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Abstract

Innovation studies literature has put high importance to sectoral and regional patterns of
innovations. This research effort is based upon the argument that industries as well as regions
represent quite homogeneous entities with respect to firms’ innovation strategies. To the
contrary, evolutionary approaches assign more importance to firms’ heterogeneity and hence
look for groups of firms characterised by similar innovation strategies cutting across the
traditional boundaries. The purpose of this paper is to characterize the innovation strategies of
Czech firms using explanatory factor analysis and thus first contribute to a better
understanding of innovative activities and second, explore whether the identified divergence
in innovation patterns can be attributed to the localized conditions or whether it is rather firm-
specific. Finally, the paper will discuss the implications of these findings for the literature on
territorial systems of innovation, particularly the question how the systems should be
delineated, as well as implications for (regional) innovation policy.
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Introduction

Innovations have lately become a popular catchphrase among European politicians reflecting
a broad agreement that innovations are a key source for competitiveness. We might even talk
about a new age of innovation. Yet, this is not completely true as already at the beginning of
the last century Schumpeter argued that innovations lead to “creative destruction” as they
cause old economic routines, technologies, skills, and equipment to become obsolete. This
creative destruction, he believed, brings constant economic progress and improvement in the
standards of living (Schumpeter 1934, 1942). From the mid-1950s and onwards the
neoclassical economic theory acquired widespread dominance and the previous discussion
about the role of knowledge and innovations were largely forgotten. However, Schumpeter’s
(as well as Marshall’s) ideas were “reinvented” some decades later and from the late 1970s
the discussion about role of knowledge and innovations re-emerged. In recent years, almost
all have come to a consensus that today’s advanced economies are “knowledge-based”
economies — economies directly based on the production, distribution and use of knowledge
where learning and innovation creation is the most fundamental activity for competitiveness
(Lundvall 1992, OECD 1996). Hence, we might say it is generally believed that to
successfully compete in the 21st-century highly globalised economy, companies must
reinvent their processes and culture in order to sustain innovative solutions. Support
innovation creation has become core of many public economic development strategies and
programmes.

Despite the quite evident importance of innovations, we need to acknowledge that the
phenomenon is far from well known and understood. Yet, in order to efficiently support
innovation creation, there is a need to understand how firms innovate. The innovation process
is a complex phenomenon. Innovation can take many forms — from simple, incremental “new-
to-firm” innovation to radical innovation of an entirely new product. It can range from
changes in the firm's products or services through methods of delivering this offering to
changes in internal managerial system of the company. As the innovation itself varies, so does
its creation. The innovation creation process involves several stages including both in-house
and external activities. Innovations are long not seen as a linear process which was regarded
as extremely simplified. Innovations are seen rather as interactive and systemic phenomenon.
The interactive and system models of innovation have brought together technology push and
market pull recourses as well as interactions with wide spectrum of agents providing new
insights how innovation occurs in firms. At the same time it seems the more we study the
innovation process, the more we realize how complex it is (Marinova, Philimore 2003).
Hence it might lead even to confusing conclusions from the government policy perspective.
The challenge is, therefore, to ensure a broad, integrated view to underpin the structures and
processes firms put in place to create innovations and at the same time provide simplified
guidelines for the policymakers to be able to develop efficient tools.

This paper takes up the challenge of studying innovation patterns in a post-communist country
with still rather under-developed knowledge based economy aiming to contribute to shed light
on firms’ innovation behaviour from its perspective. The reason is that, so far, empirical
research has focused mainly on highly developed countries such as Western European
countries (see e.g. Hollenstein 2003, De Jong, Marsili 2006, Kristensen 1999, Leiponen,
Drejer 2007, Veugelers, Cassiman 1999). However, the research carried out by the author up
to now has shown that Czech Republic might differ significantly from the generalized
experience. This might be attributed partly to its distinct economic level and structure but also
to its rather specific historical and institutional context. As stated recently in David (2005),
the intellectual traditions within economies and cultures can be interpreted as paths with their
own trajectories shaped by preceding events and accumulated knowledge, yet it might be
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applied to the economy as a whole too. Additionally, we aim to investigate the regional
dimension of the identified innovation patterns and examine to which extent one might
observe distant regional dynamic and emergence of specific regional innovation systems in
the Czech economy.

The rest of the paper is organized as follows. First, several taxonomies and previous studies as
well as key theoretical concepts are reviewed as a starting point to develop a conceptual
framework for our analysis. Next, we describe the data and the methodology used in
searching for innovation modes in the Czech Republic. In section 4, the empirical analysis
identifies, analyses and interprets firms innovation strategies and explores whether the
identified divergence in innovation patterns can be attributed to the localized conditions (i.e.
is region-specific), put differently we examine to which extent the boundaries of different
innovation patterns might be aligned with administrative regional boundaries as the regional
innovation system concept assumes. Finally, we discuss the main results and draw some
conclusions and implications of our results for future theoretical and empirical research as
well as for (innovation) policy agenda.

How do firms organize innovation — the theory

The research of innovation patterns and the question what strategy firms pursue to create
innovations is closely related to taxonomies analyses since the pioneering and highly cited
study of Pavitt (1984). Through taxonomies researchers are trying to generalize and describe
different modes of innovation creation classifying different items into relatively homogeneous
groups. The advantage of taxonomies is the fact that they significantly reduce a complexity of
empirical phenomena providing useful framework for both innovation studies research and
innovation policies (De Jong, Marsili 2006).

Besides Pavitt (1984), taxonomies research has been also inspired by Schumpeter and his
work on innovations (Schumpeter 1934, 1942). This strand of literature proposed two
alternative patterns of innovations, so called Schumpeter Mark-1 and Mark-II patterns. The
first pattern is associated with innovations generated mainly by the entrepreneurial activity
and creativity of small and new firms while in the Mark II pattern, innovations originate in
large and established firms in relevance to formal R&D activity (Malerba, Orsenigo, 1996,
Nelson, Winter, 1982).

Both these strands intended to reflect inter-sectoral diversity of innovation patterns taking
firms as main subject of their analysis. Though acknowledging that firms do not innovate in
isolation but depend heavily also on external sources, they abstracted from the external
conditions in which the firms are embedded. From the 80s, however, scholars started to put
more emphasis on the wider framework in which innovations in firms are created and on so
called systemic nature of innovation (Edquist 2005). Edquist (2005) notes that firms innovate
in collaboration and interdependence with other organizations and that their behaviour is
shaped by institutions which constitute both incentives and obstacles for innovation. Much of
the early work on innovation systems was conducted at the national level (Edquist, 1997,
Lundvall, 1992, Nelson, 1993). Iammarino (2005) summarizes that the original systems of
innovation approach assumed that key decision-making processes regarding the aggregate of
micro-founded innovation activities are taken at a macro (national) level. Similar to this
approach and following the previous taxonomies research, sectorally delimited IS appeared in
the literature (e.g. Breschi, Malerba 1997). The main thrust of these concepts is that the way
how firms innovate is to a great extent determined by the sectoral and/or national boundaries.
Both concepts have gained strong popularity also among policy makers as they respond well
to requirements of policy making — central level is still highly important in the sphere of



science, technology and innovation policies and governments are interested in targeting their
support towards certain industries (Havas 2006, Raymond et al., 2004).

Both the sectoral and national/regional innovation system concept assume that different
innovation patterns may be seen as the result of specific “external” conditions. While in case
of sectoral innovation systems those might be associated with specific sectors or technological
regimes inspired by Nelson, Winter (1982) or Dosi (1988), the national innovation system
concept supposes that innovation patterns are rather country-specific. This may be related to
the existence of specific historical (industrial) development and related set of institutions, both
formal and informal (such as norms, conventions or rules) prescribing behavioural roles and
actions (see e.g. Doloreux, Parto, 2004, Martin, Sunley, 2006, Fagerberg et al., 2008). In
addition, these institutions are persistent and change slowly, only in evolutionary time (North,
1990).

More recently, the importance of regional scale in stimulating innovation capabilities was
rediscovered thanks to the emergence of successful clusters of firms and industries in many
regions around the world (Doloreux, Parto, 2004). Lately Maskell, Malmberg (2007) argued
that initially random territorial nuances in institutional pattern deepen over time creating
distinctive institutional combinations along not only national but also regional and local lines.
This re-discovery led to the emergence of new concepts from which the regional innovation
systems (RIS) have gained probably the most popularity (Asheim, Isaksen, 2002, Braczyk et
al., 1998, Cooke, 2003, Doloreux, 2002, Koschatzky, 2004).

Similar to the national innovation systems concept, regional innovation systems advocates
argue that innovations are increasingly highly dependent on localized or regionally based
sources of knowledge and learning and localized, embedded capabilities such as institutions
(Maskell, Malmberg, 1999). Storper (1997), hence, argues that regions develop specific array
of intangible assets which help them to build and keep its distinctive capacities. Besides, the
RIS concept advocates also argue, following the marshallian industrial districts concept (see
e.g. Asheim, 2000) that innovation activities benefit from the concentration of economic
activity and geographical proximity.

Since its first definition, the RIS concept has become increasingly popular, not only among
scientists such as economic geographers, but also among policy makers both at national and
European level (see e.g. Fritsch, Stephan, 2005, Morgan, 1997, Moulaert, Sekia, 2003,
Todling, Trippl, 2005). While the literature on RIS has provided extensive description of the
relationship between innovations, learning and territory, it failed to provide the empirical
validity to the delineation of the RIS as well as the conception of innovation as geographical,
localized phenomenon. According to Doloreux, Parto (2004) there have been two main sets of
studies based on the RIS framework. The first is based on comparative empirical studies of
various regions aiming at identifying generalities and particularities of their RIS. The second
set offers studies of usually successful, individual RIS. Both sets of studies have resulted in
the descriptions of various types of RIS leading to a rather confusing conclusion that there are
RISs everywhere. However, the studies failed to define clearly how to specify the boundaries
of those RIS. Majority of the studies take as a point of departure an administrative region
which they associate with RIS. Cooke (2005) argues that to define a region administratively is
necessary as in the field of regional development region is intended to govern policies to
assist processes of (regional) economic development. He also adds that the concept of
“region” has its origin in the Latin region from regere meaning “to govern” (Cooke 2005, p.
1134). Though it seems clear there is no empirical justification why administrative regions
should be considered as specific RISs and at which scale. Cooke (2005) defines regional only
as “nested territorially beneath the level of the country, but above the local or municipal
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level”. Hence, the studies carried out under the framework of RIS concept include all variety
of “regions” — from city level (Simmie 2002) through European NUTS III or NUTS II
regional level (Buesa et al., 2006, Heidenreich, Krauss, 2004) up to whole countries such as
Denmark (Maskell, 1998). In all these studies, the regions were considered as RIS a priori and
the analysis were focused mainly on its description yet not on delimitation.

However, lately some works have shown, both in quantitative, statistical and in more
qualitative, case study approach analysis, that firm-specific characteristics might play a key
role in shaping the way in which firm innovate while country and industry matter only to a
limited extent (see e.g. Srholec, Verspagen 2008). Following this strand of research yet
focusing on the regional level, this paper aims to take a different, bottom-up approach in the
analysis of emerging RISs departing from the firm-level analysis. First, we aim at analyzing
the differences in innovation patterns in the Czech Republic identifying key innovation
strategies of Czech firms. These results are compared with similar studies focused on more
developed countries in order to describe to which extent Czech companies have so far adopted
similar or rather distant innovation strategies. Next, we analyse whether the identified
innovation strategies differ significantly across the administrative regions. We assume there
might emerge rather distant regional innovation patterns, hence different regional innovation
systems mainly due to quite significant regional disparities. The Czech Republic inherited
very small regional differences from its communist past and these differences grew quite
slowly until the second half of 90s. The findings of Blazek, Csank (2007) showed that over
the course of the 1990s regional disparities intensified at both the mezo-regional (regional)
and the micro-regional level. According to Blazek (2005) the Czech Republic encompasses
the second largest disparities from EU member states of a comparable size'. This study has
analysed rather traditional indicators such as GDP, or unemployment rate which are also
presented in the table 1. Significant regional differences are found even in capacities in the
sphere of R&D, not only in overall characteristics but also in the private (business) sector
which is analysed in this paper (see table 2).

Similar disparities might be also observed in output indicators. In the studies of technological
progress, patents were often used to measure a direct output of industrial R&D and other
inventive activity and also to mirror the cumulative process of technological change. Here, we
use them only to illustrate the existing regional disparities in the Czech Republic and
therefore only patents registered at the Czech Industrial Property Office are illustrated. The
Figure 1 clearly confirms quite significant differences not only at regional but also at intra-
regional level in the sphere of knowledge-based economy. Patents are concentrated
particularly in regions with stronger business R&D activities such as the metropolitan area of
Prague or Jihomoravsky and Pardubicky regions (see figure with administrative regions
borders in appendix C). Thus, due to the variety of regions with different modes of behaviour,
where the capacities vary from one region to another we suppose there are regional disparities
in innovation activities as well.

' These countries included, apart from the Czech Republic also Austria, Belgium, Greece, Hungary, Portugal,
Slovakia and The Netherlands.
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Table 1: Regional disparities in the Czech Republic — selected economic indicators

GDP per capita (2004) GDP growth (1995 = 100) Unemployment (2004)
Region C7ZK % of national 2000 2004 o % of national
average average

NUTS II

Praha 567 946 205,9 122,8 139,0 3.9 46,9
Stiedni Cechy 262 192 95,1 119,1 143,5 54 64,9
Jihozépad 255 481 92,6 105,5 121,2 5,8 69,5
Severozapad 223 541 81,1 92,8 101,7 13,1 157,5
Severovychod 234 492 85,0 106,5 116,0 6,7 80,4
Jihovychod 246 683 89,5 105,3 118,6 7.9 94,8
Stredni Morava 217705 78,9 100,5 114,2 9,8 118,2
Moravskoslezsko 226 089 82,0 96,1 108,1 14,5 1753
NUTS III

Prazsky 567 946 205,9 122,8 139,0 3.9 46,9
Stredocesky 262 192 95,1 119,1 143,5 5.4 64,9
JihoCesky 246 523 89,4 106,5 118,7 5,7 68,9
Plzensky 265 681 96,3 104,4 123,9 5,8 70,2
Karlovarsky 214218 77,7 94,5 99,6 9.4 113,3
Ustecky 226 991 82,3 92,1 102,5 14,5 174,1
Liberecky 221 558 80,3 106,2 110,8 6,4 77,2
Kralovéhradecky 247 572 89,8 108,9 119,1 6,6 79,4
Pardubicky 231273 83,9 104,0 116,9 7,0 84,3
Vysocina 235264 85,3 108,9 126,3 6,8 82,5
Jihomoravsky 251 841 91,3 103,7 115,6 8,3 100,4
Olomoucky 216 033 78,3 102,1 118,0 12,0 144,9
Zlinsky 219514 79,6 98,9 110,5 7.4 89,4
Moravskoslezsky 226 089 82,0 96,1 108,1 14,5 175,3
CzechRepublic | 275770 | 1000 | 1075 | 121,7 | 8,3 | 100,0

Source: CZSO — Regional accounts 2006, 2004; Labour force survey 2004.
Note: Relative values in % are related to the Czech Republic value designated as 100.

Table 2: R&D expenditure (thousands CZK), 2006

Region Total R&D Private sector Pub}?c }fector

(NUTS 1II) expenditure total domestic foreign2 total . dlifateign government
Praha 19 576 704| 7862569 2846622 5015946| 11714135 3781019| 6207592
Stredodesky 9023283| 7649009| 1561301| 6087709 1374274 1103 1180210
JihoCesky 1543 472 839 216 275 988 563 228 704 256 285435 394 702
Plzensky 1282028 928 404 580 828 347 575 353 624 335676 10947
Karlovarsky 69 632 66 430 32 724 33 706 3202 0 3202
Ustecky 610 653 517 962 408 114 109 848 92 691 75 851 4 855
Liberecky 1342 831| 1169 539 688 263 481 276 173 292 169 069 1250
Kralovehradecky 747 653 631590 398 304 233 286 116 063 29 793 3981
Pardubicky 1 853 560| 1567 892 978 002 589 890 285 668 188 817 405
Vysocina 471 759 468 477 339 144 129 334 3282 0 3282
Jihomoravsky 4612171 1940232 1158409 781 823 2671939 1638629 851 699
Olomoucky 1581927 802 805 479 364 323 441 779 122 446 596 160
Zlinsky 1631794| 1527335 865471 661 865 104 459 103 466 993
Moravskoslezsky 5552804| 4913698 921 454 3992244 639 106 523312 67 964

Source: CZSO, own analysis

* Foreign firms — firms under foreign control; in these firms more than 50 % voting rights belong to foreign
investor (foreign parent firm) (CSU 2007).
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Figure 1: Number of patents registered at Czech IPO per capita, 1995-2005

Source: IPO

On the other hand, the 14 self-governing regions were created first in January 2001, yet the
transfer of new competences from the national level was rather slow and it has only been
accomplished by 2005 accordingly to Blazek, Uhlit (2007). Being still at the beginning of
their existence, the political power and the actual capacity of the regions to prepare and
manage development projects remains very low. Another weakness is lack of co-operation in
the sphere of regional development planning culture demonstrated particularly by a low
involvement of the business community. These represent, however, important factors for
developing particular regional context with specific set of common rules, conventions and
norms. One might therefore question the role of current administrative regions in the sphere of
innovation systems as they were established only recently and do not have to correspond to
natural economic relations.

Data set and methodology

The analysis is based on firm-level datasets from two Community Innovation Surveys (CIS)
covering the periods 2003-2005 and 2004-2006. The method used in innovation surveys is
based on the Organization for Economic Co-operation and Development’s (OECD) Oslo
Manual (OECD, 1997). Firms were asked to fill in a harmonized questionnaire yielding
answers about several aspects of their innovation activities. Because of the structure of the
CIS survey questionnaires, only firms that introduced product and/or process innovation
responded to all these questions and thus only product and/or process innovators were
included in the analysis. After omitting incomplete records, the surveys provide a dataset of
4 771 innovating companies from both manufacturing and services. Some basic information
about the companies in the sample is presented in the table 3.

Table 3: Structure of the firm sample

) Product Type of product innovation in %! Process
Size . . . . Total
mnovation | New to firm | New to market Both mnnovation
< 49 emp. 1156 48,4 31,0 20,7 1362 1702
50-249 emp. 1108 41,8 30,9 27,3 1238 1491
> 250 emp. 1271 39,5 27,2 33,3 1403 1578
Total 3535 43,1 29,6 27,3 4003 4771

Note: ' Firms were able to specify whether any of their goods and service innovations were
new to their market or new only to the firm. In case firms implemented several innovations,
both options might have been chosen.
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Following Srholec, Verspagen (2008), innovation patterns are identified through a two-step
data analysis. First an exploratory factor analysis (see e.g. Lewis-Beck 1994) is performed,
using the principal component method, on the groups of variables listed in appendix. The
factor analysis enables to determine a lower number of hypothetical variables containing
practically all the information in the original set. Contrary to similar studies (e.g. Hollenstein
2003) we do not select the variables for the factor analysis a priory, yet we intend to include
as much relevant information as possible to let the analysis decide what the key elements in
the innovation strategies of the Czech firms are (the variables included in the analysis are
described in Appendix A). At the same time we are aware of the problem of including
redundant information which might produce “inflated” factors. So, we include only questions
bringing new insights about the innovation process. At the same time, in the current analyses,
we are constrained by the contents of the CIS datasets. Next, the scores obtained from the
first-round factor analysis are input into a second-round factor analysis in order to identify the
innovation patterns.

The extraction method in both steps is the principal component analysis which aim is to
reduce the dimensionality of a variable set and explore the structure of a data set. The original
solution is transformed to a rotated solution which brings a simple and more easily
interpretable structure. In other words, the rotated solution fits in with the simple structure
principle under which variables are saturated in a different factor. For this purpose, the
varimax rotation was used and only principal factors with eigenvalue larger than one were
retained for rotation.

The innovation patterns identified are then discussed in relevance to the theoretical
framework of this paper as well as in relevance to results of similar studies. In such a way we
aim to assess the role of specific historical and institutional context of the Czech Republic in
shaping the firms innovation strategies. Next, we explore whether firm behaviour in relation
to innovation creation is region specific by examining the distribution of the factor scores
across the administrative regions at NUTS III level. Lastly, the role of the regional level is
also tested statistically using regression analysis. We control for other basic factors that might
explain the innovation strategies including variables for firm size, industry and ownership.

How do firms organize innovation — empirical results

The innovation process consists of several interdependent stages. In the past, as only limited
data were available, the typologies were proposed based on simple descriptive methods or the
studies focused only on a particular dimension of the multidimensional phenomenon. As the
data from innovation surveys became available, it has proved to be useful to try to connect
and describe all the dimensions of the innovation process. In recent studies, factor analysis
has been used in research on innovation demonstrating it helps in identifying structures in
innovation process. Following Srholec, Verspagen (2008) we use a hierarchical, two step
factor analysis in order to ensure a realistic representation of all the dimensions of the
innovation strategy. Alternative approach would be to include all the variables at once.
However, this led to grouping rather particular sets of questions, hence only certain
dimensions of the innovation strategy.

First, we provide the results for the first step of our analysis to present what are the strategies
in particular dimensions of the whole innovation process. Overview of the results is presented
in tables 4 to 9. So-called factor loadings are reported in the tables. The factor loading is a
correlation coefficient between the different variable of the analysis and the common factor
extracted in a so-called factor pattern.



Table 4 reports results of factor analysis on different innovation activities performed by firms.
Two distinct factors were detected. We label the first one “R&D” as it loads highly on R&D
activities, both in-house and external. Beside these, it also correlates with activities related to
market introduction of new products/services and other activities (e.g. technical preparations)
related to implementation of firms' new products or services. This factor involves all the
stages related to a model of innovations which might be simplified as “science and formal
R&D goes in and new products come out”. Even though the activities seem similar to a linear
model of innovation, it cannot be associated with it as they do not necessarily represent a one-
way successive process. This result is slightly different compare to e.g. Srholec, Verspagen
(2008) where “R&D” and “market introduction” activities created separate factors. The
results here might be therefore attributed to specific characteristics of Czech companies R&D
activities. These are still oriented above all towards applied research and development
activities (see e.g. Zizalova, Csank, 2009) aiming to lead to swiftly commercializable
products rather than towards high-end research. Czech firms R&D activities are so linked
strongly to immediate market introduction and so they tend to combine R&D activities with
market introduction and other procedures and technical preparations needed to implement
their innovations. The second factor detected for innovation activities correlates highly with
acquisition of machinery, equipment and software purchased to implement innovations,
acquisition of external knowledge and training. We label this principal factor “External
sources” and it might be associated with the “buy” strategy complemented by employees
training. Yet, the training activities might be out-sourced as well.

Table 4: Factor analysis on innovation activities — extracted factors and factor loadings

R&D External sources
In-house R&D 0.74 -0.23
External R&D 0.53 0.22
Machinery acquisition -0.16 0.72
External knowledge acquisition 0.26 0.56
Training 0.39 0.58
Market introduction 0.68 0.16
Other innovation activities 0.64 0.21

Note: Number of observations 4 771; two factors with eigenvalues > 1 explain 46.7 % of total
variance.

Table 5 summarizes the factor analysis results on different information sources used by the
companies for creating innovations. Here, three factors were detected. First, there is a separate
principal factor for “Research information”, which puts together information from the both
public and private research institutes/organizations and universities. It also loads slightly on
information from conferences, journals and particularly professional or industry
organizations. These might be considered as tools through which firms communicate with or
gain information from academics and researchers. All these three information sources are
separately combined in the second factor. Again, this factor seems quite specific compared
with previous studies and it may be attributed to rather low level of co-operation on
innovating activities among Czech companies (see e.g. Zizalova, 2008). It shows there are
firms focusing on generally available information and taking the opportunity of common
temporary events like fairs, congresses, etc. The last factor combines information from
suppliers, clients or competitors and other firms in the same industry with information from
within the enterprise. All of these sources are related to business sector and might be related
to the interactive, horizontal model of innovations. This factor is therefore labelled “Business
information”.



Table 5: Factor analysis on information sources — extracted factors and factor loadings

Research Eve‘.’t gnd Business
information .spemallz.ed information
information
Within enterprise 0.28 -0.18 0.59
Suppliers -0.02 0.36 0.43
Clients or customers 0.05 0.19 0.80
Competitors or firms from the same industry 0.12 0.28 0.73
Private R&D institutes 0.68 0.12 0.27
Universities or other higher education institutes 0.82 0.19 0.06
Government or public R&D institutes 0.79 0.17 0.04
Conferences, trade fairs, exhibitions 0.16 0.79 0.15
Journals and technical publications 0.25 0.79 0.14
Professional and industry associations 0.46 0.49 0.09

Note: Number of observations 4 771; three factors with eigenvalues > 1 explain 58.3 % of
total variance.

The third set of questions used in this analysis includes geography of co-operation. Here, only
one factor was detected (table 6) by the analysis showing that when firms co-operate, they
tend to combine various partners at various geographical levels. This result is rather
contradictory to the literature on geography of innovation and regional innovation systems.
Current literature stresses that both local and global interactions are sources to maintain or
even increase competitiveness and growth (Bathelt et al., 2004, Asheim et al., 2007). Yet,
both types of linkages are not similarly important for different types of knowledge, innovation
or innovation systems — while territory and proximity play a central role in the transmission of
tacit knowledge, global pipelines serve mainly as source of codified knowledge (Bathelt et
al., 2004). Therefore, we would expect that some firms would focus on local (national)
linkages while others would prefer globally distributed partners. It might be argued that the
results are biased by firm size as bigger firms tend to have more dispersed linkages. Therefore
we tested the same variables excluding firms with more than 250 employees. The results are
very similar — only one factor was detected with only slightly lower factor scores for the USA
and World co-operation dimensions.

Table 6: Factor analysis on co-operation — extracted factors and factor loadings

Geography of co-operation
Cooperation CR 0.72
Cooperation Europe 0.78
Cooperation USA 0.70
Cooperation World 0.68

Note: Number of observations 4 771; one factor with eigenvalue > 1 explains 52.2 % of total
variance.

Table 7 shows results for the factor analysis on the effects of (or motives for) innovations.
The analysis detected two factors distinguishing between “Process and regulations effects”
and “Product effects”. This distinction shows a certain specialization according to innovation
types though some firms implement more innovation types simultaneously. On one hand
firms focus on product innovations associated with increase in range of goods, improvement
of quality and increase in market share. On the other hand they implement process
innovations motivated particularly by cost reduction and innovations related to the need of
reducing negative environmental impact, improving safety and health aspects and meeting
regulations. There are other two variables which load quite similarly to both factors. These are
10



improvement in production flexibility and increase in production capacity. These results
might point out to still specific characteristic of the Czech companies and their need to
modernize and improve the production method.

Table 7: Factor analysis on effects of innovations — extracted factors and factor loadings

Process eff'ects and Product effects
regulations
Range of goods 0.05 0.83
Market share 0.19 0.83
Quality in goods 0.28 0.71
Production flexibility 0.55 0.40
Production capacity 0.48 0.58
Labour costs 0.73 0.34
Materials and energy 0.77 0.30
Environmental aspects 0.78 0.11
Regulations 0.74 0.03

Note: Number of observations 4 771; two factors with eigenvalues > 1 explain 61.6 % of total
variance.

Table 8 describes two factors which came out from the factor analysis on methods of
protection. The first factor is labelled “Industry protection” as both methods loading highly on
this factor are particularly important for manufacturing industries. The second factor loads on
the other two forms of protection which are related to protection of more diverse products.
Trademarks are related to visual symbols such as a word, signature, name, label, combination
of colours etc. which help in distinguishing goods or services originating from one source
from that of other sources. Copyright is a bundle of rights granted to the creators of literary,
dramatic, musical or artistic works and other related activities. Both methods are linked more
closely to creative and symbolic activities and industries; therefore we label this factor
“Symbolic protection”.

Table 8: Factor analysis on methods of protection — extracted factors and factor loadings

Industry protection Symbolic protection
Patent 0.85 0.03
Industrial design 0.83 0.15
Trademark 0.24 0.73
Copyright -0.05 0.85

Note: Number of observations 4 771; two factors with eigenvalues > 1 explain 68.5 % of total
variance.

The last first-step factor analysis was carried out on questions related to organizational and
marketing innovations. Similar to the question on co-operation, only one factor was detected.
It seems thus that all the changes occurring in the firm are related to each other. The last
factor is labelled “Non-technological innovations”.

Table 9: Factor analysis on organizational and marketing innovations — extracted factors and
factor loadings

Non-technological innovations
System of management 0.69
Work organization 0.72
Organization 0.67
Design and packaging 0.62
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‘Distribution method ‘ 0.59 ‘

Note: Number of observations 4 771; one factor with eigenvalue > 1 explains 43.7 % of total
variance.

As described previously, in the next step we carry out a factor analysis on factor scores
detected in the previous steps. The aim of this analysis is to identify key innovation modes of
the Czech companies. Table 10 gives the results. Four factors which might be associated with
basic modes of innovations were identified.

Table 10: Second phase factor analysis — extracted factors and factor loadings

Research Market External Non-

networked oriented (“buy”) technological
R&D linear model 0.62 0.45 0.02 0.15
External sources -0.09 0.02 0.69 0.16
Research information 0.76 -0.18 0.09 0.16
Event and specialized information 0.06 0.20 0.56 -0.43
Business information 0.01 0.76 0.10 0.12
Geography of co-operation 0.60 0.17 0.17 0.12
Process effects and regulations 0.22 -0.02 0.69 0.07
Product effects 0.12 0.83 -0.01 -0.02
Industry protection 0.62 0.10 -0.10 -0.34
Symbolic protection 0.08 0.12 0.07 0.73
Non-technological innovations 0.30 0.37 0.36 0.44

Note: Number of observations 4 771; four factors with eigenvalues > 1 explain 56.2 % of total
variance.

The first factor loads highly especially on R&D activities, use of research information, co-
operation and industry protection. We labelled this mode “Research networked”. It can be
associated with science-based firms with full network integration as the co-operation factor
includes co-operation at various geographical levels. Innovation output consists probably of
both new products and processes which are new to the market (or industry) as the firms on
this path to innovation tend to highly protect their knowledge by formal methods including
patents and industry design protection.

Second mode labelled “Market oriented” is based on interactions within the business sector
and is oriented towards product innovations. New products are developed mainly according to
signals from clients, suppliers and firms in the same industry. Nevertheless, formal
networking (i.e. participating in joint innovation projects with other organizations) is rather
limited and the co-operation takes probably more informal forms. Internal within enterprise
information sources seem to be important as well as this innovation mode correlates also with
the R&D factor. So, beside external information sources, the firms following this strategy
count upon their own capabilities and employees. This result is rather reassuring as the R&D
factor also includes market introduction and other technical preparation activities related to
the implementation of the innovations. Innovation in this mode might have rather incremental
character as none of the intellectual property protection methods is crucial here.

Use of external sources and implementation of process innovations aimed at cost reduction
and regulations acquaintance are the most prominent features of the “External” mode of
innovations. Firms following this path exploit existing technologies and knowledge from
other organizations by purchase in various forms. Information about the technologies and
know-how available are gained mostly through participation at various specialized,
professional events or through journals and technological literature. Hence we might associate
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this mode with the “buy” strategy as internal innovation sources seem to play a minor role.
Similar to the former mode, methods of protection do not seem to be used frequently. This
might be attributed to the fact that most of the knowledge used in this mode is likely to be
already available on the market.

The last innovation mode detected, “Non-technological”, is probably the least clear. It loads
highly on the non-technological innovations factor, yet this type of innovations seems to be
important in case of the other three modes as well. Beside this factor, it correlates highly with
the use of symbolic methods of intellectual property protection. As the loadings on all other
factors are very low, we might associate this mode with “remaining” firms with no clear-cut
innovation strategy and rather ad-hoc incremental innovations. In addition, as the symbolic
protection methods seem highly important for this innovation mode, it might be also
associated with so called creative or symbolic industries such as media (film making,
publishing, and music), advertising, design or fashion. The eigenvalue for this factor was the
lowest and only slightly above 1, so we also tested the factor solution determining only 3
factors. Here, the non-technological innovations and symbolic protection methods were to
very similar extent correlated with the “market oriented” and “external” innovation modes.
This supports the assumption that these strategies play more important role for incremental
innovators.

The previous analysis shows that the identified innovation modes of the Czech companies are
quite similar to those identified in previous studies focused on more developed countries. We
have identified both R&D intensive innovation strategy and more externally oriented modes
related to the so-called interactive model of innovations. It also shows that even though the
private research activities went through difficult period and were significantly diminished in
previous period, they were recently able to recover to a certain extent. The differences in our
results might be attributed to the character of R&D activities. In case of Czech firms R&D is
oriented more towards applied research closely linked to market needs as discussed above.
Yet, the factors itself can't say much about how important these modes are, they only
demonstrate their presence in the Czech innovation system. We might therefore only
speculate whether the “external” innovation mode would be the most often due to
technological gap between the Czech Republic and the most developed countries in Western
Europe.

Another specific feature of research in the Czech Republic under Communism was a strict
separation of basic and applied research, the former carried out mainly in the research
institutes of the Czechoslovak Academy of Science which were not expected (in many cases
still are not) to come up with results that could be commercialised. According to our results,
the role of co-operation seems to play comparable role as in similar studies — co-operation in
the form of joint innovative projects is important mainly for the research intensive innovation
mode. In case of other modes, probably more informal co-operation takes place, often in
forms of day-to-day or ad-hoc contacts, negotiations and meetings. Again, the results do not
say anything about the extent or intensity of the co-operation, only the basic pattern seems
quite similar in the Czech Republic as in earlier EU Member States.

So, even though the Czech Republic has followed rather specific path in the past, it seems to
be returning to (for many a natural) path followed by the western European countries. First
conclusion from this seems that when firms decide to innovate, they have only certain
possibilities of paths towards successful innovations. Nevertheless, they might never be
associated only with R&D activities and capabilities of purely technical nature as it is still too
often stressed both in policy and literature (see e.g. Srholec, Verspagen 2008, Asheim, 1999
for similar critique).

13



What is the role of regional level in the differences of innovation modes?

The second research question of this analysis is related to the role of regional level or regional
dimension for the identified innovation modes. First, we present simple descriptive results
comparing how the detected innovation modes are represented across the Czech
administrative regions. The figure 2 reports the regional means of the factor scores of the four
identified innovation modes. The differences across the 14 regions seem rather minor with the
exception for the last factor and the capital city of Prague region. The quite different position
of the Prague region is partly confirmed also by the figures in appendix B presenting the
maximum, minimum and mean values for the four innovation modes across the 14 Czech
regions. Overall, the differences across regions seem small and do not seem to reflect the
existing disparities in for instance R&D input and output indicators presented in the previous
section.

Figure 2: Regional factor scores means for the identified innovation modes according to 14
Czech NUTS III regions
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Note: For the regions code see Appendix D

To further confirm the previous rather descriptive analysis, we use a multiple linear regression
model. The aim is to analyze whether or not the regional level plays a significant role when
“explaining” the innovation modes. The dependent variables in the analysis are the factor
scores for the four principal factors detected in the second-step factor analysis. The OLS
regression analysis is used because the factor scores show normally distributed values. As
independent variable we include the dummies for the 14 self-governing regions. It may be
objected that this level is not detailed enough to use for the explanation. Yet, our aim is to
analyze whether we might associate different innovation modes with specific administrative
regions as these are generally associated with RISs. As the literature on innovation often
assumes that the nature of innovation patterns also differs across industries and different types
of firms, we incorporate several control variables including log of firm size and dummies for
ownership and industry (32 groups according to NACE-codes) too.

First, the OLS analysis was computed only for the control variables in order to examine what

percentage of the sample variation might be explained by these indicators (see table 11). The

coefficient of determination for this test-analysis will be then compared to the results when

also the NUTS III dummies were included. The fraction of the sample variation explained by

only the control variables varies from 4.7 % to 21 % for the 4 innovation modes. This is in

line with previous studies focused on the role of sectors when explaining variations in
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innovation modes. These studies, particularly Srholec, Verspagen (2008) and Leiponen,
Drejer (2007), have shown that most of the variance might be attributed to heterogeneity at
the firm-level. The firm-level is represented here only by simple variables and therefore the
fraction explained by them is rather low. When the NUTS III variables are added into the
model, its values increase only slightly from 5.5 % to 21.5 % respectively. This suggests that
the regional level does not attribute significantly to the explanation of the variance in
innovation modes.

Table 11: Regression on innovation modes for control variables — coefficients estimates

Research networked Market oriented External (“buy”) Non-technological
B (st. error) beta B (st. error) beta B (st. error) beta B (st. error) beta
(Constant) -1.066 -0.474 -0.440 -0.193
(0.056) (0.059) (0.061) (0.060)

. 0.206** oo 0.074** s 0.103** s 0.088** o
Size 0.010) 0.312 (0.010) 0.113 0.011) 0.156 (0.010) 0.133
Ownership -0.015 -0.033 -0.033 0.166** sk
(foreign) (0.031) -0.007 (0.033) -0.013 (0.0349 -0.013 (0.033) 0.075
Industry Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.210 0.110 0.047 0.088

Note: Number of observations 4 771; ** significant at 0.01 level, * significant at 0.05 level

Results for the regression analysis are presented in the table 12. When binary variables are
included in the model, one option always serves as a base group against which comparisons
are made. Hence, the results depend on which group is chosen for the benchmark. Therefore,
the results were tested for all the options for all four innovations mode though only the results
where the region of the capital city of Prague was chosen as base are presented in the table.
The reason is that Prague is the “most different” compared to the rest of the regions, otherwise
the results were similar for all the options (slightly different coefficients yet similar results for
“significant” or “not-significant”).

The regression analysis confirms the results of the previous descriptive analysis. Regions do
not seem to play a decisive role in differentiation of the innovation modes and the differences
might be explained rather through firm characteristics such as size, industry or other variables
not included in this analysis. On the other hand, it seems that some of the defined innovation
modes tend to “concentrate” more in selected region(s). This applies particularly for the last
two modes. In case of the external innovation mode we can assume that the firms located in
Prague follow this strategy less often than firms from some of the regions with significant
coefficients. This is in line with the concentration of R&D capacities in the capital city.
Prague firms thus rely more often on their capacities and development of new knowledge
rather than on purchase of existing technologies and/or know-how. In case of the non-
technological innovation mode we might on the other hand observe a stronger “concentration”
in the capital city. The non-technological innovation mode was associated with so called
“creative” industries which tend to cluster in metropolitan regions and specific urban areas
(Asheim et al. 2007). Prague is a leading centre for these industries (or for the industries
which might be determined by the available classification, see appendix C) in the Czech
Republic which has been reflected in its specific position in the last innovation mode.

Overall, Prague is the only region which seems slightly different according to the innovation
modes described here, yet in most cases it is not significantly different. Hence, we might
conclude here that when it comes to the way how firms innovate, the regional (administrative)
boundaries do not seem to represent a decisive differentiating factor.
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Table 12: Regression on innovation modes — coefficients estimates

Research networked Market oriented External (“buy”) Non-technological
B (st. error) beta B (st. error) beta B (st. error) beta B (st. error) beta
(Constant) -1,038 -0,420 -0,572 -0,048
(0.062) (0.066) (0.068) (0.066)
NUTS III
1 xo -0,070 -0,101 0,103 -0,128
Stfedocesky (0.052) -0,021 (0.056) -0,030 (0.057) 0,030 (0.056) -0,038
R - ok N
JihoCesky (8’(1)2) -0,040 (8’822) -0,015 ?623 668) 0,057** (873(6)47‘) -0,048
R N * R
Plzensky (8%; -0,006 (8823) -0,012 ?02377 1 0,053* (8(1)23) -0,023
Karlovarsky Eg’ (1);?) -0,018 Eg’égg) -0,040 ?6116 g 0) 0,024 28’(2)2% -0,043
’ - * _ * % _
Utecky (8’(1)21) -0,046* (8’322) -0,050%* ?(’)2(()) 697) 0,051%* (8’(1)22) -0,040
- - *
Liberecky ?60()1778) 0,003 (8(1)23) -0,028 ?01(?82 6) 0,024 (8(2);2) -0,048%*
Kralovehradecky ?(’)00239) 0,005 Eg’ (1)47‘;) -0,029 ?(’)10679 6) 0,035 Eg’(l);l‘) -0,031
- ~ Kok
Pardubicky ?(’)001 g 6) 0,002 (8’8;8) -0,002 ?(’)03722) 0,020 (8’3‘7?) -0,076**
- - * - *
Vysoting e T N e T T
Jihomoravsky ?(’)006 ;) 0) 0,019 Eg’ggg) -0,009 ?615 ;) 5) 0,037 Eg’(l)zg) -0,041
- - ~ Kok
Olomoucky (8’(1)5) -0,026 (8’(1)22) -0,023 ?615760) 0,029 (8’3é§) -0,072%*
- - skk - *
Zlinsky (8823) -0,002 (8823) -0,006 ?0209 63 6) 0,073** (8(2)(6)471) -0,051%*
~ ~ sk ~ sk
Moravskoslezsky (8’8‘5‘3) -0,013 (8’85;) -0,006 ?(’)2(())527) 0,061%* (8’(2)22) -0,082%*
. 0,206** s 0,073** o 0,105%* oo 0,087** s
Size ©.010) | %31 ©.010) | %O 001y | %1% ©.010) | %13
Ownership -0,013 -0,032 -0,015 0,130%* o
(foreign) (0.032) -0,006 (0.034) -0,014 (0.035) -0,007 (0.034) 0,059
Industry Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.215 0.114 0.055 0.098

Note: Number of observations 4 771; ** significant at 0.01 level, * significant at 0.05 level

Contrary to our assumption, the ownership variable, i.e. whether the firm is domestic or under
foreign control, does not seem to play important role either, with the exception of the non-
technological innovation mode. Hence we might assume that companies under foreign control
located in the Czech Republic focus particularly on non-technological innovations. This is in
line with Dicken (2007) who argues that TNCs often locate their core R&D activities in large
establishments in their home country close to corporate headquarter taking advantage of
economies of scale. On the other hand, by far the most common form of overseas R&D
activities is the so called “support laboratory” responsible primarily for adapting parent
company technology to the local market (Dicken, 2007, p. 144, see also Annique Un, Cuervo-
Cazurra 2008, Sachwald 2008) and, according to Dicken (2007) only a few global
corporations operate internationally independent laboratories.

Concluding remarks and policy implications

This paper has empirically analysed how firms organize their innovative activities using broad
firm-level survey datasets of manufacturing and service sectors from the Czech Republic.
Using hierarchical factor analysis, we found four distinct modes of the innovation process.
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Before summarizing the results and its implications, let us mention some limitations of this
study. First, it is considered as a starting point for further analysis and research in the sphere
of regional innovation systems, their emergence, dynamic and delineation. Thus, it brings
particularly insights into where the research might go rather than clear-cut conclusions.
Second, the analysis does not attempt to measure the long-term trends and changes of
different innovation strategies (as well as regional innovation systems) and so it is not
possible to determine whether the current results are more or less sustainable over time or
whether they will change significantly. This is one of the directions which the author would
like to follow.

The four innovations modes identified are to a great extent similar to previous studies focused
on more developed countries, with only small differences related to the last innovation mode
labelled “non-technological”. This innovation mode seems to group less innovative
companies and companies from symbolic and creative industries groups with focus on non-
technological innovations as the factor does not load on any of the innovating activities. There
have been also identified slight differences in some of the innovation modes ingredients
which similarly point out to some specifics of Czech companies innovating activities.
However, the innovation modes detected, which seem to be generally in line with previous
studies, show only the presence of the associated innovation modes in the Czech innovation
systems, not their significance or more detailed information. This should be subject to further
analysis to be able to better explain and describe the position of the Czech Republic,
particularly when data for longer period is available. In this follow-up analysis we should
supplement the quantitative analysis with case studies as the innovation surveys are to a large
extent dependent on subjective information and answers. The detailed case studies should
help to reveal whether a different perception does not lead to similar results yet with
dissimilar interpretations and meanings.

In the second part of our analysis, we focused on the role of regional level examining whether
we might observe emergence of specific regional innovation systems (associated with
administrative regions) in the Czech Republic. The analysis has shown that regions matter to a
certain degree yet in case of most of the regions the differences in innovation modes are not
statistically significant. This might be attributed to the fact that the administrative regions
were established first in 2001 and only recently gained a more significant political and
economic power. On the other hand, the results are quite contradictory to existing regional
disparities in economic level, growth, employment characteristics and also R&D inputs and
outputs. Hence, the analysis shows that taking administrative borders as borders of the
regional innovation systems might not always be accurate, particularly in case of a small
country such as the Czech Republic. Though from a different perspective, Varro (2008) also
argues that the emergence of regions as key economic and political players is far from assured
and regions in EU on the whole remain rather weakly institutionalized. Existing
(administrative) regions as strong, specific regional innovation systems thus remain rather a
presumptions than empirically validated reality.

The analysis as rather illustrative does not provide any conclusive results and its objective is
mainly to highlight and delineate the research questions that should be addressed in more in-
depth future empirical research. It leads us to a conclusion that we should aim at delineating
“natural” innovation systems through a bottom up analysis. The focus on more qualitative and
descriptive studies in the past was justified by lack of data available for the regional level.
Currently, more detailed data even at lower geographical level is becoming available, and so
this empirical, bottom-up approach seems to be promising. On the other hand, it is necessary
to stress that our analysis has focused on the differences in organization of innovation process
but not on the differences in innovation inputs. The available data are also missing important

17



characteristic of the innovation systems which gives them actually the systemic character, and
that is a better description of linkages and interactions. Therefore, in further analysis aimed at
the delineation of the RIS one might need to use broader database and a complementary
qualitative analysis to analyse the nature of interactions.

The analysis brings also questioning of the current trends in innovations policies dominated
by strong process of regionalization. The policy-makers have taken for granted the theoretical
presumptions about the association of regional innovation systems with existing
administrative regions and stressed need to transfer the competencies for its support to
regional level. Yet, this paper empirically questions these taken-for-granted notions and leads
us to think more carefully about the organization of innovation process. To summarize, what
in our opinion is the main implication of this paper is that it points in the direction of new
research questions. At the same time, we should ask this question at the very beginning of the
definition of the innovation system concepts. The question is what the boundaries of
(regional) innovation systems are.
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Appendix A: First-step factor analysis variables

Set of questions

Variable

Answer

Engagement in innovation
activities

In-house R&D

External R&D

Acquisition of machinery, equipment and
software  purchased to  implement
innovations

Acquisition of other external knowledge
(licence, know-how)

Internal or external training aimed at
implementation of innovation

Market introduction of new products and
services

Other activities (technical preparation
aimed at implementation of innovations)

yes/no

Information sources

Within the enterprise

Suppliers  of  equipment, materials,
components or software
Clients or customers
Competitors or firms from the same
industry
Consultants, commercial laboratories or Likert scale 0 not relevant -3 highly
private R&D institutes important
Universities or other higher education
institutes
Government or public R&D institutes
Conferences, trade fairs, exhibitions
Journals and technical publications
Professional and industry associations
Innovation co-operation - | Czech Republic
geographical dimension Other Europe
yes/no
USA
Other world

Effects of innovations

Increased range of products

Increased markets or market share

Improved quality in products

Increased production flexibility

Increased production capacity

Reduced labour cost per unit

Reduced material and energy consumption
per unit

Reduced negative environmental impact
and improved safety and health aspects

Meeting regulations

Likert scale 0 not relevant -3 highly
important

Intellectual
protection

property

Patent application

Industrial design registration

Trademark

Copyright

yes/no

Organizational and
marketing innovations

Implementation of new or significantly
changed management system

Implementation of significantly changed
work organization within the enterprise

Implementation of significant changes in
relations to other enterprises or public
institutions (e.g. alliances, outsourcing,
partnership)

Significant changes in design or packaging
of the product

Changing significantly the firm’s sales and
distribution methods

yes/no
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Appendix B: Regional distribution of the factor scores according to the four identified
innovation modes (minimum, maximum, mean, quartiles)
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Appendix C: Share of regional employment on creative/symbolic industries on the total
employment in the Czech Republic, 2006
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Source: CZSO — Labour Force Survey 2006

Appendix D: Czech administrative self-governing regions

Liberecky (LIB)

Karlovarsky (KVK)

Kralovehradecky (KHK)

Praha (PHAf :

Stredoéesky (STC)

Pardubicky (PAK)

Plzefisky (PLZ)

Moravskoslezsky (MSK)

Olomoucky (OLO)

Jihomoravsky (JHM)
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