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Abstract
The window of opportunity has opened for the creative industries in Central Europe in the 
decades following the fall of the communist regime and the transition to a decentralised 
market economy. Creative industries with symbolic knowledge base are crucial for regional 
resilience, and regional synergies established by these economic activities highly influence 
the long-term ability of innovation systems to develop. The question is whether creative 
industries have started to grow and can contribute to the development of post-socialist 
knowledge-based economies in Central Europe, if so, at what territorial level. By distin-
guishing three dimensions (geography, technology, organisation) that operate in innovation 
systems and by measuring their interactions using entropy statistics in two post-socialist 
countries, Slovakia and Hungary, the paper reveals that the most significant part of the syn-
ergy in creative industries emerges at the local level of innovation systems. However, ben-
efits are realised not only locally but also globally due to the deterritorialised nature of the 
end-products and their integration into other industrial products on the global market.

Keywords  Innovation system · Synergy · Creative industry · Symbolic knowledge 
base · Central Europe · Entropy

Introduction

Creative industries have become a crucial component of policy agenda in modern  
post-industrial knowledge-based economies. Creative industries are in strategic  
position to promote economic growth in all EU regions (Foray et  al.,  2012; 
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Boix-Domènech & Rausell-Köster, 2018). They rely on creativity and intellectual  
capital, enhance entrepreneurial and innovation potential, and employ highly 
qualified and skilled labour that may drive local economies to prosperity and 
strengthen creative economy (Power & Scott, 2004; UNCTAD, 2010; Lazzaretti 
2013; Boix et al., 2016; Kemeny et al., 2020). In creative industries, innovation is 
highly complex, dynamic, and primarily based on tacit knowledge flows. Creative  
industries require face-to-face communication, local capacities, and buzz to  
innovate and to comprise both tangible products and intangible intellectual  
or artistic services (UNCTAD,  2008), even though the products are often  
deterritorialised and highly global (Plum & Hassink, 2014). The knowledge base 
that influences their innovation potential and spatiality is dominantly symbolic 
(Asheim et al., 2007, 2011; Aslesen & Freel, 2012).

The relevance of knowledge bases is shown by the fact that it predetermines the 
adaptability of an industry to overcome a crisis and take advantage of opportuni-
ties. Studies (e.g. Felton et  al.,  2010; Pratt,  2015) reveal that creative industries 
with symbolic knowledge base can contribute to regional resilience, and regional 
synergies established by the creative economic activities influence the long-term 
ability of regional economies for adaptation and development (Simmie,  2014; 
Martin & Sunley, 2015). Creativity and innovation have great significance in the 
development of competitive advantage of regions (Malecki & Hospers,  2007). 
Such competitive advantage is also highly dependent on institutional configuration 
in which regions are embedded (Swyngedouw, 2000).

In Central Europe, the fall of the communist regime in 1989 and the mas-
sive transformation from a centrally planned economy to a decentralised market 
economy brought many threats, but also opportunities (Kornai, 2006). The tran-
sition to the new economic system — even if it did not begin immediately — 
resulted in, among others, higher GDP growth rates, higher labour productivity, 
and increased entrepreneurial activity. The transition was greatly accelerated by 
external factors, like geographical proximity to EU countries, adaptation of for-
eign examples, learning foreign experiences in educational institutions, develop-
ing trade relations, entry of foreign investors, and availability of modern technol-
ogies (Fidrmuc et al., 2002; Kornai, 2006). The time of centralised and planned 
economy was conducive to industrialisation, while the service sector was rela-
tively under-developed, and creative economic activities were neglected. How-
ever, in Central Europe, as a result of political and economic liberalisation, eve-
rything has changed. Since the transition, and especially after the accession to the 
European Union (Bialic-Davendra et  al.,  2016), the window of opportunity has 
opened for the creative industries to grow in Central Europe rapidly.

The question is whether creative industries have started to grow and can con-
tribute to the development of post-socialist knowledge-based economies in Cen-
tral Europe, if so, at what territorial level. In other words, the paper aims at 
answering the research question of whether the configuration of innovation sys-
tems in Central Europe with creative industries can be detected, if so, by dividing 
it into local, regional, and national components, which geographical level is the 
most prevalent. The aim of the study is to confirm theory-led expectations about 
configuration of systems based on creative industries. We build on the concept of 
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configuration of systems (Leydesdorff et  al.,  2006) and presume that economic 
benefits of creative industries characterised by symbolic knowledge base emerge 
at the level of the local innovation system. To prove it, we measure synergy for 
the Central European (Hungarian and Slovakian) national, regional, and local 
innovation systems as the reduction of uncertainty using mutual information 
among the three dimensions of geographical location, technological knowledge 
base, and organisational size. Dynamic correlation among technology, geography 
and organisation generates synergy in innovation systems.

Creative Industries and Knowledge Base

Knowledge-based economy relies on the crucial role of creative industries. They are 
the new engines of economic growth and major sources of innovation. In recent dec-
ades, the dynamic growth of creative industries has been further facilitated by the 
emergence of digital technologies. The phenomenon and spatiality of creativity came 
to the fore firstly due to Richard Florida’s well-known works (Florida, 2002, 2005), 
and since that, it has been studied by many others (e.g. Power & Scott, 2004). Florida 
has revealed the strategic role of creativity in localised innovation and regional com-
petitiveness. Creativity increases the value of knowledge and, as a factor of local eco-
nomic development, covers a great variety of professions and industries.

The interpretation of creative industries is extremely diverse and varies among coun-
tries. Different models exist for theory building and empirical testing (UNCTAD, 2010). 
The conceptualisation of these industries was initially linked to the notion of crea-
tive arts and cultural industries (Hartley, 2005). Nowadays, a more complex view has 
emerged. Creative industry is a subset of creative economy and covers cultural and copy-
right industries. According to the frequently cited model from UK Creative Industries 
Mapping Document, creative industries are “those activities which have their origin in 
individual creativity, skill, and talent and which have the potential for wealth and job 
creation through the generation and exploitation of intellectual property” (Flew, 2012, p. 
9). These industries usually comprise 13 different subsectors, such as advertising, archi-
tecture, arts and antique markets, computer and video games, crafts, design, designer 
fashion, film and video, music, performing arts, publishing, software, and television 
and radio, but several authors classify even R&D, toys, and cultural tourism as creative 
industries (UNCTAD, 2010; De-Miguel-Molina et al., 2012).

Creative industries are usually highly concentrated in local urban areas and have 
a significant role in urban dynamics (Cooke & Lazzeretti, 2008; Boix et al., 2016). 
Creative industries have a decisive impact on employment growth (Kemeny 
et  al.,  2020), especially on youth employment (EY,  2014), increase entrepreneur-
ial skills (Mikić et  al.,  2020), generate creative spillovers, form regional clusters 
(Chapain et al., 2010), have high innovation potential especially in urban areas (Stam 
et  al.,  2008), and contribute to technological development and long-term growth. 
Their positive direct and indirect impact on regional innovation systems is proven 
(Boix-Domènech & Rausell-Köster, 2018). However, the impact of the industries on 
the local economy depends on the characteristics of the urban system and the indus-
trial structure (Kemeny et al., 2020).
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Creative industries comprise both tangible products and intangible intellectual 
or artistic services (UNCTAD, 2008). The value of products and services in these 
industries derives primarily from their symbolic nature (Power & Scott, 2004). Cre-
ative economic activities have high innovation potential and a high level of entre-
preneurship (Lazzeretti,  2013), which is influenced by their dominantly symbolic 
knowledge base (Aslesen & Freel, 2012).

Knowledge bases influence the development trajectories of industrial and regional 
innovation systems. Knowledge bases are different in terms of their specific learning 
and innovation challenges, which justify their different sensitivity to geographical 
distance and, accordingly, the importance of spatial proximity for localised learn-
ing. The concept of differentiated knowledge bases provides an explanation for the 
combined effect of the different kinds of knowledge, the type of the economic activi-
ties, and spatiality and identifies the analytical, synthetic, and symbolic knowledge 
bases (Asheim & Gertler, 2005; Asheim & Coenen, 2006; Asheim et al., 2007). An 
analytical (science-based) knowledge base is dominant in economic activities, where 
knowledge creation is mainly based on formal university-industry collaborations, 
former, codified scientific results and R&D processes (Asheim & Gertler,  2005). 
Examples include genetics, biotechnology, and information technology. In these sec-
tors, geographical distance does not play an important role as knowledge is based 
on a commonly accepted language that can be more easily codified and transferred. 
Therefore, knowledge sourcing occurs on a broad geographical scale, often within 
globally configured networks (Martin, 2012).

A synthetic (engineering-based) knowledge base prevails in industries, like 
machinery or automotive industry where incremental innovation is crucial and done 
by the modification of existing products and processes. Synthetic knowledge based 
industries require know-how, context-specific, and practical skills for knowledge 
production and diffusion (Asheim et al., 2011). Those skills are often provided by 
technical schools or on-the-job trainings (Asheim & Coenen, 2006). Local embed-
dedness of the economic actors is moderate. Actors may have some global partner-
ships. Symbolic (art-based) knowledge base is related to the creation of meaning, 
aesthetic qualities, symbols, and other cultural artefacts (Asheim et al., 2007, 2011). 
Symbolic knowledge is highly tacit and context-specific, and outputs are closely 
related to a deep understanding of the habits, norms and “everyday culture” of spe-
cific social groups. In case of symbolic knowledge-based industries, like film pro-
duction, geographical proximity is absolutely decisive; thus, knowledge flows and 
networks are expected to be locally configured (Martin & Moodysson, 2013).

Studies empirically investigate that innovation networks and the spatiality of 
the industries usually can be defined by one dominant knowledge base (Martin & 
Moodysson, 2011, 2013; Liu et al. 2013). However, the dominant knowledge base 
may change over time (Plum & Hassink, 2011). Furthermore, the industrial knowl-
edge base itself is not enough to explain the differences in innovation and economic 
performance. Researches empirically prove that different regional innovation sys-
tems lead to different innovation performances. Interestingly, the difference between 
the same kinds of industries in two different regions is greater than between two dif-
ferent industries in the same region (Chaminade, 2011; Gülcan et al., 2011).
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Empirical findings related to creative industries characterised by symbolic knowl-
edge base reveal that they are highly sensitive to geographical proximity and more 
dependent on local technological capabilities, collaboration, and knowledge flows 
than industries dominated by analytic or synthetic knowledge base (Aslesen & 
Freel,  2012). Creative industries contribute to the synergy in regional innovation 
systems; however, the contribution level is questionable due to the intangibleness 
of the end-products (Plum & Hassink, 2014). These industries are market-oriented; 
products are often deterritorialised and reach the global market as an element of an 
innovative end-product.

System Configuration and Synergy in Innovation Systems

Development of knowledge-based economy is primarily related to knowledge bases 
and the economic role of innovation. Innovation is the result of both individual and 
collective processes and is influenced by the evolving interdependence among the 
basic elements of innovation systems, such as organisations, interactions, institu-
tions, and infrastructure (Lundvall,  1992; Nelson,  1993). System-based approach 
highlights the role of knowledge functions in economic growth and development 
and contributes to understanding how technological innovation affects newly cre-
ated and existing innovation systems (Hekkert et al., 2007). However, the unpredict-
able nature of technological innovation results in uncertainty, which fundamentally 
affects the constantly renewing economy (Dosi et al., 2005).

Based on Storper’s “Holy Trinity” of economic development, dynamic correla-
tion among technology, geography, and organisation generates synergy, and syn-
ergy is crucial for the strength of innovation systems (Leydesdorff & Fritsch, 2006). 
Configurational information is understood as a reduction of the uncertainty in the 
system. If more uncertainty is reduced in the innovation system, then more mutual 
information is generated; therefore, configurational synergy is created at the system 
level.

In general, configurational information is measured using the mathematical theory 
of communication (Shannon,  1948; McGill,  1954; Abramson,  1963; Theil,  1972). 
Leydesdorff (2003) was the first who proposed the concept of configurational infor-
mation to indicate synergy in Triple Helix relations. Then Leydesdorff et al. (2006) 
pointed out how to calculate knowledge system configuration. According to them, 
configuration of system depends on the geographical distribution of partners and on 
the stock of relations among them. Network of relations can resonate into a configu-
ration, which is productive, innovative, and flourishing. The geographical dimension 
is usually investigated with the help of the postal codes of firms. However, geographi-
cal distribution is not the only relevant dimension for a configuration (Leydesdorff & 
Fritsch, 2006).

The second dimension for configuration is technology (Leydesdorff et al., 2006). 
Due to the different characters of innovation processes, geographical conditions 
have different effects on economic sectors with different technological capabilities 
and potential for novelty production. Technology dimension can be captured by the 
NACE statistical classification of economic activities in the European Community.
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Assuming that division of labour can yield efficiency gains, it is expected that 
regions with a profiled configuration could be more productive than other regions. 
The division of labour among firms of various sizes can be considered a third deter-
mining factor of the quality of innovation systems (Braczyk et  al., 2004; Fritsch, 
2004). Average firm size in terms of numbers of employees is used as a proxy for 
the industrial organisation dimension (Pugh et al., 1969; Blau & Schoenherr, 1971).

Leydesdorff and his co-authors modelled the overall dynamics of innova-
tion systems and aggregated networks along these three dimensions of geog-
raphy, technology, and organisation. They measured mutual knowledge flow-
ing between the dimensions employing an indicator based on entropy statistics 
(Fig. 1) (Leydesdorff et al., 2006; Lengyel & Leydesdorff, 2011). This made it 
possible to capture the reduction of uncertainty in the innovation system and the 
increase of synergy between knowledge functions, such as knowledge explora-
tion, knowledge exploitation, and organisational control.

The three different knowledge functions can be measured by interactions between 
each pair of dimensions of an innovation system (Lengyel & Leydesdorff,  2011). 
Knowledge exploration is understood as interrelation between technological and 
geographical dimensions, knowledge exploitation is defined in technological and 
firm-size dimension-pair, and organisational control is analysed in geographical and 
firm-size dimensions. The reduction of uncertainty in innovation processes depends 
on whether there is a synergistic interaction between the knowledge functions of the 
innovation system. Moreover, the interaction among knowledge functions is stochas-
tic, and technological innovations constantly reshape the relations between the three 
mechanisms. As a result of networked configuration, uncertainty of innovation pro-
cesses is decreasing. Therefore, if the extent of uncertainty reduction is captured, 
synergy in innovation systems can be measured.

Fig. 1   Synergy of knowledge 
functions in an innovation 
system.  Source: Lengyel and 
Leydesdorff (2011, p. 681)
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Research Methodology

To measure configuration of innovation systems in Central Europe based on creative 
industries with symbolic knowledge base, a unique database has become available. 
The firm-level database (legal entities using double-entry bookkeeping) in Slova-
kia from Statistical Register of Organization was provided by Statistical Office of 
Slovak Republic and in Hungary was provided by the Hungarian Central Statistical 
Office. All available data were gathered between the years 1998 and 2014.

In order to gain information on different territorial levels for both Central Euro-
pean countries in the same way (Table 1), we used the original NUTS3 and LAU1 
division of the two countries with some modifications. In case of Hungary, Buda-
pest is a NUTS 3 level unit; however, it is surrounded by county Pest; therefore, we 
handled these two units in our calculations as one. In case of Slovakia, the region 
Bratislava contains Bratislava city as a LAU1 unit, and similarly, the city of Kosice 
is a part of the region Kosice. In cases of these three cities (Bratislava, Kosice, and 
Budapest), we treated districts as LAU2 units.

The firm level data contains three variables, which are used as proxies for the 
three analysed dimensions: geography, technology, and organisation. The geographi-
cal distribution is indicated by the postal codes (in Slovakia) and settlements (in 
Hungary), both after data cleaning. We aggregated this classification into LAU1 and 
then into NUTS3 level units. Technology is specified by the classification related to 
economic activities and organisation by the company size in terms of numbers of 
employees (Pugh et al., 1969; Blau & Schoenherr, 1971).

Due to the fact that there is no universal definition and measurement approach 
for creative economic activities, to run the analysis, we apply classification 
brought forward by Aslesen and Freel (2012), who assigned a set of NACE 
codes for industries (according to NACE Rev 1.) with symbolic knowledge base 
(Table 2). Because the Hungarian dataset was available according to NACE Rev 
1., the Slovakian dataset according to NACE Rev 2., it was necessary to complete 
detailed correspondence between NACE Rev 1. and NACE Rev 2. related to sym-
bolic knowledge-based creative industries.

For the quantification of configurational information (synergy indicator), data-
set was organised into a structure that is shown in Table 3. For each firm, basic 

Table 1   Number of territorial levels in Slovakia and Hungary

We calculated with those municipalities where we found firms in creative industries
Source: Authors’ own elaboration

Territorial division Number of territorial units Territorial division of  
capital cities (and Kosice)

Slovakia Hungary Slovakia Hungary

NUTS3 level (regions) 9 19 5(4) 23
LAU1 level (districts) 79 175
LAU2 level (municipalities) 1221 1603
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information is available for years between 1998 and 2014. The 17 years long 
time period was divided into four subperiods as follows: 1998–2002; 2002–2006; 
2006–2010; and 2010–2014, each subperiod containing 5 years, because our goal 
was to gain a dynamic and robust picture about the synergy at the same time. (We 
examined shorter (yearly) periods in the case of Slovakia that showed the same 
pattern, what we have seen in the longer — 5 years long — periods. In the case of 
Hungary, there was no possibility to conduct such a robustness check).

Configurational information (synergy) is calculated for both countries and each 
administration level (national, regional, and local) by using STATA according to 
the description provided through the website http://​www.​leyde​sdorff.​net/​softw​
are/​th4/​th4.​prg.

Calculation of configurational information is closely related to entropy meas-
ures. Entropy is widely used in geography to map inequalities across or diversity 
within territorial units (Boschma & Iammarino, 2009). Entropy is used as a meas-
ure of uncertainty represented in a probabilistic distribution or system of distri-
butions (Johnston et  al., 2000). According to Shannon’s (1948) formula, uncer-
tainty in the distribution of the variable x (in our case HG, HT, HO; where G = 
geography, T = technology, O = organisation) can be measured according to the 
equation:

where pi denotes the probability of x taking the i-th possible value ai.
If the basis 2 is used for the logarithm, all values are expressed in bits of infor-

mation. The sigma in the formula allows all the information terms to be fully 
decomposed. Analogously, Hxy is the uncertainty in the two-dimensional prob-
ability distribution (matrix) of x and y (in our case HGT , HTO , HGO ) and can be 
measured according to Eq. (2):

(1)Hx =

N
∑

i=1

pilog2

(

1

pi

)

Table 3   Data for calculating synergy indicator

Source: Authors’ own elaboration

Time period Country Average number of sampled firms in territorial units Number of 
sampled 
firmsNUTS3 level 

(regions)
LAU1 level 
(districts)

LAU2 level 
(municipalities)

98-02 Slovakia 1099 122 7 8795
02-06 1659 184 11 13268
06-10 2378 264 16 19023
10-14 2961 329 19 23686
98-02 Hungary 618 67 7 11750
02-06 1178 128 13 22383
06-10 1545 168 17 29357
10-14 1779 193 20 33801

http://www.leydesdorff.net/software/th4/th4.prg
http://www.leydesdorff.net/software/th4/th4.prg
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where where pij denotes the probability of x taking the i-th value and y taking the 
j-th value possible.

In the case of two dimensions, the uncertainty in the two interacting dimen-
sions (x and y) is reduced with the mutual information ( Txy ), which measures the 
“comovement” of these two dimensions. Using Shannon’s formulas, this mutual 
information is defined as the difference between the sum of the uncertainty in two 
systems separately ( Hx + Hy ) minus the uncertainty contained in the two systems 
when they are combined ( Hxy ). This can be formalised as follows:

As stated above, these measures of mutual information can be treated as (1) 
knowledge exploration in case of interrelation between technological and geo-
graphical dimensions ( TGT) , (2) knowledge exploitation in case of technological 
and firm-size dimension-pair ( TTO) , and (3) organisational control for the geo-
graphical and firm-size dimensions ( TGO) (Lengyel & Leydesdorff, 2015).

Abramson (1963) derived from the Shannon’s formulas that the mutual infor-
mation in three dimensions is

The value of Txyz in our case ( TGTO ) measures the interrelatedness of the three 
dimensions and the fit of the relations and correlations between and among them. 
Txyz has been used as an indicator of the potential reduction of uncertainty in 
complex systems in many disciplines (Ulanowicz, 1986; Jakulin & Bratko, 2004). 
As was stated above, synergy reduces the uncertainty in the innovation systems.

This overall reduction of the uncertainty can be considered as a result of 
the networked configuration. Unlike the mutual information in two dimensions 
(Shannon, 1948; Theil, 1972), information among three dimensions can become 
negative (McGill,  1954; Abramson,  1963). Thus, a more negative value of Txyz 
( TGTO ) will indicate a stronger uncertainty reduction and thus more synergy 
among the three dimensions of the innovation system.

One advantage of entropy statistics is that the values can be fully decomposed 
(Theil,  1972). In order to make a comparison of synergy generated at different 
territorial levels (districts, LAU1, or regions, NUTS3, or national level), we 
defined the value of average generated synergy in districts (Eq.  5) and regions 
(Eq. 6) of a country, respectively, as follows:

(2)Hxy =

N
∑

i=1

M
∑

j=1

pijlog2

(

1

pij

)

(3)Hxy = Hx + Hy − Txy ⇒ Txy = Hx + Hy − Hxy

(4)Txyz = Hx + Hy + Hz − Hxy − Hxz − Hyz + Hxyz

(5)TGTO LAU1 LAU2 =
∑

i ϵ LAU1 districts

ni

N
T
GTOi LAU1
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where
ni and mj are the number of firms in LAU1 district i and NUTS3 region j, respec-

tively ( N =
∑

i ni =
∑

j mj) , N is the number of firms in the whole country, and 
TGTOi LAU2 and TGTOj LAU2 are synergies measured in LAU1 district i and NUTS3 
region j, respectively.

The decomposition algorithm enables us to study Slovakia and Hungary as a 
composed system in terms of their lower-level units like the LAU1 districts and the 
NUTS3 regions:

where TGTO LAU1 and TGTO NUTS3 are the measures of between district and between 
region synergies, respectively, and TGTOLAU1LAU2 and TGTONUTS3LAU2 are the meas-
ures of the above defined (Eqs. 5 and 6) average generated synergies in districts and 
regions.

The between-group uncertainty-reduction TGTO LAU1 and TGTO NUTS3 are then 
defined as the difference between the uncertainty of the contributions and the uncer-
tainty prevailing at the level of the composed set (Leydesdorff et al., 2006). In this 
case, TGTO LAU1 (and TGTO NUTS3 ) is an indicator of the between-group contribution 
to configurational information in three dimensions.

In case of between-districts interaction TGTO LAU1 , one can further break it down 
by taking country level interaction on NUTS3 base and average intra-NUTS3 
regional interaction on LAU1 base just in the similar manner we did it in Eqs. (5) 
and (6).

where all these variables are defined under Eqs. (5) and (6), and TGTOj LAU1 is syn-
ergy measured in NUTS3 region j which is divided now instead of municipalities 
into districts.

With this substitution, we get Eq. (11).

These three components represent now three levels of created synergy: the 
national ( TGTO NUTS3 ), the regional ( TGTO NUTS3 LAU1 ), and the local components 
( TGTO LAU1 LAU2 ). A negative value of any TGTO indicator in decomposition Eq. (11) 
would point towards that the given level of agglomeration adds to the synergy in the 

(6)TGTO NUTS3 LAU2 =
∑

j ϵ NUTS3 regions

mj

N
T
GTOj LAU2

(7)TGTO LAU2 = TGTO LAU1 + TGTO LAU1 LAU2

(8)TGTO LAU2 = TGTO NUTS3 + TGTO NUTS3 LAU2

(9)TGTO LAU1 = TGTO NUTS3 + TGTO NUTS3 LAU1

(10)TGTO LAU1 = TGTO NUTS3 +
∑

j ϵ NUTS3 regions

mj

N
T
GTOj LAU1

(11)TGTO LAU2 = TGTO NUTS3 + TGTO NUTS3 LAU1 + TGTO LAU1 LAU2
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system. At the same time, a positive value indicates that the synergy occurs (if it 
occurs) rather at another territorial level than at the given level.

In the same manner, we can divide knowledge exploration ( TGT ) and organisa-
tional control ( TGO ) into three components, because these two interaction measures 
also have the same — the geographical — dimension in common, just like the syn-
ergy measure ( TGTO).

Results

For confirmation of our theory-led expectations, we calculated configurational 
information (synergy indicator) TGTO based on the methods described above for 
each district (LAU1) and regions (NUTS3) in Slovakia and Hungary, respectively, 
as a whole. After calculation of configurational information, we decomposed the 
decrease of uncertainty TGTO LAU2 to find out whether national, regional, or local 
agglomeration adds to the synergy in the system. Comparison of different levels 
serves for defining their importance for further research related to knowledge bases, 
but especially for accurately targeted regional policy. Table  4 provides the results 
of synergy indicator at each administrative level for creative industries based on 
symbolic knowledge base. Values of the two countries cannot be compared directly 
because of the different number of territorial units (see Table 1). However, we can 
compare trends and the composition of the interaction on LAU2 base (see Eq. 11).

The most striking dissimilarity between the two countries’ results is that synergy  
was continuously decreasing for Slovakia, but this pattern prevailed for Hungary 
only until 2010; after that, synergy increased to the value of period 2002–2006 
(Fig. 2A, C). It is also important to mention that both countries had a positive trend 
in number of firms in industries with symbolic knowledge base (see Table  3 and 
Fig. 7).

In case of Slovakia, the decomposition of interaction TGTO LAU2 (Fig.  2B) shows 
that in the first two time periods, almost half of the reduction of uncertainty (47% 
and 45%, respectively) was generated between districts inside the NUTS 3 regions 
( TGTO NUTS3 LAU1 ), and another 36–39% came from the level inside the districts between 
municipalities ( TGTO LAU1 LAU2 ). These proportions changed to the last two periods, the 
biggest part of uncertainty was generated at local level ( TGTO LAU1 LAU2 ∝ 46% and 
49% ) and next was the regional level ( TGTO NUTS3 LAU1 ∝ 41% and 39%).

In case of Hungary, this decomposition shows (Fig. 2D) a slightly different pic-
ture. The local level (inside the districts between municipalities: TGTO LAU1 LAU2 )  
delivered for all the periods the biggest part of the interaction TGTO LAU2 , and this 
level accounted for 41–55% of it. The regional level (between districts inside the  
NUTS3 regions ( TGTO NUTS3 LAU1 ) was responsible for 39–34% of the total interaction.  

(12)TGT LAU2 = TGT NUTS3 + TGT NUTS3 LAU1 + TGT LAU1 LAU2

(13)TGO LAU2 = TGO NUTS3 + TGO NUTS3 LAU1 + TGO LAU1 LAU2
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The biggest providers of interaction were Budapest as a district and region Pest and 
its districts. The biggest providers of interaction were the district and region of Brati-
slava and regions Trnava and Banska Bystrica.

In both countries, results show that an important part of the uncertainty reduction 
is provided at a level lower than the NUTS-3 regions. In other words, higher syn-
ergy is generated at local (LAU1) level, which means that the network of relations 
at local level can resonate into a configuration, which is productive, innovative, and 
flourishing

In order to gain a more detailed picture of interaction generated between firms in 
creative industries with symbolic knowledge base in the two countries, we analysed 
the composition of the interaction values TGT,TGO and TTO . We can observe almost 
the same trend in all three interaction values and both countries (Figs.  3  and  4). 
Knowledge exploration (TGT) and organisational control (TGO) measures are decom-
posable into local, regional, and national parts; knowledge exploitation ( TTO) is not 
because it does not contain the geographical dimension. The tendencies of all of the 
three interaction values show a decline in time, except in the last time period in case 
of Hungary, where there is a slight increase of all of the three interaction values. The 
largest value is always the local part, followed by the regional and national parts. 
These findings align with our theory-led expectations. In Hungary, we can observe 
an increasing share of local TGT from 60 to 65% and also an increasing share of local 
TGO from 87 to 90% of the total. In Slovakia, the share of local TGT stagnated around 
68%, and the share of local TGO increased from 90 to 94% of the total.

In case of knowledge exploration (TGT), we find the highest value in Budapest 
and Pest county in Hungary, which is similar to the Slovak case where the highest 
value we see in the Bratislava region, in both countries, the county of the capital city 
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Fig. 2   Composition of country level interaction on LAU2 base. Note: a and c, values are given in millib-
its; b and d, values are given in %.  Source: Authors’ own elaboration
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(Figs. 5a and 6a). In Hungary, the picture is similar in both other cases TGO and TTO : 
county of the capital city has the highest values (Fig. 4b, c). In the Slovak case, we 
find a different picture, TGO and TTO values are the lowest in the country (Fig. 5b, c)

The number of firms in creative industries with symbolic knowledge base grew 
during the period of interest at least to 3.7-fold of the original number in every 
county of Hungary. However, it partly happened due to a change in the regulations 
on mandatory double-entry bookkeeping in 2004, when in 1 year, the growth in the 
number of the firms of interest was 53.6% (Fig. 7). Without this outlier, Hungary 
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faced 6.47% growth in the number of these firms on annual average. While this 
growth was one of the smallest in county of Pest, it was the largest in one of the 
regions close to the Eastern border. In Slovak regions, the number of companies in 
creative industries with symbolic knowledge base has grown at least to 2.84-fold of 
the original number in every county from 1998 to 2014. This means at least 6.74% 
growth on annual average in every Slovak county. While this rise was the smallest in 
two Northern regions, the largest in one region at the Western and one close to the 
Eastern border. This growth was more equalised in Slovak regions than in Hungar-
ian ones.

Overall, the research pointed out two important facts. Firstly, in line with the the-
oretical expectation, it has become clear that economic benefits of creative indus-
tries with symbolic knowledge base are emerging at the local level of innovation 
systems. Local level is the most decisive for interaction, and the network of relations 
at local level can resonate into a configuration. It has been proved that in Central 
Europe, a major part of the reduction of the uncertainty is provided at a lower level 
than NUTS-3 regions, so higher synergy is generated at the local (LAU1) level. Not 
surprisingly, the biggest interaction providers were the capital cities and regions in 
Slovakia and Hungary and developed city regions in Slovakia. This crucial role of 
locality can be explained by the nature of the symbolic knowledge base. Due to the 
knowledge base, innovation is highly context-specific, and the meaning and value 
associated with the products can be different between social groupings and places. 

-23,80

-23,79 - -2,70

-2,69 - -1,87

-1,86 - -1,58

-1,57 - -1,01

10,78 - 39,34

8,03 - 10,77

6,09 - 8,02

4,28 - 6,08

3,92 - 4,27

4,21 - 9,79

2,78 - 4,20

1,87 - 2,77

1,49 - 1,86

1,20 - 1,48

a b

dc

42,3 - 52,2

26,8 - 42,2

22,3 - 26,7

14,9 - 22,2

10,3 - 14,8

Fig. 5   Contribution of Hungarian counties to a national innovation system synergy, b national knowl-
edge exploration, and c organisational control. d Hungarian counties’ level of knowledge exploitation (all 
in millibits).  Source: Authors’ own elaboration
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Therefore, knowledge flows are more likely to occur in the network between part-
ners who share similar socio-cultural background and are part of the same local 
innovation system.

Secondly, synergy was continuously decreasing in case of both Central European 
countries in the analysed time period from 1998 to 2014 (however, in Hungary only 
until 2010, after that, synergy increased to the value of period 2002–2006). On the 
one hand, it is due to the nature of the fastest-growing creative industries (namely, 
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NACE Rev  1. 7440  advertising in Slovakia, 7420 architectural and engineering 
activities and related technical consultancy, and 7487 other business activities, n.e.c. 
in Hungary) and on the other hand to globalisation. These creative industries produce 
local, and the source of innovation primarily is local; however, the output itself is often 
intangible. Due to the deterritorialised nature of end-products, the products and services 
can be easily transferred globally by different ICT solutions or reach the global market 
integrated into other industrial products (e.g. automotive industry). Furthermore, firms 
in creative industries are generally significantly smaller than firms in other parts of the 
economy, making them more flexible to compete in the international market.

Conclusion

After the fall of the communist regime and the transformation from a centrally 
planned economy to a decentralised market economy, creative industries started to 
grow in Central Europe, and their number is increasing year by year. Creative indus-
tries are considered one of the new engines of economic growth, have high inno-
vation potential, employ highly qualified and skilled workforce, and build on local 
capacities. Symbolic nature of knowledge base in creative industries crucially influ-
ences their adaptability to innovate and contribute to regions to develop new growth 
paths.

In Central Europe, there was no empirical evidence before for the contribution of 
creative industries related to the emerge of synergies in innovation systems. Based 
on the concept of configuration of systems, we can measure synergy in innovation 
systems divided then into local, regional, and national parts. We distinguished three 
dimensions (geography, technology, and organisation) that operate in innovation 
systems and measured their interactions using entropy statistics.

Results show that in the case of creative industries with symbolic knowledge 
base, the largest part of the synergy is generated within the local level. In line with 
our theory-led expectation, in case of creative industries in Central Europe, geo-
graphical co-location is extremely important, and industries can contribute to the 
development of post-socialist knowledge-based economies. However, the degree 
of synergy in the creative industries is also affected by globalisation. Even though 
knowledge is created locally, knowledge spreads globally. Knowledge incorporated 
in end-products are often intangible in creative industries, can be transferred easily 
through info-communication tools, or reach the global market incorporated in other 
industrial products.

Our results have implications for the regional innovation policy. The research 
firstly confirms the importance of creative industries in connection with the estab-
lishment of regional advantages. Secondly, there is no doubt that despite local 
embeddedness, symbolic knowledge-based industries are also exposed to globalisa-
tion. Therefore, regional innovation policy must be adapted to the local context, and  
its tools must be tailored to specific local conditions. A one-size-fits-all approach 
will not work as symbolic knowledge-based creative industries require a local 
approach to potential partners who share a similar socio-economic background; 
thus, the local level of government has become more relevant. The local government  
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should focus on implementation support policy programmes aiming at creation  
inter-organisational networks (mainly informal) since knowledge about possible  
partners for cooperation and knowledge exchange (know-who knowledge) is of con-
siderable importance for symbolic knowledge-based industries.
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