS. The RIS
concept does have strong institutional and evaligioeconomic roots, thus,
amongst factors influencing innovation activity,eyh review the historically
emerged local institutional and infrastructural ieswment, system of rules and
relations and mechanisms of interest representation

Doloreux (2002) also defines regional innovatiorsteygns as the total of
elements and relations. He classifies the playérgh® system into four basic
categories: companies, institutions, knowledge astfucture and regional
innovation policy. He emphasises interactive laagni knowledge creation,
proximity and social embeddedness as most imposietém mechanisms.

In the course of defining the elements of the negioinnovation system
(and potential at the same time)srp (2005) highlights six categories: R&D
activities of enterprises, relations of enterpris@snovation-related services,
technology supply, policies and regional environmé@onsequently, this approach
in fact includes factors similar to those formemigntioned as well: the system of
knowledge creation and exploitation as well as Maekground conditions and
policies facilitating this.

Although it does not always occur in the systenaditin of RIS elements in
an explicit way, yet, recognizing the role of theckground factors that enable the
learning capacity of players and therefore the inaat adaptation capacity of the
region constitute an inherent part of the approddie concept of the so-called
“smart” infrastructure (Malecki 1997, Stimson et 2006) represents a pattern
widely used for systematizing these backgroundofactThe “smart” infrastructure

1 At the same time, we must note that certain astigimilarly to other TIM models) interpret RIS as
the collection of attributes that distinguishestaier regions in the course of territorial competiti

So according to them, the mere existence of theesyelements is not enough to construct a RIS, since
it also requires the presence of actual regionah{) among the subsystems (Asheim—Coenen 2005).
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embraces physical and “soft” elements as well amykedge-intensive) business
services, which essentially encourages the learcapgcity of the companies in the
region.

Consequently, the interpretation of RIS and theeefeegional innovation
capacity means grasping certain relevant elememnds the system of relations
existing among them. Available approaches pradyiemhphasize the importance of
knowledge creation, knowledge exploitation, thekigasund conditions enabling or
encouraging these (“smart” infrastructure) and tlw®mplex system of relations
existing among themSo essentially, when grasping the innovation cdapauf
regions, reviewing these categories seems effecttvensequently, grasping
innovation capacity requires a complex measuremgotoach.

The majority of practical attempts aiming at theaswwement of innovation
reflect on this. In the literature we can see tugnificantly different approaches
concerning the area of measuring the innovatioiopeance of territorial units.
One of the schoolqgthat seems more dominant in Europe) concentrates
quantifying the elements of the innovation systerd the relations existing among
them. The surveys carried out in the frameworkshef“European Trend Chart of
Innovation” belong here: the different Scoreboagdarts and the methodological
background studies of these (EIS 2007, Arundel-afadiers 2005, Hollanders 2006,
Kanerva et al 2006). Most Hungarian attempts mag ak classified to fall in this
group: Csizmadia and Rechnitzer’'s (2005) surveyentrating on Hungarian cities,
Kocziszky's (2004) study focusing on subregionsNorthern Hungary or the
regularly published reports entitled “Innovation iWestern Transdanubia”
(Csizmadia et al 2008). The strength of these gittemhefinitely lies in the complex
interpretation of innovation — going beyond reskaend development and its
outputs — and the application of the results obimtion system theories, while the
problem of the selection and potential weighting iodlicators represents their
weakness.

At the same time, there exists a substantidiffierent approachn measuring
innovation capacity, where innovation capacityeduced to an indicator considered
relevant (while the rest of indicators are takeo iconsideration only indirectly, in
the light of the relation to this dependent vamdblPorter and Stern’s (2003)
“National Innovation Capacity” index may represéiné best known example of
innovation surveys falling in this family. When kamg the innovation capacity of
countries, they consider the number of patentstegd at the United States Patent
and Trademark Office to be the dependent variabtber indicators are entered in
the National Innovation Capacity index based ontviipe of relation they have
with the dependent variable above (in a regressiodel).

The strength of the approach lies in the relatibgedivity of selecting the
indicators (based on their explanatory power) arslghting them (weight is
provided by the regression coefficient) within thedel. The explanatory potential
of the indicator and the value of the regressioeffaent clearly justify its
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inclusion in the survey. However, the weaknesshef @approach derives from the
same aspect, since the selection of a single bigeld dependent variable poses
considerable problems; in fact, it equates innovatd invention. Furthermore, it is
difficult to find a dependent variable that coujoply almost equally well to a wide
range of countries (territorial units). This is wthe work of Porter and Stern, for
example, is subject to a lot of criticism (despiite fact that it is frequently cited).

On the whole, in our opinion the approaches basedystem models can
draw a much more diversified picture about the wation capacity of territorial
units together with its structure despite theirtaiar weaknesses. Moreover, they
reflect the nature of the innovation process mudrenand can leave the linear
approach of innovation behind. Therefore, our aialgarried out in the present
paper is committed to this approach.

3. Methodology

Our analysis provides the comparison (ranking)hef innovation capacity of the
Hungarian subregions, their classification and i8e axamine the regularities in the
spatial distribution of innovation capacity. The8lHungarian subregions defined
by Government Decree 244/2003 constituted the basits of the analysis
Although the presently valid classification definkg4 subregions, the statistical
data used by us could not be aggregated accordinghe new territorial
classification in all cases.

The first step of the analysisas the selection and grouping of the set of
applicable indicators. In creating the groups afiéators, we strived to provide the
building elements of a “typical” regional innovatiosystem in line with the
measurement approaches based on the literaturenrmfvdtion systems. We
established three categories, each of which catesithe basis of a subindex. These
are: knowledge creation, knowledge exploitation dhd “smart” infrastructure
(Table 1).

The indicators of the subindex kfiowledge creatiomeasure the capacity of
creating scientific and technological knowledgee3d indicators are widely used,;
they constitute the elements of most innovatiorysea. We must note that several
approaches narrowly interpreting innovation do mat beyond this range of
indicators; and draw conclusions by equalizing aede and development (R&D)
with innovation. Since R&D does not necessarildleainnovation, and innovation
does not necessarily presume R&D (OECD 2005), ésiential to develop further
categories.
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Table 1.Indicator set for measuring subregional innovatiapacity

Category Indicator
1 Number of R&D performing units per 100000 inhabigant 1
2 Total staff of R&D units per 1000 inhabitants 2
3 Number of scientists with PhD per 10000 inhabitants 3
Knowledge 4 _Numb_er of teaching staff of higher education insiiins per 1000 4
creation inhabitants
5 Investments of R&D units per 1000 inhabitants 5
6 R&D costs per 1000 inhabitants 6
7 Expenditures of R&D places per 1000 inhabitants 7
8 Number of patents in a 5 year period per 10000kithats 8
1 Export sales as a percent of total sales 9
2 Export sales per inhabitant 10
3 Number of foreign owned companies per 1000 inhatsta 11
4 Share capital of foreign owned companies as a #étaf share capital 12
Knowledge 5 Incomes from intel[ectgal properties per inhabitgrllt. o 13
exploitation 6 Percentiof companies in NACE 24 and 29-34 olllwswmlsm all 14
companies (high and medium tech manufacturing)
7 Percent_of companies in NACE 64 and 72-73 divisieitisin all 15
companies (high-tech services)
8 Perc_ent of companies in NACE 74 division within@mpanies (business16
services)
9 Number_of kngwledge-intensive firms with more tf#hemployees per 17
100000 inhabitants
1 Per cent of employees with university or colleggrde 18
2 Percent of white collar workers in leading posisiarithin all employees 19
3 _Numb_er of full-time students in higher educatiostitutions per 1000 20
inhabitants
Smart- 4 Number of ISDN lines per 1000 inhabitants 21
infrastucture 5 Broad band internet access per 1000 inhabitants 22
6 Registered members of public libraries per 1000hitaats 23
7 Cinema visits per 1000 inhabitants 24
8 Museum visitors per 1000 inhabitants 25
9 _Touris_,t arrivals in public accommodation establisimis per 1000 26
inhabitants

Note: At indicators 14-16 the sector codes refer to TEAGIRThe source of data: TEIR — Hungarian
Spatial Development Information System (indicatbr®-13, 20-26, reference year: 2007), Hungarian
Statistics Office (HSO) Central and Territorial Ozdae (indicators 14-17, reference year: 2005), HSO
R&D Database (indicators 1-2. 5-7, reference ye@f72 HSO Census Database (indicators 18-19,
reference year: 2001), Hungarian Patent Office ¢3iwab Database (indicator 8, reference year: 2000-
2004) and Hungarian Academy of Sciences Generamisly Database (indicator 3, reference year:
2004).

Source:own construction
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The indicators included in the subindex d&howledge exploitation
substantially aim at grasping the characteristitshe private sector capable of
exploiting innovations, so on the one hand, it usdiators like export share or the
presence of foreign direct investment, on the olttaerd, it indicates the share of the
knowledge intensive sectors.

The subindex of thésmart” infrastructure systematizes the factors that are
required for the operation of the performances megs by the two other
subindexes. This, on the one hand, means the pesértalent” and the conditions
necessary for its maintenance (e.g. cultural diessi entertainment), the “openness”
of the region in a non-economic sense (e.g. thebewunof visitors) and the
utilization of information and communication tectomes.

In the course of selecting actual indicators asdedi with the different
subindexes, the sets of indicators included inowariformer measurement attempts
were reviewef taking into consideration the subregional avdlikgiof the different
indicators. Based on all this, the survey was athrvith 26 indicators eight of
which were classified in the subindex of knowledgeation, nine fell in the
subindex of knowledge exploitation and another nirge included in that of the
“smart” infrastructure.

Since the analysis aims at grasping innovation agpawe tried to avoid
including elements — present in various reviewedlyaes (Csizmadia—Rechnitzer
2005, Kocziszky 2004) — that indicate the generabime producing capacity of the
economy, since this results in confusion in gragmapacities for innovating and
capacities emerging from innovation.

Furthermore, it is also important to highlight tladlitof our indicators measure
relativized values; we mostly used indexes thatasgnt the size of the region as the
base of projection. The advantage of this lieshia tact that the values of the
different subregions become comparable, while mswvback is that it does not
measure the absolute concentration of activitiglspagh in certain cases there is a
presumable relation between the volume and efiigienf innovation-related
activities (Varga 2009).

The second step of the analysigolved the comparation of the innovation
capacity of subregions and their ranking. In calttoy the different indexes (and
providing the rankings this way), we relied on thethodology used in the surveys
of the “European Innovation Scoreboard” (EIS) —hbtite Summary Innovation
Index (SlI) and the Service Sector Innovation In{f®&ll) is constructed in a similar

2 The Summary Innovation Index (EIS 2007) of thedpeman Innovation Scoreboard (EIS), the Service
Sector Innovation Index (Kanerva et al 2006) of Eheopean Trend Chart on Innovation, the EXIS
Summary Index (Arundel-Hollanders 2005), the Eureafivity Index of Florida—Tingali (2004), the
set of indicators of the European Regional Innovafcoreboard Summary Index (Hollanders 2006),
the indicators applied in Csizmadia and Rechnitz€&G05) analysis of the innovation potential of
Hungarian cities and the set of indicators usedatziszky's (2004) analysis of the innovation
potential of the subregions in the Northern Hureyaregion.
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way. Our “Subregional Summary Innovation Index” @Rwas created through the
following steps:

- Defining the minimum and maximum valwéghe different indicators. It was
true for almost all the indicators that the dataocoke or two subregions
excelled (usually in the positive direction) congxhto the Hungarian average
value. Data were considered as outlier if theirialgan from the national
average was above three times the standard devi&iatlier data were not
taken into account in the course of defining mimmand maximum values
(this was needed to prevent the subsequently engergiale from being too
concentrated).

- Rescaling dataWe deducted the minimum value emerging in refatmthe
given indicator from each figure, and divided bye tdifference of the
maximum and minimum value. This way each rescaiddevfalls between 0
and 1. Outlier data received the value of O orepéhding on the direction of
the deviation).

- Establishing subindexe3he different subindexes emerge as the arithadetic
average of the values of the indicators associatethem. The potential
weighting of the indicators may represent a possgtep; however, in the
course of the analysis — in harmony with the methagly of EIS — emphasis
fell on clarity.

- Developing the SRSI and establishing rankifige SRSI is the arithmetical
average of the three subindexes. The ranking ofStferegional Innovation
Capacity derives from ranking SRSI values in a elesing order. Index (and
subindex) values are values measured on a ratie; steerefore, they are
suitable for grasping the distance from other negji@nd comparison with the
national average.

Consequently, the SRSI index of the different sgimres characterises the
region’s innovation capacity in a complex way basadr complex set of indicators.
The approach goes beyond frequently used analgsesifig on R&D: besides the
capacity of knowledge creation, it also characésrithe subsystem of knowledge
exploitation and the quality of the “smart” infrastture necessary for operating all
these. Therefore, the innovation capacity of regitmat have good performance
based on the SRSI is generally the result of a temperformance with multiple
foundations. At the same time, it might happen thaegion assumes a relatively
advanced position in the ranking based on the 8R&Io the outstanding value of a
given area; therefore, the analysis of performaaceording to the different
subindexes is also required.

The third phase of the analysisonsists of providing the potential
classification of subregions based on their inniovatcapacity. This occurred
similarly to the method of Csizmadia and Rechni{Z805) in their analysis of the
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innovation potential of Hungarian cities. Classtion took place on the basis of the
three subindex values.

We carried out K-means cluster analysis using thedardized values of the
three subindexes. The analysis was completed \wittet four and five clusters.
Classification seemed relatively stable, the ineeea the number of clusters led to
the further division of certain groups, but no #iigant change occurred in the
members of the different groups. Based on the digpe of distance measured from
the cluster centre, the establishment of five gsa@sulted in the emergence of most
homogeneous (and most easily interpretable) chistberefore, this seemed the
most supported solution.

In the fourth step of the analysis, we examined gpatial regularities of
subregional innovation capacity, that is, whether data of adjacent territorial units
are similar. In fact, we measured spatial autot¢atios with the help of the Moran
index on the national level, and the “Local Moraddx” on the subregional level.

The index number proposed by Moran in 1948 calleel Moran index
measures spatial autocorrelation similarly to th#eorrelation of time series data
(Moran 1950, Anselin 1988, Dusek 2004). It is chlted in the following way:
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- M: the number of territorial units, in our casestimeans 168 subregions,

- X;: the value of the examined data values assoctategtritorial unit j, in our
case, the value of the different subindexes and SR&SI| associated to
subregion j.

- w;: item j of line i of the neighbourhood matrix, italue is 1 if subregions i
and j are neighbours, otherwise it is 0.

Since the neighbourhood of territorial units caniterpreted in multiple
ways, therefore, various neighbourhood matrixeslmawcreated. In the followings,
we used bastion neighbourhood as the basis, whidgnsnthatwy; received the
value 1 if subregions i and j have a shared boeden, otherwise the value of
Wi is 0.

The size of the pseudo-significance level calcdlaty the Monte Carlo
method and the algebraic sign of the value | defigesize of autocorrelation and its
direction indicated by the actual Moran | valuel{lEa?).
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Table 2.The interpretation of the Moran Index

Significance Index value Interpretation
p<0,05és | <-0,00598 Strong negative autotziioa
0,05<p<0,1and | <—-0,00598 Weak negative autocatioe
0,1<p Autocorrelation is not significant
0,05<p<0,1and | >—0,00598 Weak positive autocatieh
p < 0,05 and | >—0,00598 Strong positive autagation

Note: ,p” represents pseudo-significance. Index value tnfagscompared to -1/(M-1), which, in our
subregional database, has a value of -0,00598
Source:own construction on the basis of Cliff and Ord (1981

The other index number — closely related to thedvidndex — calculated by
us is the Local Moran Index that can be interpretedhe local index number of
spatial autocorrelation. These values can be aikdilseparately for each subregion.
In our case, the actual subregional standardizégkvaf the examined innovation
index is multiplied by the joint average standaedizalue of the neighbours of the
subregion. If the Local Moran Index value calculiathis way is positive, then the
given subregion is similar to its neighbours; ify the other hand, the value is
negative, then it is different from them. This waybregions can be divided in five
categories based on their comparison to the otigitendardized index value
(Table 3).

Table 3.The interpretation of the Local Moran Index

Interpretation Condition
High — Both the given subregion and its neighbours have dmgtal Moran | >0
High index values significantly above the average. Standardized indicator value >0
p<0,05
High — The given subregion has significantly above th®cal Moran|>0
Low average, while its neighbours below the averagexndtandardized indicator value < 0
values. p<0,05
- No significant correspondence. p > 0,05
Low — The given subregion has significantly below tHeocal Moran | <0
High average, while its neighbours above the averagexin®tandardized indicator value >0
values. p<0,05
Low — Both the given subregion and its neighbours have dmtal Moran | <0
Low index values significantly below the average. Standardized indicator value <0
p <0,05

Note:,p” represents pseudo-significance.
Source:own construction
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4. The innovation capacity of Hungarian subregions

The innovation capacity of Hungarian subregionsamprehensively introduced
with the help of the SRSI and its subindexes, wigdiollowed by the classification
of subregions based on innovation capacity ancriadysis of spatial regularities.

One of the most general statements that can be baesdel on the SRSI is that
in terms of innovation capacityjungary is characterised by enormous disparities
(Figure 1). There are only 11 subregions with penence above the Hungarian
average (0,51 SRSI value). The performance of theral57 subregions ranges
below the average. All this implies that innovati@apacity is unbelievably
concentrated spatially in Hungary.

Figure 1.Top 30 subregions based on the subregional sumimaey
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Source:own calculations

Out of the first 30 subregions, 18 have cities withinty rights; however, the
rank is not completely in line with expectationsthdugh Budapest's first place and
the notable position of the Debrecen, Szeged and §iébregions meet expectations,
the good ranks of the Veszprém, God@hd Eger subregions are rather surprising.
Among regional centres, the Miskolc subregion @adgumed the 13th position. Out
of subregions without cities with county rights Gédollb subregion is among the
first 10 (ranked 6th), while further five subregsowere among the first twenty: the
Pilisvorosvar, Balatonfiired, Szentendre, Esztergaththe Szarvas subregions. It is
important to underline, that six subregions thateheaities with county rights could
not make it to the first 30. These are the Zalasmpey (31), Békéscsaba (34),
Hédmesvasarhely (38), Nagykanizsa (43), Szekszéard (4d)the Salgotarjan (51)
subregions.

Budapest's SRSI value (0,84) excels compared toother subregions —
although not overtly. It must also be mentionedt tBadapest produced outlier
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values for 17 of the 26 indicators. Since in thases it automatically received the
value 1 (although its performance is higher in itgalthe index value carries a
downward distortion. Although a relatively largenmoer of subregions showed
outlier data related to certain indicators, themrevonly three further subregions
with more than four outlier data: the Debrecen @3cs (6) and the Szeged (9)
subregions.

The summarized results are further shaded by thlesdaased on the different
subindexes. Based on this it becomes apparenttibatapacity of subregions is
“one-sided” or has “multiple foundations”. Budapdsts the first position in the
rank according to theubindex of knowledge creatiofihe subindex-based ranking
reflects well the territorial distribution of majddungarian universities and the
research institute network of the Hungarian Academ$ciences. This is obviously
the consequence of the fact that a significant pantesearch and development
activities is tied to these institutes in our coyntin Hungary, the proportion of
public financing compared to company financing i&ORis much higher than the
European average, although this is far from truepared to the GDP).

The territorial concentration of knowledge creatisreven higher than it was
in the case of the SRSI. Only 10 subregions exdbednational average value
(0.56). The value of the subregion ranking 30talisady below 0.25. In accordance
with this, the favourable ranking of various sulioeg with small city centres is not
necessarily accompanied by good performance in steoi absolute value. A
favourable relative position may go hand in hanthwan unfavourable absolute one.

Figure 2.Top 30 subregions based on the knowledge-exploitaiib-index
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17 subregions exceed the national average val&)(@f the knowledge
exploitation subindexXFigure 2). The ranking based on this elementabvation
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capacity is completely different from what would engee in the case of knowledge
creation. The Szeged, Pécs and Debrecen subregémused to be innovation
centres assumed only positions 18, 21 and 22.

Interestingly, various subregions that excel inraating foreign direct
investment and (partly due to this) in export, gh&vform well according to the
other indicators of the category (e.g. proportibkrmwledge-intensive services).

The capacities of knowledge creation and knowledgeloitation (the
capacity to manufacture products with high addddevéhat can even be marketed
internationally) are spatially divided in Hunganowledge exploitation often does
not utilize locally produced knowledge, while tlesults of R&D are poorly utilized
in economic terms. Only few regions showed stabié strong positions in both
areas: besides Budapest, the G@d@hd maybe the Gy subregions may be
mentioned.

The ranking deriving from thé&smart” infrastructure subindexreflects the
hierarchy of the national urban network, althougthvemaller differences. Beyond
subregions with large city centres, some subregwith less population that
function as significant (cultural) touristic targetould reach a notable position (the
Keszthely-Héviz and Szentendre subregions). As#me time, in order to reach a
good position in the rank it was not enough to genfwell in terms of one or two
indicators. The performance of the above subreg®m&yond average in terms of
five or six indicators of the category. 21 subregi@xceeded the national average
value (0.44). It is worth noting that while in riétan to knowledge creation, the
value of the subregion ranking 30th already goelwe).25, here only the
subregion ranking $8has the same result.

Differences in ranking are perfectly reflected ineasuring the joint
movement of subindex values as well. The relatigist|ag between knowledge
creation and knowledge exploitation is much lodkan that of knowledge creation
and “smart” infrastructure values (Table 4).

It is highly important to examine whether innovaticapacity is reflected in
the differences apparent in economic performanbés @lso serves to control the
results of the survey. Both in terms of the SRSd &ne different subindexes,
medium or strong positive correlation manifest witle Gross Value Added per
capita (GVA) and the income serving as the basi®Pafsonal Income Tax. The
connection is a bit looser with the “GVA per emmey and the “profit before tax
per employee”, that can be interpreted as prodtytindicators, although in terms
of knowledge exploitation and the SRSI, this alseans a relatively strong
connection.

In harmony with expectations, the subindex of krexlgle exploitation shows
the closest connection with income and productiwiticators, while the connection
of knowledge creation is the loosest to them. Ble® proves the relevance that the
category of the “smart” infrastructure assumes. Theelation matrix obviously
proves that connection of innovation capacity acehemic performance, however,
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the intensity of the connection implies that the Wo not derive from each other in
a deterministic way.

Table 4.Correlation matrix of certain income indicators @he subregional
summary index

KCR KEI Smart SRSI GVA PBT GVA Tax
p.c. p.e.
KCR 1,000
KEI 0,592 1,000
Smart 0,778 0,631 1,000
SRSI 0,919 0,823 0,900 1,000
GVA p. c. 0,476 0,731 0,521 0,641 1,000
PBT 0,312 0,556 0,297 0,433 0,773 1,000
GVADp. e. 0,446 0,704 0,498 0,610 0,992 0,773 1,000
Tax 0,557 0,878 0,644 0,769 0,671 0,451 0,628 1,000

Note: Pearson’s correlation. For all values in the maik0,01. KCR: knowledge creation subindex,
KEI: knowledge exploitataion subindex, Smart — Smafrastructure subindex, SRSI: subregional
summary innovation index, GVA p.c: gross value abger capita, PBT: profit before tax per
employee, GVA p.e: gross value added per emplolyae, Personal tax base per inhabitant.
Source:own calculations

Furthermore, another question lies in why innovatapacity shows a more
intense connection with the basic values of pelsimcame tax per citizen than it
does with work productivity indexes (since as aultesf innovations, we would
expect improvement in productivity more than inse@n incomes). The reason of
this — in our opinion — is that it is difficult teeparate the maintenance of innovation
capacity from the presence of highly qualified états” working in positions that are
paid better than the average.

Table 5.Final cluster centres in case of five cluster

"One- "One-

Weak T T Medium  Strong
. . sided sided" . o ;
innovation innovation innovation
capacit knowledge knowledge capacity capacit
pactly creating exploiting pactly pactly
N=99 N=3 N=38 N=18 N=10
Knowledge creation (Zscore) -0,4523 2,1776 -0,2007 0,8183 3,1144
Knowledge exploitation (Zscore) -0,6415 -0,0988 0,7520 0,8990 1,9050
Smart infrastructure (Zscore) -0,4984 -0,4025 -0,0824 1,5666 2,5479

Source:own calculations

The analysis completed so far already implies bletdrat the innovation
capacity of Hungarian subregions strongly differonf®@ subregions may be
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characterised by relatively strong innovation cégacwhile the innovation
performance of the majority of subregions provethela poor. Moreover, the
different rankings of the different subindexes iynflat relatively strong innovation
performance can be achieved in various ways, ahtkgions form groups in this
respect too.

The K-means cluster analysis carried out on thésbafsthe standardized
values of the three subindexes confirmed that gitme can be classified based on
their innovation capacity. Théve groupsemerging based on the relation to the
criteria defining the cluster can be interpretethtiecly easily (Table 5 and
Figure 3):

- Subregions with strong innovation capac{y0) that, in terms of all three
subindexes, perform significantly above the averddee cluster is relatively
homogeneous, the standard deviation of the (Ewatidelistances from the
centre is 0.38 (without Budapest this value is di$3). Although cluster
members show good performance in all three categotheir value is the
strongest in terms of knowledge creation. The wvasiority of cluster
members are university towns.

- Subregions with medium innovation capacit}8) that have a relative
performance in all three areas, but especially érms of the “smart”
infrastructure. Mostly subregions with larger cagntres as well as certain
subregions of the Budapest agglomeration belong.henis cluster is less
homogeneous; the standard deviation of distanoes tine centre is 0.43.

- “One-sided” knowledge exploiting subregiof38) are the ones that show a
relatively good performance in terms of knowledggpleitation while they
prove rather weak in the other two areas. We mot& at the same time that
in certain cases this relatively good performarscexplained by small size.
On the other hand, certain values show such taaitooncentration that the
good position assumed in the subregional ranking alao cover a weak
absolute performance (lagging behind the nationerame). The cluster is
homogeneous; the standard deviation of distand@2&

- “One-sided” knowledge creating regior(8) are the ones whose knowledge
creating activity is outstanding, while their perfance in terms of the other
two subindexes is weak. All three subregions betangn this group have
relatively small population; therefore, the relativ strong knowledge
creating capability may not assume such signifieadso due to the small
number of items, the cluster is highly homogenethes;standard deviation of
distances is 0.10.

- Subregions with weak innovation capad8g) include the majority of the
country’s subregions. The performance of thesatiser weak in terms of all
three subindexes. Despite the great number of jtethe cluster is
homogeneous; the standard deviation of the distafioen the cluster centre
is 0.23.
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The clusters are clearly distinct; classificatienobvious in almost all the
cases. Compared to the classification deriving ftbinee and four clusters, the
cluster of “mediums” was further divided, and thwt‘one-sided” clusters emerged
from it. Furthermore, some formerly strong regiomgrated to the cluster of
medium strength, and some other formerly weak éeleito the category of one-
sided knowledge creating subregions.

Accordingly, there are only two areas in which bBugders among groups are
slightly blurred. The best performers among theagibns with medium innovation
capacity stand really close to the cluster of gframes. Consequently, the
classification of the subregions of Pilisvorosvisiskolc and Nyiregyhaza is not
perfectly clear. The other similar area involves weaker members in the cluster of
one-sided knowledge exploiting subregions thatethas their performance, are not
far from the subregions with weak innovation cafyaci

Figure 3.Classification of Hungarian subregions on the baktseir innovation
capacity

[l strong innovation capacity
[l Medium innovation capacity

[ “One-sided” knowledge creating
“One-sided” knowledge exploitin
[] weak innovation capacity

Source:own calculations

We also examinedvhat regularities does the spatiality of subregibna
innovation capacity shovwand whether the data of neighbouring territoniaits are
similar, since in certain cases, real economicittei@l relations may cross
subregional boundaries, therefore, the innovatienfopmance of the different
subregions may derive from the “spillover” effeofsthe neighbouring region. The
significance of this is particularly obvious in Bigof the ring of subregions
surrounding Budapest that have a relatively goodvation capacity. Such analysis
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may bring us closer to what the “ideal spatialriistion” of a national analysis of
regional innovation would be.

Out of the SRSI and its three subindexes only amgngex involves a
strongly significant (positive) autocorrelation amgats territorial values, and that is
the subindex of knowledge exploitation (Table 6hisTmeans that the effect of
factors strengthening the extent of knowledge étqilon goes beyond subregional
boundaries.

In the case of the rest of subindexes and the SRSpresence of such factors
surpassing subregional boundaries is not significancerning the whole country.
Still, in the area of Budapest, we can find a cehesystem of subregions (Budapest
and the Szentendre, Dunakeszi, Pilisvorosvar, Bedaéd Rackeve subregions)
where both subregions and their neighbours have 8RSI values, that is, they fall
in the “high — high” class.

Table 6.Results of the global Moran | test

Index Moran | P value Interpretation
value
Knowledge creation -0,0330 0,30 No significant aotoelation*
Knowledge exploitation 0,3442 0,00 Strong positwocorrelation*
~Smart” infrastructure -0,0150 0,44 No significanttocorrelation*
SRSI 0,0622 0,11 No significant autocorrelation*

Note:* Significance level of 5%. Calculation were carrimat by Geoda095i.
Source:own calculations

This implies that in terms of innovation capacitje capital and the
surrounding subregions constitute an organic ue#) territorial connections go
beyond subregional boundaries significantly heresuRs suggest that except for
Budapest, there is no other significant innovatientre in the country that would
have an innovation “radiation” transcending sulwagl boundaries (Figure 4).

Two phenomena cause the positive spatial autoetioel of the capacity of
knowledge exploitation: the spatial condensatiopasditive subindex values on one
hand, and that of negative (standardized) subinddxes, on the other hand. An
intense territorial concentration of subregionshvat high local Moran index value
may be noticed in the area of Budapest (“high H’hagass).

On the other hand, two further coherent areas iaibles on the map: in the
central part of the Trans-Tisza Region, and in Na&astern Hungary, where both
the subregion and its surrounding have low knowdeégploitation subindex value
(“low — low” class).

So the spatiality of the knowledge exploitationaeify displays characteristic
regularities. The possibility of the presence ofeal regional system surpassing
subregional boundaries may arise in Central Hun{gtrieast in terms of knowledge
exploitation). At the same time, another importeggult lies in the fact that in the
case of the other two subindexes no significanb@artelation exists. This is less
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surprising in connection with “smart” infrastruadyrsince the values of this

subindex correspond to the city-hierarchy relagivekll (and consequently to its

territorial appearance too). However, in terms bé tsubindex of knowledge

creation, this definitely implies that the effe¢research and development activities
(and institutions dealing with research and develept) does not go beyond their
own subregion.

Figure 4.Spatial dispersion of Local Moran Index in cas¢hef knowledge-
exploitation subindex

Mon

W High - High
H Low - Low
B High - Low
[Miow - High
[[INot significant

Note: The figure represents the Local Moran I-Test valaea 5% level of pseudo-significance, by
using bastion neighbourhodd matrix. In case of {igh relation, both the given subregion and its
neighbours have high “Knowledge-exploitation” Sul#r value. Calculations were carried out by
Geoda095i.

Source:own calculations

5. Limitations and future research directions

The method applied in our analysis has varioudditioins — besides others — that are
rooted in the general methodology of innovation saeement. Consequently, from
the aspect of measuring the innovation capacitgwitorial units and the scientific
debates related to this, we consider the exploratib such limitations and the
provision of potential future research directiorbeoof vital importance.

A part of the limitations inherent in the appliegppaoach derive from
subnational level analysighis more or less characterises all similar mesamsant
attempts, but it does not question the relevancth®fmethod substantially. The
difficulties of accessing territorial data generakquire giving up complexity to a
certain extent. Surveys conducted on a lower ¢erait agglomeration level are
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suitable for the utilization of company level inabwn data much less than
necessary, or, in the case of using company leat, dhey limit the scope of the
survey to one or two regions (Hollanders 2006, @aidtia et al 2008). Moreover, in
this case, a fundamental result of the theory amowation systems, namely,
grasping the relations amongst the players of yseem is excluded from the focus
of the studies (or assumes less importance).

Approaches avoid another basic achievement of iteeature on regional
innovation systems, when they measure and comp&ennovation capacity of
regions that in certain cases have radically differcharacteristics based on the
same criteria. The different types of the regiomalovation system do not infer
different measurement approaches. However, for plaim a spatially embedded
regional innovation system, the analysis of knog&dlows within an industrial
branch and among the different branches says mumie than, let us say, R&D
activity would.

The further limitations of the approach are muchrenof paradigmatic
nature Related to measuring the innovation capacitewnftorial units, an articulate
uncertainty is apparent concerning what to meaandavhat do we really measure
On the company level, grasping innovation activiy relatively obvious
(for example, in regularly conducted Community lmation Surveys the criterion of
an innovative company is clear). At the same tithe,macro effect of micro level
innovations may be anything (innovation, salesduen or market share are not in
direct connection). Maybe exactly because of ihis, not the innovation activity of
regions, but theapacity of innovation to contribute GDP per capigowth that is
measured This approach, however, doubtlessly carries pregptions: it connects
the concepts of economic growth (competitivenesd)ianovation capacity ex ante.
In the light of this it is not surprising if innotian capacity and economic
performance show close connection.

This may also explain low receptiveness to theed#it measurement of
different regional innovation systems, since thpac#ty to contribute to economic
growth as a “global objective function” creates ammon denomination for the
different regions in terms of measuring innovatapacity.

The general attribute of works aiming at comparthg performance of
regions is that thegxamine innovation capacity in a relative way (cangg to
others) Annually published rankings (like, for exampl&coreboard” reports) are
based on reviewing performance compared to theageefTherefore, improvement
in performance corresponding to the average isrgrééed as stagnation (any
fallback smaller than the average would be disglags improvement). In our
opinion, this approach is basically rooted in tlaetfthat studies (as already
discussed) measure the capacity of innovation ictie contribute to economic
growth (competitiveness). Competitiveness is irt tacelative category. Based on
its approach, it practically does not matter what performance is, if compared to
others or our formal self it is good or undergaaprovement (Bajmécy 2007). This
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approach derives from the general view of mainstregonomics and economic

policy, according to which greater growth (competihess) is better than smaller
(practically under all circumstances). In fact,strdpproach also penetrates the
Lisbon strategy that created “Scoreboard” repdtese, the main question became
how much (and in what sense) the member stateddédgnd one another and

especially behind the USA and Japan.

However, all this has another root (maybe goingnesleeper), and it ithe
negligence (in a certain sensepf the Schumpeter traditionn innovation
measurement. Schumpeter’s “creative destructionticoally deconstructs the old
economic structure and replaces it with a new &uhimpeter 1950). Furthermore,
it is not only economic structure that changes,ibtico-evolution” with it, also the
infrastructural environment, social relations, e representation mechanisms and
the relation of economy and the natural environm@&ulanyi 1944, Witt 2003,
Kemp et al 1998). One consequence deriving frons thiocess of creative
destruction lies in the fact that innovation inebiy has its losers — at least in the
short run. Moreover, it makes sense to assumewiimaters and losers also have
different positions in terms of space.

The other fundamental criterion is that the innmraprocess — since it causes
changes in the economy, society and the naturakaemaent simultaneously —
requires a great level of continual adaptation fthminvolved parties. In this case,
however, the pace of change is not at all margthal, is, in a given case, too fast
change (outstanding innovation performance) cannergsult in catastrophic
economic and environmental effects.

All this means that in measuring the innovationaxdy of territorial units,
the application of an approach much more complar trarlier ones seems efficient:
integrating social and environmental effects ifite measurement and grasping the
“manageable” pace of change.

6. Summary

The present paper describes a complex analysihefirtnovation capacity of
national subregions based on multiple indicatershé course of which we regarded
the concept of regional innovation systems as atpafi departure. Based on the
complex system of indicators classified in threegaries, the analysis goes beyond
the approaches that emphasise solely researchexetbgment. Beyond knowledge
creation, we also reviewed the performance of kedgé exploitation and the
“smart” infrastructure necessary for the maintereaoicall these.

Based on the results, it becomes apparent thatiethigorial distribution of
innovation capacity carries enormous disproportioms Hungary Innovation
capacity is concentrated in few subregions. Besidedew subregions with strong
innovation capacity, the group of those with medianmovation capacity is not wide



Measuring the Innovation Performance of Hungariam®gions 119

either. This latter one characteristically embrasgsregions with centres that have
more population, although there are some exceptmtiss.

It is highly important thaknowledge production and knowledge exploitation
are spatially differentiated in Hungaryrhe number of subregions that excel in both
categories is rather small. The effect of knowledgeation typically does not go
beyond subregional boundaries, and is only raretpmpanied by local knowledge
exploitation. At the same time, knowledge expladtiatcapacity shows characteristic
spatial patterns. In this respect, various subregare interconnected organically in
the surroundings of Budapest.

In the final chapter, we pointed out that the apphes aiming to measure the
innovation capacity of territorial units have selelimitations that suggest the
necessity of reconsidering generally used schemegond economic indicators,
grasping social and environmental changes indugedrovation at the same time
seems efficient, since only the joint analysishaf three dimensions could provide a
real basis for (the practice of) linking innovaticapacity and the desired direction
of change in subregions.
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