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Abstract Knowledge production processes during the transition period from
authoritarian socialism to market economy experienced significant changes in Slo-
vakia and other CEE countries. Such a paradigm shift has caused the disintegration
of the former inventory networks followed by only a slow recovery over the last
20 years. The patenting activity analysis of Slovak institutions gives a good focal
point to indicate the general decrease in innovation performance and also to justify
the breakdown and fragmentation of the former long-term cooperating inventory
networks during the period of 1998-2012. The Slovak regional inventory networks
have been studied for a longer period using network analysis, discovering common
evolutionary development as well as particular network patterns after the opening of
the economy to competition and foreign investments, staying before in a comfort
zone. The recovery and formation of new networks of inventors are still very slow,
even if the economic growth is steadily positive. One of the main reasons for
continuing lower innovation performance is not only the low expenditure on
research and development, but another reason is a relatively low number and quality
of the links within poorly developed regional innovation systems. The results of the
network analysis demonstrate to what degree the regional innovation system is truly
regional (or national or even international) by comparing Slovakia’s regions and
their interdependencies.

1 Introduction

In the socialistic period, Central and Eastern European countries have advocated linear
innovation approach to research and development with a limited horizontal coopera-
tion (Koschatzky 2002), although their governments considered science and technol-
ogy as an integral part of each industry (Graham 1990). Fritsch and Graf (2011)
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analysed how different history and macroeconomic conditions shaped regional inno-
vation activities. Their findings for East and West Germany indicate significant
structural differences between their innovation networks. Similar to East Germany,
the Czechoslovak economy after the Second World War was characterised by the
massive industrialisation. The government enforced machine engineering and chem-
ical industry, and not surprisingly the most patent applications come from those two
industries, especially in the years 1988—1992 (Smith 1998).

Transition to a market economy after November 1989 has brought to the Slovak
economic area dramatic fragmentation and deindustrialization. The privatisation and
dynamic industrial restructuring also affected the networks of innovators. The
following part aims to explain the evolution of the inventory networks in the period
1988-2012 and to catch the impact of the economic transition in Slovakia.

2 The Socialistic Period of Slovakia

2.1 Transition and Institutions

After the Communist rule came to an end in 1989, the countries of Central and
Eastern Europe had to cope with the transition from the centrally planned economy
to market economy and from the ultimate state ownership to the private property.
However, the economic transformation has not been the only critical change.
Simultaneously with the economic system change, a less quantifiable transition
from the centralist authoritarian rule to a pluralist democracy, as well as from
party and state-dominated societal organisation to a civil society has taken place
(Illner 2000). The transition from authoritarian socialist system to democracy and
market economy in Poland, Czech and Slovak republics followed a shock therapy
model (Morvay 2005), and was formally and institutionally completed by the
entrance to EU in 2004. In comparison to a more radical approach in the Czech
Republic, where a more sharp approach for the economic recovery was ongoing,
Slovakia and Hungary adopted a more gradual and modest approach (Radosevic
1996).

The discussion on the transition from the former centrally planned economies to a
market economy more or less ended at a macro level. Nevertheless, the past is still
preserved in the formal and particularly informal institutions. In the former commu-
nist countries, there has been a clear change to standard market formal institutions.
However, the change in informal institutions is not straightforward or is even in a
clash with the new economic system. The present discrepancies between the func-
tioning of the former CEE communist countries and Western Europe at the national,
regional and local levels can be certainly explained by a number of factors—although
probably the weightiest variable is the heritage of centrally planned economies.

In fact, Slovakia and some other CEE countries experienced two revolutionary
changes in the second half of the twentieth century, which have broken up theoret-
ically natural economic and societal development. The former one has changed the
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political and economic system from market to forced state ownership after the World
War II. After 50 years of living in an entirely different institutional framework, the
last utter change to market economy meant a deep-drawn switch to a new, unfamiliar
system, taking wide-ranging and difficult transition the second time.

That is why the CEE countries in transition constitute a considerably challenging
issue for evolutionary economic theory and path dependence concepts (Bucek et al.
2013). An evolutionary approach should take into account two radical shocks, to
sufficiently interpret their situation at the beginning of the twenty-first century.
Informal rules of the central planning are still alive or have transformed themselves
into new forms of paternalism, acceptance of privileges, tolerance to rent seeking,
lobbying the government, favouring national and sectoral over regional and local, or
directive management influencing relations between economic agents (Tridico
2006). The evolution of new institutions is affected by the persistent old rules and
path dependence shapes the transformation.

2.2 Development of the Czechoslovak Economy in 1948-1989

Czechoslovakia was one of the most developed economies of the world during the
interwar period. Already in 1930, 45% of the population was working in manufactur-
ing and mining and only 30% in agriculture. The neighbouring countries showed a
rather different picture that time in comparison to Czechoslovakia, with 67% of the
active population working in agriculture in Poland and 54% in Hungary (Myant
1989). After February 1948, the nationalisation brought 95% of industrial employ-
ment within the state sector. Based on the general plan, a new economic structure has
been developed, emphasising industrialisation and heavy industry especially. To a
large extent, the building of new industrial structures and focus on industrial
production in the COMECON countries (COMECON—the Council for Mutual
Economic Assistance, an economic organisation led by the Soviet Union, existing
1949-1991) were being subordinated to the demands of the USSR. The foreign trade
of Czechoslovakia grew quickly from 40% share of the COMECON countries in
1948 to 78% in 1953. The decisions on the location of new industries have been
made centrally, aiming to provide the employment in all regions of the country, but
without considering regional interests, with an orientation towards East European
markets (Morvay 2013).

The massive industrialisation has brought ambiguous consequences to the Slovak
economy. The share of the industrial production on the national income was 39.9%
in 1948 and immediately reached 53.8% in 1953. However, the industrialisation
progression resulted in establishing industries with only low value-added and a low
degree of finalisation (Koyame-Marsh 2011). A more sophisticated industrial pro-
duction in the Czech Republic sourcing from the interwar technical basis enabled the
spread of technology and development also to the Slovak part of the country. For
example, the Czech automobile car, truck and motorcycle production originated at
the very beginning of the twentieth century and the main producers before the WWII
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were Skoda, Praga, Tatra, Aero and Jawa (Pavlinek 2008). In the period of
1955-1975, the decisions of the State Planning Commission enabled the establish-
ment of branch plants also in Slovakia following the official regional development
policy to industrialise the territory of Slovakia (BAZ in Bratislava, TAZ in Trnava
and several other cities). As at 2016, Slovakia and the Czech Republic are countries
with the highest production of cars per capita in the world. The German Volkswagen
acquired the BAZ small production plant in 1991 and the French PSA (Peugeot and
Citroén) built a new car assembly plant in 2006 in Trnava taking advantage of the
existing qualified workforce. This example of automotive industry evolution
explains the spread of the industrialisation from the Czech to the Slovak part of
Czechoslovakia, as well as from more industrialised regions to less urban and
peripheral areas. Later on, a highly uncompetitive production in many cases of the
plants imbedded in less urbanised regions appeared, just after the breakdown of the
Soviet bloc and following stagnation and decline of Eastern markets of the
ex-COMECON countries.

In the second half of the twentieth century, structural dysfunctions of the centrally
planned economy, the costly arm program implemented by the socialistic regime and
oil shocks in the 1970s caused Czechoslovakia to lose its former innovativeness and
competitiveness. The transformation process and opening of the economy and mar-
kets in the 1990s have revealed declining Czechoslovak economy, lagging of tech-
nical infrastructure, serious deficiencies, a hidden inflation and overestimated
economic indicators (Morvay 2013).

Table 1 provides officially reported and collectable data of available macroeco-
nomic indicators in the period of communistic government (1960-1989) in
Czechoslovakia based on Historical Statistical Yearbooks of Czechoslovak Federa-
tive RepublicI (CSFR). As Table 1 shows, the national income and customer
consumption have been increasing over the whole period of the socialistic economy
of scarcity in Czechoslovakia. However, the official statistics does not include the
hidden inflation and other dysfunctions in the economy, which have appeared fully
only after the breakdown of the previous regime. The national income and customer
consumption have been increasing significantly over the whole period of the social-
istic era in Czechoslovakia 1948—1989. The picture of the economic development of
the Czechoslovak economy would not be complete without comparing both their
parts. First, there is an obvious huge difference in the structure of the economy of the
Czech and Slovak parts of the country at the beginning of the socialist period.
Slovakia started its massive industrialisation only in 50ties: the share of industrial
production on GNI was 39.9% in comparison to 58.6% in the Czech Republic. At the
end of the period in 1989, the share of industry settled at over 60% in both territories.

'Official names of common state in times of Czechoslovakia:
1918-1960: Czechoslovak Republic (excluding 1945-1948),
1945-1948: Protectorate of Bohemia and Moravia and Slovak Republic,
1960-1989: Czechoslovak Socialistic Republic,
1990-1992: Czechoslovak Federative Republic.
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A similar development can be seen when comparing GNI per capita; the increase
was almost double in the comparison of Slovak with the Czech population.

Nevertheless, the official national income growth stopped at the end of the
eighties, having no more capacity to compete with the western economies. The
former source of growth in industrialisation was over, and the first signals of coming
de-industrialisation were apparent in the industrial statistics (Hudec and Sebova
2012).

Within the framework of socialist planning, the rapid industrialisation has been
coupled with urbanisation in less developed regions, enforcing a large-scale indus-
trialisation of the whole economy (Hudec 2009). The regional economies have not
been growing and developing gradually, but industrial plants were artificially
inserted externally into previously undeveloped areas. By way of comparison,
in-dustrialisation of rural areas in the western countries was based on a light and
in-tensive manufacturing industry. In the Central and Eastern Europe, rural industri-
alisation was a political target, and its mechanical implementation caused later
vulnerability of those areas after the fall of the Berlin Wall.

2.3 Systems of Science, Technology and Innovation
in the CEE Countries

The systems of science, technology and innovation in the CEE countries are not
easily comprehensible because of their contradictory evolution and fundamental
external interventions. Their current state can be understood only by discovering
the roots after WWII and following influences.

The Comecon countries have agreed on a division of labour among different
industries, including research and development. With an aim to exploit the advan-
tages of large-scale socialist production, an international industrial specialisation and
interconnection have led to setting up mutually complementary industrial structures.
Altogether 78% of the Czechoslovak foreign trade turnover in 1985 (Gawdiak et al.
1989) was realised with the Comecon members and only 16% with so-called
“developed capitalist countries”.

The authorities were later aware of the shortcomings of the economy giving low
priority to research and development. A new dimension of technological capacity
has been introduced in the early 1960s and gradually become a top priority also as an
instrument to fight with more advanced capitalist countries. Each state has
established a high-level central body (The Committee for Technology and Invest-
ment in Czechoslovakia). In the area of research and development, an ambitious
“Comprehensive Program for Scientific and Technical Progress” up to the year 2000
was adopted in December 1985, aiming to interconnect and develop more efficient
science and technology base. The plan included specialisation agreements, giving
e.g. to Czechoslovakia a priority of research in the fields of automated production
systems and robots or microelectronics in that time.
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However, within the planning system, the approach was struggling to force
innovations through administrative methods. Enterprise directors in the Comecon
countries were not considered greatly innovation-minded (Wilczynski 1974),
because of the high risk associated with innovations and serious repercussions if
the venture is a failure. There was a big difference if the highest political leadership
was involved in setting the technological goals such as a cosmic programme or
military enjoying almost unlimited resources in the USSR. Also, a prevailing focus
was on basic research and the extensive R&D system, “just as the crowd on the
stage, produced paltry practical results” (Rabkin 1997). Although the mission of the
applied research institutes was to introduce technological innovations to assigned
peer industry, both parties had a low motivation for risky projects with a low success
rate. In the end, the research institutes, having a little control over the implementa-
tion of their research results, acknowledged their situation and rather opted for a
more comfortable strategy of fundamental research. With an aim to ensure their
survival, they softly revised their priorities and readjusted their new outputs as
scientific publications, doctoral theses, and other common products of basic
research. The Soviet innovation culture has also been transmitted to Czechoslovakia
and East Germany, the countries influenced by the German-speaking culture of
research and innovation before, and more advanced in technology and innovation.
The political strategy caused a re-orientation towards the Soviet innovation model
and marked inclination to fundamental research also in Czechoslovakia. The Soviet
model of Academies of Sciences, mostly divided from the innovation activities and
focusing on fundamental research, have been promoted and established in all
COMECON countries.

The hand of the central planning method can also be recognised in the develop-
ment of the share of R&D employees on the total number of employees. In the last
socialistic decade 1980-1989, the numbers are stable and well balanced for the
Czech and Slovak parts of the country, but never exceeded 1.7% (Table 2). Only the
proportion of R&D employees with a university education has been growing. Also,
the number of R&D organisations was proportional to 2:1 population ratio:
207 firms located in the Czech part and 113 in the Slovak part of the territory.
However, the big difference is in the number of R&D employees, showing Czech
dominance of 70% in comparison to Slovak 30% share.

The general economic and technological backwardness and an artificial structural
division explain the unpreparedness of the economies and research and technology
sectors after their opening to global competition. That estimated labour productivity
reached only 53% in Czechoslovakia in comparison to Austria at the end of the
socialistic period. The economy was considerably more energy and raw material
dependent, and technological level of the industry was lagging behind the world
development by 1015 years. Czechoslovakia was obviously first in the number of
patents in the group of CEE countries until 1988, far behind followers were Bulgaria
and Hungary (Lacasa and Giebler 2014). However, a strong decline in the patent
intensity in Czechoslovakia started already in the 1980s. The transition process in the
economy of Slovakia experienced the loss of foreign downstream markets of the
former Eastern Soviet bloc. Moreover, the split of Czechoslovakia in 1993 has
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caused to a large extent also a loss of the research cooperation of the Slovak research
and innovation workforce with the former team partners in the Czech Republic.

Following Kuznets (1965), the transformation of a country from underdeveloped
into developed is not possible only by adding a stock of physical capital. It also must
have a character of a thoroughgoing revolution in the life patterns, position of
different groups and change in the relative powers. Also in the Slovak economy,
profound institutional changes have resulted in a new vertical and horizontal orga-
nisation of the political and economic system, in different power relations among
social clusters, etc. A complex process of decentralisation has also been
implemented in Slovakia with an aim to bring decision-making closer to the citizens,
to build democratic institutions at the regional and local levels and to activate
involvement of local and regional actors in economic and social development.

In the centrally planned system of resource allocation, regional and city priorities
and their financing were based on decisions at the national level, following a strict
top-down approach rather. The system change has given the responsibility for local
development and physical planning to “de novo” established municipal govern-
ments. Implementation of a new territorial system of decentralised governance has
been one of the preconditions required from the candidate countries to access the
European Union. At the regional level, rights and duties for development and
planning were shifted to just recently formed or reformed regional administration.
The legal autonomy of strategic planning and local economic development settled to
regions and municipalities has not been accompanied by the corresponding financial
resources from the government. The lack of resources at the regional and local level
has resulted in fictitious strategic planning development. At one side, the financial
handicap together with a lack of experience in strategic planning have caused setting
their priorities analogously to the higher national level—the foremost potential
sources of financing. The gifted privilege of economic planning in the first post-
communist decades has got merely a form of strategic thinking training to prepare
first planning documents.

Although the state has formally accepted devolution, in reality continues operat-
ing in terms of the centralistic system. On the other side, the previous top-down
imperative exists in the paternalistic expectations of the subnational self-government
institutions, making the state responsible for their less successful episodes.

3 The Rebuilding of National and Regional Innovation
Systems in the Transition Period

3.1 Emergence of National and Regional Innovation System

The system is generally understood as a set of functionally interconnected elements,
institutions, processes, flows and relationships between them (Skyttner 1996). Inno-
vation has a central role in economic development, whether considered at the level of
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firm, industry, region or country. Accordingly, the innovation system can be defined
as a set of economic and institutional relationships that occur in a geographical area
(country, region), which is generating collective learning processes, enabling a rapid
spread of knowledge and best practices (Hudec 2007a, b, 2010). Systemic and policy
view of the innovation system is at stimulating innovation capabilities of firms and
other economic agents in the geographical area (country, region) with an aim to
boost the economic growth and competitiveness. The basis of the term innovation
system is an assumption of both individual and collective dimensions of diffusion of
knowledge and technology (Edquist 2001). Factors of technological changes are
embedded not only in the activities of single enterprises, but also in other elements
and relationships of the broader innovation system. Hence, innovation should be
regarded in a context of the system, representing all its essential elements and
relationships involved in the production, as well as dissemination and use of
economically useful knowledge (Lundvall 1992a). Environment and institutions
are considered as essential factors of uptake and diffusion of innovation; the national
innovation system has, therefore, become an important part of national industrial
policies.

National innovation system (NIS) and its regional subsystems constitute a sys-
temic instrument and policy tool to increase the innovation capacity of an entity
(country, region). However, national innovation systems are not always built so as to
take regional interests into account. The uneven pattern of innovation geography is
implicitly suggesting the importance of the role of proximity, the density of the
institutions and networks in a diffusion of knowledge and drawing attention to
subnational regional units (Iammarino and Mccann 2013). In the same manner,
like NIS, the emphasis of Regional innovation system (RIS) is on the processes of
generating knowledge and its distribution through linkages and networks. The
regional innovation system, however, is much more complex to understand and
evaluate than national, sectoral or technological levels. The region itself can be
regarded as a complex spatial dynamic open system (Hudec 2007a, b). The interac-
tions between the business sector and other agents of the economic system, the types,
and intensity of the relations vary according to many factors (Asheim et al. 2011). In
most of the definitions (Cooke and Memedovic 2003; Asheim 2007), RIS consists of
two fundamental parts: regional production structure (large and small companies)
and regional supportive infrastructure (universities, research institutions, technology
transfer agencies, business associations, finance institutions and institutions provid-
ing public and private innovation services).

‘What matters for innovation performance, is not only the administrative, financial
and technological institutional framework and institutional density. Other important
differentiating variables of the RIS are industrial and knowledge base structure,
geography, spatial structure, scale and degree of urbanisation. Evolutionary eco-
nomics view is important to understand specific local institutional factors such as
social norms and routines, trust, informal rules, shared norms of cooperation,
untraded interdependencies, interactive learning, relative powers, the density of
social networks and their employment as channels for informal knowledge diffusion,
etc. All the complicated set of factors of knowledge diffusion, institutional inter-
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linkages and embedded innovation culture define specific territorial externalities,
either providing incentives or obstacles to innovation.

Geographical proximity is increasingly mainstreamed as an indispensable condi-
tion to share tacit knowledge, in the networks and to enhance trust between innova-
tors (Torre 2008). Hence, there is a question, which is later studied on the example of
the Slovak inventory networks, how important is geographical proximity for
innovation?

The current CEE variant of the national innovation system is built on the previous
structure of centralised science and technology system. That was top-down directed
and focusing on sectoral industrial relations, overlooking the importance of intra-
regional and inter-regional horizontal networks (Hudec 2007b). The national science
and technology systems were financed both from the state budgets and at the same
time by means of mandatory allocations into R&D by industries. By the late 1980s,
the collapsing economy of COMECON was no more able to keep the research
system of the current size (Rabkin 1997). The COMECON organisation of the
communist countries dropped to a minimum level and started to build concurrent
cooperation with West-European countries (Gal and Racz 2008; Hudec 2009).

Breakdown of the previous centralised vertical structure, denationalisation and
privatisation during the transition period had a significant impact on regional
economies, resulting in rising regional disparities and rather different regional
development trajectories, including research, development and innovation. The
elements of Western European innovation system models have been introduced
into still centralised research and development modes of operating, resulting in
diverse variations of regional innovation systems. Since the early 1990s, European
Commission has built up broad institutional and financial support to implement
strategies and measures in favour of weakly developed regional innovation systems.
EU supported establishing of innovation centres and agencies and development of
regional innovation strategies and operational programmes in the CEE regions.

Unfortunately, after almost 30 year period of the reintegration into European
economy, CEE regions display a low level of cooperation between triple helix
entities (knowledge institutions, industry and public authorities), poor patent perfor-
mance and unsatisfactory generation, transfer and exploitation of knowledge. There
is a clear conflict between the newly formed regional institutions, including self-
government regional administration responsible for regional development, and a
persistent continuing tendency of central, vertical decision making. Decentralisation
of rights and duties has happened without providing appropriate financial and
economic instruments, and there is widespread scepticism in the society towards
the capacity of local and regional authorities (Hudec and Urbancikova 2008).

Not surprisingly, both centrality and the supremacy of vertical flows in the
governance of the innovation system are vivid in the regional innovation policy
implementation as well. The EU enforced regionalisation and decentralisation of
power, and resources have been expected to have a form of regional innovation
policies towards supporting competitiveness for firms with an emphasis on network-
ing among regional actors. The national government, however, is reluctant about the
intensification of research, development and innovation support in less favoured
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regions. On the other hand, less innovative regions do not have a sufficient absorp-
tion capacity for eventual incentives.

The EU regional innovation policy highlights change of the regional governance
system towards more networking structure, embedding together cooperation and
competition, in a battle with resistant old science and technology national and
sectoral hierarchical structures. The modern European innovation policy instruments
are in an apparent conflict with the continuing functioning of science and technology
system of COMECON period. Transfer of regional innovation system instruments
(innovation centres, innovative enterprise incubators, science parks, technology and
knowledge transfer centres) are hindered by both formal and informal propensity to
central, vertical decision-making culture. The weak, unstable and fragile regional
innovation systems in Slovakia are dominated by the prevailing national science and
technology system, maintaining separated roles of business, universities and acad-
emy of sciences. EU driven innovation instruments are in a serious fight with the
national sectoral science and technology policy, previous models of knowledge
generation and diffusion mechanisms focusing mainly on fundamental research,
etc. Furthermore, the post-socialist development suffers from the disintegration of
the former innovation networks, looking for a new balance of international and
domestic collaboration. The result is rather mixed and incomprehensible model of
regional cooperation triple helix, usually unable to establish a common language in
the innovation networks. This situation gives a motivation for a deeper study and
understanding of regional innovation networks, providing a multifaceted view of the
Slovak regions and understanding the keystones the of their weak innovation
performance.

3.2 Transition of the Science and Technology

Patents are granted to inventors for inventions which are novel, innovative and
nonobvious and also useful, having an industrial application. They are considered
as a large pool and comprehensive source of data on innovation activities and
technological change (Hall et al. 2005) and their advantage is undoubtedly a detailed
information and description on the innovation. This explains a popularity of the
patent statistics use in the research of innovation performance (Griliches et al. 1991).
It is evident; there is a limitation of patents in relation to innovation, as not all the
innovations are registered in the patent databases because of several reasons (Koh
and Reeb 2015). Not all inventions fulfil the necessary requirements of the patent
office, the process is long and administratively burdensome, involves cost. A further
loss of the registered patents arises if the inventor relies on secrecy or underestimates
the role of intellectual property protection.

Completeness of a dataset of the innovation activities is impossible for the pre-
and transition period of Slovakia. However, the patent activity can be used as a proxy
variable to identify evolutionary aspects of innovation activity development. The
institutional analysis of the patent statistics (Slovak Patent Office of Industrial
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Table 3 Number of institutions applying for patents in 1988-2012

1988-1992 | 1993-1997 | 1998-2002 |2003-2007 |2008-2012
Universities 10 8 10 7 7
Applied Research 26 8 6 3 4
Institutions
Institutions of Slovak 26 13 9 12 11
Academy of Sciences
Enterprises with 3 or more | 33 20 19 18 15
patent applications
Enterprises with <3 patent | 103 113 95 87 91
applications
Overall 198 162 139 127 128

Source: own

Rights) shows the decline of the patent activity after the fall of communism in
Slovakia during following 25 years in 1988-2012 (Table 3). The number of institu-
tions applying for patents is divided into five periods of 5-year intervals.

The first finding is the total number of institutions, which is decreasing over the
whole period from 198 to 128, meaning one-third loss in the number of active
institutions and showing no signs of recovery. The main loss of activity is evident in
the category of applied research institutions, losing stepwise the support of industry
associations and disintegrated industrial structure. Institutes of the Slovak Academy
of Sciences and universities have also lost their initial patent performance. More-
over, originally innovation-active enterprises have submitted fewer applications or
did not survive in the competition. In contrast to more frequent enterprise patentees,
the group of enterprises with less than three patent applications constitutes a major
part of all innovation actors over the whole period, but they usually applied for
patents only once and then disappeared from the Slovak patent market. Such
enterprises are usually incidental single applicants with closed research teams
(inventors), having no external research cooperation.

Institutional analysis indicates in this way not only explicit downturn in patenting
activity but also fragmentation of the networks of inventors in Slovakia. The
disintegration of the main cluster component of the cooperating institution and the
increasing share of isolated research is reflected later in the study of the innovation
networks.

As could have been expected, the transition of the economic and political system
in Slovakia (and other CEE countries) necessarily had to affect also innovation
activity in terms of number of patenting institutions, the intensity of patenting as well
as size and density of the networks of inventors. The intensity of patenting activity
(as the number of patent applications) is displayed in Fig. 1, showing the patenting
development of the most important single universities (labelled U1-U6), research
institutes (RI), the Slovak Academy of Science (SAoS) and the group of enterprises
with 3 and more patent applications in a particular 5-year time period (E). With the
exception of the Technical University of KoSice—TUK-US, the fall is evident after
the year 1993, the first year of independent existence of Slovakia.
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Fig. 1 Patenting activity of institutions in 1988-2012. Source: own

Czechoslovakia in the communist era was spending massive sources on defence
and was among the top ten largest arms exporters in the world (Hardt and Kaufman
1996). Dual structure of the economy consisted of a strong military sector and a
weaker civil sector. Duality inhibited spin-off effects from the military sector,
hindered knowledge transfer and self-propagating virtuous circle between military
and civilian technologies (Chiang 1990; Radosevic 1999). Typically, in many firms,
concurrent military and civilian R&D and production co-existed in separated parts,
but the diffusion of knowledge from military to the civil sector was not desired.
Ever-present strict control of information and hierarchical vertical central planning
have caused a kind of silo effect in science and technology, separation of R&D
institutions from market and production. According to the socialist science and
technology model, R&D was externalised, “in hands” of “science and scientific
services” sector (Radosevic 1999) and technology was a commodity for trading. In
other words, R&D was organised for industry, not in the industry (Radosevic 1996)
and this fact is probably one of the main problems of later adaptation of Slovak
businesses on new demand conditions in a market economy (inability to support own
R&D and decreasing in patenting activity—Fig. 1).

Slovak enterprises are typically small or medium-size firms with low knowledge
intensity and limited access to external financial sources. Only few large enterprises
were applying for patents during the whole period. Table 4 shows the number of
patent applications according to NACE sections in the period 1988-2012. The
branches of mechanical engineering and chemical industry accounted for the highest
growth in the Czechoslovak post-war economy (Table 1), and accordingly the
greatest number of Slovak institutions applying for patents can be found in the
same fields in the period 1989-1992 (Table 4). As already highlighted in Table 3, the
number of patenting institutions has been decreasing, and the branch structure of the
patents remains stable.
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Table 4 Distribution of patent applications in 1988-2012 (Number of institutions in different
fields of technology)

1988-1992 | 1993-1997 | 1998-2002 |2003-2007 |2008-2012 | Overall

Section A— 35 31 23 12 22 123
Human
Necessities
Section B— 47 36 31 28 21 163
Performing
Operations;
Transporting
Section C— 63 55 54 47 39 258
Chemistry;
Metallurgy
Section D— 3 2 1 1 4 11
Textiles; Paper
Section E— 14 7 11 4 15 51
Fixed
Constructions
Section F— 21 21 18 23 18 101
Machine Engi-
neering; Light-
ing; Heating;
‘Weapons;
Blasting
Section G— 29 17 10 18 19 93
Physics
Section H— 17 11 7 8 21 64
Electricity

Source: own

4 Evolution of the Regional Networks of Inventors

4.1 Networks of Inventors

At the end of the 90ties, new concepts emphasizing the systemic nature of innovation
appeared as an approach of regional innovation systems (Cooke et al. 1997), taking
into account the geographical proximity, as well as the concept of technological
(Carlsson and Jacobsson 1997) and sectoral systems (Malerba 2002). All the three
new concepts are usually presented as alternatives to national innovation systems,
highlighting the dimensions of the region, technology branch or sector, and offering
cross-cutting and cross-border views, and revealing limitations of the simplified
notion of the national innovation system. However, the national view is critical if the
political dimension of the concept of innovation systems is stressed (Lundvall
1992b). Findings with regard to knowledge, learning processes and interactions of
different agents are placed at the forefront of research factors such as knowledge,
networks and co-evolution processes. These factors are likely to create conditions
boosting generation of innovation. Therefore the following research is aimed at
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analysis of the networks of inventors, which is understood as a part of the innovation
system, and builds on the theoretically expected flows of knowledge between
innovation actors.

The systems approach assumes that economic performance of an area (region or
country) does not depend only on business performance, but also on the interactions
between innovative actors in the public sector in terms of production and dissemi-
nation of knowledge. Innovations can be understood as a result of cumulative
processes that are affected by institutional settings (Fischer 2001). Inventor networks
are usually monitored through patent applications (Graf and Henning 2006; Cantner
and Graf 2006; Fritsch and Graf 2011; Miguélez and Moreno 2013). Using patent
applications and network analysis relates to the narrower definition of innovation.
Analysis of innovation networks is mostly applied to regional level, as intra-regional
linkages and proximity remain relevant despite the current era of globalisation. The
innovation ability depends on the access to “invisible factors of production”
(non-codified knowledge, sticky information) that is easier to get through the
existing links in networks. Regional networks improve access of SMEs to regional
knowledge. However, their true strength lies in linking to global networks. In the
approach of this chapter, the links are also classified as intra-regional and inter-
regional relations, to understand the importance of proximity and external links to
region.

Evolution of the system leads to a growing concentration of actors in the network;
the actors are clustered around key players. A critical mass of innovation actors and
their collaboration is essential to the survival of specific technologies in the local
system. In contrast, regions with a strong knowledge base (characterised by broad
technological areas), are typical by a more fragmented network of innovators
(Cantner et al. 2010). One of the main problems is to achieve cooperation between
different actors, which supposedly leads to the generation of the desired output—new
knowledge, innovation, economic and social benefits in a region). The actors of the
innovation system have their own expectations regarding the behaviour of other
parties (Belderbos et al. 2014). Reluctance to enter into partnerships of inventors
also relates to the problem of appropriating the benefits arising from a common
patent.

Data obtained from the database of patent applications are principally relational
data (data indicating relations between entities and individuals), and social network
analysis (SNA) can be used for their analysis, bearing in mind actors (nodes) present
in the network and common patenting as links (edges). Once we have the adjacency
matrix (matrix of relations between the inventors), by the SNA method can be
expressed the size and density of the relationships, the centrality of the networks,
the number of pairs or triples, diversity of the network patterns, and many other
network-based properties.

Inventory networks in Slovakia are studied based on the long period from 1988 to
2012 to watch the transformation of socialistic Slovakia to a market economy. In the
case of Slovakia, most of the institutions apply for patents at home (institutions
registered as applicants under Slovak Office of Industrial Property). In such a case
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thereafter do not apply for patents under EPO or WIPO? or they applied for patents
on the international markets only a few times. The number of patenting institutions
as well as patent applications has been decreasing after 1989, and the loss of ties with
the former Eastern markets and split of the Czechoslovakia should also affect the
number and density of the innovative networks.

This justifies the hypothesis of a progressive fragmentation of inventory networks
in Slovakia and a decreasing rate of cooperation due to transition. However, after
25 years, new stimuli for networking related to growth of the Slovak economy,
integration to European economy and implementation of European regional inno-
vation policies should result in a renewal of remaining linkages between the actors as
well as to bring into patenting pool new actors and their interconnections.

The research required to collect data registered in the patent applications for the
period 1988-2012 from the website of the Industrial Property Office of the Slovak
Republic. The process of collection was rather complicated, as the information on
each patent application exists only in a pdf file and no possibility to obtain XLS or
CSV format data existed. In total, 28,510 patent applications have been reached with
information on 48,170 inventors. All patent applications contained information on
the names of the patent applicants, the names of inventors, addresses, description of
the invention, patent classification, the state of the patent application (published in the
proceedings, suspended grant, refuse), etc.

The decline in the size of inventory teams is visible in Fig. 2, visualising the
gradual degradation of the main components and the creation of fragmented and
crushed networks. Decomposition of the main component (the core network) is
caused by the disappearing of some links, meaning completion of the former
cooperation between two actors, or disappearance of actors with their links (star-
type graphs of the node and the set of its edges).

The Fig. 2 recounts visual patterns of the fragmentation and disappearance of the
former networks. A lower average degree of nodes (average number of links), break-
down of the main components and increasing proportion of isolated actors, of
course, mean much less interest in cooperation between the innovation actors and
weak national and regional innovation systems.

Connections among inventors in the first period 1988—1992 form more developed
networks than in the later periods in terms of higher mean degree and a lower share
of isolates. In comparison to inventory network in the first period, the number of
edges (links) decreased by around 64% in 1993-1997. The overall number of
innovation actors (nodes) has been decreasing gradually. Hence, a structural hole
in the evolution of inventory networks can be identified after 1993. It could be
assumed that networks would be more developed (with more links/edges) after
opening the economy and markets to innovative foreign companies, inventory
networks are more and more fragmented over the time. This is, however, not the
case, a potential innovation output realised in Slovakia is assigned to foreign
countries (Lengyel et al. 2013). Domestic enterprises are usually small and medium

These institutions are not registered like appliers under the ESPACENET database which includes
EP (European published applications) database and WIPO (PCT published applications) database
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Fig. 2 Networks of inventors in Slovakia—1988-2012. Source: own
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size firms, characterised by lower knowledge intensity and limited access to external
funds.

The loss of actors and ties highlights the growing dependence of the Slovak
economy on foreign inventions. The massive entry of foreign investors has
influenced domestic innovation capacity in a rather negative way, as their research
and innovation units are typically not located in Slovakia (Morvay 2013; Smith
1998). The local researchers have either relocated abroad or work in Slovakia as
members of the research teams located and led out of Slovakia. Both models usually
contribute to eventual patent applications in a country of investor origin.

The maturity of inventory networks is analysed with the help of network prop-
erties: the number of patent applications, the number of nodes, number of links,
network density, the average node degree, centrality of the network, the number of
components in the network, the number of nodes and links forming the main
component, the average distance between the nodes of the main components and
the proportion of isolated actors.

Also, the level of inter-regional and transnational cooperation is analysed. The
individual innovative activity is defined as the number of patent applications in
which an individual inventor is involved. The total number of patent applications
representing a network innovation activity is assigned in a similar way to a network
of inventors. Involvement in the networks (both within the country or region, inter-
regional and transnational) is a measure reflecting the innovation activity of an
innovation system.

Inventors (institutions or individuals) correspond to nodes of a regional inventory
network, the edges between nodes correspond to at least one common patent
application. The number of actors involved in the whole period in the patent
applications is n. The relational data express the relationships between the pairs of
inventors in the form of links, and the number of links corresponds to the number of
pairs of actors which occurred together as partners in at least one patent application.
A maximum possible number of links is n(n — 1)/2. A node is assigned to a region if
at least one inventor on a patent application is its resident. The analysis of the
inventory networks is based on additional characteristics of the networks as defined
in the graph theory (Cohen and Havlin 2010):

* The edges/nodes ratio is defined as the number of edges divided by the number
of nodes; the value varies between 0 and the maximum value of is (n — 1)/2.

* The number of components and the size of the main component: connected
components are sub-graphs in which any two nodes are connected by a path of the
unbroken links. The connected component represents a group of actors who are
interconnected directly or via other actors in the component. The main component
is comprised of the largest number of linked actors (Hanneman and Riddle 2005).

e The share of the main component (%): percentage of the number of nodes
contained in the main component. A proper interconnection between the actors
should be evident by a large share of main component of the cooperating actors.
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¢ Intraregional, interregional and transnational dependence: the indicator is
determined as the share of the inventors having their address outside the region or
abroad.

¢ The average distance in the main component: distance between two nodes is
the number of links on the shortest possible path from one actor to another. In a
dense and connected network the shortest distance between two actors is low,
reflecting the relatively rapid flow of information. As the monitored networks are
not fully connected, the analysis deals only with the average distance in the main
component only.

¢ Number of isolates and share of isolates (%): the isolates are actors with no any
patent cooperation. The high percentage of isolates reflects the existence of a
group of single actors outside of the innovation system environment.

¢ Centrality: the value of CD(n*) identifies the most important node within a
graph, involved in the largest number of interactions, i.e. the most prominent
institution or individual in a whole network, a key innovator or accelerator of the
innovation performance. An individual degree centrality is defined as the number
of links incident upon a node and the whole network centrality is

o >iq[Cp(n*) — Cp(m)]
max 3 f 4 [Cp(n*) — Cp(n;)]’

* Density of the network: If » indicates the size of the network (number of nodes)
and d; the number of connections passing through the node i, (i =1, .. ., g), the
network density D of the network is defined as the ratio of the total number of
edges (links) in the network to the total number of all possible edges:

D= Zil di/(g* — g). The density of the network reflects the diffusion of

information between nodes, or the extent of the social capital within a network.
Denser, interconnected networks are able to mobilize their resources more effec-
tively, as well as to address emerging issues (research questions) in different ways
(Hanneman and Riddle 2005).

¢ The degree of a node and average node degree: the measure of the number of
direct links of a given actor. The higher the average node degree across the whole
network, the greater it’s power to create mutual innovation-based relations
between the actors.

Actors having more links compared to others have an advantageous position,
as more links mean more alternative ways to ensure their needs. Thanks to their
advantageous position, they act as intermediaries of knowledge within their
networks.

The set of network characteristics can serve to monitor the extent, density,
centrality and other qualities of cooperation among innovation actors within the
country or regional innovation systems. The following Table 5 depicts the develop-
ment of network density, network centrality and evolution of the number of edges in
the number of nodes. First, the decline in the number of nodes is apparently
stabilised at around 1000 actors, which is about 30% lower than at the beginning
of the period. Even greater is the loss of connections. Cooperation on patent
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applications is much smaller, the number of connections decreased from 4545 in
1988-1992 to a little over 1000 in the last 5-year periods. Declining cooperation
tendency is captured by the edges/nodes ratio.

In Slovakia, the R & D exhibits structural gap. Old companies have ceased their
original innovation activities, while new institutions potentially replacing the orig-
inal inventors are sporadic. In comparison to period 1988—1992, the number of edges
(links) in the period 1993—1997 decreased by about 64%. The loss in the number of
connections led to fragmentation of the whole innovation system. In the beginning,
the main component consisted of 507 members, but at the end, it counted only
28 members. In the period 1992-1996, altogether 15% of actors disconnected from
the main component and after separation from the Czech Republic, the next 27% of
actors have left the main component. In the period 1997-2001, nearly 40% of new
actors with at least 5 links appeared. However, this new research teams form only a
small number of links (maximum 10).

Fragmentation is a huge problem, as the dominance of small groups of inventors,
increasing proportion of the isolated actors, and undermined relations inside the
system indicate low functioning innovation system. The network analysis also
confirms the low level of social capital in relationships, lack of trust and so far
poor results of the new innovation policy. Hence, an urgent focus of innovation
policy in Slovakia should be on building trust and links and to overcome present
fragmentation, and to bring new actors onto the national innovation stage. Another
way of improvement exists in the concentration on the regional innovation systems,
which are studied in the following subsection.

4.2 Regional Networks of Inventors

A more detailed view on the knowledge production process can be explained by
analysis of the regional inventor networks. The importance of geographic proximity
shifts the attention to regional level towards regional innovation systems (Cooke
et al. 1997; Doloreux and Parto 2005), mainly due to limits of non-codified knowl-
edge transfer.

In the socialistic period, Central and Eastern European countries have advocated
linear innovation approach with a limited horizontal cooperation (Godin 2006).
These hierarchies led especially Czechoslovakia to the integration of the whole
branch including R&D into one concern and to limited cross-branch cooperation
(Von Hirschhausen 1999; Radosevic 1999). Regional horizontal economic relations
were not in the focus of the central planning.

Fritsch and Graf (2011) analysed how different history and macroeconomic
conditions shaped regional innovation activities. Their findings for the East and
West Germany indicate significant structural differences between their innovation
networks. Also in the case of Slovakia, a long time series of the statistics of patent
applications makes possible to evaluate the path dependence and evolutionary
dynamics of the regional inventory networks. Deindustrialisation particularly
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Table 6 NUTS3 regions in Slovakia

NUTS code The name of the region
SK042 Kosice region

SK041 PreSov region

SK032 Banska Bystrica region
SK031 Zilina region

SK023 Nitra region

SK022 Trencin region

SKO021 Trnava region

SKO010 Bratislava region

Source: own

affected sectors and regions with poor ability to respond to rapid liberalisation. The
main factors of the decline of regional economies in 90ties were rapid
industrialisation, regional dependence on single large enterprise, a one-sided indus-
trial structure with a concentration of the armaments industry, heavy engineering,
mining, steel or chemical industries. For the regional innovation focus, Slovakia is
divided into eight NUTS III regions (Table 6).

Figure 3 depicts the development of the regions using the network indicators
defined in the previous subsection. The size of the circles reflects the values of
particular network characteristics to compare the regional evolutionary dissimilar-
ities. The decrease in the number of inventors is general, ongoing in all regions.
Typically, only a few regional enterprises ensure patenting activity, and similarly,
the number of patent applications is going down, with the exception of the KoSice
region. In the Bratislava region, the number of inventors in the main component
decreased during 20 years by 94% (from 377 inventors in 1988—1992 to only 23 in
2008-2012).

In the Bratislava region, there are more than 55% of all employees of science and
research, which shows a regional imbalance in the distribution of R&D human
resources. Therefore, it is necessary to examine the Bratislava region separately, as
it is critical for the overall country innovation output. Decreasing size of the research
teams is shown on Fig. 4 and Table 7, displaying dismantling of the main compo-
nent. In the beginning, there were 1232 inventors creating 2739 links in the Brati-
slava region, while in the last period only 469 inventors with 747 links in the patent
applications. The capital region of Bratislava shows similar pattern of development
as the whole country.

In comparison to the country level, regional focus gives a possibility to find out
new evidence on the intra- and inter-regional links, as well as the transnational
cooperation (Table 7). The principal economic and R&D centre of the country
provides only a little impetus to other regions, having 68% intraregional partners
within the Bratislava region.

One-quarter of the existing partnerships in patent applications is inter-regional,
mostly with the neighbouring regions in the west of the country. Transnational
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cooperation has not been well developed before, and it is still decreasing. Although
the economy is open, the innovation sector continues in the previous path of
separated science, education and business, having only formal relations in the triple
helix innovation system. Most of the institutions are living in the comfort zone of
publicly financed fundamental research and using European structural funds for
non-registered intellectual property products. Only Zilina region did not undergo
decomposition of its regional networks (Fig. 5).
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5 Conclusions

The number of inventors in Slovakia decreased more than 50% during the 25 year
period. .. During the period 1988-2012, almost all organisations (universities,
research institutions, Slovak Academy of Science and enterprises) suppressed their
patent activity, and the largest decline was found after the year 1993. Fragmentation
and decline in the inventory networks suggest structural hole in the innovation
network evolution in Slovakia. This structural hole is mirrored in the disintegration
of research teams which have not been replaced by new research networks.

The innovation systems, whether national or regional, are underdeveloped and
lack the main substance—well-functioning linkages between the actors. Creation
and diffusion of knowledge, skills and best practices are not well used and
established. A later small increase in the number of patent applications is not
accompanied by an appropriate increase in the number of inventors. The share of
single inventors—individuals who are also appliers on the patent applications is
higher in the last periods in comparison with periods of Slovak transformation. An
indication of unleashing the innovation potential can also be found in a slightly
increasing cooperation among a smaller number of inventors. Regional networks of
inventors, if formed, are mostly star-shaped clusters (all actors are connected to one
central inventor), less usual are triangles or dyads.

Inter-regional dependence shows dominant position of the west and east Slovakia
centers—Bratislava and Kosice. Cooperation or dependence in innovation networks
exists on the side of six regions in relation to Bratislava and Kosice regions, although
the highest proportion of the links exists within the regions showing the greatest
importance of the regional than national innovation systems. The decrease in the
patent performance has also been caused by the split of Czechoslovakia and
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Fig. 5 Networks of inventors in Zilina region 1993-2010. Source: own

disruption of previous cross-border innovation networks. Vanishing of innovation
linkages with institutions from the Czech Republic is reflected in networks primarily
in the period 1992-1996, when approximately 15% of the former inventors with
more than 5 connections were completely disconnected from the Slovak main
network component.

A heritage of the socialistic system and following path dependence exist in the
separated science, education and business components and a more comfortable focus
on fundamental research. Separated roles of the knowledge sectors established by
the former central planning are firmly preserved and cause communication gaps.

A well working triple helix system of industry-university-government relation-
ships could be a driver of innovation performance. However, the relations of the
triple helix institutions in Slovak regions are rather formal, non-productive and
inefficient, with the exception of the Zilina region.
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