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Foreword

The present report attempts to synthesise the contribution of the ISI team - in terms of empiri-
cal investigations and analyses - to the TIPIK network. In this respect it summarises the ef-
forts devoted to the relationships between generation and use of knowledge, codification, in-
novation capacities, proximity and socio-territorial contexts. This piece of work is expected to
support the formulation of policy implications, which will be the object of the final part of the
research project.

The following questions have been addressed by the ISI team and have led the empirical in-
vestigations:

What are the consequences of a growing codification of knowledge on the evolution ca-
pacities of European firms and regions?

In how far are innovation capacities of firms depending on their knowledge base?

To what extent does proximity influence knowledge exchanges and innovation-related
interactions?

Is knowledge generation and diffusion at regional level depending from specific groups of
actors?

Is it possible to identify and characterise regional specific patterns in terms of knowledge
exchanges and innovation capacities?

In order to find answers to these questions, three aspects have been stressed in the ISI work:
Particular attention has been paid to two actors, namely knowledge-intensive business serv-
ices (KIBS) and institutions of the technological infrastructure (ITI). Both kinds of actors
provide specific knowledge and therefore innovation support to manufacturing firms. In addi-
tion to the focus on these two types of actors and their specific contributions to innovation,
the analyses adopt a regional approach. This is based on the assumption that besides national
arrangements, innovation patterns are influenced by regional characteristics such as infra-
structure, institutions, cultures, network and communications structures and the like. Thus, the
empirical parts are based on an innovation survey performed by the Universities of Hanover,
Cologne and Freiberg and the Fraunhofer-Institute for Systems and Innovation Research
Karlsruhe on behalf of the German Research Association in the period 1995-1997 in different
regions. The whole survey covers ten European regions: Alsace, Baden, Barcelona, Gironde,
Lower Saxony, Saxony, Stockholm, South Holland, South Wales and Vienna.

The papers presented hereafter, elaborated between 1997 and 2000, constitute an attempt to
highlight the questions raised, each of them corresponding to a certain perspective or focusing
on a particular aspect and thus trying to give answers to the different dimensions evoqued in
the research questions:

(1) "There is no territorial fatality! (or how innovation interactions between KIBS and
SMEs may modify the development patterns of peripheral regions)" suggests that
the activity of knowledge-intensive business services (KIBS) may particularly bene-
fit regions with no or only little traditional innovation infrastructure.

(2) The paper entitled "The Regional Embeddedness of Small Manufacturing and
Service Firms: Regional Networking as Knowledge Source for Innovation?" deals
mainly, at the level of the region, with innovation behaviours of firms, knowledge
exchanges and the influence of size.



(3) "Knowledge, Innovation Processes and Regions" aims at exploring the complex re-
lations between knowledge exchanges and the introduction of innovation in consid-
ering the influence of the regional environment.

(4) The paper entitled "Knowledge-intensive Business Services (KIBS) and Regional
Innovation Capacities" examines the links between the activities of knowledge-
intensive business services (KIBS), the impact on innovation capacities of small and
medium-sized manufacturing firms and the consequences in terms of unequal re-
gional evolution patterns.

(5) The final paper "The Impact of Knowledge Codification on the Evolution Capacities
of European Firms and Regions" assumes a close relationship between the way
firms deal with knowledge and their evolution capacities. The distinction is made
between internal and external knowledge factors and the influence of structural
characteristics is investigated.

As a result of exchanges and discussions within the TIPIK team, the four first papers have
been presented at conferences such as the 39" European Regional Science Association Con-
gress in Dublin (1999), the conference "Innovation Networks — Concepts and Challenges in
the European Perspective" in Karlsruhe (1999), the conference "L'économie du savoir: enjeux
économiques et enjeux de gestion" in Montreal (2000) and the Six Countries Programme Con-
ference "Services in Innovation" in Utrecht (2000).
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I ntroduction

Observing regions, for instance in Europe, one may easily notice inequalities in the resources
they devote to innovation activities and in the results they reach in terms of economic success.
In this respect, it may be assumed at first glance that a hierarchy of regional environment
could be established. Nevertheless, it is advocated in the paper that this does not obligatorily
imply a "territorial fatality".

More precisely, the analysis constitutes an attempt to highlight the role of actors who have
been insufficiently taken into account by comparison to the ones traditionally examined: large
companies, universities and other higher education institutions, technology transfer organisa-
tions, regional administrations and other public bodies. The actors on which the paper focuses
are: (i) small and medium-sized manufacturing firms (SMEs); and (ii) knowledge-intensive
business services (KIBS). In particular the case of SMEs is of interest since SMEs represent
the largest proportion of manufacturing firms located in peripheral regions (and in certain
peripheral regions, the whole population of manufacturing firms). For similar reasons, it
seems relevant to examine also KIBS. The expansion of KIBS reflects the growing impor-
tance of their economic activity. Moreover, they are locally available even in regions with no
or only little traditional innovation infrastructure. Additionally, the hypothesis is made that
potentially the virtuous circle linking the innovation activities of SMEs and KIBS may com-
pensate the impact of less favourable regional environments.

The paper contains two main sections. The first section establishes the theoretical framework
of the analysis. At first, the nature of the innovation phenomenon is examined, stressing its
interactive character. Then, since some regional environments seem to be more favourable to
innovation than others, the question of territorial fatality is addressed. In this respect, the con-
cept of a regional hierarchy featuring the inequality between environments in terms of inno-
vation support is introduced. Finally, two models sketching interactions implying KIBS are
discussed: the first arguing that the development of KIBS reinforces the domination of core
regions, the second showing a possibility for peripheral regions to escape from territorial fa-
tality thanks to the virtuous circle of innovation linking potentially KIBS and SMEs. The sec-
ond section examines empirical results. With the help of three distinct statistical treatments,
the regional innovation hierarchy is contested. In fact, the empirical evidence establishes that
the influence of the type of regional environment is negligible compared to other determi-
nants. Considering that SMEs and KIBS mutually benefit from the virtuous circle associating
them, the consequences regarding regional evolution patterns are discussed in the concluding
section.

The present paper has been written with support from the German Research Association (Deutsche Forschungsgemeinschaft,
Programme "Technological Change and Regional Development in Europe") and from the EU programme TSER (TIPIK
project: Technology and Infrastructures Policy in the knowledge-based economy - the Impact of the Tendency towards Codi-
fication of Knowledge).



1 I nnovation interactions between KIBS and SM Es and the evolu-
tion capacity of peripheral regions

This section provides a theoretical framework for the discussion of the potential impact of the
growing importance of innovation-related interactions involving KIBS on regional evolution
patterns. Firstly, the main features of the innovation phenomenon are shown adopting the
views of evolutionary economics. In a second step, the influence of spatial factors on innova-
tion is questioned, which leads to the introduction of the concept of a regional hierarchy,
which seems to imply a territorial fatality. Finally, two diverging visions of interactions in-
volving KIBS are considered: the first arguing that a reinforcement of the dominant position
of core regions seems inevitable, the second allowing to potentially refute the territorial fatal-

ity.

1.1 I nnovation interactions as an expression of firms evolutionary
capacities

The neo-schumpeterian or evolutionary approach of economics has profoundly modified the
understanding of innovation phenomenon. As a synthesis, it can be assumed, that, from an
evolutionary perspective, innovation is interpreted as @ non maximising, interactive, cumu-
lative, specific and institutionalised process (cf. AMENDOLA and GAFFARD,1988; and
LARUE DE TOURNEMINE, 1991).

Firstly, evolutionary economics attribute a cumulative and interactive character to innovation
processes. The importance of accumulation and interaction appears especially when analysing
learning effects, for instance of "learning by doing" (ARROW, 1962), or "learning by using"
(ROSENBERG, 1976) and of "learning by interacting" (LUNDVALL, 1988). Secondly, in the
evolutionary approach, innovation reveals a specific character. The specifics of innovation
abide by the principle of historical trajectories and paradigms (DosI, 1982) and integrate the
conception of the tacit nature of acquired knowledge. This leads to the idea of a programmed
character of innovation in the behaviour of the firm (CLARK, 1986). Finally, innovation has an
institutionalised character. The institutionalisation features mainly the role played by the se-
lection environment of innovation (NELSON and WINTER 1974, 1975, 1977) and the impor-
tance of R&D departments (FREEMAN, 1982). As a consequence, " innovation isa process’,
innovation-related knowledge is not a priori available, thus innovation constitutes a process,
an action which is performed and diffused simultaneously which is: (i) " hon maximising" :
due to the bounded rationality hypothesis, routines and heuristic behaviours are substituted to
optimisation procedures; (ii) " interactive": the notion of interaction allows the suppression
of the apparent contradiction and for the link between the "demand pull" and "science push"
approaches to be made; (iii) " cumulative": innovation appears as a dynamic phenomenon
which results partly from cumulative processes like learn effects; (iv) " specific” : innovation-
related knowledge and technology are not "manna from heaven" and innovation is perceived
as a problem-solving activity; and (v) "institutionalised" : the institutional dimension of in-



novation covers the role played by R&D (i.e. the institutionalisation of problem-solving ac-
tivities) and the influence of innovation selection environments.

With regards to the focus of the paper on the relations between SMEs and KIBS and on their
meaning for regional innovation potential, two additional remarks should be considered about
the nature of innovation. Firstly, it is particularly important to underline that innovations take
place in manufacturing firms as well as in service firms. This remark is necessary since inno-
vation in services is often neglected by analysis which prefer to concentrate on manufacturing
firms and manufactured artefacts (on this point, cf. GADREY €t al., 1993). The second remark
deals with the meaning of the innovation phenomenon. One may easily observe the huge di-
versity of innovation in manufacturing and services in terms of forms, genesis and conse-
quences. For an overview of this diversity, one may for instance consider the typologies of
innovating firms provided respectively by PAVITT (1984) for the manufacturing sector and by
Hiprp (1999) for the service sector. Nevertheless, beyond this apparent diversity, a conceptual
unity of innovation can be established from the evolutionary perspective. In fact, innovation is
a phenomenon by which firms try to evolve in order to survive and expand, which means in
economic terms to reach a reinforced competitiveness. This specific feature of the innovation
phenomenon is of particular significance, notably for analysing changes affecting regions.

1.2 Firmsinnovation and regional hierarchy

As has been shown, the innovation phenomenon may be interpreted as a process based on
knowledge development and exchanges. Knowledge flows are immaterial: one may refer for
instance to KRUGMAN (1991, pp. 53-54) asserting that : "Knowledge flows (...) are invisible;
they leave no paper trail by which they may be measured and tracked, and there is nothing to
prevent the theorist from assuming anything about them that he likes"'l. However, this does
not necessarily imply that space is neutral in terms of innovation. On the contrary, arguments
may be developed along three main dimensions showing that "space matters for innovation":
proximity, systems and environment.

A first dimension introducing the influence of space on innovations relies on the question of
proximity, accessibility of information and learning. This questioning deals primarily with
knowledge spillovers. In this respect, ANSELIN, VARGA and AcS (1997), by establishing an
empirical demonstration based on geographic spillovers taking the form of concentric rings,
claim they have proved that "(...) the positive and significant relationship between university
research and innovative activity, both directly, as well as indirectly through its impact on
private sector R&D. (...) the spillovers of university research on innovation extended over a
range of 75 miles from the innovating MSAZ2, and over a range of 50 miles with respect to

1 This assertion is neverthelss discussed by authors focusing on knowledge codified in the form of patents
pretend, who consider in opposition to KRUGMAN (1991) that knowledge flows do sometimes leave a "paper
trail" (cf. JAFFE, TRAJTENBERG and HENDERSON, 1993).

2 MSA: Metropolitan Statistical Area.



private R&D" (ANSELIN, VARGA and AcS, 1997, p. 11). This can be interpreted for the pres-
ent purpose as a first indication of a regional inequality in terms of innovation capacities.

The second dimension stressing divergences between territorial units consist of the systemic
approach of innovation phenomena. In fact, this approach considers the role and impact of
innovation systems, distinguishing mainly two levels: the national and the regional one.
Systems may be defined in this respect as "complexes of elements or components, which mu-
tually condition and constrain one another, so that the whole complex works together, with
some reasonably clearly defined overall function" (EDQUIST, 1997, p. 13). In the continuation
of FREEMAN (1987) and LUNDVALL (1988 & 1992) abundant literature can be found related to
national innovation systems (NIS). The regional innovation system (RIS) approach (cf.
COOKE et al. 1996; COOKE 1998) encompasses the concepts of "industrial district", "innova-
tive milieu" and "regional learning" to the greatest extent. It allows a summary of the argu-
ments in favour of an influence of the regional environment on firms' innovation capacities3.
RIS can be perceived as a transposition of NIS at the regional level. From both regional and
national perspectives, the system of innovation is constituted by elements and relationships
interacting in the production, diffusion and use of new knowledge. Thus, it provides a set of
arguments highlighting why and how certain regions (and a fortiori some countries) are more
innovative than others.

The third dimension, which is interrelated with the two first dimensions discussed (i.e. prox-
imity in knowledge interactions and differences between systems), consists of the regional
environment surrounding a firm and potentially influencing its innovation capacities. The
innovation environment encompasses and goes beyond the sole selection environment
sketched in evolutionary economics 4. In fact, referring to the view provided by CAMAGNI
(1991), three "spaces" in which firms evolve may be identified>: (i) the "synergy space" or
milicu (i.e. the environment of the firm); (ii) the "competition space" (i.e. the market); and
(iii1) the "co-operation space" (i.e. the networks in which the firm is involved). In a similar
way, JULIEN (1996) stresses the importance of small firms' integration capacity within their
environment. This integration favours shared learning effects, which in turn accelerate the
development of an entrepreneurial spirit in facilitating risky decision-making for instance:
"(...) the stronger a small firm links with a dynamic environment, the more innovative it will
be, and the greater its stimulating effect on the environment, through a double loop effect”
(JULIEN, 1996, p. 13). In this respect, an important aspect related to the influence of the re-
gional environment relies on the "endowment" in terms of I nstitutions of Technological In-
frastructure (ITI). Apart from their legal identity such institutions can be defined, according
to KOSCHATZKY and HERAUD (1996), as entities: (i) located in a specified territory; (ii) having

3 An alternative perception, which can be found in the literature but not retained here, should be briefly
evoked. In fact, it is possible to define a region from an economic perspective, for instance with the help of
the approach in terms of clusters (in the sense of industrial clusters given by PORTER, 1990). From this point
of view, the industrial cluster may be seen as the sum of all the economic actors contributing directly to the
dominant production process of the considered region.

4 As shown for instance by NELSON and WINTER (1974, pp. 891-894).

5 Apart from what CAMAGNI (1991) designates as the "organisation space" (i.e. the firm itself).



a potential technological impact within this territory; and (iii) whose activities provide the
input for research and innovation of firms6. Since ITI can be considered as constituting ele-
ments of the regional environment, uneven quantitative and qualitative endowments in terms
of ITI imply inequities in the way innovating firms benefit from their regional environment.

Assuming that the impact of the innovation environment of a firm overlaps: (i) the effects of
proximity with other actors involved in the innovation process; and (ii) the influences of the
innovation system(s) from which the firm depends, one may try to synthesise the three dimen-
sions. In fact, this leads to the consideration of a hierarchy of firms regional location in
terms of innovation capacities. To a certain extent, such a hierarchy seems coherent with the
views expressed by the new growth theory (cf. in this respect ROMER, 1990; and BARRO and
SALA-I-MARTIN, 1995) since it corresponds to a vision in which endogenous knowledge de-
velopment leading to innovation) is more accurate in core regions than in peripheral ones.
Schematically, it can be asserted in this approach that a regional hierarchy in terms of innova-
tion environment implies that firms located in core regions mainly outperform the ones lo-
cated in intermediate regions, which broadly benefit from better opportunities than the ones
belonging to the "periphery"7. Consequently, the terms of "territorial fatality" can be evoked
to outline a situation in which peripheral regions seem to be forced to lag behind in terms of
knowledge exchanges and development. Nevertheless, the goal of the paper is to refute this
fatality in arguing that the "regional hierarchy" may be compensated for, at least potentially,
by the virtuous innovation circle linking SMEs and KIBS shown in the next section.

1.3 Two visions of theway KI1BS may affect regional evolution capaci-
ties

This section examines two visions of interactions involving KIBS and their possible conse-
quences in terms of regional evolution capacities. The objective here is not to set these two
visions against each other but to understand how the expansion of business consultancy could
exert a crucial influence on the development of the innovation capacities of firms located in
different regional environments.

According to the first vision, proposed in WoOD (1998), the expansion of KIBS leads to a
reinforcement of the domination of the core. The model developed (cf. figure 1) features in-
teractions involving KIBS and their clients on different spatial levels. This approach pays
particular attention to large enterprises both in consultancy and manufacturing sectors as well

6 The original development of the concept of ITI, as well as reflections on the possible measurement of their
activities on a territorial level, have been performed in the frame of the Upper Rhine Valley (i.e. Alsace and
Baden) which constitutes the area of empirical investigation of the present analysis (cf. KOSCHATZKY and
HERAUD, 1996). Additionally, HERAUD and MULLER (1998) provide, for the same geographical area, a com-
plementary analysis focusing on certain categories of French and German ITI.

7 This basic categorisation presents the advantage of being easily compatible with most national classification
of regions for instance on NUTS III level.



as to the role of international and national-scaled interactions. In this perspective, the growing
role of KIBS appears to be an opportunity for core regions (in particular big metropolis) and a
threat for peripheral regions. Basically, KIBS bring knowledge and practice to bear on client
activities which their own staff do not possess or would otherwise not be able to implement.
In this respect, the model sketches a circulation of knowledge flows but since access to the
different stages is not equal everywhere, the knowledge flows generate a reinforcement of
regional inequalities. This could be compared to a kind of bottom-up effect "sucking up" the
knowledge developed along the multiple clients-KIBS relations at the different levels of inter-
action. To summarise, it can be concluded that WOOD's model: (i) stresses the growing im-
portance of consulting on innovation; (ii) highlights that the impact of KIBS on the different
spatial levels is highly dependent on specific relationships with their clients; and (iii) implies
as a consequence an increased regional inequality in both access and expansion of innovation-
related knowledge.
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Figure1: K1BS demand and supply response from a spatial per spective
KIBS
Demand Multinational clients National Clients

Regional / Local Clients

| A \

0) (vii)
Global (ix) Regional

glIJBS KIBS —*-" """ rrrree KIBS
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Global National Regional
Scale of Investment / Activity
——» Necessary interactions supporting consultancy
------- = Contingent interactions adding to the influence of consultancy
Arrows pointing to sources of expertise suggest the direction of
net dependence in influencing business change.

0] Global consultancies respond primarily to the requirements of multinational clients and agen-
cies.

(i)  Global consultancies increasingly act as conduits of innovative ideas and methodologies be-
tween the global and national scales.

(i)  Successful medium-small nationally-based consultancies may develop internationalisation
strategies by serving multinational clients seeking specialist expertise or familiarity with home
country conditions.

(iv)  Successful regionally-based consultancies may also work for multinational clients operating in
their regions on a similar basis to (iii), although their growth more often depends on serving na-
tional clients (viii).

(v) Nationally-based consultancies, serving private and government clients within that market, pro-
vide the predominant volume of consultancy exchanges across a wide variety of expertise.

(vi)  Within national systems of consultancy-client interaction, regionally-based clients seeking con-
sultancy support often depend on nationally-based consultancies.

(vii) Regionally-based consultancies originate largely to serve regional clients, and adapt to these
needs on the basis of local exchange and innovativeness.

(viii) Successful regionally-based consultancies most often grow by serving national or even interna-
tional (iv) clients on the basis of specialist skills or knowledge of local conditions.

(ix) Contingent links may exist between international, national and regionally-based consultancies,

either directly through subcontracting or networking relationships, or indirectly as a result of cli-
ent tendering policy.

Adapted from WooD (1998, pp. 13-14, 21)
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The second vision of interactions involving KIBS consists of the virtuous circle linking the
innovation capacities of KIBS and SMEs as shown in MULLER (1999). In this approach the
interactive service relation linking KIBS to their manufacturing clients plays a central role. As
has been shown notably by GALLOUJ (1994) business consultancy firms may assume a role of
co-innovator for their clients. In turn, SMEs support the development of the knowledge base
of KIBS. As CALLON, LAREDO and RABEHARISOA (1997, p. 34) assert: "the service [relation]
creates a complex system of relationships between supply and demand: the conception of the
service and its realisation cannot be divided and mobilises at the same time the producer and
the consumer who co-operate closely"8. Considered as a whole this mutual contribution con-
stitutes a virtuous circle in which KIBS and SMEs may respectively benefit from their inter-
actions through: (i) a better integration in their respective innovation environments; (ii) an
improved activation of their internal innovation resources; and (iii) an improved activation of
their external innovation resources (cf. figure 2). To summarise, "it can be argued that inter-
acting KIBS and SMEs mutually contribute to their respective innovation capacities, in a
similar but not identical way. This mutual contribution is based on a "core sequence” which
can be approximated with three "sub-sequences': (i) the interaction itself; (ii) the resulting
knowledge base expansion; and (iii) the ensuing evolution of the firm. These three constitu-
ents of the whole phenomenon should not be seen in a linear perspective but as potentially
inter-linked in a "knowledge-based loop" thanks to feed-back effects." (MULLER 1999, p.
144).

The question to be answered is to what extent could the virtuous circle play a particular role
for the development of peripheral regions? In fact, it appears that peripheral regions present a
singularity: in relative terms, the proportion of SMEs in manufacturing and the share of small
(not-national or international-oriented) business services is usually higher than in core and
intermediate regions. This may be seen as a weakness (in addition to other factors hindering
peripheral regions). Nevertheless, without contesting the validity of WoOOD's model as a
whole, this singularity may also constitute an opportunity for peripheral regions if one consid-
ers the mutual benefits SMEs and KIBS can gain from the virtuous circle shown as an alter-
native to WOOD's model.

8 "Leservice(...) crée un systéme complexe de relations entre offre et demande: la conception de la prestation
et sa réalisation ne peuvent étre séparées et mobilisent a la fois le producteur et le consommateur qui coope-
rent étroitement" (CALLON, LAREDO and RABEHARISOA, 1997, p. 34).
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Figure 2: The mutual contribution of KIBS and SMEsto their innovation ca-
pacity
|NNOVAT|ONS ’ ) ' - INNOVATIONS
4— — : =
: interactive . .
- - service ",
. . relation T .t

Evolution of the KIBS
(growing complexity
and reinforced productivity)

through:
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environment
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innovation resources

- improved activation of external
innovation resources

Evolution of the SMEs
(growing complexity
and reinforced productivity)

through:

- better integration in the innovation
environment

- improved activation of internal
innovation resources

- improved activation of external
innovation resources

Adapted from MULLER (1999, pp. 48 and 55)

The objective of this paper is not to contrast the two models of interaction with KIBS: they
may co-exist in the sense that they describe phenomena occurring parallel or simultaneously
at different levels. It is important to underline that KIBS represent morefor SMEsthan just
a simple information source. As underlined by STRAMBACH (1998, p. 4): "The purchase of
knowledge-intensive services is not the same as the purchase of a standardised product or
service. The exchange of knowledge products is associated with uncertainties and information
asymmetries stemming from the special features of knowledge (...)". The analysis discussed
hereafter explores how peripheral region may increase their evolution capacities and in this
respect, the empirical investigation provides some evidence of the mutual benefit of interac-
tion for SMEs and KIBS, particularly in the context of a peripheral region. It is assumed that
thanks to the virtuous circle, the regional environment hierarchy does not necessarily consti-
tute a fatality.
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2 Some empirical evidence

The empirical evidence contesting the fatality of the regional innovation hierarchy will be
established with the help of three distinct steps, corresponding to three different statistical
methods. In the first step, comparative charts will reveal that in the case regions the hierarchy
cannot be established for SMEs and KIBS with regards to basic indicators of firms evolution
capacities. The next step, consisting of multiple correspondence analysis, aims at detailing for
SMEs and KIBS the variables affecting their behaviour in terms of evolution and at charac-
terising it in terms of regional location. The final step, called "path modelling", is based on the
successive combination of PROBIT analysis. With the help of this "path modelling" it can be
established that, on the one hand, SMEs and KIBS mutually benefit from the virtuous circle
associating them and that, on the other hand, the influence of the type of regional environment
is negligible in comparison with other determinants.

The data used for the analysis were collected using a postal inquiry (in the respective national
languages) in Alsace and Baden9 which led to the constitution of two distinct samples: one
encompassing SMEs (n=726), the other consisting of KIBS (n=486)10. Considering the loca-
tion of research, communication and transportation infrastructures, three types of innovation-
related regional environment can be delimited corresponding to administrative units: (i) core:
Bas-Rhin and Mittlerer Oberrhein; (ii) intermediate: Haut-Rhin and Siidlicher Oberrhein; and
(ii1) peripheral: Schwarzwald-Baar-Heuberg (cf. figure 3).

9 The data collection took the form of a postal survey, performed in 1995-1996 asking firm representatives to
consider activities related to innovation, interaction and general business for the time period 1992-1995. This
operation took place in the frame of a broader project entitled "Technological Change and Regional Devel-
opment in Europe", granted by the Deutsche Forschungsgemeinschaft (DFG, the German Research Associa-
tion). This joint research project conjointly involved three research teams: the Department of Economic Ge-
ography at the University of Hannover, the Faculty of Economics and Business Administration of the Tech-
nical University Bergakademie Freiberg and the Fraunhofer Institute for Systems and Innovation Research
(FhG ISI) in Karlsruhe. A recent special issue of the review Raumordnung und Raumforschung (RuR 4,
1998) presents different aspects of the methodology and of the results of the overall project.

10 The constitution of the samples are detailed in appendix 1 and 2.
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Figure 3: The surveyed regions
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2.1 Comparative charts

The following charts show the frequencies of basic characteristics featuring innovation be-
haviour of firms in distinguishing the type of regional environment in which the firms are
located. Three basic variables are retained: (i) the introduction of innovations by the firm
during the considered 3-years period; (ii) the research and development (R&D) intensity (i.e.
the level of expenses in proportion of the annual sales, which can be interpreted as an indica-
tor of the activation of internal innovation resources); and (iii) the existence of interactions
between SMEs and KIBS (which can be interpreted as an indicator of the activation of exter-
nal innovation resources). The charts are drawn respectively for SMEs (cf. figure 4) and for
KIBS (cf. figure 5).

Considering the propensity of SMEs and KIBS to introduce innovation, no significant bias in
favour of core regions can be observed. On the contrary, in the case of SMEs, the proportion
of innovating firms is higher in the "periphery" than in the "core" (69,4% Vvs. 63,3%). In the
same way, no significant differences can be observed between "peripheral' and "core" KIBS
(73,5% vs. 74,8% of innovating firms).

The examination of the level of R&D according to firms' location reveals that firms located in
the "periphery" clearly overstep their counterparts in the "core". This difference in the propen-
sity to realise a high level of R&D investment can be established for SMEs (11,9% in the
"core" vS. 14,9% in the "periphery") and for KIBS (26,1 % vs. 32,4%)).
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The third set of charts, depicting innovation-related interactions (respectively with KIBS in
the case of SMEs and with SMEs in the case of KIBS), displays similar results. In fact, the
proportion of interacting firms is lower in the "core" (SMEs: 63,1% ; KIBS 58,3%) than in the
"periphery" (SMEs: 76,9% ; KIBS 66,2%).

To summarise, the comparative charts provide no evidence of a regional hierarchy of envi-
ronments related to innovation. On the contrary, at least for the examined samples and case
regions, SMEs and KIBS seem to adapt themselves successfully to environments supposed to
be less favourable for innovation activities. Additionally, the similarity between SMEs and
KIBS in terms of results support the hypothesis of a link between the two types of firms
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Figure5:

The KIBS sample
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2.2 Multiple correspondence analysis

The analysis of the multiple correspondences within a set of variables constitutes an interest-
ing tool allowing relations which could otherwise not be detected to be highlighted. The de-
velopment of correspondence analysis derives mainly from the pioneer work performed in the
60's by J. P. BENZECRILL. Originally, such procedures were limited to the analysis of contin-
gency tables (crosstabs of two nominal characters). Meantime, correspondence analysis has
been extended (at least theoretically) to an unlimited number of characters. Thanks to their
mathematical properties and due to their richness in terms of interpretation potentialities, cor-
respondence analysis constitute a powerful tool for exploiting qualitative data. All variables in
a multiple correspondence analysis (also called homogeneity analysis) are inspected for their
categorial information only. That is, the only consideration is the fact that some objects are in
the same category while others are not. One important advantage (due to the presence of
qualitative or categorised variables only) is the possibility of considering non-linear relations
between variables.

11 See for instance BENZECRI (1992) for a detailed presentation and overview of the possibilities in this field.



19

Figure6: Multiple correspondence analysis of the SME sample
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Figure 6 draws the multiple correspondence analysis performed on the SME sample with the
help of 12 variables!2. Basically, the first dimension may be seen as opposing the firms which
are R&D-intensive, innovative, interacting with KIBS, relatively bigger and networking with
ITI (eastern part of the graph) to their less R&D-intensive, non innovative, non interactive,
relatively smaller and non networking counterparts (western part of the graph). In the same
way, the country of location, the type of regional environment and the sector of activity con-
stitute the variables which contribute the most to the constitution of the second dimension of
the graph. This dimension distinguishes firms located in the "periphery" (northern part of the
graph) to firms situated in core and intermediate regions (southern part of the graph). In fact,
the analysis quite strongly contrasts two types of behaviour: innovating and interacting Vs.
non-innovating and non-interacting firms (and thus reveals the role potentially played by in-
teractions with KIBS). However, if a clear opposition can be observed related to the country
of location which reflects divergent behaviours, notably concerning interactions with KIBS

12 The variables are exposed in appendix 3, the discrimination measures of the multiple correspondence analy-
sis performed on the SME sample are detailed in appendix 4.
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(German SMEs are more innovative and interact more with KIBS than their French counter-
parts) no clear divergence can be observed related to the type of regional environment. In
other words, it is not possible, considering the multiple correspondence analysis of the SME

sample, to establish any evidence of a regional hierarchy of innovation environments.

Figure7: Multiple correspondence analysis of the KIBS sample
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Examining the multiple correspondence analysis performed on the KIBS sample (cf. figure 7)
and referring to the most important contributors13, it can be assumed that the first axis con-
trasts basically innovating, more R&D intensive and interacting KIBS (eastern part of the
graph) with service firms which mostly did not introduce innovations or did not perform R&D
and which were not or were less in contact with SMEs (western part of the graph). The con-
stitution of the second dimension is based primarily on the size and sector of the considered
firms as well as on the existence of proximity-based interactions with SMEs. As a conse-
quence, the graph may be seen as opposing its northern part (characterised by bigger firms, no
or only limited interactions with SMEs on a proximity base and typically being active as le-
gal, accounting or tax consultants) to its southern part (constituted by smaller KIBS, typically
doing business, management or marketing consultancy and characterised by a higher propen-
sity to interact with SMEs on a proximity base). As was the case for the SME sample, no in-
dication of an influence of the type of regional environment can be detected on the basis of
the results of the multiple correspondence analysis of the KIBS sample.

13 The discrimination measures of the multiple correspondence analysis performed on the KIBS sample are
detailed in appendix 5.
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2.3 Path modelling

The methodology of path modelling has been developed specifically for the detection and
investigation of influences between variables sets (cf. MULLER, 1999, pp. 98-101). The path-
modelling procedure is based on the successive performance of PROBIT algorithms. PROBIT
algorithms estimate maximum-likelihood model in order to detect dependencies associating a
dependent variable to explanatory (or independent) variables. The general form of the model
to be estimated is:

PriE=1]=®[f+ LA+ BB+ ..+5X]

with ® being the cumulative normal distribution, E (dichotomic variable) the dependent vari-
able, A, B and X being the explanatory variables. [ is the constant, 31, % and [3, are the coef-
ficients of the independent variables in the equation. The path-model is obtained by placing
selected variables (according to the conceptual model developed) alternatively in the role: (i)
of dependent variable in respect to some variables; or (ii) of independent variable in compari-
son to others. Since the application of PROBIT requires dichotomic dependent variables it is
necessary to binarise the variables of the analysis. This can be done in a relevant way on the
basis of the previous analytical steps, especially in exploiting the results of the multiple corre-
spondence analysis. The set of "paths" resulting from the procedure can be interpreted as a
"picture" of the interrelations between the variables. Variables can at the same time be ex-
planatory (or independent) and dependent, depending on their relative position. As a conse-
quence the identification of significant dependencies allows the interpretation of the revealed
"paths" in terms of causality effects, and to distinguish between direct and indirect dependen-
cies. In the present case, path modelling is used to test interrelations between the variables
allocated to three sets enabling the depiction of the characteristics of the examined firms;: (i)
the determinants set encompassing the structural and environmental determinants potentially
affecting innovation-related behaviours of the firm; (ii) the knowledge set featuring how in-
novation resources are exploited; and (iii) the evolution set pointing out the effects of the two
previous sets on a firm's activities and results (cf. MULLER, 1999, pp. 78-79).

The first path diagram allows a synthetic view of the elements significantly determining the
evolution mechanisms of the SMEs examined (cf. figure 8 and appendix 6). In fact, it appears
that the performance of innovation is directly and strongly influenced by most of the variables
of the "knowledge set": (i) by the level of R&D expenses; (ii) by the existence of interactions
with KIBS; and (iii) by networking with ITI. Additionally, the influence exerted by the vari-
ables belonging to the "determinants set" on knowledge and evolution variables give some
indication concerning their "relative weights": the size and the sector of a firm appear to have
the most influence. The size factor in particular plays a role in influencing the variables in the
"knowledge set". Finally, considering territorial determinants, the variable "country of loca-
tion" discloses no significant influence related to the evolution capacities of the considered
SMEs, but indicates strongly that national systems matter in terms of their propensity to inter-
act with KIBS (either on a proximity basis or not) as well as in terms of R&D intensity. Nev-
ertheless, and this constitutes a decisive element regarding the issue considered, the variable
"type of regional environment" does not point to any significant influence on other variables.
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In this respect, the type of regional environment surrounding a SME seems neither to induce
particular behaviours nor to generate specific consequences in terms of firm evolution. This
suggests that, at least for the samples and territorial units considered, the idea of a regional
hierarchy of innovation environments has no relevance.

Considering the results of the PROBIT analyses dealing with the KIBS sample and the ensu-
ing path modelling (cf. figure 9 and appendix 7), the following key findings can be advanced.
Firstly, the variables constituting the "evolution set" of the model are influenced by knowl-
edge-base related variables as well as by variables corresponding to structural determinants
(i.e. the size of the firm and its sector of activity). Secondly, the variable "introduction of in-
novations" shows an even more complex structure in terms of influences. In fact, it is affected
by: (i) internal resources (the level of R&D expenditures); (ii) by external factors (networking
with ITI and proximity-based interactions with SMEs); and (iii) by the size of the firm (the
propensity to innovate increases with the size). Finally, considering structural and locational
variables, it appears that the size of the firm and the sector of activity rather have an impact on
variables from the "evolution set" than on the ones related to the knowledge base aspects. On
the contrary, the country of location only influences the last category of variables (i.e. the
R&D intensity and the contacts with KIBS) whereas the type of regional environment does
not significantly affect any other variable. At least for the considered KIBS sample and in
parallel to what has been assumed for the SME sample, this pleads against the idea of a re-
gional hierarchy in terms of innovation environment.
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Path modelling: the SME sample
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Figure9: Path modelling: the KBS sample
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Conclusion: Which consequences regarding regional evolution patterns?

Referring to the empirical evidence outlined above for the considered SMEs and KIBS, no
significant influence of the observed types of regional environment could be detected: (i) on
the activation of their internal resources; (ii) on the activation of their external resources, and
(i11) on their evolution capacities. As a consequence, no regional hierarchy can be established
in the case of the examined area. The question can be asked to which extent this area is repre-
sentative of the diversity of regional environments, for instance in Europe, and if these results
can be generalised. However, these findings have an exemplary character, arguing against the
idea of a territorial fatality.

In fact, these results demonstrate that regional inequalities (in terms of innovation environ-
ment) may be successfully compensated by firms located on a specific territory. It appears
clearly that innovation is at first a matter of knowledge development and exchanges and as a
consequence that the impact of the regional environment should not be overestimated. In this
respect, the positive influence of the virtuous circle linking SMEs and KIBS may be seen as
contributing actively to the reduction of regional inequalities. One may assume that in regions
where firms adopt adequate behaviour such as setting up "knowledge systems" associating
KIBS and SMEs" no territorial fatality paralysing innovation capacities should be expected.

Considering the implications for policies, and trying to go beyond the "basics" (development
of educational resources, development of physical and knowledge-related infrastructures, im-
provement of the quality of life, etc.), three categories of recommendations may be of interest
for everyone in charge of regional development and innovation support. Firstly, the improve-
ment of innovation-related interactions between KIBS and SMEs may be considered as a way
to boost the innovation capacities within a region. Such an improvement is "cheap and flexi-
ble", compared for instance to the building-up of an (administrative) technology transfer in-
frastructure. Secondly, and more generally, it may be relevant for ensuring regional develop-
ment to focus more on services and less on manufacturing. Since numerous services are
linked (both as suppliers and as users) to the manufacturing sector, a crow-bar effect in terms
of investment can be expected. Finally, a possibility not to be neglected is to support actors
mobilising resources outside the region. This constitutes basically a way to compensate inno-
vation resources leaking at regional level (such as technical knowledge, specialised services,
highly skilled manpower). Numerous regional initiatives aiming at supporting innovation ca-
pacities pay a particular attention to proximity-based interactions, i.e. to relations associating
actors within the region, even if it is not necessarily meaningful. In this respect, it appears
crucial to consider regions as open systems to escape the territorial fatality.
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Appendix 1:  Thesector distribution of the SME sample (Nasce = 267; Naagen = 459)
Sector (in %) Alsatian popu- | Alsatian sample Badian Badian
lation” population ” sample
Manufacture of food prod- 21,7 22,4 6,9 3,7
ucts
Manufacture of textiles 7.3 6.8 5.9 6,1
Manufacture of wood, paper 17,3 14,4 18,2 16,9
Manufacture of chemicals 14,3 13,3 17,9 12,3
Manufacture of basic metals 16,2 19,4 16,0 22,4
Manufacture of machinery 13,7 9.9 18,6 19,1
and equipment
Manufacture of electrical 9.4 13,7 16,5 19,5
machinery and apparatus
Total 100 100 100 100

9 Distribution based on the data provided by INSEE (French statistical office).

) Distribution based on the data provided by the IHK (German Chamber of Commerce) of Karlsruhe and
Freiburg, detailed data was not available for the sub-region Schwarzwald-Baar-Heuberg.

Appendix 2.  Thesector distribution of the KIBS sample (Najsce = 149; Ngagen = 277)
Sector (in %) Alsatian Alsatian sample Badian Badian
population” population ” sample
Computer related consul- 15,0 16,3 26,7 27,2
tancy and activities
Legal, accounting and tax 34,8 16,3 8,1 16,1
consultancy
Business, management and 21,5 25,1 31,2 24,7
marketing consultancy ac-
tivities
Architectural, engineering 28,6 42,1 33,9 31,9
and technical activities
Total 100 100 100 100

Y Distribution based on the data provided by INSEE (French statistical office).

® Distribution based on the data provided by the IHK (German Chamber of Commerce) of Karlsruhe and
Freiburg, detailed data was not available for the sub-region Schwarzwald-Baar-Heuberg.
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Appendix 3:  Variablesof the analysis

SME sample KIBS sample
Variablesrelated to firms evolution capacity

« Growth of the number of employees GROWTH GROWTH
 Net sales’employee or turnover/employee NETSALES TURNOVER
» Export orientation LEVEXP LEVEXP
« Introduction of innovation INNOV INNOV

Variablesrelated to firms knowledge processing

potential

 Interaction with KIBSYSMEs IKIBS ISMES
« Proximity-based interaction with KIBSYSMEs PKIBS PSMES
» Networking with I TI NITI NITI
» R&D intensity LEVRD LEVRD

Variablesrelated to firmsstructure and environ-

ment characterisation

» Sector of activity SECTOR SECTOR
.« Sze SIZE SIZE
« Location referring to the national system COUNT COUNT
» Location referring to the type of regional environ- REGTYP REGTYP

ment
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Appendix 4. Discrimination measur es of the correspondence analysis (SMEs)
Variables Discrimination measur es* Discrimination measur es*
on dimension 1 on dimension 2

COUNT 0,156 0,441
LEVRD 0,470 0,075
SECTOR 0,238 0,285

SIZE 0,308 0,200
REGTYP 0,075 0,393
INNOV 0,423 0,040
IKIBS 0,387 0,061

NITI 0,297 0,108
LEVEXP 0,176 0,130
PKIBS 0,164 0,131
NETSALES 0,012 0,077
GROWTH 0,054 0,020

(%)

Discrimination measures indicate the variables' contribution to the constitution of the axes.

Appendix 5:  Discrimination measur es of the correspondence analysis (KIBS)
Variables Discrimination measur es* Discrimination measur es*
on dimension 1 on dimension 2
SIZE 0,304 0,378
LEVRD 0,501 0,155
ISMES 0,459 0,150
INNOV 0,558 0,037
PSMES 0,208 0,215
SECTOR 0,141 0,246
GROWTH 0,219 0,157
LEVEXP 0,130 0,127
REGTYP 0,017 0,167
NITI 0,130 0,018
COUNT 0,113 0,008
TURNOVER 0,029 0,043

(%)

Discrimination measures indicate the variables' contribution to the constitution of the axes.




Appendix 6: PROBIT analysis (SME sample)

probit growth | evexp netsales innov levrd ikibs pkibs niti size count regtyp sector

Iteration 0: Log Likelihood =-497.63196
Iteration 1: Log Likelihood =-489.90571
Iteration 2: Log Likelihood =-489.90295

Probit Estinmates Nunber of obs = 726
chi 2(11) = 15.46

Prob > chi2 = 0.1625

Log Likelihood = -489.90295 Pseudo R2 = 0.0155
growth | Coef Std. Err z P>| z| [95% Conf. Interval]
_________ et e E ool
| evexp -.0264581 . 1239865 -0.213 0. 831 -.2694672 . 216551
net sal es -.0278085 .1237584 -0.225 0.822 -.2703706 . 2147536
i nnov . 187143 . 1166413 1.604 0.109 -. 0414698 . 4157558
levrd . 1439793 . 1276901 1.128 0. 260 -.1062887 . 3942473

i ki bs -. 0197486 . 139119 -0.142 0.887 -.2924169 . 2529197
pki bs . 0928085  .1212172 0.766  0.444 -. 144773 . 3303899
niti -. 1367577 . 1214217 -1.126 0. 260 -. 3747398 . 1012245

si ze -.2095225  .1298739 -1.613  0.107 -. 4640706 . 0450256
count . 2336407 . 1136555 2.056 0.040 .01088 . 4564015
regtyp -.1864015 . 1212427 -1.537 0.124 -.4240327 . 0512298
sector -.0971811  .1104876 -0.880 0.379 -.3137328 . 1193705
_cons -.1665875 . 1345765 -1.238 0.216 -. 4303526 . 0971777

probit | evexp growth netsales innov levrd ikibs pkibs niti size count regtyp sector

Iteration 0: Log Likelihood = -361.6224
Iteration 1: Log Likelihood =-329.15619
Iteration 2: Log Likelihood =-328.88532
Iteration 3: Log Likelihood =-328.88522

Probit Estinates Number of obs = 726
chi 2(11) = 65.47

Prob > chi2 = 0.0000

Log Likelihood = -328.88522 Pseudo R2 = 0. 0905
| evexp | Coef Std. Err z P>| z| [95% Conf. Interval]
......... e o e e e e
growth | -.0235864 .1134153 -0.208 0.835 -.2458763 . 1987034
netsal es | . 4521262 . 1354239 3.339 0.001 . 1867003 . 7175521
innov | . 0734648 . 1415536 0.519 0. 604 -.203975 . 3509047
levrd | . 1206269 . 1457066 0.828 0.408 -.1649528 . 4062067
ikibs | . 2596041  .1623882 1.599 0.110 -. 058671 . 5778792
pkibs | -.2512962 . 1379451 -1.822 0. 068 -.5216637 . 0190712
niti | -.1301741 . 141585 -0.919 0.358 -.4076756 . 1473274
size | . 2292541 . 1450866 1.580 0.114 -. 0551104 . 5136185
count | . 2525239 . 1351763 1.868 0. 062 -.0124168 . 5174647
regtyp | -.0205957 . 1445533 -0.142 0. 887 -.303915 . 2627236
sector | . 7035514 . 1217544 5.778 0.000 . 4649172 . 9421855
_cons | -1.46276 . 1762393 - 8.300 0. 000 -1.808183 -1.117338
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probit netsales |levexp growh innov |evrd ikibs pkibs niti size count

Iteration 0: Log Likelihood =-348.69595
Iteration 1: Log Likelihood =-332.92009
Iteration 2: Log Likelihood =-332.81581
Iteration 3: Log Likelihood =-332.81579

Probit Estinmates

Log Likelihood = -332.81579

Nunber of obs

regtyp sector

726
31.76
0. 0008
0. 0455

netsal es | Coef Std. Err
| evexp . 4561824 . 1351723 3
grow h -.0241915 . 1125004 -0.
i nnov . 1802831 . 136172 1.
levrd -.1625968 . 1463575 -1
i ki bs . 514356 . 1627816 3
pki bs -.1658073 . 1340069 -1
niti . 1276284 . 1377912 0
si ze -. 2486895 . 15403 -1
count -.053723 . 1324467 -0
regtyp .119716 . 1421595 0.
sector -.1444223 . 1314677 -1
_cons -1.364866  .1738245 -7

chi 2(11)

Prob > chi2

Pseudo R2
P>| z| [ 95% Conf
0. 001 . 1912495
0. 830 -.2446882
0.186 -. 0866091
0. 267 -.4494522
0. 002 . 1953099
0.216 -. 428456
0. 354 -. 1424374
0. 106 -.5505827
0. 685 -.3133138
0. 400 -.1589114
0.272 -.4020943
0. 000 -1.705556

. 7211152
. 1963051
. 4471754
. 1242586
. 8334021
. 0968414
. 3976942
. 0532038
. 2058677
. 3983435
. 1132498
-1.024176

probit innov levrd ikibs pkibs niti size count

Note: | evrd~=0 predicts success perfect
levrd dropped and 197 obs not used

Iteration 0: Log Likelihood =-365.76602
Iteration 1: Log Likelihood =-326.61253
Iteration 2: Log Likelihood = -326.1773
Iteration 3: Log Likelihood =-326.17704

Probit Estinmates

Log Likelihood = -326.17704

y

regtyp sector

Nunber of obs

529
79.18
0. 0000
0. 1082

innov | Coef Std. Err

ikibs | . 4994687 . 1612672 3
pki bs | . 0932864 . 1532947 0

niti | . 6324277 . 158229 3

size | . 6622936 . 1742468 3
count | .1072515 . 1340611 0
regtyp | -.0117776 .1550419 -0
sector | . 2810334 . 136951 2

cons | -. 734153 . 1559307 -4

chi 2(7)

Prob > chi2

Pseudo R2
P>| z| [ 95% Conf
0. 002 . 1833907
0.543 -.2071657
0. 000 . 3223045
0. 000 . 3207762
0.424 -. 1555035
0.939 -.3156541
0. 040 . 0126144
0. 000 -1.039772

. 8155466
. 3937386
. 9425509
1.003811
. 3700064
. 2920989
. 5494524
-.4285345



regtyp sector

Nunber
chi 2(7)
Prob > chi2
Pseudo R2

of obs

726
157. 49
0. 0000
0.1855

. 4155913
. 2317129
. 1620243
. 061222
-. 5520602
-.4085027

. 5880574
-1.80121

Nunber
chi 2(5)
Prob >
Pseudo

of obs

chi 2
R2

1. 05941
. 2782643
. 6646597
. 6036151
. 0255038
. 1117152
1. 033542
1. 154647

726
85.11
0. 0000
0. 0937

probit levrd ikibs pkibs niti size count
Iteration 0: Log Likelihood = -424.4173
Iteration 1: Log Likelihood = -348.2112
Iteration 2: Log Likelihood = -345.6933
Iteration 3: Log Likelihood =-345.67479
Iteration 4: Log Likelihood =-345.67479
Probit Estinmates
Log Likelihood = -345.67479
levrd | Coef Std. Err z
ikibs | . 7375006 . 1642424 4. 490
pki bs | . 0232757 . 1300986 0.179
niti | . 413342 . 1282257 3.224
size | . 3324186 . 1383681 2.402
count | -.288782  .1343281 -2.150
regtyp | -.1483937 .1327111 -1.118
sector | . 8107999 . 1136462 7.134
cons | -1.477929 .1649427 -8.960
probit ikibs niti size count regtyp sector
Iteration 0: Log Likelihood =-454.10673
Iteration 1: Log Likelihood =-412.13479
Iteration 2: Log Likelihood =-411.55381
Iteration 3: Log Likelihood =-411.55309
Probit Estinmates
Log Likelihood = -411. 55309
i kibs | Coef . Std. Err z
--------- +.
niti | . 6707749 . 1335722 5.022
size | . 3125476 . 1438969 2.172
count | -.6971617 . 1173189 -5.942
regtyp | .0077425 .1345739 0.058
sector | -.1338844 .1116785 -1.199
cons | . 5853824 . 1139643 5.137

. 4089781
. 0305148
-.9271025
-.2560174
-. 3527702
. 3620164

. 9325717
. 5945804
. 4672209
. 2715024
. 0850014
. 8087483
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probit pkibs niti

Iteration 0: Log
Iteration 1: Log
Iteration 2: Log
Iteration 3: Log

Probit Estinmates

si ze count

regtyp sect

Li kel i hood =-497.12234
Li kel i hood =-488. 99401
Li kel i hood =-488.99191
Li kel i hood =-488.99191

Log Likelihood = -488.99191

or

726
16. 26
0. 0061
0.0164

. 288287
. 1461323
. 1636675
. 2190165
. 1984858
. 1938707

726
124.89
0. 0000
0.1508

pki bs | Coef Std. Err
niti | . 0621194 . 1153937 0
size | -.1016474 . 1264205 -0
count | -.3800612 . 110407 -3
regtyp | -.015481 .1196438 -0
sector | -.0035422 . 1030774 -0
cons | -.0095921 .1038094 -0
probit niti ikibs pkibs count size secto
Iteration 0: Log Likelihood =-414.18731
Iteration 1: Log Likelihood =-352.44452
Iteration 2: Log Likelihood =-351.74283
Iteration 3: Log Likelihood = -351.7419
Probit Estinmates
Log Likelihood = -351.7419
niti | Coef Std. Err
ikibs | . 868817 . 1517942 5
pkibs | -.3592631 .1274199 -2
count | . 1816331 . 1288793 1.
size | . 9459261 . 1256349 7
sector | . 3435802 . 1146756 2
regtyp | -.0555008 .1382873 -0
cons | -1.503876 . 1621525 -9.

Nunber of obs
chi 2(5)
Prob > chi2
Pseudo R2
z P>| z| [ 95% Conf
538 0. 590 -.1640481
804 0.421 -. 349427
442  0.001 -.5964548
129 0. 897 -.2499785
034 0.973 -.2055701
092  0.926 -.2130548
r regtyp
Nunber of obs
chi 2(6)
Prob > chi2
Pseudo R2
z P>| z| [ 95% Conf
724 0. 000 . 571306
820  0.005 -. 6090015
409 0. 159 -. 0709656
529 0. 000 . 6996861
996  0.003 . 1188203
401 0. 688 -.3265389
274 0. 000 -1.821689

1.166328
-. 1095247
. 4342318
1.192166
. 5683402
. 2155374
-1.186063
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probit turnover |levexp growh innov levrd ismes psmes niti size count regtyp sector

Appendix 7. PROBIT analysis (KIBS sample)
Iteration 0: Log Likelihood = -239.0039
Iteration 1: Log Likelihood =-226.98888
Iteration 2: Log Likelihood =-226.93761
Iteration 3: Log Likelihood =-226.93761
probit growth | evexp turnover innov levrd isnmes psnmes niti size count regtyp sector Probit Estimates Number of obs = 426
Iteration 0: Log Likelihood =-276. 96985 EPLﬁ(illhiz z ozéiig
Iteration 1: Log Likelihood =-235.97357 ; ; - -
Iteration 2 Log Likelihood = 235. 05285 Log Li kel i hood 226.93761 Pseudo R2 0. 0505
Iteration 3: Log Likelihood =-235.04971
Iteration 4: Log Likelihood =-235.04971 turnover | Coef Std. Err z P>| z| [95% Conf. Interval]
. L e e T i e e e
Probit Estimtes Number of obs = 426 I evexp . 2966816 . 1657048 1.790 0.073 -.0280939 6214571
E?Lﬁ(illhiz A growth .2641894 . 1537591 1.718  0.086 -.037173  .5655518
- =0 i nnov 11927117 . 2052283 0.939 0.348 -.2095284  .5949518
Log Likelihood = -235.04971 Pseudo Rz = 0.1514 levrd | -.1020388 .1718836 -0.594  0.553 -.4389245 . 2348469
i smes 2285387  .1813061 1.261  0.207 -.1268147  .5838921
''''''''''''''''''''''''''''''''''''''''''''''''''''''' psmes | -.2574605  .1813019 -1.420 0.156 -.6128057  .0978847
gm“hL Coef.  Std. Err z P>| z| [95% Conf. Interval] niti -.1236488 . 2328159 -0.531  0.595 - . 5799596 . 332662
'''''''''''''''''''''''''''''''''''''''''''''''''''' i -.2073791 . 1564588 -1.325 0.185 -.5140326  .0992745
levexp |  .2586918 .1634324 1.583  0.113 -.0616298  .5790134 coumt 1 T 5og7a97  1es09s1 Taa o 14 T oaselon 081111
turnover |  .2935072  .1563021 1.878  0.060 -.0128393  .5998537 regtyp 1059018 1975012 0 536 0 592 811934 " 292997
:““03 I -gzggggi -Zggégzg g ;gg g-ggi -égggggg -ggggggz sect or 13970765 . 1406232 2.824 0.005 - 1214601 - 672693
evr - . - . - . - - - -
ismes | -.1726563 .1867892  -0.924 0.355 -.5387564  .1934438 ceoms | cLaomasT | 21ses - 4,786 0000 11500969 -.6539642
psmes | .2589506  .1824663 1.419  0.156 -.0986768 616578
2:;; I 'gzigg?; 'iiggsgg g'gii g'ggg "ggg?gig isgg;gig probit innov levrd isnes psnes niti size count regtyp sector
count |  .2614375 1553814 1.683  0.092 -.0431045  .5659796 Note: | evrd-=0 oredi ct fect
regtyp |  .2225584 2054467 1.083 0.279 -.1801098 . 6252266 R droz;zd';nz 500 che b el
sector | -.0933378 .1409467 -0.662 0.508 -.3695883  .1829127
_cons | -1.688821 .2547009 -6.631  0.000 -2.188026 - 1.189617 Note: niti~=0 predicts success perfectly
""""""""""""""""""""""""""""""""""""""""""" niti dropped and 12 obs not used
probit |evexp growh turnover innov levrd ismes psmes niti size count regtyp sector Iteration 0: Log Likelihood =-147. 87523
. i . . _ Iteration 1: Log Likelihood =-125.56874
::Z;:::gz 2; tgg t:t:::nggg :‘283‘22282 Iteration 2: Log Likelihood =-125.34637
: =-200. Iteration 3: Log Likelihood =-125.34629
Iteration 2: Log Likelihood = -200.2099 eration 0g Likelihoo
Iteration 3: Log Likelihood =-200.20842 f f -
Iteration 4: Log Likelihood =-200.20842 Probit Estimtes ?Erg?g)of obs - 45?32
. . _ Prob > chi2 = 0.0000
Probit Estinates ?ﬁrg?;l?f obs = 70422 Log Likel i hood = -125. 34629 Pseudo R2 = 0.1524
Prob > chi2 = 0. 0000
Log Likelihood = -200.20842 Pseudo Rz = 0.1503 i nnov | Coef.  Std. Err z P>| z| [95% Conf. Interval
......... PR
''''''''''''''''''''''''''''''''''''''''''''''''''''''' ismes | -.1866416 .2605415 -0.716  0.474 -.6972935  .3240104
I evexp L Coef.  Std. Err z P>| z| [95% Conf. Interval] psnes |  .7530764  .294149 2.560 0.010 1765549  1.329598
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ si ze 1.056903 . 1889024 5.595  0.000 6866613  1.427145
growth | .2537634 . 1576095 1.610  0.107 -. 0551456 . 5626723 count I 3188353 . 1990749 1.602  0.109 -.0713444  .7090149
turnover |  .2841767 .1630888 1.742  0.081 -.0354715  .6038248 regtyp | 0988443 591205 0 336 0 734 Ca71907 6695957
innov | .0027216 .2273639 0.012  0.990 -.4429035  .4483466 1643506 . 1908191 0 861 0 389 5006481 5383492
levrd | .3752691 . 1818668 2.063 0.039 10188168 . 7317214 sector | . : . : : :
o | Yy asoos 2088 0050 e Y cons | -.9573663  .2804404 -3.414  0.001 -1.507019  -.4077133
psmes | -.7088483 .1817114 -3.901  0.000 -1.064996  -.3527006 I
niti | .2211765 . 2301666 0.961 0.337 -.2299418  .6722947
size | .3934704 1634981 2.407  0.016 0730201 .7139207
count | -.0389084 .1672547 -0.233 0.816 -.3667215  .2889048
regtyp |  .3562133 .2201699 1.618  0.106 -.0753118  .7877384
sector | -.2999891 .1498363 -2.002 0.045 -.5936628  -.0063154
_cons | -1.749811 .2703447 -6.473  0.000 -2.279677  -1.219946



probit levrd ismes psnes niti size count

Iteration 0: Log Likelihood =-294.48678
Iteration 1: Log Likelihood =-261.42798
Iteration 2: Log Likelihood =-261.18637
Iteration 3: Log Likelihood =-261.18633

Probit Estinmates

Log Likelihood = -261.18633

regtyp sector

Nunber of obs
chi 2(7)

Prob > chi2
Pseudo R2

426
66. 60
0. 0000
0.1131

levrd | Coef Std. Err

ismes | . 7451784 . 1644704 4
psnes | -.155014 . 1661879 -0.

niti | . 4527946 . 2222982 2

size | . 2084052 . 131434 1
count | -.3904393 . 1457869 -2
regtyp | -.1790364 .1852699 -0.
sector | . 2171681 . 1306147 1

cons | -.4480533 . 1947872 -2.

. 4228224
. 4807362
. 0170982
-. 0492007
-.6761764
-.5421588
-.038832
-.8298292

1. 067534
. 1707083
. 888491
. 4660112
. 1047022
. 184086
. 4731682
-.0662774

probit ismes niti size count regtyp sect

Iteration 0: Log Likelihood =-288.82075
Iteration 1: Log Likelihood =-268.12995
Iteration 2: Log Likelihood =-268.01939
Iteration 3: Log Likelihood =-268.01937

Probit Estinmates

Log Likelihood = -268.01937

or

Nunber of obs
chi 2(5)

Prob > chi2
Pseudo R2

426
41.60
0. 0000
0. 0720

ismes | Coef Std. Err

niti | . 429492 . 2338868 1

size | . 3746418 . 127878 2
count | -.1803166 .1420441 -1
regtyp | -.1532309 .1865271 -0.
sector | . 577855 . 127207 4

cons | -.0829924 .1837685 -0

-.0289178
. 1240055
-. 4587178
-.5188174
. 3285339
-. 4431722

. 8879018
. 6252781
. 0980847
. 2123555
. 8271762
. 2771873

probit psmes niti size count regtyp sect

Iteration O:
Iteration 1:
Iteration 2:

Log Likelihood =-266.80463
Log Likelihood =-262.23199
Log Likelihood =-262.23008

Probit Estinates

Log Likelihood = -262.23008

or

Number of obs
chi 2(5)

Prob > chi2
Pseudo R2

psnes | Coef Std. Err

niti | . 1738437 . 2132073 0

size | -.0484944 . 1295515 -0.
count | -.014127 . 1460805 -0
regtyp | -.2230986 .1801641 -1
sector | . 3137847 . 1280011 2

cons | -.4293507 . 1825892 -2.

-. 2440349
-.3024106
-.3004396
-.5762138

. 0629072
-.7872189

. 5917222
. 2054218
. 2721856
. 1300167
. 5646622
-.0714825

probit ni

ti isnmes psmes count size sector regtyp

Iteration 0: Log Likelihood = -137.1623

Iteration 1:

Log Likelihood =-126.36177

Iteration 2: Log Likelihood =-125.79383
Iteration 3: Log Likelihood = -125.7866
Iteration 4: Log Likelihood = -125.7866

Probit Estinmates

Log Li kel

Nunber of obs
chi 2(6)

Prob > chi2
Pseudo R2

426
22.75
0. 0009
0. 0829

regtyp
_cons

i hood = -125.7866

| Coef Std. Err z P>|
+

| . 3682405 . 2294234 1. 605 0
| -.0267771 .2112848 -0.127 0

| -.7876322 . 2447246 -3.218 0
| . 2785939 . 1847363 1.508 0
| -.0306546 .1806659 -0.170 0
| . 1202182 . 2312529 0.520 0
| -1.586852 . 2762283 -5.745 0

-.0814211
-.4408878
-1.267284
-.0834826
-. 3847532
-.3330291
-2.12825

. 8179022
. 3873335
. 3079808
. 6406704
. 3234441
. 5734655
-1.045455
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Abstract

Information and knowledge are important prerequisites for innovation activity in
firms. One important means of acquiring complementary knowledge are innovation
networks. Depending on their absorptive capacity and knowledge base, firms de-
velop different abilities to access and utilise external knowledge. These abilities
might also be linked to firm size. Although size as such is not a decisive criterion
for distinguishing between the innovative performance of firms, it can at least be
used to classify firms according to common structural characteristics. It is the ob-
jective of this paper to analyse whether the size of a firm significantly affects its
innovative behaviour and co-operation pattern and whether there are differences
between manufacturing firms and business-related service firms. Using data from a
regional innovation survey carried out in Germany, we come to the conclusion that
for structural firm characteristics, innovation strategies, information use and inno-
vation networking size matters. Small manufacturing and service firms mainly be-
have similar and are more regionally oriented in their market reach and knowledge
acquisition than large firms. Especially small firms in intermediate and rural areas
strongly depend on regionally available knowledge sources and are therefore dis-
criminated compared to large firms which make a more frequent use of knowledge
and information sources from outside the region.

1. I ntroduction

Although concepts like innovative milieux and industrial districts emphasise the
importance of small firms, and empirical studies in industrial economics have asso-
ciated these firms with flexibility, efficiency, and innovative activity
(Acs/Audretsch 1990; Pavitt et al. 1987; Rothwell 1989), there is no clear evidence
for a relationship between size and innovativeness of a firm. It is often argued that
size is not a decisive criterion for the performance of a firm (Sengenberger/Pyke
1992: 11), but the organisational and institutional context in which they operate.
The decentralisation of entrepreneurial functions, the creation of smaller production
units, outsourcing and other strategies for improving the core competencies of com-
panies lead to an increase in the number of smaller manufacturing and service firms
and to the assumption that small firms adjust more efficiently to market volatilities
(Camagni/Capello 1997). The dichotomy between small and large firms is surely a
simplification, but it makes clear that the influence of regional framework condi-
tions for firm innovation varies according to the firm's absorptive capacity, its ac-
cess to intra-company assets and inter-company networks. On the other hand, sev-
eral empirical studies find evidence for a closer local integration of small firms
(Backhaus/Seidel 1998; Koschatzky 1997; Sternberg 1998). Within the vicinity of
their location they are better able to reduce co-operation risks and to monitor possi-
ble violation of contracts than over greater spatial distances. It can therefore be as-
sumed that small firms more strongly rely on knowledge sources available in their
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region and are therefore more dependent on the quality of regional information and
co-operation partners for the realisation of innovations than larger firms.

Based on this hypothesis, the objective of this paper is to find answers to the ques-
tion whether the size of a firm significantly affects its innovative behaviour and co-
operation pattern and whether there are differences between manufacturing firms,
often object of empirical testing, and business-related service firms, for which only
a few innovation studies already exist. The paper is structured as follows: In the
following section a short overview on recent debates about the roles small and large
firms play in the innovation process and their ability to handle external and internal
knowledge will be given. Section three then describes the methodology and the data
source which were used for empirically testing the research questions raised in this
paper. It also includes the segmentation between small and larger firms and de-
scribes the two size categories which form the basis of the empirical analysis. This
will be performed in section four for manufacturing and business-related service
firms. Conclusions from the empirical analysis with respect to the objective of this
paper and regional innovation policy will be drawn in section five.

2. Small and Large Firmsin the Innovation Process

The debate whether small or large firms are more innovative and whether size is a
useful criterion to distinguish between the differences in the intensity and the kind
of innovative activity of firms is not a recent phenomenon, but can be traced back to
the pioneering work of Schumpeter. While he first emphasised the risky behaviour
of pioneer entrepreneurs for improving the supply of innovative solutions (Schum-
peter 1911), he later argued that large firms can devote more resources to systematic
research and development and are more innovative than small firms due to scale
advantages (Schumpeter 1942). Freeman summarised these two hypotheses in the
model of entrepreneurial innovation (Mark I) and the model of large-firm managed
innovation (Mark II) (Freeman 1982: 212-213). Both hypotheses became the start-
ing point for numerous theoretical and empirical studies and reflect the still existing
influence of Schumpeter in innovation economics.

An important aspect of studies analysing innovation processes in firms (e.g. Nel-
son/Winter 1982) deals with the relationship between firm size and innovative ac-
tivity. One common result of these studies carried out during the 1970s and 1980s
was that innovation intensity increases with size up to a turning point and then de-
creases again with increasing firm size, shaping an inverted "U". Although varia-
tions in the results of these studies concerning the trend and turning point of the
inverted U-curve can be observed depending on the data used for the analysis, the
innovation indicators and the firm units, the general pattern was believed to be sta-
ble (see Frisch 1993 for a summary of different input- and output-oriented studies).
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Based on the empirical evidence in several North American and European regions,
small firms and the role they played for job creation and economic development
were put into the limelight during the 1980s. Not only in the United States, where
between 1969 and 1976 two-thirds of all new jobs were created by new firms and
firms up to 20 employees (Birch 1987), but also in many other countries and re-
gions small firms contributed to regional and employment growth (Aydalot 1986;
Camagni 1991; Keeble 1997; Piore/Sabel 1984; Pyke et al. 1990; Sengenber-
ger/Pyke 1992). Besides these specific regional examples, the decentralisation of
entrepreneurial functions, the creation of smaller production units, outsourcing and
other strategies for improving the core competencies of companies led to an in-
crease in the number of smaller firms during the 1980s and to the assumption that
small firms adjust more efficiently to market volatilities. Evidence for the impor-
tance of small firms was provided by the SPRU innovations database according to
which small firms were not only responsible for more innovation than their share of
R&D expenditures would imply, but also for a larger share of innovations than
could be expected from their share of employment (Pavitt et al. 1987; Tether et al.
1997: 21).

Not surprisingly, in the late 1980s and early 1990s the contribution of small firms to
innovation was subject of several publications of which Acs's and Audretsch's em-
pirical study was one of the most significant (Acs/Audretsch 1990). Their analysis
opened the floor for a more differentiated view about the relationship between firm
size and innovation. Although they found some evidence that small firms are more
innovative than large firms, one of their major conclusion is that innovativeness
mainly depends on the industry. In industries composed predominantly of large
firms, the increase in innovative activity emanates from the smaller firms because
their survival depends on innovation (Acs/Audretsch 1990: 50). Pointing to Scherer
who concluded that "no single firm size is uniquely conductive to technological
progress. There is room for firms of all sizes" (Scherer 1980: 418), both authors
summarised their findings by stating that "it would be erroneous to conclude that
the small firm is more innovative than the large firm" (Acs/Audretsch 1990: 54). To
be more detailed, they found out that the innovation rates of small and large firms
depend on the degree of capital intensity in a way that in capital-intensive, adver-
tising-intensive, concentrated and highly unionised industries larger firms are more
innovative than smaller ones, although the innovative activity tends to decrease as
the level of concentration in an industry increases. On the other hand, in highly in-
novative industries composed predominantly of large firms, the innovative advan-
tage is held by the smaller firms (Acs/Audretsch 1990: 57-59).

Taking these and other results as a starting-point for further research, behaviouristi-
cal aspects of firm innovation (based on Nelson and Winter's fundamental ideas) as
well as a revision of earlier empirical findings became predominant topics in recent
years. By reclassifying firms originally listed as small to large, data from the SPRU
database now suggest that "...the relationship between innovative intensity and en-
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terprise size in the manufacturing sector (tends) to be not u-shaped but j-shaped,
with only the largest enterprises introducing a disproportionately large share of the
innovations" (Tether et al. 1997: 31). Using as well the SPRU database and pointing
to the limitations of his analysis, Tether (1998:742) came in another study to the
conclusion that by using the average value of an innovation, measured by revenues,
"... the interpretation that small firms are more innovative (or more efficient inno-
vators) than large firms because they have introduced a larger number of innova-
tions relative to their employment is unsound." There is also no evidence for an
extremely rapid growth among the small firms included in the database between
1975 and 1983.

All the results presented so far lead to the conclusion that it is not mere size by
which innovative activity of firms can be distinguished, but by several firm internal
aspects as well as by the organisation of the innovation process itself. Similar to the
fact that the innovation does not exist, there is also no optimal firm size for innova-
tion, as Frisch (1993: 283) concludes in his study. The preparedness to innovative
depends, among others, on the degree of the risk aversion of a firm which itself is
depending on the structure and behaviour of the management (Barkham et al. 1996:
73). These ideas are linked to the concept of the absorptive capacity of a firm
which, in short, describes the ability to exploit, evaluate and utilise external knowl-
edge for innovation (Cohen/Levinthal 1990). The larger the knowledge base of a
firm, be it small or large, to which internal and external communication structures,
R&D, production experiences and the learning capacity of the firm staff contribute,
and the higher their competencies in integrating the knowledge into the organisation
(Le Bars et al. 1998: 316), the better will be its ability to absorb new knowledge and
to innovate. In this respect, the so-called "gatekeeper" achieves an important inter-
face function. Firms centralising the access to external information and knowledge
and its distribution might run into problems, especially under the conditions of rapid
and uncertain technical change (Cohen/Levinthal 1990: 132). Linking more mem-
bers of a firm to innovation relevant knowledge reduces the risk of not being able to
monitor relevant technical information and to translate it into a language which can
be understood by the individual members of the firm.

Recent research work in the fields of knowledge and network economics goes be-
yond the more general concept of the absorptive capacity of an organisation and
stresses the importance of systematic learning and the need for interacting in the
innovation process (Coombs/Hull 1998; Cowan/Foray 1997; Cimoli/Dosi 1996;
Nonaka/Takeuchi 1995; Spender 1996). It is argued there that knowledge can only
be acquired by systematic learning and forgetting. Learning within a firm can take
place at different levels (Reid/Garnsey 1998) of which the learning processes in-
duced by interactions (networks) between users and producers, competitors, other
firms and research institutes are one of the most powerful driving forces for inno-
vative activity (Lundvall 1988). To a certain extent, networking can compensate for
lacking internal knowledge and resources, but without the ability to manage net-
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work relations and to integrate the transferred knowledge into the firm's production
and managerial activity, firms would not be able to benefit from learning effects
(Koschatzky 1999). Networking, learning and knowledge accumulation are there-
fore a cumulative process by which firms might run into path dependence. Those
firms which do not interact with others are in the long run not able to utilise and
accumulate external knowledge and lose their ability to handle external knowledge
and information exchange. Firms which are integrated in a set of network relations
continuously improve their learning capabilities and their knowledge base and also
their ability to utilise new knowledge (Capello 1999).

Depending on the kind of the exchanged knowledge, spatial and cultural proximity
is a more or less important prerequisite for the exchange process. It is argued that
codified knowledge can be transferred over long distances at low costs so that spa-
tial proximity between transmitter and receiver is not necessary, while tacit knowl-
edge exchange requires interpersonal contacts, verbal and non-verbal communica-
tion and is therefore sensible to an increasing spatial and cultural distance between
the interaction partners (Arnold/Thuriaux 1997; Foray/Lundvall 1996; see also
Saviotti 1998). It is not only distance as such that influences knowledge exchange,
but also the sum of distances to the different partners a firm is interacting with.
Firms which can minimise these distances should have an advantage over those
firms which can either not realise the transfer of (tacit) knowledge due to distance
problems or at higher costs only. A minimising strategy is to locate at those loca-
tions where a large selection of possible knowledge sources could be expected. This
is especially the case in agglomerations which can be characterised by the avail-
ability of localised knowledge and generic assets (Storper 1995; Storper 1997). On
the other hand, agglomerations might not necessarily imply a mutually beneficial
innovative environment for all industries, because cumulative causation processes
based on the pre-existing economic structure of that region pre-determine the loca-
tion of modern economic activities (Coe/Townsend 1998: 389). Because of the
functional relationship between the different types of regions, also non-core regions
are able to generate own growth conditions and to provide a favourable innovation
climate (Scott 1995; Storper 1997: 77). Nevertheless, there is empirical evidence
that firms adapt to their regional environment by applying different innovation
strategies. For example, in regions where the supply of skilled labour is limited,
labour is substituted by capital (Meyer-Krahmer 1985).14 It can therefore be con-
cluded that the regional environment in which a firm is embedded has at least some
impact on its access to information and knowledge and on its ability for collective
learning (Keeble/Wilkinson 1999; Lawson/Lorenz 1999), especially when the firm
is small and unable to manage complex networking relations (Klein Woolthuis et al.
1998) and the spatial range of networks is mainly confined to the region itself.

14 See also Keeble (1997: 289) who concludes "...that firms in peripheral regions may actively try to
compensate for and overcome environmental handicaps by pro-active engagement in research
and development to an even greater degree than their counterparts in core regions."
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Although within both small and large firms the ability to exploit internal and exter-
nal knowledge for innovation might be developed differently, larger firms have - in
general — a stronger resource base with respect to human capital, capital and eco-
nomic power and can make better use of national and international knowledge
sources than small firms. This can be shown in empirical networking studies ac-
cording to which larger firms are engaged in more diverse and spatially distant net-
working relations than smaller firms (Backhaus/Seidel 1998; Sternberg 1998). Of-
ten this pattern is closely linked with the market reach of firms: generally small
firms realise a higher share of turnover in local and regional markets while the pro-
pensity for larger firms to be engaged in international business relations is higher
than for smaller firms.

In the recent literature on industrial innovation one major research question is not
whether small or large firms are more innovative, but which role these firms play in
the innovation process. The growth in the number of small firms during the 1980s is
nowadays not seen to have been an independent process, but attributed to the de-
centralisation strategies of large firms which contributed to small firm growth
(Camagni/Capello 1997; Sengenberger/Pyke 1992). The outsourcing of entrepre-
neurial functions increased the flexibility of larger firms by being able to react more
quickly to changing market conditions. Small firms are a major source for new
products and processes, but due to their limited financial resources they are often
confined to the first creative phase of the innovation process. On the other hand,
large firms are more engaged in gradual technological change, imitation and diffu-
sion by adopting incomplete innovations of small firms and bringing them to the
market (Frisch 1993: 285). They are more strongly engaged in incremental innova-
tion and carry out more process-oriented research and development than smaller
firms (Cohen 1995: 205). Mass production enables larger firms to realise learning
effects, but also leads to path dependence in a way that these firms are usually
bound to a technological trajectory which impedes flexible technological change.

Including the results of a recent empirical study about the relationship between
product innovation, process innovation and size (Fritsch/Meschede 1998: 18-19),
the question whether the intensity and the kind of innovative activity of firms differ
according to size can be answered as follows:

« There is ample evidence that small firms are not per se more innovative than
larger firms, although small firms that perform R&D tend to be more innovative
than large firms and also generate a higher number of innovations per unit of
R&D input.

« The amount of firms that do not innovate or that were not engaged in R&D is
relatively high among small firms and declines with size. As a matter of fact,
large firms are more innovative with respect to the share of firms with R&D.

+ An optimal firm size for innovation does not exist.
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- Innovation varies between firms, between sectors and between markets.

« Innovation activity depends on the risk aversion of firms, their absorptive capac-
ity, knowledge base, their competencies in organising innovation processes, their
learning abilities and information channels and their access to and handling abil-
ity of external knowledge.

« Small and large firms play different roles in the innovation process.

« Small firms are the engine of new technological developments, but are often un-
able to finish innovations because of limited resources.

« R&D activity in large firms is more directed towards incremental innovation and
process developments, since the budget for process R&D rises somewhat
stronger with size than the one for product R&D.

These results emphasise the different roles firms play in the innovation process. It is
not mere size by which a distinction can be made between the different activities
and behaviours of firms, but according to the studies presented in this section simi-
lar characteristics of firms group around firm size in the spectrum from small to
large. Size will therefore be used as a substitute for structural characteristics of
firms and for classifying firms according to their different attributes.

So far, most of the empirical studies dealing with firm size and innovation made
statements for the manufacturing sector only. Here one important result already
reported is that innovative activity depends on the industrial sector. The question
arises whether this finding can also be transferred to the service sector in a way that
evidence for similarities and differences in the innovative activity within the service
sectors and between manufacturing industry and services can be found. Research on
innovations in services, especially in business-related services, started only quite
recently (Bellini 1998; Licht et al. 1996; Miles et al. 1994; Strambach 1995; Wood
1995). Since a comparable amount of studies which were carried out for the manu-
facturing industry does not exist for the service sector, it seems worthwhile to com-
pare at least some innovation and networking characteristics of manufacturing and
business-related service firms.

For both manufacturing and service firms covered by the German regional innova-
tion survey, the following research questions should serve as the guidelines for the
empirical analysis:

(1) By which structural characteristics do small and large firms differ?

(2) Which innovation strategies are applied in each group?

(3) What external information sources are used by small and large firms and how
is the distribution of this information within the firm being organised?
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(4) Which knowledge sources are used for innovation by the firms and what is the
spatial range of innovation networking? Can differences in information and
knowledge acquisition and the spatial range of networking be found for small
and large firms between different types of regions?

5 What are the major obstacles for innovation and how do firms assess the re-
i
gion in which they are located?

(6) Are there similarities between small manufacturing and small service firms in
their innovation behaviour, or do firms from both sectors differ significantly
in innovation, irrespective of size?

(7)  Which conclusions can be drawn for regional innovation policy with respect
to small firms innovation and regional supply supporting factors?

3. Data and M ethodology

The data used for this analysis originate from a regional innovation survey, carried
out among mainly small and medium-sized manufacturing and business-related
service firms in several German and European regions during 1995 and 1998.15 For
this paper, data from Baden, i.e. the western part of Baden-Wiirttemberg, and from
south-east Lower Saxony, comprising the cities of Hannover, Braunschweig and
Gottingen, are used (for details see Backhaus and Seidel, 1997; Koschatzky and
Traxel, 1997; Koschatzky, 1997). The regions under review cover a representative
breakdown of German regions, ranging from the automobile regions in eastern
Lower Saxony, the service oriented Expo 2000 urban region of Hannover and the
technology region Baden. The industrial branch spectrum of the survey ranges from
NACE codes 15 to 36. In services, computer and related activities (NACE 72), ar-
chitectural and engineering activities/technical consultancy and technical testing
and analysis (NACE 74.2 and 74.3), legal activities, accounting, tax consultancy
(NACE 74.11 and 74.12), and market research, business and management consul-
tancy, and advertising (NACE 74.13, 74.14, 74.4) were included. Within the regions
a differentiation was made between three types of functional regions, i.e. central,
urban regions (e.g. Hannover, Karlsruhe), intermediate regions (e.g. Freiburg, Got-
tingen), and rural regions (e.g. the Black Forest region Schwarzwald-Baar-
Heuberg), in accordance with the official German planning region classification of
1991.

15 These data originate from the European Regional Innovation Survey (ERIS), jointly carried out
by the Fraunhofer Institute for Systems and Innovation Research Karlsruhe, the Department of
Economic Geography at Hannover University, the Chair for Economic Policy at the Technical
University Bergakademie Freiberg, and the Department of Economic and Social Geography at
University of Cologne, with financial support of Deutsche Forschungsgemeinschaft (DFG).
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Usually in classifying small, medium-sized and large firms, 500 employees serve as
a threshold for segmenting SMEs from large firms. In some studies, large firms are
defined by a minimum of 2,000 employees. With respect to the size distribution of
the sample and the firm characteristics for which size is used as substitute, a differ-
ent approach was applied in this study. First of all, only firms which recorded at
least some innovative activity and related interactions were included in the analysis.
Average size of manufacturing firms of 265 employees (median 97 employees) and
of service firms of 44 employees (median 3 employees) made it not only necessary
to apply different definitions of small and large for both samples, but also to define
small and large according to the structural characteristics of the sample firms.

In order to divide the sample in size classes according to firms' structural character-
istics, their co-operation behaviour and their expected future developmentl6, a ho-
mogeneity analysis has been performed. With the aid of plot outputs, this type of
analysis aims at presenting relationships between categorical variables in few di-
mensions which thus allows to describe structures or patterns in variable relation-
ships that are difficult to detect otherwise.l7 In order to do so, homogeneity analysis
is based on optimal scaling and assigns scores to categories which account for as
much association between the variables as possible. Consequently, the output indi-
cates similar variable categories and may serve as a basis for characterising and
classifying the sample (cf. Figure 1).

Figure1: Homogeneity analysisfor classifying small and lar ge manu-
facturing firms
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16 These variables include the number of employees with university degree, companies' co-
operations with other economic actors, their sector of activity as well as their expected changes in
R&D activities and in number of employees.

17 Thus, homogeneity analysis can be described as principal component analysis for nominal data.
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Our aim in this first step of the analysis was to investigate if different size classes
according to the chosen structural characteristics could be differentiated. Therefore,
the variable input also included the number of employees. For manufacturing firms,
the size variable discriminated well on both dimensions of the analysis, i.e. this
sample consists of 398 firms of which 173 are defined as small manufacturing
firms with up to 40 employees and 225 as large manufacturing firms with more
than 76 employees. Resulting from a respective homogeneity analysis, the service
sample comprises 174 firms, of which 95 are small service firms with up to 3 em-
ployees and 79 defined as large service firms with more than 21 employees. Tables
1 and 2 give an indication about the size distribution among industries and type of
location. SF stands for small firm and LF for large firm. Although the term "large
firm" is used in this paper, it has to be clearly stated that our large firms are still
small compared to the definition of "large" used in other innovation studies and that
the definition of small and large differs between manufacturing and service firms.

Table1: Distribution of small and large manufacturing firms according
toindustriesand type of region
Industry Total Central Intermediate Rural
(share of SF LF SF LF SF LF SF LF
firms in %) (n=173) (0=225) [ (n=50) (n=65) | (n=73) (n=115) | (n=50) (n=45)
Food 23 5.3 2.0 9.2 4.1 52 0.0 0.0
Textile 2.9 5.3 0.0 0.0 2.7 8.7 6.0 4.4
Wood 19.1 13.8 14.0 10.8 24.7 15.7 16.0 13.3
Plastics 15.0 17.3 22.0 26.2 16.4 16.5 6.0 6.7
Metal 13.9 11.1 16.0 7.7 8.2 11.3 20.0 15.6
Machinery 24.9 28.4 26.0 21.5 24.7 29.6 24.0 35.6
Electronics 22.0 18.7 20.0 24.6 19.2 13.0 28.0 24.4
v 0.301 0.404 0.381 0.890

While for manufacturing firms the industrial mix between small and large firms is
statistically insignificant (according to X2 test) and therefore branch effects on firm
behaviour can mostly be neglected (although the industrial mix between the three
types of region varies significantly), the industrial composition between small and
large service firms differs significantly. Especially the consultancy sector is domi-
nated by small firms, contrary to engineering services where many more large firms
can be found. Although this would demand sector specific analyses, the sample size
is too small for a sectoral and regional breakdown for each of the variables. We
therefore abstained from this analytical step.
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Table2: Distribution of small and lar ge service firms according to
industries and type of region

Industry @ Total Central Inter mediate Rural
(share of SF LF SF LF SF LF SF LF
firms in %) 0m=95) (©=79) | (n=47) (n=40) (n=31) (n=29) (n=17) (n=10)
Computer 26.3 22.8 27.7 22.5 22.6 27.6 29.4 10.0
Accounting 6.3 11.4 2.1 10.0 6.5 6.9 17.6 30.0
Consultancy 36.8 114 404 12.5 355 10.3 29.4 10.0
Engineering 30.5 54.4 29.8 55.0 35.5 55.2 23.5 50.0
y? 0.000 0.007 0.138 0.273

()" Computer: Computer and related activities; Accounting: Legal activities, accounting, book-
keeping and auditing activities, tax consultancy; Consultancy: Market research, business and
management consultancy activities, advertising; Engineering: Architectural and engineering ac-
tivities and related technical consultancy, technical testing and analysis

The empirical analysis in the following section is based on cross-tabulations and y >
test for distinguishing the information, knowledge exchange and networking be-
haviour between small and large firms. It should be noted that although y * signifi-
cance is given in most tables, especially for services in rural areas the significance
level should not be overinterpreted because of low frequencies. Descriptive statis-
tics like cross-tabulations and y* tests were thought to be more appropriate for the
objective of this paper than multivariate statistics. Among the different independent
variables reflecting firm characteristics, regional characteristics and networking
activity included for example in regression models, networking usually does not
contribute much to the total model (Koschatzky 1998). Consciously abstaining from
the analysis of complex correlations, we therefore decided to use descriptive statis-
tics for being able to describe the networking pattern in more detail. As a kind of
synthesis of the results, we included pertinent categories in further homogeneity
analyses for both size groups in order to "map" the most important knowledge ac-
quisition and networking characteristics of small and large manufacturing and
service firms. This analysis complements bivariate X* tests by illustrating associa-
tions between the most important variable categories.

4. Empirical Analysis

Although the regional innovation survey covered both manufacturing and service
firms, the questionnaires for each sample were not identical so that the variables
used to characterise manufacturing firms are not always available for services. Ac-
cording to the research questions raised in section two, the empirical analysis will
cover the following aspects:

« structural firm characteristics
« Innovative activity
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- information exchange
« knowledge exchange by networking
« assessment of the region.

41 Structural characteristics

The industry structure and distribution among types of region of both samples were
already presented in Tables 1 and 2. The spatial turnover distribution of small and
large firms gives some indication about their regional and international market ori-
entation. It can be seen from Table 3 that small manufacturing as well as service
firms realise most of their turnover in market transactions taking place within Ger-
many, while large firms show a higher orientation towards international clients.
This is especially the case for large manufacturing firms which reach an export
share of nearly a third in their total turnover. Large service firms, on the other hand,
are as twice as much export oriented than small service firms, but realise only
15.4 % of their turnover by foreign contracts. In general, service firms show a
higher degree of regional integration than manufacturing firms, i.e. 56.5 % of the
turnover of small service firms and 41.8 % of large service firms originates from
regional clients, while the respective shares for manufacturing firms are 34.3 % and
29.5 %. This makes service firms, and among them especially the small ones,
highly dependent on regional markets and their economic development. On the
other hand, the figures also clearly illustrate that proximity to clients seem to be a
vital precondition for at least the majority of business-related service firms. Due to
their ubiquitous character, especially legal activities, accounting and tax consul-
tancy are mainly demanded over short physical distances (Koschatzky 1997: 15). It
has to be seen whether these market relations correspond with the networking ac-
tivities of (small) service firms.

Table3: Spatial distribution of turnover of manufacturing and service
firms
Origin of turnover Manufacturing Services
(turnover shares in %) SF LF SF LF

(n=161) (n=189) | (n=81) (n=67)
Within federal state 343 29.5 56.5 41.8
Within Germany 47.0 38.5 37.1 42.8
Abroad 18.7 32.0 6.4 154

The share of highly qualified personnel (with university or technical college degree)
is an indicator for the knowledge-intensity and absorptive capacity of a firm. Ac-
cording to Table 4, significant differences exist between small and large manufac-
turing firms. In general, over a quarter of small firms does not employ highly quali-
fied personnel at all (27.7 %). Between the different types of region, the highest
share of firms which do not have staff members with university or technical college
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degree can be found in intermediate regions (34.2 %). On the other hand, small
firms also employ the highest share of highly qualified personnel. 23.7 % of the
firms, in central regions even 32.0 % reach a share of 15 % and above of this group,
while large firms dominate in the size classes up to 10 %.

Table4: Share of highly qualified personne in total employment of
small and large manufacturing firms according to type of re-
gion
(share of firms in %)

Employ- Total Central Intermediate Rural

ment SF LF SF LF SF LF SF LF
Classes | (n=173) (n=225) | (n=50) (n=65) | (n=73) (n=115)| (n=50) (n=45)
nil 27.7 4.0 18.0 4.6 34.2 4.3 28.0 2.2
< 5% 12.1 43.1 16.0 33.8 9.6 47.0 12.0 46.7
<10% 26.6 31.1 20.0 33.8 28.8 30.4 30.0 28.9
<15% 9.8 7.1 14.0 7.7 8.2 6.1 8.0 8.9
> 15% 23.7 14.7 32.0 20.0 19.2 12.2 22.0 13.3
x 0.000 0.012 0.000 0.000

This distribution is only insofar surprising as it reflects the share of highly qualified
people among the staff of a firm. When it comes to absolute figures, large firms
employ many more qualified workers than small firms. Statistically significant at
the 1 % level, 65.4 % of large firms have more than 7 qualified workers (35.6 %
even more than 21), while 4.6 % of the small firms reach a similar absolute figure.
This makes clear that the relative knowledge base of small firms is larger than that
of large firms, but the absolute knowledge capacity is higher in large firms. The
high relative share of the small firms can be explained by the filter used for this
empirical analysis. As already pointed out, only those firms were selected which
were engaged in innovative activity. Compared to small firms in general, this might
result in a bias towards the small, knowledge-intensive and innovative firm.

Unfortunately, the same question was not asked in the service questionnaire. There-
fore the client structure of small and large service firms should serve as a structural
characteristic. Table 5 reveals that both in the total sample (significant at the 1 %
level) as well as for firms located in central regions (5 % level) small and large
service firms distinguish by their client structure. 12.7 % of large firms, but only
2.1 % of small firms realise at least 50 % of their turnover from contracts with cli-
ents from the public sector. On the other hand, no large firm of the sample was de-
pendent on private households, compared to 5.3 % of the small firms (in central
regions even 8.5 %) which achieved a private households turnover share of more
than 50 %. As a matter of fact, small service firms had the majority of clients
among private enterprises, while large business-related service firms were also re-
garded as relevant contractors by the public sector. Small service firms are therefore
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more dependent on private enterprises as clients, while large service firms have a
more diversified client base. Although statistically insignificant for the other two
types of region, this client pattern can be found there as well.

Table5: Client base of small and lar ge service firms accor ding to type of
region
(share of firms in %)
Clients Total Central Intermediate Rural
(share of SF LF SF LF SF LF SF LF
turnover) (n=95) (n=79) [ (n=47) (n=40) [ (n=31) (n=29)| (n=17) (n=10)
> 50% public
sector 2.1 12.7 0.0 7.5 6.5 20.7 0.0 10.0
> 50% private
enterprises 88.4 78.5 89.4 85.0 87.1 75.9 88.2 60.0
> 50% private
households 5.3 0.0 8.5 0.0 32 0.0 0.0 0.0
no information | 4.2 8.9 2.1 7.5 32 34 11.8 30.0
x2 0.004 0.040 0.328 0.176
4.2 Innovative activity

In the survey, manufacturing firms were asked about their own innovation activi-
ties, while service firms were considered to play an important knowledge contrib-
uting function for manufacturing firms (Koschatzky 1999; Muller/Zenker 1998).
Therefore they were not only asked to evaluate their own innovative activity, but
their contribution to industrial innovations as well. 72.6 % of the small and 69.6 %
of the large business-related service firms supported innovations at their industrial
clients. This kind of activity does not seem to depend on firm size. Size differences,
although statistically insignificant, can be found with respect to the kind of innova-
tions which had been supported. Large firms were more engaged in process innova-
tion (44.3 % resp. 34.7 % of the small firms), compared to a higher engagement of
small firms in market development (30.5 % resp. 21.5 % of the large firms). This
can be explained by differences in average employment figures among the four
service industries. Engineering services, which might be closely related to process
innovation, are in general much larger (median 26 employees) than consul-
tancy/market research (median 3 employees). According to the service firms, their
main function was the supply of knowledge to industrial clients: 65.3 % of the small
and 63.3 % of the large firms mentioned knowledge supply as most important func-
tion. Cost reduction, flexibility gains and the reduction in capacity bottlenecks were
given the next ranks. In this contribution to manufacturing innovation, small and
large service firms do not discriminate.
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Between small and large manufacturing firms, differences do exist in the kind of
own innovative activity. Innovations in large firms seem to be more complex with
respect to the engagement both in product and process innovation than in small
firms. While 30.6 % of the small firms did carry out product innovation only, the
respective figure amounts to 11.6 % for the large firms. More than 84 % of them
reported a combination of product and process innovation. This was the case for
63.0 % of the small manufacturing firms. Between the small and large service firms,
no such distinction is possible. The slight differences which can be seen in Table 6
are statistically insignificant. It might be the case that the definition about what a
service innovation comprises (although supplied in the questionnaire) is not as pre-
cise as the definitions for manufacturing innovation, so that therefore no clear dis-
tinctions can be made between small and large service firms. At least the fact that
large manufacturing firms are more strongly engaged in process innovation, as al-
ready pointed out in section 2, can be indirectly confirmed by our analysis.

Table6: Kind of innovative activity of small and large firms
Manufacturing firms Service Firms
Kind of activity " SF LF Kind of activity ® SF LF x?
(share of firms in %) (n=173)  (n=225) || (share of firms in %) (n=95) (n=79)
only product innovation 30.6 11.6 new service 61.1 63.3 | 0.762
only process innovation 6.4 4.0 improved service 56.8 62.0 | 0.489
both product and process new/improved processes
innovation 63.0 84.4 for service 67.0 60.8 [ 0.392
Total 100.0 100.0 " Measured according to the devotion of R&D expenditures
X2 0.000 @ Share of firms which implemented this kind of innovation

The amount of research and development (R&D) activity is generally measured by
the input factors "share of R&D expenditures in total turnover" or "share of R&D
personnel in total employment" (Pfirrmann 1994). For manufacturing small and
large firms, the share of R&D personnel as a human capital input factor to innova-
tion reveals the same pattern as the one for highly qualified personnel (cf. Table 7).
Small firms have as well a higher share of no R&D personnel as higher shares in the
class of 8.1 % R&D employees and above than large firms. This is statistically sig-
nificant for the total sample and for all three types of region, i.e. also in rural areas.
Relatively strong in the size classes up to 8 % R&D employment share, in absolute
terms large firms employ much more persons who are engaged in R&D activities
than small firms (also statistically significant). The same holds true for the service
firms, although the differences between small and large firms are statistically less
significant. This outcome of the empirical analysis supports the diversified pattern
of innovation activities in small compared to large firms. With respect to their size,
small (innovative) firms (manufacturing and service firms) devote more financial
and human capital resources to R&D than large firms. In absolute terms, however,
large firms comprise a higher R&D potential than small firms.
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R& D intensity of small and large firms

(share of firms in %)

Share of R&D personnel in manufacturing firms

Shareas % Total Central Intermediate Rural
of personnel SF LF SF LF SF LF SF LF
(n=173) (n=225) | (n=50) (n=65) | (n=73) (n=115) | (n=50) (n=45)
nil 11.6 8.0 12.0 7.7 11.0 8.7 12.0 6.7
<3% 8.7 39.6 10.0 33.8 8.2 41.7 8.0 422
3-8% 41.6 32.0 32.0 33.8 43.8 322 48.0 28.9
>8.1% 38.2 204 46.0 24.6 37.0 17.4 32.0 22.2
x 0.000 0.011 0.000 0.002
Share of innovation expendituresin service firms
Shareas % Total Central Inter mediate Rural
of turnover SF LF SF LF SF LF SF LF
0=95) (©=79) | n=47) (©=40) | (n=31) (©=29) [ (n=17) (n=10)
<35% 22.1 304 27.7 27.5 19.4 37.9 11.8 20.0
35-8% 29.5 41.8 27.7 42.5 323 414 29.4 40.0
>8 % 48.4 27.8 44.7 30.0 48.4 20.7 58.8 40.0
x 0.022 0.271 0.066 0.628

For manufacturing firms, information are additionally available for the regularity of
R&D, which might be interpreted as a routine reflecting path dependence (Dosi
1982). 19.7 % of the small firms and 28.9 % of the large are permanently engaged
in research work, aiming at the creation of new technical and organisational solu-
tions. This stronger orientation of large firms towards research is statistically sig-
nificant at the 5 % level. Development, which reflects the continuous improvement
of products and processes, is carried out by most of the firms (cf. Table 8). Only
3.5 % of the small firms (and 0.4 % of the large) did not perform development work
at all. Permanent development processes seem to be a common characteristic of
large firms: 80.4 % of them are permanently engaged in development. For more
than 40 % of the small firms, development is an occasional option, so here routine
development activity is less frequent. As a matter of fact, routines are less prevail-
ing in small than in large firms, as well as in development and in research work. As
postulated in the literature, large firms seem to follow trajectories, which are de-

fined by systematic and continuous R&D activities.
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Table8: Continuity of development of small and lar ge manufacturing
firmsand according to type of region

Continuity Total Central Intermediate Rural

(share of SF LF SF LF SF LF SF LF

firms in %) (m=173)  (0=225) | (n=50) (n=65) | (n=73) (=115) | (n=50) (n=45)

never 3.5 0.4 4.0 0.0 0.0 0.9 8.0 0.0
occasionally | 41.6  19.1 | 42.0 21.5 | 438 165 | 380 222
permanently | 549 804 | 540 785 | 562 82.6 | 540 718

x 0.000 0.011 0.000 0.023

According to the concept of the absorptive capacity of a firm, firms must face dif-
ferent obstacles in the innovation process. These might be related to size in a way
that small firms could have more severe problems in organising innovation proc-
esses. Nevertheless, for the small firms of the sample the relative knowledge base
was found to be larger than that of the large firms. Tables 9 and 10 list the major
innovation obstacles the firms reported in the survey.

Table9: Obstaclesto innovation for small and large manufacturing
firms

Assessment Lack of R&D Lack of pro- Lack of mar- Organisation | Co-operation | Accesstoex-
of obstacles personnel duction per- keting person- | of innovation | with research | ternal knowl-
(share of sonnel nel edge
firms in %) SF LF SF LF SF LF SF LF SF LF SF LF

(n=163) (n=215) (n=163) (n=214) (n=164) (n=213) (n=95) (n=91) (0=164)  (n=212) (n=164) (n=213)
no 59.5 53.0 56.4 66.4 36.6 50.7 62.1 41.8 61.6 69.8 54.3 65.3
medium 29.4 40.0 325 29.0 | 482 36.2 31.6 49.5 293 255 34.8 31.5
great 11.0 7.0 11.0 4.7 15.2 13.1 6.3 8.8 9.1 4.7 11.0 3.3
x> 0.068 0.032 0.022 0.021 0.125 0.005

As can be seen from the y * significance values, for most of the obstacles significant
distinctions can be made between small and large firms, but a clear pattern relating
innovation obstacles to size groups could not be found. For small firms, the re-
cruitment of personnel, especially for production and marketing, seems to be a
slightly greater problem than for large firms. On the other hand, the availability of
R&D personnel is less a problem in small firms than in the larger ones. This differ-
ence in the problem assessment might be explained by the fact that small firms usu-
ally employ only a few persons engaged in R&D, so that they face less problems in
hiring respective people because of the small absolute amount of vacancies. In pro-
duction and marketing, where also small firms have a higher absolute demand,
wage competition might favour large firms. It is interesting to note that (statistically
significant at the 5 % level) small firms seem to have much less problems in organ-
ising the innovation process. For 62.1 % of the small firms which answered this
question this is not seen as a problem. Whether this self assessment is realistic can-
not be answered by the figures. The greater problems for large firms might depend
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on the more complex innovation processes there in which product and process in-
novation are more closely related than in the small firms (cf. Table 6). The co-
operation with research institutes is not a major obstacle to innovation, and small
and large firms differ only slightly in their assessment (statistically insignificant).
Stronger differences can be found in assessing the access opportunities to external
knowledge. Small firms have a slight disadvantage over large firms, be it because of
limited search capabilities or because of limited knowledge processing facilities.
This aspect will be raised again later on.

Table 10: Obstaclesto innovation for small and large service firms

Assessment | Lack of quali- | Lack of finan- | Organisation Innovation Internal open- | Co-operation
of obstacles | fied personnel cial capital of innovation risk hardly nessfor inno- | with research
(share of assessable vation

firms in %) SF LF SF LF SF LF SF LF SF LF SF LF

(n=95) (n=79) (n=95) (n=79) (n=95) (n=79) (n=95) (n=79) (n=94) (n=79) (n=94) (n=78)

no 42.1 32.9 30.5 43.0 579 36.7 41.1 354 77.7 60.8 69.1 67.9
medium 27.4 45.6 29.5 34.2 33.7 49.4 35.8 45.6 17.0 31.6 17.0 24.4
great 30.5 21.5 40.0 22.8 8.4 13.9 232 19.0 5.3 7.6 13.8 7.7
xz 0.043 0.046 0.020 0.421 0.050 0.274

As for the manufacturing firms, also small service firms have fewer problems in
organising the innovation process than large firms. Their internal openness for in-
novation is also greater than in their larger counterparts, probably because of more
fluent organisation structures and less routine behaviour. Access to capital and
qualified personnel is a more serious problem in small service firms, so that these
results support the common picture of small firms with respect to these topics. Nei-
ther small nor large firms have great problems in co-operating with research insti-
tutes. In general, manufacturing and service firms do not differ greatly in their as-
sessment of innovation obstacles. This seems not to be a question of industry, but of
size.

4.3 Infor mation exchange

Information is an essential basis for knowledge. They are the relevant medium for
knowledge creation and knowledge formalisation. Information consist of a flow of
news which can be fractionised into single parts ("bits"), be added to the knowledge
base and by this alter it (Nonaka 1994: 14-15). For the innovativeness of a firm it is
crucial to have access to recent information and knowledge and to channel informa-
tion flows within the firm in an efficient manner. In section 2 it was argued that a
decentralised information handling favours creativity and innovation. The kind of
co-ordination activities for innovation gives an indication about how the gatekeeper
function is organised. As can be seen from Table 11, innovation activities in small
manufacturing firms are predominantly centrally co-ordinated (94.7 % of all small
firms), while in nearly 40 % of the large firms a decentralised co-ordination strategy
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is applied. This behaviour is almost independent of the kind of the regional envi-
ronment. Only in rural areas of the sample more large firms favour a centralised co-
ordination (71.1 % compared to an average of 62.7 %). It might be attributed to
differences in the regional industrial mix according to which the machinery industry
is overrepresented in the rural areas (35.6 % of the large firms vs. 28.4 % on aver-
age), while the plastics industry is underrepresented (6.7 % compared to 17.3 % on
average). The different gatekeeping activity in small and large firms might have
influenced the more negative assessment of small firms concerning their access to
external knowledge. When information transfer and related activities are monopo-
lised, the knowledge base and innovative potential of a firm highly depend on the
absorptive capacity of the gatekeeper. In cases where this capacity is low it could
have negative effects on the learning and knowledge building abilities of the firm.
Due to their size, small manufacturing firms suffer more on inefficient centralised
gatekeeping than large manufacturing firms which have, according to the figures in
Table 11, also other options in organising information processing processes.

Table 11; Structure of information and innovation co-ordination in small
and large manufacturing firms according to type of region

Type of co- Total Central Intermediate Rural

ordination SF LF SF LF SF LF SF LF
(shares in %) (n=173) (n=225) | (n=50) (n=65) | (n=73) (n=115) | (n=50) (n=45)

corporate co-

ordination 3.6 22.2 2.0 21.5 6.9 27.8 0.0 8.9
decentralised co-

ordination 1.8 15.1 2.0 18.5 14 11.3 2.1 20.0
centralised co-

ordination 94.7 62.7 95.9 60.0 91.7 60.9 97.9 71.1
X2 0.000 0.000 0.000 0.001

It is not only important for innovation by whom information is distributed and how,
but also which information sources are used. In this respect the following table
should answer the question whether there are clear differences between small and
large firms in accessing external information sources. For manufacturing firms, a
distinction is possible between information relevant for product innovation and for
process innovation (cf. Table 12). The two most important information sources for
product innovation are customers and exhibitions. While with customers learning
by using processes and related information flows play the major role, it is a selec-
tive and autonomous information search when information is picked up at exhibi-
tions. For these two sources, small and large firms act in a similar way. Major dif-
ferences can be found with respect to competitors, suppliers and research institutes.
All three sources are much more rated to be important by large firms. In the case of
competitors this might have something to do with trust and diversification. Large
firms with a broader product spectrum and a lesser dependence on only a few stra-
tegic products have more freedom in entering in information exchange with com-
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petitors than small firms. The knowledge base and absorptive capacity of a firm is
related to its ability in co-operating with research institutes (Rosenberg 1990; Hicks
1995). In our sample many more large firms rate research institutes to be an impor-
tant information source than small firms (significant at the 1 % level). Technical
services are the last important information source, both for small and large firms.
With respect to process information, the order of the different information sources
varies compared to product innovation, and also the distinctions between small and
large firms are more pronounced. Literature seems to be an important stimulus for
process innovation, and much more for the large firms. Here firms are able to search
and select by their own and are not dependent on other partners. The second most
information source are exhibitions, fairly equally rated by small and large firms.
The first interactive information flow, that with suppliers, ranks at position three.
Here, as well as in accessing information from competitors, research institutes and
technical services, large firms assess these sources significantly more often to be
important than small firms. These differences have their reason in the fact that small
firms are less engaged in process innovation than large firms and do therefore not
make use of all these information sources. It can be concluded from the table that
the information spectrum of large firms is more diversified than that of small firms,
because more large firms rated the given sources as to be important.

Table 12: Importance of external information sourcesfor small and large
manufacturing firms

Infor mation Product Innovation Process | nnovation

source SF LF v SF LF ¥
(in %) (n=173) | Rank | (n=225) | Rank (n=173) | Rank | (n=225) | Rank
Customers 90.2 1 91.1 1 | 0749 | 37.0 4 40.4 5 | 0484
Exhibitions 72.3 2 75.1 2 10520 56.1 2 64.0 2 | 0.109
Literature 69.4 3 69.3 4 10995 | 59.0 1 72.4 1 | 0.005
Competitors | 59.0 4 71.1 3 0011 | 347 5 46.2 4 | 0.020
Suppliers 44.5 5 56.0 5 10023 | 457 3 63.1 3 | 0.001
Research 20.8 6 36.9 6 | 0001 | 214 7 36.9 6 | 0.001
Services @ 19.7 7 22.7 7 | 0467 | 225 6 35.6 7 | 0.005

()" Rated important and very important for innovation (multiple answers allowed)
@ Engineering and planning bureaux

The information search behaviour between small and large service firms does not
differ significantly. Literature and exhibitions, both self-selective sources, rank first
and second among small and large firms (cf. Table 13). A slight distinction can be
found for research institutes, which were more often mentioned by large firms to be
an important information source. For these firms, personal contacts as an access to
the decentralised information supply in these institutions are much more important
than for small firms. 60.8 % of the large, but only 43.2 % of the small firms found
personal contacts to research institutes for acquiring business information to be im-
portant or very important.
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Table 13: Importance of external information sourcesfor small and large
servicefirms

(share of firms in %)

Infor mation SF LF r
Source ® (n=95) | Rank | (n=79) | Rank

Literature 75.8 1 74.7 1 0.866
Exhibitions 60.0 2 70.9 2 0.134
Clients 57.9 3 62.0 4 0.580
Other services 55.8 4 67.1 3 0.128
Competitors 49.5 5 53.2 5 0.628
Other firms 42.1 6 46.6 6 0.532
Research 22.1 7 34.2 7 0.076

" Difference to 100 %: source does not matter

Summarising client and other firms based information as vertical information net-
working, and competitors, other services and research based information as hori-
zontal information networking, the spatial range of accessing "vertical" sources
does not differ significantly between small and large service firms (cf. Table 14).
There is also no distinction within the three different types of region so that with
respect to one of the research questions raised at the beginning of this paper it can
be concluded for this type of external relations that they are not sensible to spatial
proximity and therefore not strongly affected by the regional environment of the
firm. They also do not follow the market reach of the service firms (cf. Table 3)
which was more strongly oriented towards the region. This might be due to the fact
that the "region", in this case defined by the federal state in which the firm is lo-
cated, is a client base, but a less important information pool compared to the rest of
the country. Also in the spatial distribution of "horizontal" information sources
small and large service firms reveal a quite similar behaviour. The only exception
are firms which are located in central regions. Although it should be expected that
firms would find enough relevant information within their metropolitan area, espe-
cially large service firms do not make intensive use of the information offer, but
prefer German and foreign information sources. Branch differences can be elimi-
nated as a possible explanation, because the industrial structure between the total
service sample and that for central regions is fairly equal (cf. Table 2). Neverthe-
less, the generally low sample size in the regional breakdown should prevent from
overinterpretation of this finding.
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Table 14: Spatial range of information networks of small and large serv-
icefirms
Spatial Range Vertical™ Horizontal® -
(share of firms in %) Total Central Regions
SF LF SF LF SF LF
0=95) (0=79) | 1=95) (n=79) | (n=47) (n=40)
same federal state 13.7 16.5 18.9 17.7 19.1 7.5
within Germany 474 50.6 48.4 51.9 53.2 52.5
beyond German borders 11.6 10.1 9.5 16.5 8.5 27.5
not relevant 27.4 22.8 23.2 13.9 19.1 12.5
Y’ 0.860 0.291 0.065

(O]
(¢]

information exchange with clients and other firms
information exchange with competitors, other services and research institutes

4.4 K nowledge exchange by networking

While information networking does not demand close relations, innovation net-
works are of a different kind. They can be defined as a loose, informal and recom-
binable institutional arrangement, by which the firms seek to reduce uncertainty, to
realise learning processes, to gain access to complementary knowledge and to trans-
fer know-how and knowledge between the different partners of a network (DeBres-
son/Amesse 1991; Koschatzky 1998; Powell 1990). This knowledge transfer func-
tion makes innovation networks so important for both small and large firms. Espe-
cially for small firms external linkages play an important role in accessing comple-
mentary knowledge (Laranja 1998). Usually, a distinction is made between vertical
networks, integrated in the value chain of customers and suppliers, and horizontal
networks with other firms and research institutes. The degree of freedom to search
partners is larger in horizontal networking than in vertical networks which are much
more production based. Networks are not only a knowledge source, but demand
competencies to manage and handle networking relations. Firms without a proper
network management will be unable to make sufficient use of the network advan-
tages and will lose trust of their network partners (Ritter 1998; Koschatzky/Zenker
1999).

The manufacturing firms of the sample were asked with which partners they co-
operate in innovation processes beyond the usual business relations. These relation-
ships were grouped into vertical co-operations (with customers and suppliers), hori-
zontal co-operations (with other firms and research institutes) and co-operations
with service companies as a special case of knowledge support. Vertical innovation
networks were rated to be most important by the firms. 71.7 % of the small and
78.2 % of the large firms found this type of relationship to be of great importance
for innovation support (cf. Table 15). For the total sample as well as for the three
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types of region, small and large firms do not discriminate. Due to its production
based character, vertical innovation networking mostly reflects already existing
business relations which are exploited for innovation purposes. Since they fulfil a
viable function for the firm, the collaborative activity does not differ significantly
between small and large firms and is also independent of the type of region.18 Also
the spatial range of these networks does not vary significantly between the two
types of firms. Large firms show a slightly higher interregional orientation, while
small firms co-operate a little bit more with partners from the same federal state.
This pattern is also not affected by the type of region in which a firm is located.

Table 15: Importance and spatial range of vertical networking by small
and large manufacturing firms according to type of region
(share of firms in %)

I mportance/ Total Central Intermediate Rural
Spatial range SF LF SF LF SF LF SF LF
(0=173) (=225) | (1=50) (n=65) | (n=73) (n=115) | (1=50)  (n=45)
no co-operation | 27.2 20.9 30.0 18.5 23.3 23.5 30.0 17.8
less important 1.2 0.9 0.0 1.5 2.7 0.9 0.0 0.0
very important 71.7 78.2 70.0 80.0 74.0 75.7 70.0 82.2

x 0.323 0.253 0.608 0.165
regional 40.5 35.6 36.0 30.8 38.4 38.3 48.0 35.6
interregional © | 40.5 42.2 40.0 41.5 43.8 45.2 36.0 35.6
x> e 0.317 0.554 0.990 0.220
o 0.724 0.868 0.853 0.964

)" Firms which stated to have regional resp. interregional co-operations
@ for regional networking: within the same federal state
® for interregional networking: outside the federal state

Not only in intensity and the spatial range of vertical networking, but also in the
kind of collaborative activity no significant differences occur between small and
large firms (cf. Figure 2). For both small and large firms, the major purposes of
vertical networks are the realisation of joint projects, a collaboration which is usu-
ally based on contracts and therefore formally arranged, and informal loose contacts
for several purposes. More informally organised are the exchange of experience as
well. Co-operation in pilot applications ranks fourth. It can thus be seen that vertical
networks are not only a collaborative arrangement for informal information and
knowledge exchange, but also used for joint research, development and application
in which mutual learning processes can be realised.

18 Using the same database but including data from Saxony, Fritsch (1999: 12) found out for vertical
cooperations "...that not only the propensity to have at least one cooperative relationship but also
the number of cooperative relationships increases with size." This is indirectly supported by our
results which reveal a slightly higher percentage share for large firms, although the differences
are statistically insignificant.
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Figure 2: Important or very important forms of vertical co-operation

(share of firms in %)

Loose contact

Pilot applications : Exchange of experience

Joint projects

‘—O—Large firms — &—  Small firms ‘

Concerning horizontal networking with other firms and research institutes, a total
different pattern can be found. Not only are horizontal co-operations rated to be less
important than vertical relationships, especially by small firms of which 59.0 % do
not co-operate at all, but also are the differences between small and large firms sta-
tistically significant (cf. Table 16). While 64.9 % of the large firms assessed these
networks to be important, only 34.1 % of the small gave the same assessment. Since
horizontal relations are characterised by a high degree of freedom in partner search,
firms can select between different partners, but have to carry out this search on their
own and also have to establish trustworthy relationships. This is sometimes a costly
and time consuming process which requires competencies in network management
and knowledge processing. Usually networking is not a one-way street, but a mutual
interaction in which each partner brings in his specific knowledge. This requires a
knowledge base interesting to others. All these requirements favour large firms in
establishing horizontal innovation networks.
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Table 16: Importance and spatial range of horizontal networking by
small and large manufacturing firms according to type of re-
gion

(share of firms in %)

I mportance/ Total Central Inter mediate Rural
Spatial range SF LF SF LF SF LF SF LF
(n=173) (0=225) | =50) (=65) | =73) (n=115) | (n=50) (n=45)
no co-operation | 59.0 32.9 50.0 24.6 63.0 38.3 62.0 31.1
less important 6.9 2.2 12.0 0.0 1.4 3.5 10.0 2.2
very important | 34.1 64.9 38.0 75.4 35.6 58.3 28.0 66.7

x 0.000 0.000 0.004 0.001
regional 12.7 22.7 16.0 24.6 11.0 20.0 12.0 26.7
interregional 11.7 21.3 16.0 26.2 11.0 17.4 6.0 24 .4
x> 0.011 0.260 0.104 0.069
xZO 0.006 0.191 0.227 0.011

" Firms which stated to have regional resp. interregional co-operations
@ for regional networking: within the same federal state
® for interregional networking: outside the federal state

With respect to co-operations with research institutes, the general differences be-
tween large and small firms in horizontal networking become evident when looking
at the different aspects in this form of collaboration (cf. Figure 3). Small firms are
much less engaged in relationships with research institutes. Large firms, on the
other hand, make strategic use of diploma theses as a kind of knowledge exchange,
but generally more important, for personnel acquisition. Other major forms of co-
operation are joint R&D projects, in which bilateral learning processes can be real-
ised, and the placing of research projects to institutes. The joint use of equipment

does not play a major role for large firms, but seems to be relatively more important
for small firms.
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Figure 3: Important or very important formsof horizontal co-
oper ation with resear ch institutions (share of firms in %)

Use of equipment
100,
,

~ Placing of research projects

s
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Joint R&D

‘—Q—Large firms ——=—Small firms ‘

Compared to vertical networks where no regional differentiation was found, the
importance rating for horizontal networks also discriminates between the types of
regions. Especially in central regions large and also small firms seem to establish
more horizontal relations than in the two other types of region. This might be partly
attributed to the larger supply of possible co-operation partners, because compared
to the total sample a slightly higher share of small and large firms maintain regional
relationships (16.0 % and 24.6 % resp. 12.7 % and 22.7 % for the total sample). On
the other hand, also the shares of interregional networking are higher compared to
the average figures. So the higher activity in horizontal networking of small and
large firms located in central regions seem to be a characteristic behaviour for this
type of region.19 With respect to the already mentioned spatial range of horizontal
co-operations it can be clearly stated that large firms are more actively engaged in
both regional and interregional networking. While in central and intermediate re-
gions the differences are not pronounced enough to be statistically significant, they
are in rural regions and in the total sample. Especially in the rural areas of the sam-
ple only a few of small firms have interregional collaborative relationships, while
relatively more large firms are engaged in both regional and interregional interac-
tion compared with the total figures. The figures do not provide an explanation for
this collaborative behaviour, but it can at least be concluded that horizontal net-
working activities differ slightly with respect to the type of the regional environ-
ment of the firm.

19 In his analysis of 1,000 small and medium-sized manufacturing and service enterprises, Keeble
(1997: 290) came to a similar finding of a higher collaborative activity in central regions. In his
study over twice as many metropolitan service firms reported collaborative arrangements com-
pared to service firms in peripheral regions.
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Besides manufacturing firms or research institutions, business-related service firms
play an increasing role in knowledge creation and exchange. This is especially the
case for organisational and social innovations, but for technological innovations as
well (Muller/Zenker 1998). Service firms support knowledge creation and innova-
tive activity of their industrial and service clients. Because of the intensive linkages
between manufacturing and service firms, the supply of innovation supporting
services plays a crucial role in the stimulation of regional innovation activity (Bel-
lini 1998; Cappellin/Nijkamp 1990; Coffey/Polese 1987; Wood 1995). While ubiq-
uitous services (e.g. standardised tax and legal accounting) are dispersed in space,
high order services like advertising and marketing or specialised software support
are spatially concentrated and only offered at certain locations. For both kinds of
services personal contacts and intensive communication are essential, but the latter
do not require spatial proximity; interregional or even international co-operations
dominate (Schamp 1986; Strambach 1995). In this paper, manufacturing-service co-
operation is viewed from two perspectives. The first perspective points to the im-
portance of service interaction in the view of manufacturing firms.

84.4 % of the large and 59.5 % of the small manufacturing firms co-operated with
technical and advisory services for innovation purposes (cf. Table 17). Advisory
services comprise accounting and business consultancy, technical services com-
puter-related activities and engineering. This makes clear that large firms make
much more use of the complementary knowledge base service firms offer than
small firms. With the share of 84.4 %, service firms are even a more important
knowledge base for large firms than customers and suppliers (cf. Table 15). Among
small firms, a higher share of co-operations with advisory services can be found, so
that technical information and knowledge is less acquired by these firms. Great dif-
ferences between the regions do not exist, but in rural areas the collaborative be-
haviour of small and large firms is less different (i.e. statistically insignificant) than
in the other regions.

Table 17: Networ king with service companies by small and large
manufacturing firms according to type of region

(share of firms in %)

Collaborative Total Central Intermediate Rural
activity SF LF SF LF SF LF SF LF
n=173) (n=225) | (n=50) (n=65) | (n=73) (n=115)| (n=50) (n=45)

no co-operation 19.1 7.6 16.0 6.2 23.3 8.7 16.0 6.7
with advisory

services only 20.2 7.1 22.0 7.7 19.2 5.2 20.0 11.1
with technical

services only 1.2 0.9 4.0 0.0 0.0 0.9 0.0 2.2
by both types 59.5 84.4 58.0 86.2 57.5 85.2 64.0 80.0
x2 0.000 0.006 0.000 0.177
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Similar to horizontal networking, small manufacturing firms have a much closer
spatial range in their interaction with service companies than large firms. This ap-
plies for networking with advisory and technical services, as well as for the three
types of region, where only firms in the rural areas make an exception for technical
services co-operation (cf. Table 18). In interacting with advisory services, many
small firms limit their search radius to their region, so that 68.4 % (in intermediate
regions even 75.0 %) co-operate with partners from the same area. Large firms have
a wider search radius and are more selective in choosing their partners, because
nearly 55 % have complementary linkages with advisory and technical services
from within and outside the region. Although the high regional percentage share
recorded for small firms in advisory services co-operation would suggest a limited
ability for longer distances interaction, this is not the case for technical services.
The share of small firms which co-operate only with partners from outside their
own region (32.4 %) is higher than for the large firms (23.7 %). Especially for small
manufacturing firms the search radius does not only seem to depend on the avail-
ability of local services, but as well on personal contacts and trust, which are rated
to be more important for legal activities and tax accounting than for standardised
software support, for example. Between the regions there are only slight deviations
in the spatial range of co-operations, so that the identified pattern is independent of
the type of region. A slight restriction refers to central regions in which large firms
have a slightly higher regional co-operation share than on average. This might re-
flect the better service supply there, but this tendency is far from being statistically
significant.

Table 18: Shar e of regional and interregional networking of small and
large manufacturing firmswith services accor ding to type of
region
(share of firms in %)

Co-operation with advisory services
Range of Total Central Intermediate Rural
co-operation SF LF SF LF SF LF SF LF
(n=136) (=197) | (1=39) (n=58) | (n=56) (n=98) | (n=41) (n=41)
only region 68.4 28.9 69.2 32.8 75.0 27.6 58.5 26.8
only outside region 8.8 16.2 7.7 10.3 3.6 17.3 17.1 22.0
in- and outside
region 22.8 54.8 23.1 56.9 21.4 55.1 24.4 51.2
x2 0.000 0.002 0.000 0.011
Co-oper ation with technical services
SF LF SF LF SF LF SF LF
(0=102) (n=190) | (n=29) (n=55) | (0=42) (0=98) | (n=31) (n=37)
only region 35.3 21.6 31.0 23.6 38.1 19.4 35.5 24.3
only outside region 324 23.7 34.5 12.7 31.0 28.6 32.3 27.0
in- and outside
region 32.4 54.7 34.5 63.6 31.0 52.0 323 48.6
x2 0.001 0.020 0.030 0.373
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As already pointed out in the section dealing with innovative activity, 72.6 % of the
small and 69.6 % of the large service firms supported manufacturing clients in their
innovative activity. Unfortunately, for reflecting service-manufacturing interaction
in view of the service firms, information are only available for the success factors in
co-operation. Among four success factors, spatial proximity ranks fourth for both
small and large service firms behind personal contacts, familiarity with the indus-
trial branch and the existence of similar qualifications (cf. Table 19). For 31.6 % of
the small and 40.5 % of the large firms spatial proximity is important. Although this
slight difference is statistically insignificant, it is interesting to note that for large
service firms spatial proximity seems to play a slightly higher relevance in client
interaction than for small service firms. Also between the types of region, no statis-
tically significant size effect can be found. But again, 45.0 % of the large firms in
central regions rated spatial proximity to be as important (compared to 31.0 % in
the intermediate regions), so that this relatively high share can be seen as an indica-
tion for favourable business conditions in metropolitan areas.

Table 19: Importance of success factorsin the co-operation between small
and large servicefirmsand industrial clients

Importance Spatial Prox- | Personal con- | Similar quali- | Familiar with

(share of firms in imity tacts fications branch

%) SF LF SF LF SF LF SF LF

(1=95) (n=79)

(n=95) (n=79)

(n=95) (n=79)

(1=95) (n=79)

no co-operation/

unimportant 68.4 59.5 37.9 36.7 57.9 45.6 40.0 38.0
important 31.6 40.5 62.1 63.3 42.1 544 60.0 62.0
x 0.221 0.872 0.105 0.785

As kind of synthesis of the knowledge acquisition and networking pattern of the
firms, a homogeneity analysis was carried out again to see whether the results ob-
tained by cross-tabulations and y* testing hold also true for interrelated variables.
Limiting the analysis to two dimensions, the discrimination measures per variable
for manufacturing and service firms are shown in Table 20.
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Table 20: Discrimination measur esfor manufacturing and service firms
Variables Dimensions Variables Dimensions
Manufacturing 1 2 Services 1 2
REGION 0.027 0.201 |[[REGION 0.010 0.051
REG_VERT 0.105 0.642 | COOP_SERV 0.540 0.118
INTREG_VERT 0.145 0.506 [[COOP_RESEAR 0.334 0.176
REG_HOR 0.323 0.072 |[CLIENT_RANGE 0.578 0.335
INTREG_HOR 0.387 0.035 [REG_VERTINFO 0.297 0.501
REG_SERV 0.151 0.002 | REG_HORINFO 0.198 0.380
INTREG_SERV 0.336 0.053 |[[REG_OTHERINFO | 0.248 0.226
COOP_RESEAR 0.260 0.055 |[TURNOV_RANGE | 0.099 0.267
TURNOV_RANGE | 0.133 0.145 | SIZE 0.023 0.000
COORD_INNO 0.168 0.165
SIZE 0.351 0.192

It can be seen that for the manufacturing firms size (SIZE) is a discriminating vari-
able in a way that large firms are more strongly engaged in horizontal networking
(both regionally and interregionally; REG _HOR, INTREG HOR), and also in
interregional co-operations with service firms (INTREG SERV) and in co-
operations with research institutes (COOP_RESEAR). Small firms, on the other
hand, are more regionally oriented, both with respect to co-operation behaviour and
markets. The type of region in which the firms are located (REGION) discriminates
more on the second dimension which points to the importance of vertical network-
ing. In this respect, firm size plays only a minor role compared to the first dimen-
sion. In the plot of the two dimensions decentral innovation co-ordination is much
closer linked to large then to small firms. For the service firms, size (SIZE) as well
as the type of region (REGION) are not discriminating. Therefore a clear distinction
between small and large service firms and their collaborative behaviour is not pos-
sible. Nevertheless, the plots show that service firms which often co-operate with
other services co-operate also quite often with research institutes. Those ones which
mainly use vertical information sources from within their region also have a high
share of industrial clients from the same region. All in all, the homogeneity analysis
confirms the results already derived by descriptive statistics that the networking
behaviour differs especially between small and large manufacturing firms. The dis-
crimination measures make also clear that for service firms the firm size (as defined
in this paper) is a much less discriminating factor in information exchange and in-
novation co-operation than for manufacturing firms.
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4.5 Assessment of theregion

Both manufacturing and service firms were asked to assess their regional frame-
work conditions for innovative activity. Four out of five aspects are differently as-
sessed by small and large manufacturing firms (cf. Table 21). In the binary rating
spectrum of bad and good, large firms seem to have a more positive attitude to-
wards their region, because the labour market and the research supply received
much more positive than negative assessments. For the small firms, this is only the
case for the access to suppliers. Compared to large firms, small manufacturing firms
seem to have more difficulties with the regional labour market. This corresponds to
the ratings in the obstacles to innovation, where more small firms suffered from a
lack of personnel than large firms (cf. Table 9). For both small and large firms, the
regional access to customers is more worse than good, while the availability of sup-
pliers is seen more positively.

Table 21: Assessment of regional framework conditionsfor innovative
activity by small and large manufacturing firms

Assess- Labour mar- Accessto Accessto Resear ch sup- Innovation
ment ket customer s suppliers ply climate
(share of SF LF SF LF SF LF SF LF SF LF
firms in %) | (n=168) (m=221) | (n=166) (n=222) | (1=165) (n=220) | (n=166) (n=219) | (n=166) (n=218)

bad 250 158 | 289 338 17.6  23.6 | 20.5 13.2 | 349 252
medium | 49.4 425 | 482 464 | 442 495 | 60.8 54.8 | 48.2 60.6
good 256  41.6 | 229 19.8 | 382 268 18.7  32.0 16.9 14.2
x 0.002 0.549 0.049 0.007 0.048

The "innovation climate" is quasi a summary of the different regional factors af-
fecting the innovative activities of firms. The ratings of large firms are less bad than
those of the small firms, but for both firm types negative ratings prevail. A deeper
look into the ratings for the different types of region reveals a slightly different
picture (cf. Table 22). The central regions are best assessed compared to intermedi-
ate and rural areas, especially by large firms which gave more good than bad rat-
ings. But also the small firms assigned their highest score for a good innovation
climate to the central regions. In the comparison between intermediate and rural
regions, the innovation conditions seem to be better in the rural areas. Here the bad
ratings are lower and large firms gave a more positive assessment than in the inter-
mediate regions. Also for these results it has to be pointed out that they reflect a
tendency and are (besides the different shares for the "medium" rating) statistically
insignificant. Significant, although only at the 10 % level, are the differences be-
tween small and large manufacturing firms in the intermediate regions.
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Table 22; Assessment of theregional innovation climate by small and
lar ge manufacturing firms according to types of region
(share of firms in %)

ASssess- Total Central Intermediate Rural

ment SF LF SF LF SF LF SF LF

(n=166) (n=218) | (n=47) (1=63) | (n=72) (n=112) | (n=47) (n=43)

bad 34.9 252 29.8 17.5 40.3 29.5 31.9 25.6

medium | 482 60.6 46.8 63.5 44 4 60.7 55.3 55.8

good 16.9 14.2 23.4 19.0 15.3 9.8 12.8 18.6

x> 0.048 0.185 0.093 0.669

Service firms seem to have a worse perception of their regional environment than
manufacturing firms. Only for the assessment of the regional client base more posi-
tive than negative ratings were given by the large firms. Otherwise the negative
assessments prevail (cf. Table 23). While small and large manufacturing firms
clearly differed in their assessment of the regional labour market, no distinction is
possible between small and large service firms. The same holds true for the client
base, which is nearly identical assessed by the two firm groups. It is interesting to
note that more large firms had a bad perception of the quality of the regional re-
search supply than small firms. Nevertheless, this does not seem to be a major
problem, because only 7.7 % of the large service firms had severe problems in their
co-operation with research institutes (cf. Table 10). As for manufacturing firms, the
innovation climate is more positively assessed by large service firms. The differ-
ences between small and large firms are, however, only significant at the 10 %
level.

In the regional breakdown, the central regions have a much better innovation cli-
mate than the two other types of region. 36.8 % of the large service firms located in
central areas rated the innovation climate positively, compared to 23.7 % which
gave a negative assessment. Since this is a similar result as for manufacturing firms,
large firms (manufacturing and services) either seem to adapt better to this kind of
regional environment or are able to make better use of it. In the two other regions,
the percentage shares for a negative assessment are much higher than for a positive
rating, and small firms gave more negative votes for the intermediate regions, while
large firms did this for the rural areas. All in all, small and large firms differ in their
assessment of their location. Especially large firms can make a better use of their
regional environment, even in those regions which are generally rated as having a
bad innovation climate, as can be seen from the higher positive shares attributed by
large firms.
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Table 23: Assessment of regional framework conditionsfor innovative
activity by small and large service firms
Assess- Regional labour Suitable client Quality of re- | Readinessfor co- [ Innovation cli-
ment mar ket base sear ch supply operation mate
(share of SF LF SF LF SF LF SF LF SF LF
firms in %) | (n=88) (n=77) | (n=92) (n=76) | (=39) (n=46) | (n=91) (n=75) | (n=89) (n=76)
bad 341 286 | 315 250 | 128 370 | 407 240 | 393 316
medium | 489 481 | 402 447 | 744 565 | 495  56.0 | 494 447
good 170 234 | 283 303 | 12.8 6.5 9.9 20.0 | 112 237
x 0.542 0.645 0.035 0.035 0.099
5. Summary and Conclusions

The results derived from an analysis of the German regional innovation survey cov-
ering manufacturing and service firms can be summarised according to the research
questions raised in section 1 as follows:

@)

2)

By which structural characteristics do small and large firms differ?

Small firms, both from manufacturing and services, have a higher regional
market share than large firms. The regional market orientation of small serv-
ice firms is stronger than that of small manufacturing firms. This makes small
firms more dependent on regional demand conditions.

The relative degree of human capital intensity, measured by the share of
highly qualified personnel in total employment, is significantly higher in
small manufacturing firms. When it comes to absolute figures, however, large
firms employ many more highly qualified people.

Small service firms are more dependent on private enterprises as clients,
while large service firms have a more diversified client base.

Which innovation strategies are applied in each group?

Innovation in small manufacturing firms is more focussed on product innova-
tion than on a combination of product and process innovation (as in large
firms).

Small manufacturing and service firms invest a higher share of expenditures
and personnel in R&D and innovation, but the absolute input of large firms is
greater.

More small manufacturing firms carry out development work on an occa-
sional basis (just when needed), while large firms are permanently engaged in
development, reflecting routines in the innovative behaviour.
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What external information sources are used by small and large firms and how
isthe distribution of this information within the firm being organised?

Small manufacturing firms are characterised by a strong central information
and innovation co-ordination gatekeeping, with a high dependence of the
knowledge-base and absorptive capacity of the gatekeeper. In large firms, in-
formation flows are more decentrally co-ordinated which, according to the
concept of the absorptive capacity of a firm, supports innovativeness and re-
duces the risk of not being able to monitor and process relevant information.

Compared to large manufacturing firms, small manufacturing firms acquire
less information from competitors, suppliers and research institutes. Small
service firms have a fairly similar information spectrum than large service
firms with the exception that they significantly use less research-based infor-
mation.

In the spatial range of vertical and horizontal information networking there is
no significant difference between small and large service firms. In horizontal
information exchange slightly more regional sources are used by small firms
which, especially in central regions, are accessing significantly less interna-
tional information than large service firms.

Which knowledge sources are used for innovation by the firms and what is the
spatial range of innovation networking? Can differences in information and
knowledge acquisition and the spatial range of networking be found for small
and large firms between different types of regions?

Vertical networking and interactions with service firms are more important
knowledge sources for manufacturing firms than horizontal co-operations, ir-
respective of firm size.

In vertical networks, small and large firms behave similarly, so that size is not
a discriminating factor for this kind of knowledge exchange. There are also no
regional influences on vertical networking activities, so that a clear depend-
ence on the quality of the regional environment could not be detected. A
similar result was found for vertical information networks of small and large
service firms.

Horizontal networks are much more used by large firms in acquiring comple-
mentary knowledge than by small firms. The latter seem to rely more on pro-
duction based (vertical) relations, while more large firms make strategic use
of additional expertise knowledge. This is especially the case in central re-
gions which positively influence the propensity to co-operate. This holds true
for small firms as well. In rural areas, small firms are less integrated in hori-
zontal networks, perhaps because of a limited supply of possible co-operation
partners.
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Also in co-operations with services, many more large manufacturing firms
make use of the innovation supporting function of advisory and technical
services than small firms. Small firms show a higher propensity to co-operate
with advisory services only. This pattern holds also true for the three types of
regions, so that besides some slighter differences between small and large
firms in rural areas the co-operation behaviour is not affected by the kind of
the regional environment.

In all three kinds of networking activity, small manufacturing firms co-
operate significantly more with partners from the same region than large firms
which have a higher share of complementary, i.e. regional and interregional
network relations. Due to this stronger regional embeddedness, small firms
are more dependent on the availability and quality of regional knowledge
sources, while large firms try to minimise co-operation risks by selecting
partners from several regions. Especially in the co-operation with advisory
services, small firms highly depend on the regional supply of such services.

While within the three types of regions the knowledge exchange pattern dif-
fers between small and large firms for horizontal and services networking, it
is only slightly affected by the regional environment. The type of region in
which a firm is located only plays a role for horizontal networking activity in
a way that especially in rural areas small manufacturing firms are less en-
gaged in interregional co-operations.

Although in information exchange large service firms had a slightly (but
compared to small firms insignificant) higher orientation towards non-
regional partners, they found spatial proximity to be more important in inter-
actions with industrial clients than small firms. Since both results are statisti-
cally insignificant, they only reflect a tendency but no sound empirical find-
ing.

What are the major obstacles for innovation and how do firms assess the re-
gion in which they are located?

Major obstacles for small manufacturing firms compared to large firms are a
lack of marketing personnel and the access to external knowledge. Small
service firms faced major problems in acquiring financial capital and qualified
personnel. In general, there are less differences between manufacturing and
service firms, but more between size. The problems of small manufacturing
and small service firms are more similar than between the two firm groups
within each industry.

Small manufacturing and service firms have a worse perception of their re-
gion than large firms. In comparison between the three types of region, the in-
novation climate is best rated in central regions, both by small and large firms.
Large firms, however, can make a better use of their regional environment,
because they face less problems compared to small firms even in the regions
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of the sample which do not seem to provide most favourable innovation con-
ditions.

(6) Arethere similarities between small manufacturing and small service firmsin
their innovation behaviour, or do firms from both sectors differ significantly
in innovation, irrespective of size?

There are more similarities between small manufacturing and small service
firms than between small and large manufacturing firms. In their information
and co-operation activities, small and large service firms behave fairly equal.
This seems to be an indication that firm size is a distinctive variable for the
differentiation between structural and behavioural characteristics of firms, es-
pecially within the manufacturing sector, less among service firms. This can
at least be concluded for the firms of our sample.

(7)  Which conclusions can be drawn for regional innovation policy with respect
to small firmsinnovation and regional supply supporting factors?

Based on the findings of this empirical analysis, the conclusion seems justi-
fied that small firms more strongly depend on regional information and
knowledge sources for their innovative activity than larger firms.20 This paper
could not address the differences between small and large firms in their inno-
vative success. Therefore the question arises how the stronger regional em-
beddedness influences the innovative and economic performance of small
firms. If it is influenced positively, there seems no need to support small firms
in their innovative activity by region specific innovation policy measures. If
they face problems because of their stronger dependence on regional net-
working, innovation policy support seems justified, especially with respect to
the reduction of disadvantages compared to large firms.

For small firms in general the question can be answered with reference to the
small firms innovation literature as: "it depends". With respect to a high share
of regional networking and the kind of region in which a firm is located, the
results of this paper allow a second answer. The generally more favourable
assessment for the innovation climate in central regions and the worse per-
ception for the other two regions indicate that firms in intermediate and rural
areas seem to face more problems in innovation than those in central regions.
Due to the shorter range of networks small firms cannot compensate knowl-
edge deficits in their regional environment in the same way as large firms can.
But there is a regional differentiation. Small firms in central regions can not
only benefit from the better supply of knowledge sources by regional net-

20 In this respect, our results seem to follow a general pattern since also Feldman (1994: 370) came
to a similar conclusion for firms from the United States. She summarises "... that small firms rely
more on external sources of input to the innovation process" and "... that small businesses have a
less well developed internal R&D capability than their larger counterparts and thus rely more
heavily on external R&D from universities".
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working, but are as well more strongly engaged in interregional networking,
especially in horizontal knowledge exchange. Whether both depend on each
other may be an assumption, but cannot be checked with the data. Small firms
in intermediate and in rural areas have or use less possibilities to interact with
partners from outside the region and are more strongly embedded within their
region. This reduces their knowledge input to regionally available sources and
to knowledge acquired by autonomous learning (e.g. literature use). In the
light of knowledge economics' argumentation that information and knowledge
are important prerequisites for innovative activity and regarding the worse
perception of the regional environment, it may be assumed that especially
small manufacturing and service firms in intermediate and rural areas are dis-
criminated in knowledge access compared to small and large firms in central
regions. On the other hand, this should not automatically imply negative im-
pacts on the innovative performance of small firms located outside the metro-
politan cores. At least with respect to innovation intensity no major difference
compared to firms located in central areas could have been found in this
analysis. This supports at least findings of other empirical studies that firms in
peripheral areas are not less innovative, but apply different innovation strate-
gies (Keeble 1997: 289). Nevertheless, innovation policy support should be
given to these firms.

The analysis could not answer the question which policy measures could re-
duce this disadvantage. This would demand more detailed studies about the
knowledge accessing and processing behaviour of the small firms. On a gen-
eral level, the results of the empirical study recommend that regional innova-
tion policy support should improve

« the abilities for autonomous learning in small manufacturing and service
firms,

« the knowledge accessing and knowledge processing abilities of small
manufacturing and service firms

located especially in intermediate and peripheral areas. This would not only
improve the firm's own learning abilities, but also qualify more firms in in-
termediate and peripheral areas to become a network partner — in regional and
interregional networking.
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1 I ntroduction

The expanding field of economic literature devoted to knowledge production and
diffusion strongly emphasises that knowledge is increasingly becoming a crucial
resource for growth. Moreover, the issues of knowledge and innovation appear as
intimately inter-related, underlining their decisive influence for the competitiveness
of firms and countries, but also for the development and prosperity of regions. In
fact, and this is only a paradox at first glance, despite (and even to a certain extent,
due to) its intangible nature knowledge is not ideas floating in a purely abstract vac-
uum but is rooted in the economic reality, and is thus, at least partially, linked to
territories. This paper aims at highlighting the complex relations between knowl-
edge, innovation and regions. In the first section, a brief theoretical overview pro-
vides the key conceptual elements which allow the mechanisms of knowledge crea-
tion and diffusion and their implications for innovation and regional development to
be questioned. The second section of the paper offers an illustration of how knowl-
edge exchanges between different categories of actors may take place. The pro-
posed typology displays some stylised facts related notably to the spatial patterns of
innovation interactions. Finally, the concluding part raises several issues which can
be considered from the researcher's as well as from the policy-maker's points of
view.

2 From knowledge to regions. a theoretical overview

This first section is devoted to the theoretical aspects of the interrelations between
knowledge, innovation and regions. At first, the difference between knowledge and
information is established, which is completed by the distinction between tacit and

The present paper has been written with support from the German Research Association (Deutsche
Forschungsgemeinschaft, Programme "Technological Change and Regional Development in
Europe") and from the EU programme TSER (TIPIK project: Technology and Infrastructures Policy
in the knowledge-based economy - the Impact of the Tendency towards Codification of Knowledge).
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codified knowledge. This leads to a consideration of innovation, in line with the
evolutionary approach of innovation, as a cycle associating tacit and codified
knowledge within firms and between firms and further actors. Finally, the issues of
knowledge sharing and innovation interactions on a regional level are addressed.

Dealing with knowledge implies a critical attempt to define its nature. In this re-
spect, it seems particularly important to stress that knowledge is more than a sum of
information. Nonaka (1994) underlines the necessity to distinguish clearly between
"information" and "knowledge", although they are sometimes used as synonyms. In
this respect, information can be considered as a flow of messages or meanings
which might add to, restructure or modify knowledge. Information is thus a neces-
sary and inseparable medium for establishing and formalising knowledge. More
precisely, one may refer to the distinction provided by Laborit (1974), between: (i)
circulating information, (i.e. routinised and repetitive information); and (ii) struc-
turing information, (i.e. information liable to provoke or to favour an adaptation or a
transformation and leading to non-routinised decisions). This distinction (cf. Ancori
1983) reviews in fact two visions of communication: the Shannonian approach (in
which information is reduced to the status of signals, and communication consists
of the transmission of these signals) and the Batesonian one. In this latest approach,
informational flows which lead to "alterations" of the system are introduced in the
analysis. Considering for instance a firm, its aptitude to organise its informational
flows and to "extract them from/combine them with" its informational stock can be
seen as the expression of its knowledge-base. This perspective allows the estab-
lishment of the distinction between information and knowledge. At the same time, it
highlights the economic importance of knowledge, and consequently of learning. As
Cooke (1998: 8) put it: "Knowledge plays a fundamental role: the constitution of a
firmis mediated by the knowledge possessed by the founder or ‘creative agent' and
developed by learning. Firms learn from their own experience, but also from other
firms they work with and with whom they share information, knowledge and tech-
nologies."

The economic understanding of knowledge relates primarily to the process of
knowledge creation and diffusion within the economy. To grasp this process, it is
necessary to consider the issues of codability and codification of knowledge. The
distinction between tacit and codified knowledge has been established by Polanyi
(1966). Whereas codified knowledge is easily transmittable in a formal and sys-
tematic language (comprising words, figures, etc.), tacit knowledge always has an
implicit or individual related character (strongly based on personal experience)
which makes its formalisation and exchange difficult. The "knowledge pyramid"
provides a possible representation (among others) of the distinction between tacit
and codified knowledge (cf. figure 1). Nevertheless, it is important to keep in mind
that these two forms complement rather than substitute each other. In fact, they tend
to co-evolve: the process of codification generates new tacit knowledge. For in-
stance, the ability of an individual to understand or interpret the codes in which
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knowledge is articulated is itself based on tacit knowledge, which can only be ac-
quired through practice and experience. "Any organization that dynamically deals
with a changing environment ought not only to process information efficiently, but
also create information and knowledge", asserts Nonaka (1994: 14). This circula-
tion of knowledge implies its transformation along two dimensions (explicit/tacit -
individual/social). Focussing on firms and on innovation activities, the knowledge-
base of a firm can be interpreted as a combination of tacit (or implicit) and of codi-
fied (or explicit) knowledge. The expansion of a firm's knowledge base can be real-
ised by the exploitation of internal search capacities or by the acquisition of external
knowledge (cf. Saviotti 1998). In this respect, a firm’s expansion depends on the
"absorptive capacities" it develops (cf. Cohen and Levinthal 1989). To sum up,
knowledge constitutes a pre-condition for understanding (new) information; and to
create (additional) information. Consequently, knowledge is intimately interrelated
to innovation processes.

Figure 1: The pyramid of knowledge
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Adapted from: Gassmann (1997: 152)

The phenomenon of innovation can be conceived as an evolutionary process based
on knowledge. This vision corresponds to the approach adopted by evolutionary
economics (cf. Nelson and Winter 1974, 1975, 1977). The central role played by
knowledge for innovation is ideally depicted by Kline and Rosenberg (1986) in
their "chain-linked model". This model can be interpreted on different levels:
while the (traditional) linear model features only one single level, the "chain-linked
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model" comprises five of them (cf. figure 2). The first level consists of the central
chain which - extending from the "conception" to the "distribution" of innovation -
can be seen as the integration of the linear model. The second level is constituted of
the feed-back loops associating phases of the central chain: each stage is linked to
the preceding one, and the last (marketing and distribution) to all the other phases.
The third level links the central chain of innovation to research2] which constitutes
a kind of "knowledge-stock" likely to stimulate each step of the innovation process
(and not only its beginning, in contrast to the linear model). The last levels are less
frequent and feature situations where respectively: (i) dramatic scientific shifts gen-
erate radical innovations; and (ii) innovations support the expansion of scientific
knowledge.

Figure 2: Thechain-linked model
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21 The term research encompasses internal and external activities.
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The phenomenon of innovation should be understood as a cycle involving interac-
tion between tacit and codified knowledge. To make the link with the approach
adopted by evolutionary economics, it is possible to assert that: (i) firms are organi-
sations which apply different inputs, one of the most relevant for innovation being
information; (ii) information is accumulated in and processed by the knowledge
base of the firm; and (iii) knowledge accumulation and knowledge processing by
firms results from learning. From a dynamic perspective, knowledge can be seen as
expanding by associating in different forms, tacit and codified knowledge.22 On the
one hand, the codification of tacit knowledge allows an availability of knowledge
which increases with time. On the other hand, the dynamic expansion of codified
knowledge generates the apparition of new areas of tacit knowledge (cf. figure 3).

Figure 3: A context of expanding knowledge

Source: Muller et al. (1998: 6)

Three further observations may be relevant before introducing the regional dimen-
sion in the analysis of the relations between knowledge and innovation. Firstly, the
above developed conception of the knowledge base of the firm authorises (and fur-
thermore implies) the existence of shared learning effects. Shared learning effects
correspond to situations where learning occurs simultaneously within and outside a
given organisation, for instance, when learning takes place in two firms at the same
time. It can quite easily be assumed that shared learning effects may influence the
innovativeness of firms. The second observation concerns the growing possibilities

22 For a detailed analysis of knowledge creation, transformation and diffusion within firms, see
Nonaka (1994).
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of using new means of codification in the production of knowledge, notably (but
not exclusively) due to the dramatic development of information and communica-
tion technologies (ICT). These new means of codification affect notably: (i) the
generation of new knowledge by firms; (ii) the storing of and access to top knowl-
edge within firms; and (iii) the exchange between firms and further actors. Moreo-
ver, these three are strongly inter-related and mutually reinforcing. Finally, consid-
ering that the development of a firm's knowledge base (through learning) deter-
mines its competencies (and thus its innovativeness), it appears that the learning
process is path dependent. In fact, the development of competencies by a firm is
path dependent in the sense that: (i) a firm learning consists of the combination of
"knowledge items" taking different forms (for instance tacit and codified) which
implies having been previously acquired or generated ; (ii) this combination refers
to an application, i.e. a further step in the process. This remark seems valid even if
one considers particular cases in which, for instance, organisational forgetting is a
necessary step of the learning process.

Regional learning directed towards innovation is not simply the acquisition of in-
formation by firms or groups of firms located within a specific territorial unit de-
fined as a region. It may seem more judicious to consider regional learning as a pro-
cess by which information available (inside and outside the region) to regional ac-
tors becomes usable knowledge for firms located in the region. In this respect, the
role and impact of innovation systems can be examined by distinguishing mainly
two levels: the national and the regional one. Systems may be defined in this con-
text as "complexes of elements or components, which mutually condition and con-
strain one another, so that the whole complex works together, with some reasonably
clearly defined overall function" (Edquist 1997: 13). In the continuation of Freeman
(1987) and Lundvall (1988; 1992) abundant literature can be found related to na-
tional innovation systems (NIS). The regional innovation system (RIS) approach
(cf. Cooke et al. 1996; Cooke 1998) encompasses the concepts of "industrial dis-
trict", "innovative milieu" and "regional learning" to the greatest extent. It allows a
summary of the arguments in favour of an influence of the regional environment on
firms' innovation capacities.23 RIS can be perceived as a transposition of NIS on
the regional level. From both regional and national perspectives, the system of in-
novation is constituted by elements and relationships interacting in the production,
diffusion and use of new knowledge. Thus, it provides a set of arguments high-
lighting why and how certain regions (and a fortiori some countries) are more inno-
vative than others.

23 An alternative perception, which can be found in the literature but is not retained here, should be
briefly evoked. In fact, it is possible to define a region from an economic perspective, for in-
stance with the help of the approach in terms of clusters (in the sense of industrial clusters given
by Porter 1990). From this point of view, the industrial cluster may be seen as the sum of all the
economic actors contributing directly to the dominant production process of the considered re-
gion.
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In fact, considering innovative regions, the previously evoked circulation and com-
bination of knowledge is achieved by two main (non—exclusive) methods: (i) the
activity and mobility of skilled personnel; and (ii) the development of formal and
informal relations of co-operation among actors. In both cases, the ability to transfer
knowledge within the region (and to a certain extent the aptitude to catch up with
knowledge from outside the region) will depend on a common language and on a
shared knowledge base. In this respect, as Keeble and Wilkinson (1999: 299) put it :
"Tacit knowledge (...) is specific to organizational and geographic locations and
thisincreasesitsinternal circulation but impedes its external accessibility." In other
words, localised innovation networks favour an efficient circulation of codified
knowledge since the structure of the interactions makes different segments of spe-
cific tacit forms of knowledge compatible. More generally, referring to the argu-
ments developed by Lawson and Lorenz (1999), the processes underlying regional
collective learning can be examined along three central ideas. Firstly, the overall
attitude towards innovation within a region, which relies on the concept of regional
innovation culture. A lack of innovation culture has as a consequence developed
regional inertia, meaning that firms face resistance when trying to introduce, to use
and to diffuse new knowledge24. Secondly, the resources potentially available
within a region in terms of knowledge bases and possible knowledge combination
constitute the regional innovation potential. As exposed previously, learning, no-
tably with respect to innovation, is a path dependent and cumulative process. The
search for and access to new knowledge which becomes incorporated into the re-
gional firm's routines in an incremental manner enables the introduction of innova-
tions (i.e. mostly incremental and exceptionally radical innovations). Finally, the
willingness of regional actors to be open to knowledge sharing and their ability to
exchange ideas on the issue of innovation constitute the aptitude to build up re-
gional innovation networks. The existence of a "common language" or, more gen-
erally, of a business and regionally rooted culture explains that such networks may
resolve the problems of co-ordination/competition which inevitably arise when
knowledge becomes shared on innovation issues.

Considering the policy implications of regional learning in terms of innovation
support, it seems clear nowadays that the nature and frequency of interactions be-
tween actors, notably in the form of networks, influence regional development (cf.
for instance Braczyk et al. 1998). Nevertheless, and this probably constitutes one of
the main policy challenges for European regions, no unique way to foster regional
innovation capacities and to ensure some competitive advantage can be established.
In this context, the multiplication of innovation-related initiatives, notably initiated
by the European Union, can be interpreted as a willingness to promote the condi-
tions for sustained knowledge-based economic development on a regional level (for

24 To a certain extent, it is possible here to make the link with the GREMI (Groupe de Recherche
Européen sur les Milieux Innovateurs) approach related to "innovative milieux" (cf. for instance
Perrin 1990; Maillat and Perrin 1992).
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an introduction and overview of regional innovation-related initiatives supported by
the European Union, cf. for instance Landabaso, 1997, and Larédo 1995). Learning
is the key component of those policy tools. In fact, such initiatives may be consid-
ered as a form of social engineering, since they aim at the establishment and devel-
opment of what Landabaso et al. (1999) call the "social capital" of a region. "The
more a region (or a company) is in a position to learn (identify, understand and
exploit knowledge [...]) the more capable, and possibly willing, it becomes to build
on and increase its demand and capacity to use further new knowledge." (Land-
abaso et al. 1999: 6). Considering the issue of regional competitive advantages,
localised innovation networks (which are rooted in the region, even if those net-
works include actors from "outside", which can be desirable and useful) appear as
even more decisive than the skills of the regional labour force (since highly skilled
personnel may "escape" from the regional system). In fact, for a region, the estab-
lishment and development of a "social capital" is a way to master capabilities which
cannot simply be transferred or easily replicated elsewhere. In this respect, the co-
existence (within a country, a continent or even in a globalized world) of various
types of regional environment, corresponding to different innovation-related infra-
structural qualities, implies specific functional organisation of knowledge-related
activities. Nevertheless, this does not necessarily imply that regional inequalities in
terms of innovation infrastructure cannot be successfully compensated for, refuting
the belief in "territorial fatality" (Muller 1999a).

3 An illustration of the influence of spatial patternson
knowledge inter actions

A comprehensive theory-oriented literature can be found concerning the links be-
tween knowledge and innovation on a regional level; nevertheless these reflections
are only supported by parceled and heterogeneous empirical studies. This second
section of the paper provides an illustration of knowledge interactions and of their
spatial patterns. This example is extracted from a broader body of empirical investi-
gation dealing with regional innovation potential and focusing notably on the ex-
amination of interlinkages between three types of actors: (i) manufacturing firms
(and in particular SMEs); (i1) knowledge-intensive business service firms (KIBS);
and (iii) universities and research institution labs (also called institutions of techni-
cal infrastructure or ITT).25 The illustration below corresponds to a part of the sur-

25 This operation entitled "Analysis of regional innovation potential from a European perspective"
(1994-1998) was granted by the Deutsche Forschungsgemeinschaft (DFG, the German Research
Council) and designed conjointly by three research teams. The joint research project involved the
Department of Economic Geography at the University of Hannover, the Faculty of Economics
and Business Administration of the Technical University Bergakademie Freiberg and the Fraun-
hofer Institute for Systems and Innovation Research (FhG ISI) in Karlsruhe. A recent special is-
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vey performed for the border regions of Alsace and Baden. In terms of forms of
knowledge involved, this area is particularly interesting for the analysis, since it
corresponds to territories which belong to two different national innovation sys-
tems, and contains five (administrative) sub-units presenting different resources in
terms of innovation—related infrastructures (cf. figure 4). The aim here is not to dis-
play detailed results specific to this area, but to try to benefit from the empirical
results accumulated in order to go one step further in the reflection about knowl-
edge, innovation processes and regions.20 More precisely, the consequences in
terms of innovation and the spatial patterns of knowledge interactions between dif-
ferent categories of actors are considered.

Figure 4: The surveyed regions
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The typology of innovation interactions proposed hereby as an illustration is enti-
tled "the wheel of knowledge interactions" (cf. figure 5). It aims at featuring knowl-
edge exchanges encompassing:

(1) manufacturing SMEs;

(i) KIBS;

sue of the review Raumordnung und Raumforschung (RuR 4, 1998) presents different aspects of
the methodology and of the results of the overall project.

26 Detailed empirical results dealing with the case of Alsace and Baden can be found in Koschatzky
(1997), Muller (1997), Muller and Zenker (1998), Héraud and Muller (1998), Muller (1999b),
Koschatzky (1999).
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(i11) institutions of technological infrastructure (ITI);
(iv) large manufacturers (i.e. not small and medium-sized firms); and
(v) further service firms (i.e. non-KIBS).

A set of approximately 40 personal interviews performed in Alsace and Baden con-
tributed to the establishment of this typology (cf. Muller 1999b: 154-159).27 The
issues of the role and impact of KIBS and ITI are the object of further attention in
the present literature: see notably Strambach concerning KIBS and Héraud & Bu-
reth (already referred to in this reader) for analysis related to ITI. The "wheel of
knowledge" constitutes a basic representation displaying in a speculative manner
some stylised facts about knowledge exchanges. Seven types of interactions or
"links" are schematically depicted according to (i) the type of knowledge involved;
(i1) the spatial patterns of the considered interactions; and (iii) the influence in terms
of firms' innovations.

Figure5: Thewheel of knowledgeinteractionsinvolving KIBS and SMEs
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Source: Muller (1999b: 151)

27 The interviews, performed during the first semester of 1997, dealt with SMEs, KIBS, research
labs and regional innovation-support organisations identified mainly on the basis of a postal sur-
vey. The aim was to gain additional qualitative information supplying the mainly quantitative
character of the overall investigation (cf. Muller 1999b: 77-138).
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(1) Links between SMEs and KIBS. This relation is characterised by the mutual
impact of interaction between SMEs and KIBS on their respective innovation
capacities. Considering empirical results (cf. Muller 1999b: 139-147), it can be
assumed that: (i) when knowledge flows from SMEs to KIBS the knowledge
transmitted is mainly of a tacit nature and proximity plays an important role;
and (i1) when knowledge flows from KIBS to SMEs, proximity appears to be
less important because the transmitted knowledge is mainly codified.

(2) Linksbetween SMEs and I TI. The direct links between SMEs and ITI have as
their main function to support and reinforce SMEs' innovation potential. It can
be assumed that knowledge exchanges are most often of a codified nature. In
this context, proximity between SMEs and ITI is probably not neutral (particu-
larly due to knowledge transmission-related costs), but is nevertheless also not
determinant: the specificity of the knowledge required is in fact the main selec-
tion factor.

(3) Links between KIBS and ITI. In general, the same basic assumptions can be
advanced as for the relations, which are more common, between SMEs and ITI.
One may even suppose that the need for (highly specialised) codified knowl-
edge determines the links between KIBS and ITI and that, as a consequence,
proximity only has little or no impact on those knowledge exchanges.

(4) Links between SMEs and large manufacturers. It is possible to speculate on
the nature of the knowledge exchanges between SMEs and large manufacturers
by comparing two cases schematically. The first case relates to innovations cor-
responding to the adoption by an SME of new techniques developed by large
manufacturers. In this situation, the knowledge transmitted (for instance em-
bodied in equipment) can be seen rather as codified than tacit and proximity as
exerting little or no influence on the relation. The second case relates to specific
development (of products, of processes, ... ) performed by an SME in order to
satisfy the requirements of a large manufacturing client. This corresponds for
instance typically to sub-contracting situations. In comparison to the first case
considered, it can be assumed that tacit knowledge potentially plays a greater
role in the transmission of knowledge (from the SME to the large manufacturer)
and that proximity favours the exchange of knowledge to a certain extent.

(5) Links between KIBS and large manufacturers. Three typical situations can
be used to depict these relationships. The first situation is the adoption by a
KIBS of artefacts produced by large manufacturers. The adoption induces asso-
ciated organisational change (such as, for instance, related equipment in the case
of information technologies). In such a situation, knowledge exchanges can be
seen as mainly codified (strongly embodied in the artefacts) and relatively in-
sensible to proximity effects. The second situation relates to knowledge ex-
changes taking the form of support (for instance managerial consultancy) pro-
vided by KIBS to large manufacturers. Such support constitutes a potential
source of (internal) innovation for KIBS. It can be interpreted as the application
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of knowledge which is partly tacit and partly codified. In this case, it is also re-
alistic to consider that it only plays a marginal role. The third situation depicts
KIBS resulting from the outsourcing of a specific activity initiated by a large
manufacturer. In comparison to the two previous forms of relations, this type of
interaction is characterised rather by the circulation of specific tacit knowledge
and by the importance given to proximity between the partners.

(6) Links between KIBS and service firms. Service firms represent one of the
most important groups of customers for KIBS. The effects of relations with
(non-KIBS) service firms on KIBS' innovation capacities rely mainly on the
concept of new services or on the evolution of existing ones (in order to fulfil
service firms' emerging or changing needs). These relations can mainly be con-
sidered as a process of knowledge codification: (i) which takes place in the cli-
ent firms; (i1) which is based on KIBS accumulated tacit knowledge; and (iii)
for which proximity is rather unimportant.

(7) Links between SMEs and service firms. In contrast to the interactions in-
volving KIBS, the knowledge exchanges which take place between SMEs and
service firms correspond rather to routine services and thus have a relatively
small impact on SMEs' innovation capacities. The type of knowledge involved
and the role of proximity depends strongly on: (i) the degree of standardisation
of the activity associating SMEs and service firms; and (ii) the importance of
elements like trust for the service relation. Schematically, highly standardised
services (typically based on the application of codified knowledge and by which
the question of proximity is only related to cost effects) can be compared to
more specific services (which imply a greater proportion of tacit knowledge and
for which proximity is at least potentially important due to the necessity of a
trusting relationship between the SME and the service firm).

4 Conclusion: Research and policy agenda

When trying to answer the question "what shall we do in the future to better under-
stand the relations between knowledge, innovation processes and regions?", it
seems important to proceed along three main axes: (i) the concepts on which forth-
coming analyses will be based; (ii) the tools which may be useful for performing
these analyses and (iii) the policies required for supporting knowledge develop-
ment, notably on a regional level. New concepts are needed to respond to the chal-
lenging and complex issues raised by the drastic expansion of the place of knowl-
edge in economic activities. It can reasonably be considered that only a reinforced
movement of interdisciplinary reflections (associating notably epistemology, soci-
ology and psychology to economics) may allow new concepts to flourish. Never-
theless, new concepts need to be accompanied by new tools, destined notably to
improve measuring in a satisfactory manner, and thus to better understand the mul-
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tiplicity of phenomena related to knowledge creation and diffusion. In this respect,
investigation instruments such as multifactor analysis, neuronal networks and fuzzy
indicators seem worth examining. Finally, new challenges call for new policies: a
knowledge-ruled economy offers new perspectives for innovation-based regional
development. In the European context especially, due to the double pressure of a
reinforced need for regional convergence within the European Union and of the
emergence of requirements linked to the possible expansion of the Union eastwords
and southwords, regional development policies appear more decisive than ever for
the future.
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I ntroduction

The aim of the paper is to examine the links between the activities of knowledge-
intensive business services (KIBS), the impact on innovation capacities of small and
medium-sized manufacturing firms and the consequences in terms of unequal re-
gional evolution patterns. Adopting an evolutionary perspective of innovation, the
analysis tries to synthesise different approaches in order to highlight some aspects
of the spatial repercussions of the production and diffusion of knowledge by KIBS.
Empirical evidences is gained, based on the examination of firm samples corre-
sponding to SMEs and KIBS located on five French and German regions. The core
of the investigation consists of the three following key hypotheses:

 Interactions between KIBS and SMEs have an impact on their respective inno-
vation capacities.

+ The location of SMEs and KIBS influences their behavioural patterns (i.e. their
propensity to interact, their knowledge-related activities and their innovation ca-
pacities).

« At local level, the evolution patterns of SMEs and KIBS are influenced by their
composition in structural terms (size, type of activity).

l. I nnovation systems, KIBS and regions:. a theor etical
framework

11 Innovation: a knowledge-based process taking place within
systems

Innovation constitutes a process. This perception of technical and managerial
changes taking place within and between firms allows a systemic understanding of
what innovation is. In fact, this phenomenon can be conceived as an evolutionary
process based on knowledge and corresponds to the approach adopted by neo-
schumpeterian or evolutionary economics (cf. notably Nelson and Winter, 1974,
1975, 1977 and Freeman, 1982). The central role played by knowledge for innova-
tion is ideally depicted by Kline and Rosenberg (1986) in their "chain-linked
model". This model can be interpreted in terms of different levels: while the (tradi-
tional) linear model features only one single level, the "chain-linked model" com-
prises five of them (cf. figure 1). The first level consists of the central chain which -
extending from the "conception" to the "distribution" of innovation - can be seen as
the integration of the linear model. The second level is constituted by the feed-back
loops associating different phases of the central chain: each stage is linked to the
preceding one, and the last (marketing and distribution) to all the other phases. The
third level links the central chain of innovation to research which constitutes a kind
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of "knowledge-stock" likely to stimulate each step of the innovation process (and
not only its start, contrary to the linear model). The last levels are less frequent and
feature situations where respectively: (i) dramatic scientific shifts generate radical
innovations; and (ii) innovations support the expansion of scientific knowledge.
Consequently, it is possible to understand the phenomenon of innovation as a cycle
involving interaction between tacit and codified knowledge. Linking this with
the approach adopted by evolutionary economics, it is possible to assert that: (i)
firms are organisations which apply different inputs, one of the most relevant for
innovation being information; (ii) information is accumulated in and processed by
the knowledge base of the firm; and (iii) knowledge accumulation and knowledge
processing by firms results from learning. From a dynamic perspective, knowledge
can be seen as expanding by associating under different forms, tacit and codified
knowledge (for a detailed analysis of knowledge creation, transformation and diffu-
sion within firms, see Nonaka, 1994). In other words, for instance the generation of
new codified knowledge implies the apparition of new tacit knowledge.

Figure1: The chain-linked model
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Single firms do not only develop their knowledge base by internal efforts, but also
use external knowledge sources. As a consequence, the knowledge cycles leading to
innovation result, at least partly, from interactions between different categories of
actors. These categories of actors in turn may be considered as forming systems of
innovation. Systems may be defined in this respect as "complexes of elements or
components, which mutually condition and constrain one another, so that the whole
complex works together, with some reasonably clearly defined overall function"
(Edquist, 1997, p. 13). In fact, the analyses considering the role and impact of in-
novation systems, distinguishes mainly two levels: the national and the regional
one. In the continuation of Freeman (1987) and Lundvall (1988 and 1992) abundant
literature can be found related to national innovation systems (NIS). The regional
innovation system (RIS) approach (cf. Cooke et al. 1996; Cooke 1998) encom-
passes the concepts of "industrial district", "innovative milieu" and "regional learn-
ing" to the greatest extent. It allows a synthesis of the arguments in favour of an
influence of the regional environment on firms' innovation capacities. RIS can be
perceived as a transposition of NIS at the regional level, referring to sub-national
characteristics. To sum up, from both regional and national perspectives, the system
of innovation is constituted by elements and relationships interacting in the produc-
tion, diffusion and use of new knowledge. Thus, it provides a set of arguments
highlighting why and how certain regions (and a fortiori some countries) are more
innovative than others.

As a consequence, considering the role knowledge-intensive business services
(KIBS) may play with regards to innovation, three points should deserve a particu-
lar attention. Firstly, innovation appears as a knowledge-based process and knowl-
edge processing constitutes per definition the main activity of KIBS. Secondly,
according to the evolutionary approach, innovation takes place not only in manu-
facturing firms, but also in services, and a fortiori in KIBS. Moreover, KIBS corre-
spond to a dual position: at the same tine, they may support innovation in other
firms and be the place of (internal) innovation. Finally, evolutionary economics
underline that innovation is not the result of isolated research efforts but are rather
the consequence of interactions influenced by systems which may have a territorial
component, such as NIS and RIS. Consequently, the spatial location of KIBS and
the spread of their interactions may affect the innovation capacities of such systems.
In other words, keeping in mind the issue of the potential impact of KIBS on re-
gional innovation capacities, the following questions must be addressed: (i) What is
the nature of KIBS? and (ii)) What is the meaning of KIBS' activities in terms of
knowledge production and diffusion?

1.2 What are KIBS?

KIBS may be seen as consultancy firms (in a broad meaning), more generally
"knowledge intensive business services (KIBS) can be described as firms perform-
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ing, mainly for other firms, services encompassing a high intellectual value-added"
(Muller, 1999, p. 2). Nevertheless, this general definition does not reflect the diver-
sity of KIBS' forms and activities.

In this respect, it is worthwhile to turn to Miles et al. (1994) who identify two main
KIBS categories, quoted KIBS I and KIBS II (cf. table 1). The authors establish a
separation between (i) "traditional professional services" seen as liable to be inten-
sive users of new technology (such as marketing, advertising and so on) and (ii)
"new technology-based KIBS" (such as software design and other computer-related
activities). To a certain extent, these categories overlap the distinction which is
commonly employed (cf. for instance Koschatzky and Zenker, 1999) between (i)
advisory services (such as legal activities, book-keeping and auditing activities,
market research, business and management activities) and (ii) technical services
(such as computer related activities, engineering and architectural activities, techni-
cal testing and analysis).

Table 1. The two main categories of KIBS

KIBSI: Traditional Professional Services, liableto beintensive users of new
technology

— Marketing/advertising;

— Training (other than in new technologies);

— Design (other than that involving new technologies);

— Some Financial services (e.g. securities and stock-market-related activities);

— Office services (other than those involving new office equipment, and excluding 'physical’ serv-
ices like cleaning);

— Building services (e.g. architecture; surveying; construction engineering);

— Management consultancy (other than that involving new technology);

— Accounting and bookkeeping;

— Legal services;

— Environmental services (not involving new technology, e.g. environmental law, and not based on
old technology, e.g. elementary waste disposal services).

KIBSII: New Technology-Based KIBS
Computer networks/telematics;

— Some Telecommunications (especially new business services);

— Software;

— Other Computer-related services - e.g. Facilities Management;

— Training in new technologies;

— Design involving new technologies;

— Office services involving new office equipment;

— Building services (centrally involving new IT equipment such as Building Energy Management
Systems);

— Management Consultancy involving new technology;

— Technical engineering;

— Environmental services involving new technology;

— R&D Consultancy and 'high-tech boutiques'.

Source: Mileset al. (1994), pp. 19-20
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Additionally to their economic activity, it is also possible to characterise KIBS ac-
cording to the nature of the functions they fulfil for their clients. Three main com-
mon features can be underlined (i) the knowledge-intensity of the service provided
by KIBS for their clients which distinguishes them from other types of services, (ii)
the function of consulting (which could be also expressed as problem-solving func-
tion), and (iii) the strongly interactive or client-related character of the service pro-
vided. This specificity of the functions fulfilled by KIBS for their clients allows to
grasp how knowledge is produced and diffused by KIBS.

1.3 The production and diffusion of knowledge by KIBS

Focussing on the service provided by KIBS, it is possible (referring to Strambach,
2000) to present a knowledge cycle - involving KIBS and their clients - distin-
guishing three main stages in the process of knowledge production and diffusion by
KIBS: i) the acquisition of new knowledge, ii) a stage of knowledge recombination,
and iii) the transfer of knowledge towards the client firm (cf. figure 2).

Figure 2: Knowledge production and diffusion as a result of KIBS activities
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105

The acquisition of new knowledge takes place in contact with the client firms. This
interaction-based generation of knowledge consists mainly in learning by trying to
solve problems on behalf of the client firms. During the second stage, a recombina-
tion of the knowledge acquired previously is performed. This takes the form of a
partial codification of the acquired knowledge, which in turn favours the mastering
of this "new created knowledge". To a certain extent, as underlined by Strambach
(2000), this allows KIBS to create their own market. Finally, the application of this
knowledge under the form of new or enhanced services constitutes a partial transfer
of knowledge from the KIBS to its client firms. As one may observe, the diffusion
of knowledge is interrelated with new possibilities for interaction and knowledge
generation and form (at least potentially) a loop.

From a systemic point of view, the knowledge cycle allows to understand that the
contribution of KIBS to innovation systems may be twofold, corresponding to (i) a
direct contribution (i.e. the innovation activitiecs of KIBS as suppliers of knowl-
edge); and (ii) an indirect contribution (i.e. the impact on innovation activities of
KIBS clients). This twofold contribution leads to consider the possibility of a virtu-
ous innovation circle linking KIBS and SMEs.

1.4 A virtuousinnovation circlelinking KIBS and SM ES?

SME:s trying to innovate are confronted with several obstacles. For instance, in the
frame of an empirical study, Kleinknecht (1989, p. 219) provides a list of possible
problems which small manufacturing firms might experience in the innovation pro-
cess. As a result, it appears that the most important limiting factors for SMEs are:
(1) capital scarcity; (i1) lacking management qualification; as well as (iii) difficulties
to obtain technical information and know-how required for innovation projects.
This list of obstacles indicates clearly that, in terms of innovation capacity, SMES
are confronted with specific limitations related to knowledge. Additionally, as
Bughin and Jacques (1994, pp. 654-655) underline, failure to innovate is not only
related to "bad luck" but seems to be linked to the inability of firms to respect what
these authors call "key managerial principles". These "key principles" consist of: (i)
efficiency of marketing and R&D; (i) synergies between marketing and R&D; (iii)
communication skills, (iv) managerial and organisational excellence; and (v) the
protection of the innovation. In other words, it is suggested that internal R&D
alone (if any) is not sufficient in most of the cases. The innovation-related effort,
therefore, also consists of the access to external informational resources (i.e. pri-
marily the network(s) in which the SME is embedded). This capacity to combine
external and internal sources may be interpreted as an improvement of "absorptive
capacities" (in the meaning given by Cohen and Levinthal, 1989).

This leads to consider KIBS as potentially playing a role of co-innovators for
SMEs. In this respect, the concept of complementary innovation assets developed
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by Teece (1986) is helpful for characterising, from the point of view of SMEs, in-
novation-related interactions with KIBS. In fact, services provided by KIBS to
SMEs, consist of highly interactive processes in which KIBS perform a continuous
adaptation to the needs of their clients. KIBS' activities constitute one element of
SMEs' environment (in terms of information network or of scientific and technical
information system), however, KIBS represent more for SMEs than just a sim-
ple information source. As underlined by Strambach (1998, p. 4): "The purchase
of knowledge-intensive services is not the same as the purchase of a standardized
product or service. The exchange of knowledge products is associated with uncer-
tainties and information asymmetries stemming from the special features of knowl-
edge (...)". Gadrey (1994) distinguishes three important types of functions KIBS can
assume for their clients: (i) the detection and analysis of problems; (ii) the (abstract)
establishment of a diagnosis; and (iii) the (concrete) participation to the problem-
solving process. As a consequence, focusing on SMEs and referring to the concept
of complementary innovation assets suggested by Teece (1986), it seems worth-
while to consider the three following functions: (i) KIBS constitute an information
source for their clients, (i1) KIBS assume a "bridge" or interface function between
the environment and their clients, (iii) KIBS reinforce or catalyse evolution and
innovation capacity of their clients. Consequently, it can be assumed that SMES
interacting with KIBS are in a situation of activation of complementary inno-
vation assets. Going one step further, it can be suggested that KIBS play a role of
co-innovators or even of "midwives" for SMEs (cf. von Einem and Helmstadter
1994, p. 2). Indeed, if innovation activities are not reduced to the sole R&D but
encompass other dimensions of the firm (management of human resources, mar-
keting strategy, investment financing, legal protections, etc.), a broader conception
of innovation interactions can be considered. Consequently, the hypothesis can be
suggested that, comparatively to SMEs not interacting with KIBS, interacting
SMEs: (i) spend more of their resources on R&D, (ii) show a higher propensity to
co-operate with research organisation (or more generally with Institutions of Tech-
nological Infrastructure or ITI28) and, as a result, (iii) are more able to be innova-
tive. To summarise the potential impact of KIBS on SMEs' innovation capacities
(and referring notably to the models of co-produced innovation proposed by Gal-
louj, 1994) one may speak of innovation co-production.

Nevertheless, the impact of KIBS on SMEs' innovation capacities constitutes only
one side of the story. In fact, KIBS may also benefit from their interactions with
SME:s in terms of ability to innovate. In particular, since the development of KIBS'
knowledge base is intimately related to the activity they perform for their clients, it
seems logical that their innovation capacities are influenced through those interac-
tions. Focussing on the interactions between SMEs and KIBS, the following can be
suggested: interactions with SMEs contribute to the innovation capacities of KIBS.

28 For a presentation of the concept of Institutions of Technological Infrastructure (ITI), see
Koschatzky and Héraud (1996).
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This contribution corresponds potentially to: (i) an improved activation of internal
innovation resources (such as R&D expenses).; (ii) an improved activation of exter-
nal innovation resources (such as interactions with I'TI); and (iii) a better integration
in the innovation environment leading to a higher propensity to innovate. As a con-
sequence, considering SMEs and KIBS together, the hypothesis of a virtuous circle
(cf. figure 3), can be expressed. In other words and to summarise: "it can be argued
that interacting KIBS and SMEs mutually contribute to their respective innova-
tion capacities, in a similar but not identical way. This mutual contribution is
based on a "core sequence® which can be approximated with three "sub-
sequences': (i) the interaction itself; (ii) the resulting knowledge base expansion;
and (iii) the ensuing evolution of the firm. These three constituents of the whole
phenomenon should not be seen in a linear perspective but as potentially inter-
linked in a "knowledge-based loop" thanks to feed-back effects." (Muller 1999, p.
144).

Figure 3: Thevirtuous circle associating KIBS and SMEs

- . - .

INNOVATIONS .- " - . INNOVATIONS

. interactive
service .
relation ‘. .

Evolution of the KIBS Evolution of the SMEs

through:

- better integration in the innovation
environment

- improved activation of internal
innovation resources

- improved activation of external
innovation resources

Adapted from Muller (1999, pp. 48 and 55)

1.5 AreKIBSinfluencing regional innovation capacities?

Considering international differences in the density of KIBS and their concentra-
tion, at sub-national level, in core metropolitan regions it seems particularly worth-
while to address the issue of KIBS and innovation capacities from a spatial per-
spective. According to the vision , dealing with KIBS demand and supply response,
proposed by Wood (1998) the expansion of KIBS leads to a reinforcement of the
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domination of the core. The model (cf. figure 4) features interactions involving
KIBS and their clients on different spatial levels. This approach pays particular at-
tention to large enterprises both in consultancy and manufacturing sectors as well as
to the role of international and national-scaled interactions. In this perspective, the
growing role of KIBS appears to be an opportunity for core regions (in particular
big metropolis) and a threat for peripheral regions.
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Figure 4: KI1BS demand and supply response from a spatial per spective

KIBS
Demand T ; ; ;
Multinational clients National Clients Regional / Local Clients
| A A
0) (vii)
L o
Supply
Response Consultancy Consultancy Consultancy
Global National Regional
Scale of Investment / Activity
——» Necessary interactions supporting consultancy
------- = Contingent interactions adding to the influence of consultancy
Arrows pointing to sources of expertise suggest the direction of
net dependence in influencing business change.
0] Global consultancies respond primarily to the requirements of multinational clients

(i)
(iii)

(iv)

v)

(vi)
(vii)
(viii)

(ix)

and agencies.

Global consultancies increasingly act as conduits of innovative ideas and method-
ologies between the global and national scales.

Successful medium-small nationally-based consultancies may develop internationali-
sation strategies by serving multinational clients seeking specialist expertise or fa-
miliarity with home country conditions.

Successful regionally-based consultancies may also work for multinational clients
operating in their regions on a similar basis to (iii), although their growth more often
depends on serving national clients (viii).

Nationally-based consultancies, serving private and government clients within that
market, provide the predominant volume of consultancy exchanges across a wide
variety of expertise.

Within national systems of consultancy-client interaction, regionally-based clients
seeking consultancy support often depend on nationally-based consultancies.
Regionally-based consultancies originate largely to serve regional clients, and adapt
to these needs on the basis of local exchange and innovativeness.

Successful regionally-based consultancies most often grow by serving national or
even international (iv) clients on the basis of specialist skills or knowledge of local
conditions.

Contingent links may exist between international, national and regionally-based con-
sultancies, either directly through subcontracting or networking relationships, or indi-
rectly as a result of client tendering policy.

Adapted from Wood (1998, pp. 13-14, 21)
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Basically, if one refers to what have been detailed previously, KIBS bring knowl-
edge and practice to bear on client activities which their own staff do not possess or
would otherwise not be able to implement. These interactions may constitute a
"knowledge cycle" concerning KIBS and it has been suggested that SMEs and
KIBS may be associated in a virtuous circle of innovation. Nevertheless, from a
spatial perspective, since access to the knowledge cycle is not equal everywhere, the
knowledge flows may favour regional differences and even generate a reinforce-
ment of regional inequalities. This can be influenced in addition through national
specificity in terms of innovation systems. Moreover, the composition of local
population of firms in itself (for instance in terms of size and type of activity) may
have an impact on the intensity of the knowledge cycle animating KIBS as well as
on the degree of "virtue" of the innovation circle potentially linking SMEs and
KIBS.

To sum up, addressing the issue of KIBS and regional innovation capacities, it
seems worthwhile to examine the three following key hypotheses:

 Interactions between KIBS and SMEs have an impact on their respective inno-
vation capacities

« The location, in national and regional terms, of SMEs and KIBS influences their
behavioural patterns (i.€. their propensity to interact, their knowledge-related ac-
tivities and their innovation capacities).

+ At local level, the evolution patterns of SMEs and KIBS are influenced by their
composition in structural terms (size, type of activity).
These key hypotheses constitutes the base of the empirical investigation.

1. M ethodology
2.1 Surveyed regions and samples

In order to get further insight into the knowledge aspects evoked above and into the
role of interactions between SMEs and KIBS for the benefit of their respective in-
novation activities, the following empirical analysis uses the results of a postal in-
novation survey in different French and German regions (cf. figure 5).
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Figure5: The surveyed regions

313 SMEs
222 KIBS

Saxony
876 SMEs
339 KIBS

Baden
Alsace 398 SMEs

223 SMEs 279 KIBS
147 KIBS

FRANCE *

Gironde

93 SMEs
157 KIBS

Data Base: ERIS (European Regional Innovation Survey)
Software: Maplnfo 4.1

Covering innovation and co-operation characteristics of manufacturing and service
firms as well as research institutions, the survey has been performed between 1995
and 1997 by the University of Hanover, the University of Cologne, the Technical
University Bergakademie Freiberg and the Fraunhofer-Institute for Systems and
Innovation Research Karlsruhe on behalf of the German Research Association.
France and Germany have been chosen to test the hypotheses developed above be-
cause in each country at least two regions have been covered by the survey29. Thus,
this sample allows to draw conclusions concerning different regional environments
in different national innovation systems. Figure 5 indicates the number of manu-
facturing small and medium-sized enterprises and knowledge-intensive business
services analysed in each region.

2.2 Characteristics of the two samples

Tables 2 to 5 give further insight into the structure of the SME and KIBS samples in
each region, referring to the respective type of activity in terms of sectoral distribu-

29 Besides the French and German regions, the metropolitan regions of Stockholm, Barcelona and
Vienna as well as South Wales, South Holland and Slovenia have been studied in the frame of
this innovation survey.
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tion for SMEs and type of activity for KIBS (showing two KIBS I and two KIBS II
activities; cf. table 1) as well as the distribution in size classes. Table 2 already
gives some indications concerning differences in the sectoral structures of the sam-
ples. Both French regions have a relatively higher share of sample firms in the food
products sector than German firms. A high share of Girondian firms are active in
the wood / paper and the basic metals sectors; 43.0 % of the sample firms belong to
these two sectors of activity. Besides food products, Alsatian sample firms are to a
high extent active in basic metals. On the contrary, German sample firms are under-
represented in the food products sector and — with the exception of Saxony — also in
the textiles production. Baden firms are mainly active in basic metals, electrical
machinery and apparatus and machinery and equipment whereas the sectoral focus
of Lower Saxonian firms are in chemicals and machinery and equipment. The sam-
ple of Saxonian firms has no 'peak’, i.e. no sector with more than 20 % of firms, the
main sectors being basic metals, machinery and equipment and chemicals.

Concerning the type of activity of KIBS, every region has a share of more than
25 % of sample firms in the technical and engineering branches. Alsace and Saxony
even have more than 40 % of sample firms in this sector. Gironde has another focus
in legal, accounting and tax consulting whereas Baden is the "leading" region in
computer related consultancy activities. Concerning business, management and
marketing activities, all five regions have a relatively homogenous share of firms,
varying between 24 and 31 %.

Switching to tables 4 and 5 that present the distribution of sample firms in size
classes, one can conclude that more than 60 % of the SME sample consists of firms
with less than 50 employees. Especially Lower Saxony shows a share of large firms
(100 to 500 employees) which lies above the average whereas especially Gironde is
characterised by a high amount of firms with less than 20 employees (cf. table 4).
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Table2: Characteristics of the SME sample: Sector of activity (share of firms)
Sector of activity (%)
Region Food products Textiles Wood, paper Chemicals Basic metals | Machinery and | Electrical
equipment machinery
and apparatus
Alsace 23.1 6.8 13.6 14.5 19.0 10.4 12.7
Baden 3.8 6.3 16.7 11.9 21.2 19.4 20.7
Gironde 16.1 6.5 22.6 15.1 20.4 9.7 9.7
Lower Saxony 5.8 32 18.1 24.8 12.9 21.6 13.5
Saxony 8.3 10.6 15.5 17.6 18.9 17.6 11.5
Total 9.1 7.8 16.3 17.1 185 174 13.8
Table 3: Characteristics of the KIBS sample: Type of activity (share of firms)
Type of activity (%)
Region Computer related consul- | Legal, accounting and tax | Business, management | Architectural, engineering
tancy and activities consultancy and marketing consul- and technical activities
tancy activities

Alsace 16.3 16.3 252 422
Baden 27.2 16.1 24.7 31.9
Gironde 14.0 31.8 28.0 26.1
Lower Saxony 22.1 8.1 30.2 39.6
Saxony 13.3 15.3 26.0 45.4
Total 18.9 16.5 26.7 37.9
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Table 4: Characteristics of the SM E sample: Size classes (shar e of firms)
Size classes (%)
Region less than 20 employ- | 20 to 49 employees | 50 to 99 employees | 100 to 199 employ- | 200 to 499 employ-

ees ees ees
Alsace 30.5 37.7 15.7 7.6 8.5
Baden 28.4 314 19.1 9.8 11.3
Gironde 46.2 30.1 11.8 7.5 4.3
Lower Saxony 16.3 28.8 21.1 18.8 15.0
Saxony 35.0 30.6 17.1 9.9 7.3
Total 30.6 31.3 17.8 11.0 9.4
Table5: Characteristics of the KIBS sample: Size classes (share of firms)

Size classes (%)
Region less than 3 employ- 3 to 4 employees 5 to 9 employees 10 to 19 employees 20 and more em-

ees ployees
Alsace 28.7 28.0 252 7.7 10.5
Baden 22.0 20.1 25.6 17.9 14.3
Gironde 359 24.1 22.8 8.3 9.0
Lower Saxony 13.4 20.4 19.9 19.4 26.9
Saxony 43.8 14.2 16.0 12.1 13.9
Total 29.6 19.9 21.2 13.9 154
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A similar tendency can be reported for KIBS (cf. table 5). More than 70 % of the
sample firms have less than 10 employees, the highest share of firms has one or two
employees. Especially the Saxonian KIBS sample is characterised by a high amount
of very large firms; Lower Saxony has the "leading position" concerning KIBS with
more than 20 employees.

2.3 Thevariablesused for the analysis

Having described some general characteristics of the samples, table 6 presents the
variables used for the empirical analysis. The choice of the variables refers to the
conceptual model and the research hypotheses developed in section 1.5 with respect
to the innovation capacities of mutually interacting manufacturing SMEs and KIBS,
to interregional differences and similarities and to the impact of structural charac-
teristics on firms' evolution patterns.

While the "interaction variables" are conceived as dummies distinguishing inter-
acting firms from non-interacting ones, the level of R&D and innovation expenses
respectively identifies 'high tech' firms that spent more than 8 % of their turnover
for research and development (manufacturing SMEs) or innovation activities
(KIBS). Following the conception of absorptive capacity, R&D is considered here
as internal knowledge determinant whereas the acquisition of knowledge generated
in research and transfer institutions is considered as external knowledge factor.
Thus, the variable "interaction with ITI" distinguishes firms that maintain interac-
tion with institutions of the technological infrastructure from those firms that do not
interact with this kind of actor. Firms' innovation and development success is meas-
ured by the introduction of innovations and their increase in size, both measured
within the three-year-period foregoing the inquiry. Concerning structural character-
istics of the firms, their size (in classes, cf. tables 4 and 5), the kind of their activi-
ties (cf. tables 2 and 3) and the region in which they are located (cf. figure 5) are
indicated.
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Thevariables used for the analysis

<
~
~

“._ Target groups

Indicators

Manufacturing SMEs

KIBS

Mutual interaction
activities

Interactions with knowl-
edge-intensive business
services

(KIBS)

Interactions with innova-
tive small and medium
sized enterprises

(SMEs)

Internal and external
knowledge determi-
nants

Level of internal research
and development
(RDINT)

Interactions with institu-
tions of technological in-
frastructure

(ITT)

Level of internal research
and development
(RDINT)

Interactions with institu-
tions of technological in-
frastructure

(ITT)

Indicator of firms'
innovation perform-
ance and development

Introduction of innova-
tions in precedent three
years

(INNOV)

Increase of number of
employees in precedent
three years
(GROWTH)

Introduction of internal
innovations in precedent
three years

(INNOV)

Increase of number of
employees in precedent
three years
(GROWTH)

Structural characteris-
tics of the firm

Location of the firm
(REGION)

Size of the firm
(SIZE)

Sector of activity
(ACTIVITY)

Location of the firm
(REGION)

Size of the firm
(SIZE)

Type of activity
(ACTIVITY)

The empirical analysis consists of three steps that complete each other and give an
integral insight into the activities of both actor groups in the different sample re-
gions. The analysis starts with a comparison of interacting and non-interacting firms
considering their innovation performance, their co-operation patterns with ITI and
their internal R&D activities. This first step is performed with the help of crossta-
bles and X -tests. This bivariate overview is followed by a multivariate analysis
which aims at detecting patterns of variable categories and may give first indica-
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tions concerning different innovation characteristics in the analysed regions. This
part of the investigation is based on multiple correspondence analyses (MCA)
which is a powerful tool to detect associations between variable categories. Consid-
ering non-linear relationships between variables, the module plots associated cate-
gories in close neighbourhood which is a first link of homogeneity between them.
Finally, the analysis traces regional profiles of the characteristics mentioned above
in opposing regional characteristics from a SME and a KIBS point of view and tries
to interpret the results with respect to the structural characteristics shown in tables 2
to 5.

1 Empirical results

31 Theinfluence of interactionswith KIBS on SMEsinnovation
capacities

The SME sample consists of 1,903 firms, 1,492 of which interacted with KIBS
(78.4 %) and 411 (21.6 %) not maintaining such interactions. 1,393 firms intro-
duced innovations during the precedent three years (73.2 % of the whole sample).

Figure 6 shows the performance of innovations, the R&D intensity and co-
operations with ITI for interacting and non-interacting manufacturing SMEs. Obvi-
ously, the share of firms having introduced innovation during the precedent three
years is higher in the case of SMEs maintaining co-operations with KIBS than in
the case of non-interacting SMEs. Compared with non-interacting SMEs, a higher
share of R&D intensive firms can be found in the group of interacting SMEs and
more of them interacted with institutions of technological infrastructure.
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Figure6: Innovation activities, R& D intensity and co-oper ation with
ITI: Comparison between interacting and non-interacting
manufacturing SMEs
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3.2 Theinfluence of interactionswith SMEson KIBS' innovation
capacities

985 of the 1,144 KIBS (86.1 %) interacted with SMEs and supported them in their
innovation projects whereas 819 firms (71.6 %) introduced internal innovations.
720 sample firms (62.9 %) interacted with SMEs and simultaneously introduced
innovations in their own firm. Figure 7 gives an overview for the KIBS sample op-
posing business services that supported innovation in manufacturing SME clients
and non-interacting ones. Interacting KIBS show a higher share of internal innova-
tions than non-interacting ones: 73.1 % of KIBS that interacted with SMEs intro-
duces internal innovations. On the other hand, 62.3 % of non-interacting KIBS im-
plemented internal inventions.

Switching to KIBS that spent more than 8 % of their turnover for innovation activi-
ties (281 firms, i.e. 24.6 % of the sample), nearly 25 % of them can be described as
high-tech firms. However, 27.0 % of non-interacting KIBS belong to the high-tech
group. Considering KIBS' interactions with institutions of technological infrastruc-
ture, figure 7 shows that 18.4 % of KIBS interacting with innovative SMEs also
interacted with research and transfer institutions whereas 16.4 % of non-interacting
ones co-operated with ITL.
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Figure7: Innovation activities, R& D intensity and co-oper ation with
ITI: Comparison between interacting and non-interacting
KIBS
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3.3 A multivariable analysis of SM Es knowledge and innovation
related features

As indicated above, the second step of the analysis consists of a multiple correspon-

dence analysis (or homogeneity analysis) which is presented in figure 9 for the
SME sample and in figure 10 for the KIBS group.

Figure 9: Multiple correspondence analysis of the SME sample
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Presenting the projection of the modalities along the first two axes of the graph,
figure 9 and the discrimination measures of the different variables (cf. appendix)
indicate that the performance of innovations, interactions with ITI, size and R&D
intensity show a particular contribution to the first dimension. On the contrary, the
second dimension is to a large extent influenced by the growth variable, by size and
region. Thus, it can be concluded that the first dimension opposes innovative, R&D
intensive, co-operating with ITI and large manufacturing SMEs (western part of the
graph) to non-innovative SMEs that do not interact with ITI and do not belong to
the group of high-tech firms as defined (eastern part). It is rather smaller size
classes with less than 50 employees that are plotted here. The second dimension
opposes especially growing and non-growing firms and also refers to firms' size: the
northern part illustrates growing and rather small firms whereas the southern part is
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formed by non-growing and larger firms with more than 50 employees. A limited,
but perceivable impact is also exercised by the sector of activity and the technology
level. This dimension opposes small manufacturing SMEs of the electrical machin-
ery and apparatus as well as the basic metals sectors that could increase their size
during the precedent three years to larger and non-growing ones being active in the
machinery and equipment as well as the food product, chemicals and wood/ paper/
printing sectors. From a regional point of view, Saxonian and Girondian firms are
plotted in the northern part whereas Lower Saxony and Alsace may be found in the
southern part of the graph. Baden is plotted very near to the centre.

34 A multivariable analysis of KIBS knowledge and innovation
related features

Jointly considered with the discrimination measures (cf. appendix), the graph for the
KIBS sample is in its first dimension mainly constituted by the variables perform-
ance of innovations, intensity of innovation-related expenses, size and region
whereas the second dimension is to a large extent built by the regional structure and
the type of activity. Thus, figure 10 opposes in the first dimension firms that intro-
duced innovations, spent more than 8 % of their turnover for innovation projects
and have 5 or more employees (western part). On the contrary, the eastern part pre-
sents non-innovating and very small KIBS (less than 3 employees) with lower inno-
vation expenses. On this part, Girondian, Alsatian and Saxonian firms can be found
whereas the regions of Lower Saxony and Baden are rather to be found in the west-
ern part of the graph. Associations between the interaction and innovation catego-
ries are not very obvious.

Mainly opposing the type of activity, location in terms of region and firms' size, the
second dimension plots in its northern part computer related consultancies as well
as legal, accounting and tax consultancy and business, management and marketing
consultancy activities whereas architectural, engineering and technical activities are
presented in the southern part. This part also contains the very small and large
firms, KIBS with between 3 and 9 employees are shown in the north. Lower Saxony
and Baden can be found in the "innovative" (western) part of the graph, Gironde,
Alsace and Saxony on the "non-innovating" eastern part.
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Figure 10: Multiple correspondence analysis of the KIBS sample
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35 Some elements of interregional comparisons

Focusing on sample firms' interaction activities, their growth and innovation per-
formance as well as their R&D input, figure 11 aims at comparing the different re-
gions and the sample groups — SMEs and KIBS — within the regions. Figure 11
shows simultaneously interregional similarities within the two different countries
and divergences between them. Both in Alsace and Gironde, the share of growing,
R&D intensive and interacting KIBS is higher than in the SME sample. The per-
centage of KIBS that interacted with SME:s is higher in Gironde than in Alsace.

The share of firms that reported interactions with institutions of technological infra-
structure is higher in the manufacturing than in the service firm group. In both
French regions, a higher share of KIBS can be considered as "high-tech firms":
19.0 % of Alsatian KIBS and 26.1 % of KIBS in Gironde spent 8 % or more of their
turnover for innovation activities whereas 4.5 % of Alsatian and 7.5 % of Girondian
SMEs reported such a share of expenses devoted to research and development.
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German regions show higher shares of interacting and innovating firms than French
ones. Compared with Gironde and Alsace, the differences between manufacturing
and service firms seem to be lower in the German cases. Generally, a higher share
of German firms — especially KIBS — seem to interact with ITI than French firms
and with regards to interaction activities between manufacturing SMEs and KIBS,
the share of co-operations is higher in Germany than in France.

Conclusion

Considering the main results of the investigation, it is possible to stress the follow-
ing conclusions. Firstly, the analysis showed clearly that interacting SMEs and
KIBS are more oriented towards innovation than non-interacting firms. This sup-
ports the hypothesis of a virtuous innovation circle linking SMEs and KIBS, a circle
made virtuous through the knowledge generating / processing / diffusing function
KIBS may fulfil within innovation systems. As a consequence, it can be assumed
that interactions between KIBS and SMEs have an impact on their respective inno-
vation features. Secondly, the interregional comparison have shown that there are
indeed regional differences concerning SMEs' and KIBS' innovation and interaction
behaviour. Those differences reflect disparities in the generation and diffusion of
knowledge by firms. These in turn induce inequalities in terms of innovation ca-
pacities and performance. Besides interregional differences, discrepancies could be
detected between French and German firms. Thus, it appears that the respective
national innovation systems have a perceptible influence on SMEs' and KIBS' pro-
pensity to interact, on their knowledge-related activities and more generally on their
innovation capacities. Finally, observing the effects of determinants such as size
and type of activity on firms' ability to maintain knowledge-intensive interactions, it
can be postulated that - at regional level - the evolution patterns of both SMEs and
KIBS are partly determined by the structure of the local business sector as a whole.
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Appendix

Multiple correspondence analysis. Eigenvalues and discrimination measures
for the SME sample
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Multiple correspondence analysis. Eigenvalues and discrimination measures
for the KIBS sample
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I ntroduction

Modern economies are to an increasing extent shaped by intangible factors. One of
the most important contemporary resources consists of knowledge whose different
facets appear to be of crucial importance for economic processes, in particular for
innovation phenomena. Since the amount of codified knowledge is growing and,
consequently, the stock of accessible knowledge is increasing, questions referring to
the relation between tacit and codified knowledge as well as to the processes of
codification, diffusion and accessibility of knowledge have to be raised. These as-
pects are of special interest for innovation activities that require the combination of
available knowledge and the creation of new knowledge with respect to a specific
problem to be solved.

Recently, a rich theoretical debate about the different conceptualisations of knowl-
edge is taking place (the different knowledge concepts are investigated in detail in
COHENDET 1998). Generally speaking, knowledge is a necessary pre-condition to
understand and to create new information and is intimately interrelated with inno-
vation processes. Considering the different types of knowledge, implicit (or tacit)
and explicit (or codified) knowledge are probably the most relevant for economic
analyses. Whereas codified knowledge is easily transmittable in a formal and sys-
tematic language — comprising words, mathematics, etc. — tacit knowledge has al-
ways an individual, personal character which makes its formalisation and transfer
very difficult. Thus, the codification of knowledge implies the 'conversion' of a
piece of knowledge and serves as a base for communicating it. Knowledge is ac-
quired and expanded by learning processes. Learning may not only occur within
one firm, but in the frame of interactions with other firms as well. A firm's knowl-
edge base in this context can be described as the collective knowledge this firm
uses for its productive purposes. This knowledge base can be expanded by internal
search activities or by the acquisition of external knowledge (cf. SAVIOTTI 1998).

In its first part, the paper gives a theoretical introduction to the importance of the
factor knowledge for the evolution capacity of firms. These reflections link the
factor knowledge to firms' innovation processes and their evolution. The second
part broadens these views and integrates the environment of innovating firms, fo-
cussing especially on networking approaches and the concepts of proximity whereas
the third part refers to specific actors that are relevant for innovation projects in
industrial firms, especially small and medium enterprises (SMEs), knowledge-
intensive business services (KIBS) and institutions of technological infrastructure
(ITD). It gives an overview of the specific functions of these actors for innovation
activities and the type of knowledge these actors generate and offer to manufactur-
ing SMEs. The research hypotheses resulting from those theoretical parts are sum-
marised in the forth part. They are the base for the empirical part which tries to de-
liver insight into knowledge and innovation processes in different European firms
and regions.
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1 Knowledge and Evolution

Referring to the evolutionary approach of the firm, innovation may be assumed as a
result of the expansion of individual firms' knowledge base. Thus, the degree of
codification of knowledge underlying firms' innovation can be seen as an element of
their competencies.

1.1 The Role of Knowledge in the Innovation Process

According to SCHUMPETER (1950), the "process of creative destruction" leads to
the evolution of capitalist systems. Developing SCHUMPETER's ideas further, the
evolutionary, or neo-schumpeterian, vision of innovation constitutes a radical
break-up with the orthodox neo-classical approach in the sense that innovation is
perceived as process (cf. for instance NELSON and WINTER 1974, KLINE and
ROSENBERG, 1986). The chain-linked model of innovation (cf. figure 1) allows the
set up of a framework related to the impact of knowledge codification on firms'
evolution capacity.

Showing the links between the innovation process, the knowledge stock and re-
search at every step of the central chain of innovation, the model is interaction-
based and implicates the dependency of probability and intensity of innovation on
the knowledge-base of the firm. Playing an "intermediate" role in the context of
research and innovation activities within a firm, growing knowledge and more spe-
cifically the growing codification of knowledge, may appear as a factor with a
strong positive influence on the innovative capacity of the firm. Moreover, if the
"informational nature" of the firm is taken into account, it appears clear that the
process of innovation is strongly dependent on its knowledge base. To consider the
firm as an "informational complex" (i.e. an information generation and processing
system) consists in interpreting it as an information system whose units or depart-
ments maintain interactive co-operation on the one hand and interactions with its
environment on the other hand.30 In such a vision, information constitutes (one of)
the basic resource(s) of the system and plays the role of a production factor for the
firm. Thus, as for production factors in general, the efficient exploitation of infor-
mation is one of the objectives of the firm.31

30 The relationship between information and knowledge is elaborated in detail in COHENDET 1998.

31 For a review of the firm seen as an information system see for instance DAVIS (1974), LE
MOIGNE (1986), MORIN (1986), DJIELLAL (1993).
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Figure1: The chain-linked model
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Based on this informational interpretation, an innovative firm can be characterised
with the help of two basic elements. The first element corresponds the control of
information coming from outside the firm (external information) and from the firm
itself (internal information) in order to allow the accumulation, application and
evolution of the knowledge base. The second element consists of the generation of
innovations itself. This process of innovation is based on the evolution of the
knowledge base. These two elements are inter-related: (i) the evolution of the
knowledge base of the firm allows the development of innovations and (ii) innova-
tions developed by the firm reinforce its knowledge base. NONAKA's (1994) view
concerning knowledge and innovation has to be seen in this context. Asserting that
"[any] organization that dynamically deals with a changing environment ought not
only to process information efficiently but also create information and knowledge",
NONAKA (1994, p. 14) underlines that innovation, as a key form of organisational
knowledge creation, should not only be explained in terms of information
processing and problem solving, but also asa (cumulative) processin which the
firm creates and defines (new) problems and then actively develops (new)
knowledge to solve them.
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One of the essential contributions of the evolutionary approach consists of a set of
new concepts and of a model of the technical change which expresses at the same
time the complexity (in terms of characteristics diversity) and the temporal dynamic
of the innovation phenomenon. In this approach, the three following characteristics
are notably conferred to innovation. Firstly, the cumulative and interactive charac-
ter: the importance of accumulation and interaction appears especially by analysing
learning effects, for instance under the form of "learning by doing" (ARROW 1962),
of "learning by using" (COHEN and LEVINTHAL 1989) and of "learning by interact-
ing" (LUNDVALL 1988). Secondly, the specific character: the specificity of innova-
tion obeys the principle of historical trajectories and integrates the conception of a
tacit nature of acquired knowledge. Finally, the institutionalised character which
features mainly the role played by the selection environment of innovation (NELSON
and WINTER 1975, 1977) and the importance of R&D departments (FREEMAN
1982).

1.2 Innovation Capacities and the Expansion of the Knowledge
Base

Considering the "formation of knowledge phenomenon" as an interactive process, it
can be assumed that knowledge itself consists of an interactive combination of dif-
ferent components. Put in other words, it means that any item of knowledge gener-
ated by an entity corresponds to a representation resulting from an interactive
process associating/confronting messages (stimuli) and/to the vision of reference
(or "wisdom") of the concerned entity (cf. figure 2).

Figure 2: Theinteractive system of formation of knowledge and the
different processes at stake

Heuristics, rules ...
Stimuli 1 Representation

<t
Messages Structuration Knowledge

Direct Sense-making
Perception

Learning

_ Beliefs
Wisdom = Judgements

Values

Source: COHENDET, 1998, p. 9.
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The generation of new knowledge or more generally the expansion of knowledge
reveals a non-homogeneity (at least a dichotomy) within the knowledge-base of the
firm (cf. figure 3).

Figure 3: A context of expanding knowledge
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Referring to the contribution of the evolutionary approach in this respect, it is pos-
sible to perceive the process of knowledge creation and codification in a cumulative
perspective (cf. figure 4). In a dynamic view, knowledge is expanding cumulatively
associating tacit and codified knowledge since (i) the successive codification of
tacit knowledge leads to an increased availability of codified knowledge, and (ii)
the expansion of codified knowledge generates new areas of tacit knowledge. This
process of knowledge accumulation is bounded by forgetting which opens the way
for the development of new activities (JOHNSON 1992, p. 29/30).
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Figure 4: The process of codification in a cumulative per spective
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1.3 Codification of Knowledge and Firms' Strategy

Firms' innovation-related competencies may be seen as specific combinations of
tacit and codified knowledge. The human capital of a firm nourishes its stock of
embodied tacit knowledge whereas knowledge incorporated in documents, data-
bases, procedures, etc. constitutes its stock of codified knowledge. In this respect,
the question can be raised in how far such a specific combination of tacit and codi-
fied knowledge corresponds to the result of a random process or is the consequence
of a knowledge-based strategy.

If a firm codifies its implicit knowledge, it makes knowledge easily accessible
within and outside the firm. Thus, the codification process facilitates the acquisition
of knowledge and increases the amount of available knowledge. According to
DAVID and FORAY (1995, p. 34), tacit knowledge can be defined as "expertise that
particular individuals possess'. Thus, "(...) supporting the management task of hir-
ing and allocating competence must be the most important function of the informa-
tion system of the firm." (ELIASSON, 1996, p. 4). A further statement is delivered by
ELIASSON (1996, p. 13) for the whole economic system: "With tacit knowledge em-
bodied in human beings or groups of human beings, the allocation of competence
through the mobility of human beings becomes the critical function of the econ-
omy." In short, the skills of employees, their experiences, competencies, their "tacit
knowledge" as well as the allocation of this knowledge becomes a factor of major
concern for firms: "The art of disseminating the new competence through the firm
therefore is a matter of organizational technique, of allocating (" filtering” ) people
through careers and job assignments. The competitiveness of a business firm almost
entirely depends on its ability to create, accumulate, disseminate, and allocate hu-
man or team embodied competence. Machine and labor hours have no economic
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value without a dominant competence to guide and control their allocation and use”
(ELIASSON, 1996, pp. 8-9). Furthermore, it has to be mentioned that the status of
knowledge may change in parallel to its codification since codification is a prereq-
uisite for communicating and diffusing it. Once diffused, knowledge (for instance
incorporated in publications) cannot be classified as being "private" anymore, but it
has approached the "public" character. Complementary indications are given by
DAVID and FORAY (1995) in their systematic view of the different "knowledge
products" which are the result of a combination of the degree of codification, the
accessibility to a piece of knowledge and the type of ownership (cf. figure 5).

Figure5: The knowledge-product space
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Source: DAVID and FORAY, 1995, p. 33.

Hicks (1995) tries to classify knowledge by ownership in tracing that public knowl-
edge, being created by the release of research results, could to a high degree be as-
sociated with universities and the publication of basic research results. On the con-
trary, private knowledge may be realised through corporate patenting. She also
points to the difficulties in differentiating both categories unambiguously; since for
instance, results of empirical analysis presented in published papers may be re-
garded as public knowledge, but nevertheless contain private parts, e.g. concerning
the methodology. Researchers still want to keep "secret parts" of the techniques
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used in order to maintain competitive advantages. On the contrary, the validation of
patents depends on their complete disclosure. Thus, the choice of the medium to
present research results may be seen in a strategic way: "In choosing between se-
crecy and patenting, companies manage the release of their knowledge. Smilarly,
academics manage the release of their knowledge by choosing how much they dis-
close." (HICKsS, 1995, p. 408).

Firms' strategy concerning the composition of their knowledge does not only de-
pend on the pure content of knowledge, but is also influenced by the institutional
setting (cf. COHENDET, 1998). Considering basic and applied research, CALLON
(1998) presents two extreme views: ROMER's content-oriented vision describing
basic research as strongly codified whereas applied research is rather tacit, and the
context-oriented vision by DASGUPTA and DAVID focusing on the institutional set-
ting in which knowledge is produced. This institutional setting and especially in-
centive schemes and norms explain the specific innovation-related competencies.
Since researchers in public institutions have the incentive to publish the results of
their work while engineers in private firms are rather invited to acquire and use spe-
cific know-how, it may be assumed that the knowledge combination within (public)
research institutions and within (private) industrial firms will differ fundamentally
(cf. figure 6). Thus, with respect to the general environment being responsible for
this institutional setting, public institutions appear to produce rather codified
knowledge whereas private firms — manufacturing or service firms — are rather fo-
cusing on tacit forms of knowledge. However, the optimal strategy mix between
tacit and codified knowledge from the point of view of the individual firm —
firm specific competencies — hasto be discussed.
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Figure6: Differencesin the production of knowledge
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Summarising, it has become apparent that different kinds of (codified) knowledge
correspond to different kinds of actors and that the choice of the type of codification
may be an important strategic factor for firms. To this respect, the question why
firms perform basic research (and by the way, in certain cases publish their results)
should be raised. If internal R&D and the creation of knowledge constitute impor-
tant competitive advantages and if their value decreases with the use by competi-
tors, the deny of access to internal knowledge should be the logical consequence.
COHEN and LEVINTHAL (1989) assume that R&D obviously generates innovations
and develops firms' ability to identify, assimilate and exploit knowledge from their
environment (concept of "absorptive capacity"). These authors suggest that the long
run cost of learning may be substantial, because technological knowledge is not a
public good32. Additionally, most of these costs are limited via the development of
a stock of prior knowledge that constitutes the firms' "absorptive capacity", and a
significant benefit of R&D consists of its contribution to building and expanding
this knowledge base.

In this context, it becomes obvious that R&D activities "still matter" and even
"matter more" since knowledge is expanding and is made more available by the
increase of its codification. As ROSENBERG (1990, p. 170) put it: "[basic research]

32 Public goods understood in the sense of ARROW (1962).
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may be thought of as a ticket of admission to an information network. This network
includes a variety of information flows with no particular attempt to distinguish or
classify into basic or applied categories." Nevertheless, the optimal strategy mix
between tacit and codified knowledge from the point of view of the single firm has
to be investigated further (cf. figure 7). One may suggest that strategies pursued by
firms, in terms of knowledge composition and disclosure, are in most cases mixed
strategies. In fact, firms' activities are not based neither exclusively on tacit nor on
codified knowledge but rather on a specific composition of both types of knowl-
edge. Since the relationship between tacit and codified knowledge changes in the
frame of the transformation process, the combination of knowledge types ensuring
innovation-related competencies should be seen as a dynamic process allowing a
continuous adaptation to new situations.

Figure7: A mixed strategy between tacit and codified knowledge
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Summarising, these assumptions lead to the first research hypothesis:

H1: The combination of tacit and codified knowledge is firm specific and
determines its level of competencies. Those competencies in turn de-
termine the capacities of a firm in terms of innovation and economic
SUCCESS.
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2 Knowledge-based Interactionsand Territorial Deter mi-
nants

Completing the theoretical analysis, the spatial dimension cannot be neglected. In
this respect, it seems necessary to introduce three key concepts: territory, proximity
and networks.

2.1 The Concept of Territory

In fact, one of the main problems in conceptualising the relations between "space"
(or territory), knowledge and innovation (i.e. the results of knowledge-based inter-
actions between actors, at least partly located in the considered territory) can be
traced back to what AUTES (1996, p. 15) calls the "polysémie du mot territoire".
According to AUTES, the word "territory" recovers three distinct (and however re-
lated) meanings. At first, in a literal meaning, the territory points out the geographi-
cal area occupied by humans and their activities. Secondly, in a political meaning,
the territory consists in a product of policy (and history) which may be governed as
an administrative unit and which is defined by borders. At last, in a symbolical
meaning, the territory is populated with "social objects" which express the relation-
ship of humans to the two previous forms of territory. This last meaning corre-
sponds to the (immaterial) dimension of knowledge exchange. It constitutes the
"knowledge-territory", which may have a precise spatial inscription in certain cases
(for instance a national innovation system33) but most often corresponds to an "area
with fluent borders". Insisting on the existence of feed-back loops, JULIEN (1996)
underlines the importance of the environment for firms as well as of their integra-
tion capacity within it. In his point of view, information sharing within an environ-
ment leads to shared learning, which in turn accelerates the development of an en-
trepreneurial spirit and facilitates risky decision-making: "(...) the stronger a small
firm links with a dynamic environment, the more innovative it will be, and the
greater its stimulating effect on the environment, through a double loop effect"
(JULIEN, 1996, p. 13).

2.2 The Conceptualisation of Proximity

From a geographical point of view, an important point of the discussion on the rela-
tion between proximity and knowledge concentrates on the analysis of knowledge
spillovers, which may be interpreted as transformation of organised information (for
example generated by universities) in productive capacity (i.€. applied by firms). On
the one hand, JAFFE (1989, p. 968) assesses that "(...) there is only weak evidence

33 In the meaning adopted by LUNDVALL, 1988.
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that spillovers are facilitated by geographic coincidence of universities and re-
search labs within the state". However, on the other hand ANSELIN, VARGA and
Acs (1997, p. 11) investigating geographic spillovers based on concentric rings
assume that "(...) the positive and significant relationship between university re-
search and innovative activity, both directly, as well as indirectly through its impact
on private sector R&D. (...) the spillovers of university research on innovation ex-
tended over a range of 75 miles from the innovating MSA34, and over a range of 50
miles with respect to private R&D".

RALLET (1993), focusing on the role of proximity in the development of innova-
tions, provides a critical approach of the concept of proximity between actors. His
main argument consists in pointing out the complementarity of different proximity
concepts. According to his view, the role of geographical proximity (measurable in
kilometres) should be analysed in relation with two other forms of proximity/ dis-
tance, i.e. the "organisational distance" (measurable in the intensity and number of
links existing between actors participating in the innovation process) and the "time
distance" (measurable in the actual time needed by actors to meet each other). These
two additional forms of proximity/ distance revise the impact of proximity between
actors in the frame of innovation processes: "La contrainte de proximité est d'autant
moins évidente gque I'on envisage les possibilités offertes par les mobilités conjoin-
tes des hommes et des informations" (RALLET 1993, p. 378). In the general frame of
the innovation process, RALLET links the type of knowledge to proximity: If inno-
vation is not exclusively considered as a result of perfectly codifiable and transmis-
sible information, but also derives from knowledge that is partially of tacit nature,
proximity rather matters in a socio-cultural than in a pure geographical perspective.
The underlying hypothesis is that proximity between actors facilitates interaction
and allows a reduction of transaction costs. A possible explanation of this potential
influence relates to agglomeration economies effects in the meaning of WEBER
(1929). Agglomeration economies can be defined as the sum of the benefits a firm
may gain from its location in a given place. COFFEY and POLESE (1984) and
PECQUEUR (1989) integrate socio-cultural dimensions and thus add a qualitative
component to WEBER's approach. Briefly summarised, proximity benefits may be
resumed as higher opportunities of face-to-face contacts (in comparison to "distant
relationships") and as the exploitation of a common "business culture" (expressed as
shared values and references, common language, tacit and complementary knowl-
edge, etc.)35. The notion of socio-economical pre-structured area leads to a broader

34 MSA: Metropolitan Statistical Area.

35 Contrary to location theories that consider spatial proximity from a point of view of expenditures,
it is understood in terms of learning processes: "If physical proximity was once valued as a
means for reducing costs, today it is valued as a means for enhancing learning capacity; in a
world where product life cycles are being rapidly abbreviated, the codification of existing knowl-
edge is forever being tempered by the growth of new knowledge, and the latter always has a
strong tacit dimension." (MORGAN/NAUWELAERS, 1999, p. 8).
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acceptation of proximity, not reduced exclusively to geographical coincidence but
likely to encompass also cultural and/or behavioural proximity. In this acceptation,
proximity influences profoundly knowledge exchanges, especially in the cases
where circulating knowledge is at least partly tacit: "The ability to assimilate and
transfer scientific and technological knowledge that is not completely codified,
likewise, is greatly affected by the opportunities for direct personal contact among
the partiesinvolved." (DAVID and FORAY, 1995, p. 18).

2.3 Proximity and Networking

Consequently, proximity facilitates the possibilities for direct inter-individual con-
tacts. To this respect, face-to-face contacts are rather influenced by the "time dis-
tance" than the pure physical distance. These opportunities are further supported by
cultural proximity since the communicating actors dispose of the same socio-
cultural background and identical codes. Therefore, the categorisation of messages
and the building of a common language — a common understanding — is facilitated.
Additionally, the institutional setting on national and regional levels shapes rules
and regulations, business culture, competition and co-operation. Analysing user-
producer interactions between German machinery producers and the North Ameri-
can machine users, GERTLER (1995, p. 22) further investigates the concept of cul-
ture and comes to the conclusion that "Culture is not a static, analytically prior
concept, which 'produces these differences. To a very significant extent, it is the
outcome of regulatory forces emanating from a set of socially constructed institu-
tions for the governance of investment and the use of labor."

Trust is an important pre-requisite for firms' engagement in a network: firms must
be sure that the knowledge they bring into the network is treated confidentially and
that the introduction of knowledge has a reciprocal character.36 As GERTLER (1995,
p. 5) describes it: "... relations are social, but are increasingly buttressed by trust.
(...), for these innovative production systems to function properly, firms must de-
velop a considerable degree of interdependence on one another (including surren-
dering proprietary information) but will only do so when a relationship of trust has
been established." In fact, every partner disposes of individual knowledge and ex-
poses parts of this internal knowledge — mainly tacit forms — and thus parts of the
individual competitive advantage for the benefit of the whole network. This leads to
flexible forms of knowledge and know-how exchanges, to common learning and
common experiences and the building of specialised knowledge and experience
within the network. Since these "weak ties", i.e. relationships without formal con-
tracts, are based on a common understanding of codes and rules, the socio-

36 Consequently, companies are situated between co-operation and competition: " Collaboration, for
firms, means a trade-off between access to greater resources against the potential loss of valu-
able proprietary information to competitors." (Cooke 1998, p. 5).
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economic context plays a determining role. Thus, partners characterised by similar
framework conditions are rather supposed to fulfil these conditions than partner
located in great distances. Common attitudes as well as the advantage of frequent
face-to-face contacts may support and foster shared experiences and shared learn-
ing. This assumption leads to the following hypothesis:

H2: The absor ption of knowledge external to the firm is influenced by its
"knowledge environment” . As a consequence, it can be assumed that
the location of a firm, notably in regional terms, has an impact on its
innovation capacities and economic success.

3 Knowledge-based | nteractions and Specific Actors

This section focuses on knowledge-related interactions and on the development of
the knowledge base of the firm. It is assumed that specific actors, i.e. Knowledge
Intensive Business Services (KIBS) and Institutions of Technological Infra-
structure (ITI) are liable to play a particular role in the process of knowledge crea-
tion and development and more generally to affect the innovation capacities of in-
teracting firms.

31 Formation of knowledge and interactions

The following sector focuses on interactions between actors with particular atten-
tion on common learning processes and the creation and exchange of knowledge.
This simultaneous consideration of several entities or actors (or put in other words,
the introduction of a systemic vision) requires the inclusion of knowledge-related
processes presented in figure 8. These processes consist mainly in building common
classifications and categorisations, common languages, in building a common
knowledge base, in collective learning processes and in building shared visions (cf.
in detail COHENDET, 1998, pp. 5, 9/10 and 14). More precisely, in the frame of the
present investigation, the analysis deals with knowledge-based innovation-related
interactions taking place between manufacturing firms and KIBS and/or ITI.
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Figure8: Interactions between actorsin the formation of knowledge
ACTOR A ACTOR B
Wisdom — | Building of some shared vision | ~a—— Wisdom
L T . e @Ilective learning - i T
Representation Representation
———————————— —— | Building of common knowledge | —= —_——————————
Knowledge Knowledge

—_— Building of common language) —+——

Stimuli — — Stimuli
Building of common classification
and categorisation
Messages Messages

Adapted from COHENDET, 1998, p. 9.

3.2 The Specific Role of KIBS

With a Schumpeterian accent, GALLOUJ (1994, p. 154) notices that: "LesS services
aux entreprises, et notamment les services de type conseil, sont le lieu d'une im-
portante dynamique de concurrence, et I'on peut dire que le phénomene de destruc-
tion créatrice y est a l'oeuvre". This dynamic perspective can be found in
DAVELAAR (1991) as well, who puts in parallel socio-economic and technological
changes affecting services (cf. figure 9). The examination of the consequences for
services in general and KIBS in particular leads notably to the differentiation of the
hardware and software components of KIBS as a result of an externalisation process
of various services.
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Figure9: The place of KIBSin a socio-economic and technological
changes per spective

Information Technology System
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Adapted from DAVELAAR, 1991, p. 279.
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The following categories of service firms may be identified as KIBS (subdivided in
KIBS I et KIBS II) by MILES et al. (1994):

KIBSI: Traditional Professional Services, liableto beintensive users of new

technology

Marketing/advertising;

Training (other than in new technologies);

Design (other than that involving new technologies);

Some financial services (e.g. securities and stock-market-related activities);
Office services (other than those involving new office equipment, and excluding
'physical’ services like cleaning);

Building services (e.g. architecture; surveying; construction engineering);
Management consultancy (other than that involving new technology);
Accounting and bookkeeping;

Legal services;

Environmental services (not involving new technology, e.g. environmental law,
and not based on old technology, e.g. elementary waste disposal services).

KIBSII: New Technology-Based KIBS

Computer networks/telematics;

Some Telecommunications (especially new business services);
Software;

Other computer-related services - e.g. Facilities Management;
Training in new technologies;

Design involving new technologies;

Office services involving new office equipment;

Building services (centrally involving new IT equipment such as Building En-
ergy Management Systems);

Management consultancy involving new technology;
Technical engineering;

Environmental services involving new technology;

R&D consultancy and 'high-tech boutiques'.

Source: MILES et al., 1994, pp. 19-20.

GALLOUJ (1992) discusses the role of KIBS in the context of a new technological
paradigm based on the importance of organisational and social innovations. As
those "immaterial" innovations are implemented with the help of KIBS, additional
elements can be gained for their characterisation. |.e. KIBS are:

— firms performing services with the help of specialised knowledge and informa-

tion bases (e.g. accounting, legal consultancy),
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— and/or firms performing services (including possibly the provision of material
goods as a complement) that constitute an information or knowledge source for
their client organisations (e.g. technical engineering),

— and/or whose performing services which constitute intermediary inputs or tools
for the information and knowledge generation of the client organisations (e.g.
computing related activities).

KIBS activities should not be reduced to a simple transfer of "technology encom-
passed in capital" (which corresponds to a vision of information liable to constitute
"stocks") but consist principally in "organisations encompassed in capital", and
even in "information encompassed in the organisation under the form of a system
restructuration" (which corresponds in fact to a dynamic vision of information flows
and knowledge). KIBS activities constitute one element of the firms' environment,
an element which can be represented as a part of their information network. How-
ever, KIBS are more than a simple information source. In fact, one may refer to the
concept of complementary innovation assets as suggested by TEECE (1986). Since
information and knowledge become crucial production factors, KIBS occupy a par-
ticular place in the current context of socio-economic and technological changes (as
suggested in figure 9). Indeed, due to their particular nature, KIBS' service relations
go beyond the dichotomy market/hierarchy. It is possible to summarise this hy-
pothesis as follows. At first, KIBS represent an information source for firms, sec-
ondly, they assume a "bridge" or interface function for their clients, and finally,
KIBS reinforce or catalyse evolution and innovation capacities of their clients, es-
pecially in the case of manufacturing firms. From the point of view of client firms,
this hypothesis leads to the concept of KIBS as a form of activation of complemen-
tary innovation assets in the sense given by TEECE (1986). DE BANDT and GADREY
(1994, p. 13) illustrate this point in observing that "(...) nombre de travaux, en par-
ticulier sur les services aux entreprises, ont fait ressortir la diversité des liens entre
industrie et services, les services précédant, accompagnant ou suivant les biens ou,
allant encore plusloin, faisant partie de ou produisant des biens".

Referring to COHENDET (1998) and to the matrix of public and private forms of
knowledge (cf. figure 10), it can be considered that the competitive advantage of
KIBS consists mainly of personal tacit knowledge that they acquire and offer their
clients.
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Figure 10: Public and private forms of knowledge
Exclusive

YES NO

Personal tacit Shared tacit forms
. YES knowledge of knowledge
Rival :
NO Information codes Codified statements
encrypted messages

Source: COHENDET, 1998, p. 23.

3.3 The Specific Role of ITI

The interactive conception of innovation processes stresses the importance of the
generation, accumulation and diffusion of knowledge. To this respect, and particu-
larly in the case of knowledge-based interactions encompassing a scientific dimen-
sion, ITI (Institutions of Technological Infrastructure) may play a major role for
innovating firms since they (potentially) fulfil three main functions 37:

Function 1. Managing the knowledge base

ITT aim towards the development of the common knowledge base of the economic
system. Starting from the production of scientific and technological knowledge, this
function includes the diffusion of knowledge by educating, collecting and distrib-
uting technological information (informing) as well as by guaranteeing the accessi-
bility of the knowledge base without discrimination (demonstrating).

Function 2. Improving interactions between enterprises

Information and knowledge is not an easily marketable commodity. ITI overcome
the limitations of the market mechanism in order to adjust supply and demand of
technological knowledge and of know-how. In doing so, they can either improve
market transactions by using the knowledge of the actors of the system, or provide
non-market allocative systems by creating incentive structures. The function of in-
termediation consists of organising meetings, business fairs, exhibitions and of fi-
nancing interaction costs in order to improve interactions.

37 The different functions evoked are referring to the work performed formerly for Eurostat. See
"Institutions of Technological Infrastructure", collective report FhG-ISI/BETA performed for the
European Commission - Eurostat (under the direction of K. KOSCHATZKY and J.-A. HERAUD,
1996). Concerning more precisely universities and research institutions labs and the creation and
diffusion of innovation-relevant knowledge see HERAUD and MULLER (1998).
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Function 3. Providing expertise knowledge

In this case, ITI are in contact with a single actor, focusing on his very specific
needs and providing training or consulting. The aim of training can be to reinforce
existing skills or to develop new competencies. Individual support may be related to
patenting activities (validating, appropriating) or to providing financial grants (fi-
nancing).

In order to improve the expansion of knowledge and to foster the codification of
knowledge, the promotion of links between the science system and the rest of the
economy seems to be of special importance. Keeping in mind that firms — and not
public actors — are the main actors of R&D as well as of innovation, MEYER-
KRAHMER (1997, p. 159) emphasises that "Economic effects of basic R&D estab-
lishments (e.g. universities) could only be expected in a country, if (a) a sufficiently
innovative industry exists and (b) efficient links between basic, applied and indus-
trial R&D are established". Presuming the definition of ITI in a broader sense, their
possible activities fully correspond to this vision in terms of "knowledge interac-
tions" between ITI and other actors (mainly firms) as shown in figure 11.

Figure 11: Possible activitiesof I TI

[ Common base of knowledge ]

] TN [
o@

S I

@

@ agent with specific competences
flow of information

® =  possible actions of an ITI
F1 - managing the knowledge base

F2 - improving interactions between enterprises
F3 - providing expertise knowledge

Adapted from KOSCHATZKY et al., 1996, pp. 3-6.
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The argumentation developed above and the reflections related to innovation-
related competencies (cf. section 1.3) lead to research hypothesis H3. KIBS, on the
one hand, acquire knowledge that is available 'on the market' in codified form,
but they develop and adopt it with respect to the special needs of their clients,
hence offering services that consist to a consider able extent of tacit knowledge.
Consequently, their amount of tacit knowledge increases with their experience in
collaborating with manufacturing firms. On the other hand, most of them being
public institutions, ITI's incentive scheme differs from that of private firms. Re-
searchers in universities and research laboratories for instance are requested to pub-
lish their results in order to gain and to keep their scientific reputation. Conse-
quently, unlike manufacturing-service relations, networking between manufacturing
firms and ITI in the frame of innovation activities implies knowledge flows of a
rather codified nature.

H3: KIBS and ITI fulfil different functions when interacting with innova-
tive manufacturing firms. I nteractions taking place between KI1BS and
their clients are mainly of tacit knowledge content wher eas knowledge
employed in interactions with 1Tl is mainly of codified nature. As a
conseguence, it can be assumed that interactions with KIBS and ITI
affect firms differently in terms of innovation capacities and economic
SUCCESS.

4 Operationalisation of the Analysis

In order to get further insight into the knowledge aspects evoked above and to test
the research hypotheses, the following empirical analysis uses the results of a postal
innovation survey in ten European regions (ERIS: European Regional Innovation
Survey). Covering innovation and co-operation characteristics of manufacturing and
service firms as well as research institutions, the survey has been performed be-
tween 1995 and 1997 by the Universities of Hanover, Cologne and Freiberg and the
Fraunhofer-Institute for Systems and Innovation Research Karlsruhe on behalf of
the German Research Association.

The conceptual model of the empirical analysis is based on the assumption that in-
novation and competitiveness lead to firms' growth and evolution. Besides struc-
tural characteristics such as the size or sector of activity, firms' innovation activity is
to a high extent influenced by internal and external knowledge factors and learning,
the former comprising research and development and the human capital incorpo-
rated in employees. External knowledge is made available by cooperation partners
of the innovation networks, notably research institutions such as ITI and knowledge
intensive business services.
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Conceptual Model and Key Variables

Based on the hypotheses developed in the previous chapters (see below), the impact
of structural characteristics, internal and external knowledge factors on innovation
and growth of small and medium enterprises38 in ten European regions will be
analysed.

H1:

H2:

H3:

The combination of tacit and codified knowledge is firm specific and
determines its level of competencies. Those competencies in turn de-
termine the capacities of a firm in terms of innovation and economic
Success.

The absor ption of knowledge external to the firm is influenced by its
"knowledge environment” . As a consequence, it can be assumed that
the location of a firm, notably in regional terms, has an impact on its
innovation capacities and economic success.

KIBS and ITI fulfil different functions when interacting with innova-
tive manufacturing firms. I nteractions taking place between KI1BS and
their clients are mainly of tacit knowledge content wher eas knowledge
employed in interactions with 1Tl is mainly of codified nature. As a
consequence, it can be assumed that interactions with KIBS and 1Tl
affect firms differently in terms of innovation capacities and economic
Success.

Firms' structural characteristics comprise their size, the sector of activity and the
region in which they are located. Internal knowledge factors are resumed by the
qualification level of the employees and the level of research and development in
the firms. According to the theoretical reflections, co-operations with KIBS and ITI
are considered as knowledge factors external to the firm (cf. figure 12).

38 SME:s are defined as firms with less than 500 employees.
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With respect to the conceptual model, the analysis contains the following variables:

Indicator of firms'
development and suc-

Introduction of innovations (INNOV)

cess « Growth in size (GROWTH)
Structural characteris- . Size of the firm (SIZE)
tics of the firm

« Location (REGION)

Sector of activity (SECTOR)

Internal knowledge
determinants

Level of qualification of the workforce (HUMAN)
Intensity of R&D activities (RDINT)

External knowledge
determinants

Interactions with KIBS (KIBS)
Interactions with ITI (ITT)
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4.2 Surveyed Regionsand Firm Sample

In the following, some indications concerning the firm sample and the regions of
the analysis will be given. Figure 13 presents the regional distribution of the sample
whereas tab. 1 gives some details concerning regional sub-samples and response
rates. The first line contains the number of questionnaires sent to manufacturing and
service firms and the second one describes the number of questionnaires that have
been completed and sent back. The third line finally presents the response rates.

Figure 13: The surveyed regions

s

South ¢ ~
Holland &7

Saxony
MR Vienna
b}
Gironde |\,
MR Barcelona ﬁ
w5 C .
Q S 4
MR: Metropolitan region !
) 2 : p g @

Y ny
e R o

Software: Maplinfo 4.1

Data Source: ERIS (European Regional Innovation Survey), performed by University of Hanover,
University of Cologne, Technical University Bergakademie Freiberg, Fraunhofer Institute for Sys-
tems and Innovation Research Karlsruhe.



155

Table 1: Samples and Response Ratesin the Case Study Areas
(Number of distributed questionnaires, number of analysed questionnaires
(sample); responserate)

Region Samples and response rates

Alsace 1,753
263
15.0%

Baden 2,715
430
15.8%

Barcelona 2,650
405
15.3%

Gironde 797
101
12.7%

Lower Saxony 1,807
372
20.6%

Saxony 3,767
1,004
26.7%

South Holland 1,894
260
13.7%

South Wales 1,593
280
17.6%

Stockholm 1,902
456
24.0%

Vienna 985
196
19.9%

Total 19,863
3,767
19.0%

Source:  ERIS (European Regional Innovation Survey), performed by University of Hanover, Uni-
versity of Cologne, Technical University Bergakademie Freiberg, Fraunhofer Institute for
Systems and Innovation Research Karlsruhe
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Table 2: Characteristics of the sample: Sector of activity (number of firms)
Sector of Food Textiles | Wood, paper | Chemicals | Basic metals | Machinery | Electrical Total

activity| products and equip- | machinery

Region ment and appara-
tus

Alsace 51 15 30 32 42 23 28 221
Baden 15 25 66 47 84 77 82 396
Barcelona 0 0 82 37 72 99 59 349
Gironde 15 6 21 14 19 9 9 93
Lower Saxony 18 10 56 77 40 67 42 310
Saxony 72 92 135 153 164 153 100 869
South Holland 19 6 38 34 29 45 25 196
South Wales 4 8 30 54 59 48 41 244
Stockholm 23 4 96 55 84 85 71 418
Vienna 21 12 45 30 20 23 25 176
Total 238 178 599 533 613 629 482 3272
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Tables 2 and 3 give further details concerning the manufacturing firms sample.
72.6 % of the sample firms have their main activities in machinery and equipment,
basic metals, wood/paper and chemicals. 30.4 % of the sample firms are very small
ones with less than 20 employees, 33.6 % have between 20 and 49 employees
whereas 36.0 % of the firms have more than 50, but less than 500 employees.

Table 3: Characteristics of the sample: Size classes (number of firms)
Size| Less than 20 20to 49 em- | 50 to 499 em- Total
lasses| employees ployees ployees
Region
Alsace 68 84 71 223
Baden 113 125 160 398
Barcelona 41 208 117 366
Gironde 43 28 22 93
Lower Saxony 51 90 172 313
Saxony 307 268 301 876
South Holland 105 68 73 246
South Wales 90 75 80 245
Stockholm 185 121 114 420
Vienna 20 62 99 181
Total 1,023 1,129 1,209 3,361
4.3 Statistical Investigation Procedure

Besides basic features, the statistical investigation will mainly focus on PROBIT
based path-modelling, displaying significant relationships between the different
kinds of variables.

The path-modelling procedure is based on the successive performance of PROBIT
algorithms. PROBIT algorithms estimate maximum-likelihood models in order to
detect dependencies associating a dependent variable to explanatory (or independ-
ent) variables. The general form of the model to be estimated is:

PrE=1]=®[B+BA + BB +..+4X]

with @ being the cumulative normal distribution, E (dichotomic variable) the de-
pendent variable, A, B and X being the explanatory variables. [ is the constant, 3,
B> and [, are the coefficients of the independent variables in the equation.

The path-model is obtained by placing selected variables (according to the concep-
tual model developed) alternatively in the role: (i) of dependent variable in respect
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to some variables; or (ii) of independent variable in comparison to others. The set of
"paths" resulting from the procedure can be interpreted as a "picture" of the interre-
lations between the variables. Variables can at the same time be explanatory (or
independent) and dependent, depending on their relative position, (cf. figure 14).

Figure 14: Path modelling — dependent and explanatory variables
Level A Aq A
Level B
B. B,
Level C
C: Co

—» Dependencies tested with the help of PROBIT algorithms

The variables corresponding to level A are dependent variables relative to levels B
and C.

The variables corresponding to level B are explanatory variables relative to level A
and dependent variables relative to level C.

The variables corresponding to level C are explanatory variables relative to the
levels A and B.

As a consequence, the identification of significant dependencies allows the inter-
pretation of the revealed "paths" in terms of causality effects, and to distinguish
between direct and indirect dependencies (cf. figure 15).
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Figure 15: Path modelling —direct and indirect dependencies

5>

X >

— » Significant dependencies revealed by PROBIT algorithms

Variable A depends (in a statistically significant way) directly on variables B and Y

and indirectly on variable X.
Variable A does not depend, whether directly or indirectly, on variable Z.

5 Empirical Findings

The empirical analysis consists of two steps the first of which gives an overview of
the sample firms concerning the share of innovating and growing firms and the
variables describing internal and external knowledge factors. The second step — the
PROBIT modelling — aims at gaining indications about causal relationships between
knowledge-related variables and the growing/innovating feature. This step of the
analysis compares both "success variables" (growth and innovation within a three-
year-period) and their dependency on the chosen knowledge-related and structural

variables.
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51 Basic Features

Figure 16 gives a first overview of basic features of the SME sample:

« First of all, considering a three year period, 74.2 % of the firms reported innova-
tion activities whereas 40.4 % of the sample firms have been able to increase
their size during this period. It is worthwhile to notice that less than one third
(30.5 %) of the firms have simultaneously introduced innovations and shown a
sensible growth.

« In 37.7 % of the sample firms, more than 10 % of the employees dispose of a
higher degree of qualification such as an university degree. This indicator will be
used in further analyses as proxi for firms' knowledge incorporated in their staff.

« The share of firms' expenses for research and development reflects their propen-
sity to use and produce specific problem-solving knowledge. In the sample of
manufacturing firms considered, 16.0 % of the firms spent more than 8 % of
their turnover for R&D and can therefore be considered as high-tech firms.

« Interactions with external partners are supposed to provide external knowledge
for the firm. 60.5 % of the sample firm used this knowledge source in co-
operating with knowledge-intensive business services.

« The share of firms co-operating with research institutions is obviously lower;
26.5 % of the firms in the sample used this specific knowledge source.

These first results show that less than 50 % of the considered firms have been "suc-
cessful" in terms of growth increase even though the share of firms that innovated
within a three-year-period is much higher. The fact that about one third of the sam-
ple firms simultaneously innovated and grew indicates that theses two phenomena
are not necessarily inter-related, al least it does not imply that a simple linear cau-
sality and time congruency exists.39 In fact, it can be assumed that innovation leads
to firm growth with a certain time-lag. Therefore, both "success indicators" will be
treated individually in the following sections.

The sample contains a higher share of firms with more than 10 % of the employees
holding a higher education degree than firms belonging to the high-tech sectors.
Concerning external knowledge sources, knowledge-intensive business services are
chosen for co-operation by 60.5 % of the sample firms whereas a smaller amount of
firms co-operated with research institutions. Whether growing and innovating firms
used these knowledge sources to a higher extent than their non-growing/non-
innovating counterparts, cannot be seen here and will be further investigated.

39 In fact, this proportion is in reality even smaller since like in every firms survey of this kind, a
"survivor bias" must be kept in mind: only firms that survived the considered three-years period
can be taken into account.
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Figure 16:
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5.2 Path Modelling: first variable (GROWTH)

According to the conceptual model, the influence of internal and external knowl-
edge-related variables and of structural firm characteristics on firm growth in terms
of increase in number of employees is investigated at first. Since structural firm
characteristics are supposed not only to influence growth and innovation directly,
but also knowledge characteristics of firms, successive PROBIT models have been
calculated.

Table 4: Results of the PROBIT analysis

Dependent vari-
ables

Variables presenting signifi-
cance values < 0,05 according
to PROBIT estimates

Variables presenting signifi-
cance values > 0,05 according
to PROBIT estimates

GROWTH KIBS - SIZE - REGION - SECTOR | HUMAN - ITI -RDINT
KIBS SIZE - REGION SECTOR

HUMAN SIZE - REGION - SECTOR

ITI SIZE - REGION - SECTOR

RDINT SIZE - REGION - SECTOR

Results are displayed in table 4 and figure 17.40 Among knowledge-related features,
firm growth is influenced by interactions with KIBS in a significant and direct way.
Since this variable is highly significant and has a positive sign, it can be concluded
that co-operations with knowledge-intensive business services contribute to the
evolution and growth of manufacturing small and medium-sized enterprises. In this
respect, it is important to underline that the propensity of firms to interact with
KIBS is significantly influenced by firms' size and location. Larger firms interact
more frequently with KIBS than smaller ones and firms located in German regions
are more inclined to use KIBS' services than firms located in any other European
region of the sample. Besides interactions with KIBS, the chosen model does not
reveal significant direct influences of the other knowledge-related variables. Con-
cerning the structural variables, the influence of firms' size becomes obvious: the
smaller the firm, the higher their propensity to grow.4!l Considering Baden as refer-
ence region, firms located in Barcelona, Saxony, South Holland, South Wales and
Stockholm are characterised through a significant higher propensity to grow
whereas firms in Vienna showed a significant lower propensity. Compared to firms
in the food sector, firms belonging to the basic metals and to the electrical machin-

40 Cf. also the appendix for detailed PROBIT models.

41 Compared to small firms with less than 20 employees, larger firms show a highly significant
negative influence on growth.
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ery and apparatus industries significantly outperform other sectors in terms of

growth in size.

First path model (GROWTH)

Figure 17:
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Concluding, considering growing SMEs (which constitute approximately 40 % of
the whole sample), it appears that variables depicting the knowledge-related activi-
ties show only minor direct significant influence whereas structural factors are de-
termining.

5.3 Path Modelling: second variable (INNOV)

Table 5 and figure 18 present the results for the dependent variable "introduction of
innovations within a three-year-period".42 The results of the PROBIT show clearly
a higher influence of the considered variables on the innovation capacities of the
firms comparatively to their inclination to grow.

Table5: Results of the PROBIT analysis
Dependent vari- | Variables presenting signifi- | Variables presenting signifi-
ables cance values < 0,05 according | cance values > 0,05 according
to PROBIT estimates to PROBIT estimates
INNOV KIBS - HUMAN - ITI - RDINT -
SIZE - REGION - SECTOR
KIBS SIZE - REGION SECTOR
HUMAN SIZE - REGION - SECTOR
Tl SIZE - REGION - SECTOR
RDINT SIZE - REGION — SECTOR

Within the chosen model, all four knowledge-related variables show a significant
positive impact on the performance of innovations. Internal and external knowledge
sources can be ranked as follows concerning their influence on firms' propensity to
innovate: R&D intensity, interactions with ITI, interactions with KIBS and qualifi-
cation level of the employees. This result shows that both internal as external
knowledge factors determine the aptitude of firms to innovate. The structural vari-
ables show also a considerable influence on firms' inclination to innovate. Firstly,
the proportion of innovating SMEs increases with size. Secondly, considering firms'
location in terms of regional environment, Barcelona, Saxony, South Holland,
South Wales and Vienna outperform significantly Baden (as a reference region).
Finally, firms being active in the machinery and equipment and the electrical ma-
chinery and apparatus industries show a significant higher propensity to innovate
than those of the other sectors.

42 Detailed results of PROBIT analysis can be found in the appendix.
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Second path model (INNOV)

Figure 18:
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Conclusion

Referring to the three research hypotheses, the empirical analysis indicates the fol-
lowing conclusions: Firms competencies based on different knowledge resources
rather determine their success in terms of innovation performance than in terms of
growth, at least in a direct way in within a short-term period. Nevertheless, it may
be assumed that innovation success leads to economic evolution and firm growth in
a medium- or long-term perspective. Only if this assumption proves to be true, then
firms' knowledge base has an direct and time-lagged impact on their growth. The
second hypothesis referred to firms' "knowledge environment" and drew attention to
their (regional) location. Having performed the empirical part of the investigation, it
can be argued that the regional setting indeed influences firms' activities and evolu-
tion. The PROBIT modelling indicated that the regional setting not only influenced
knowledge-related features of SMEs, but also had direct impact on growth and in-
novation. The third hypothesis assumed that interactions with KIBS and ITI affect
SMEs differently. In fact, the first step of the empirical analysis highlighted this
difference in showing that more firms co-operated with knowledge-intensive busi-
ness services than with research institutions. Moreover, the two PROBIT models
proved that interactions with KIBS influence innovation performance and growth
whereas interactions with ITI have only a significant impact on the introduction of
innovations. Thus, it can be argued that KIBS and ITI indeed fulfil different func-
tions for manufacturing firms. The empirical findings lead to the assumption that
KIBS' services have a broader character and are requested not exclusively for inno-
vation purposes. On the contrary, co-operations with ITI are performed by a smaller
share of firms and contribute significantly to the innovation success. Therefore, it
can be concluded that those interactions are more innovation specific and directed
to certain problems to be solved.

Summarising, SMEs' innovativeness and evolution in terms of growth seem to be
influenced by different factors. Whereas knowledge resources show a high impact
on innovation activities, growth rather seems to be influenced by structural charac-
teristics. In this respect, the generation and application of knowledge by SMEs ap-
pear as a precondition for successful innovative activities, nevertheless this cannot
be assumed to be the unique factor leading these firms to growth.
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Appendi x: PROBIT Al gorithns

probit growth kibs human iti rdint size2 size3 regionl region3 regiond regionb
regi on6é region7 region8 region9 regi onl0 sector2 sector3 sector4 sector5 sector6
sector?

Iteration 0: Log Likelihood =-2206.9462
Iteration 1: Log Likelihood =-2006.1682
Iteration 2: Log Likelihood =-2004. 3356
Iteration 3: Log Likelihood =-2004. 3336
Probit Estimates Nunmber of obs = 3272
chi 2(21) = 405. 23
Prob > chi 2 = 0. 0000
Log Li kelihood = -2004. 3336 Pseudo R2 = 0. 0918
growt h | Coef Std. Err z P>| z| [ 95% Conf. Interval]
_________ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e e m e m = =
ki bs . 2047764 . 0563917 3.631 0. 000 . 0942506 . 3153021
human -. 0449839 . 0523612 -0. 859 0. 390 -. 14761 . 0576421
iti . 0433209 . 0569892 0.760 0.447 -. 0683759 . 1550176
rdi nt . 0059198 . 0665021 0. 089 0. 929 -.1244218 . 1362615
si ze2 -. 3971257 . 0581861 - 6. 825 0. 000 -.5111683 -.283083
si ze3 -. 886012 . 0610054 -14.524  0.000 -1. 00558 -. 7664436
regi onl . 0389217 . 1150251 0. 338 0.735 -.1865233 . 2643667
regi on3 . 4762278 . 0986717 4. 826 0. 000 . 2828348 . 6696209
regi ond . 1613057 . 154667 1.043 0. 297 -.1418361 . 4644474
regi on5 . 0432619 . 1024745 0. 422 0.673 -.1575843 . 2441082
regi oné . 3434391 . 0829516 4.140 0.000 . 1808569 . 5060212
regi on7 . 2588742 . 1244506 2.080 0.038 . 0149555 . 5027929
regi on8 . 7372279 . 1111255 6.634 0.000 . 5194259 . 9550299
regi on9 . 2982125 . 0964825 3. 091 0. 002 . 1091102 . 4873147
regi onl0 -. 3947057 . 1386275 -2.847 0. 004 -. 6664105 -. 1230009
sector2 -. 0140108 . 1366104 -0.103 0.918 -.2817622 . 2537406
sector3 . 029877 . 1054573 0. 283 0.777 -.1768155 . 2365694
sector4 . 090995 . 1068488 0. 852 0. 394 -.1184248 . 3004148
sectorb . 2305245 . 1045066 2.206 0. 027 . 0256953 . 4353538
sector6 . 1888627 . 1057845 1.785 0.074 -.0184712 . 3961965
sector? . 3706132 . 1101154 3. 366 0. 001 . 154791 . 5864354
_cons -. 3325044 . 1266549 -2.625 0.009 -. 5807435 -. 0842652
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probit Kkibs size2 size3 regionl region3 region4 region5 region6 region7 re-
gi on8 regi on9 regionl0 sector2 sector3 sector4 sector5 sector6 sector?

Note: region7~=0 predicts failure perfectly
regi on7 dropped and 196 obs not used

Iteration 0: Log Likelihood =-1986.7998
Iteration 1. Log Likelihood =-1692. 3077
Iteration 2: Log Likelihood = -1689. 543
Iteration 3: Log Likelihood =-1689.5412
Iteration 4: Log Likelihood =-1689.5412
Probit Estimates Nurmber of obs = 3076
chi 2(16) = 594,52
Prob > chi2 = 0. 0000
Log Likelihood = -1689.5412 Pseudo R2 = 0. 1496
ki bs | Coef Std. Err z P>| z| [95% Conf. Interval]
_________ o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e e e m e e m = =
si ze2 -.1056817 . 0632934 -1.670 0.095 -. 2297345 . 018371
si ze3 . 3066433 . 0645389 4.751 0. 000 . 1801493 . 4331373
regi onl -.8104413 . 1155445 -7.014 0.000 -1.036904  -.5839783
regi on3 -. 7790032 . 1027609 -7.581 0. 000 -.9804108 -. 5775955
regi ond -.9858848 . 1513736 -6.513 0. 000 -1.282572 -. 689198
regi on5 . 0019529 . 1158502 0.017 0.987 -. 2251093 . 2290152
regi on6 . 0307611 . 0916318 0. 336 0.737 -.1488339 . 2103562
regi on8 -1. 21915 . 1112917 -10. 955 0. 000 -1.437278 -1. 001022
regi on9 -1.319421 . 0988909 -13. 342 0. 000 -1.513243 -1.125598
regi onl0 -1.102508 . 1227301 -8.983 0. 000 -1.343054 -.8619613
sector? -.2171386 . 1464094 -1.483 0.138 -. 5040957 . 0698186
sector3 -.113437 . 1145619 -0.990 0.322 -. 3379741 . 1111002
sector4 -.1832892 . 1166701 -1.571 0. 116 -.4119584 . 0453801
sector5 -.1119545 . 1145068 -0.978 0. 328 -. 3363837 . 1124747
sector6 -. 104495 . 1155546 -0.904 0.366 -. 3309778 . 1219879
sector? -.2194572 . 1178177 -1.863 0. 063 -. 4503756 . 0114612
_cons 1.0258 . 1299666 7.893 0. 000 . 7710697 1. 280529
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probit human size2 size3 regionl region3 region4 region5 region6 region7 re-
gi on8 region9 regionl0 sector2 sector3 sector4 sector5 sector6 sector?

Iteration 0: Log Likelihood =-2170.6711
Iteration 1. Log Likelihood =-1941. 3994
Iteration 2: Log Likelihood =-1939. 3985
Iteration 3: Log Likelihood =-1939. 3977
Probit Estimates Nunmber of obs = 3272
chi 2(17) = 462.55
Prob > chi2 = 0. 0000
Log Likelihood = -1939. 3977 Pseudo R2 = 0. 1065
human | Coef Std. Err z P>| z| [ 95% Conf. Interval]
_________ decmm e mmeemmeemeeRmR e e m e e e R e e e R e e m e e e e e m R EEEm e m e .. mmm.m ... ... .--—-aa
si ze2 -. 2079287 . 0595238 -3.493 0. 000 -. 3245933 -. 0912641
si ze3 -.2192648 . 0590637 -3.712 0. 000 -. 3350275 -.1035021
regi onl . 4604981 . 1161292 3.965 0.000 . 2328891 . 6881071
regi on3 . 35931 . 1015686 3.538 0. 000 . 1602393 . 5583808
regi ond . 530078 . 1552662 3.414 0.001 . 2257618 . 8343942
regi on5 . 0772997 . 1086917 0.711 0. 477 -. 1357322 . 2903315
regi on6 1.098739 . 085698 12. 821 0. 000 . 930774 1.266704
regi on7 . 2790894 . 1202561 2.321 0. 020 . 0433917 . 5147871
regi on8 . 829012 . 1092752 7.586 0. 000 . 6148365 1.043188
regi on9 . 2358603 . 0977989 2.412 0.016 . 044178 . 4275426
regi onl0 -. 0155585 . 1343691 -0.116 0.908 -. 2789171 . 2478001
sector? -.2832413 . 1408274 -2.011 0. 044 -. 559258 -. 0072247
sector3 . 0091127 . 1073019 0. 085 0.932 -. 2011953 . 2194206
sector4 . 3244752 . 1070874 3.030 0.002 . 1145877 . 5343627
sector5 . 2403843 . 105826 2.272 0.023 . 0329693 . 4477994
sector6 . 5137672 . 1057746 4. 857 0. 000 . 3064527 . 7210816
sector? . 7585262 . 1092256 6.945 0.000 . 544448 . 9726044
_cons -. 9800523 . 1220181 -8.032 0. 000 -1.219203 -. 7409012
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probit iti size2 size3 regionl region3 regiond region5 region6 regi on7 regi on8
regi on9 regi onl10 sector2 sector3 sector4 sector5 sector6 sector?

Iteration 0: Log Likelihood =-1884. 6806
Iteration 1. Log Likelihood =-1758.1236
Iteration 2: Log Likelihood =-1757. 4567
Iteration 3: Log Likelihood =-1757. 4566
Probit Estimates Nunmber of obs = 3272
chi 2(17) = 254.45
Prob > chi2 = 0. 0000
Log Likelihood = -1757. 4566 Pseudo R2 = 0. 0675
iti| Coef Std. Err z P>| z| [ 95% Conf. Interval]
_________ decmm e mmeemmeemeeRmR e e m e e e R e e e R e e m e e e e e m R EEEm e m e .. mmm.m ... ... .--—-aa
si ze2 . 0919227 . 0656142 1.401 0.161 -. 0366788 . 2205242
si ze3 . 6852993 . 0619795 11. 057 0. 000 . 5638217 . 8067769
regi onl . 0672831 . 1182653 0. 569 0. 569 -.1645126 . 2990788
regi on3 -. 2204345 . 107103 -2.058 0. 040 -. 4303525 -. 0105164
regi ond . 2002543 . 1602502 1.250 0.211 -.1138302 . 5143389
regi on5 -. 1307447 . 1069202 -1.223 0.221 -. 3403045 . 078815
regi on6 . 2633139 . 0840455 3.133 0. 002 . 0985877 . 42804
regi on7 . 0866616 . 1207926 0.717 0.473 -. 1500876 . 3234108
regi on8 . 0536683 . 1124362 0. 477 0.633 -. 1667026 . 2740391
regi on9 -. 0098492 . 0996354 -0. 099 0.921 -. 205131 . 1854326
regi onl0 -. 3923859 . 1347794 -2.911 0. 004 -. 6565487 -.1282231
sector? . 093996 . 136416 0. 689 0. 491 -. 1733745 . 3613665
sector3 -.1514421 . 1116811 -1.356 0.175 -. 3703329 . 0674488
sector4 . 0355544 .1107089 0.321 0.748 -.181431 . 2525399
sector5 . 043257 . 1092442 0. 396 0. 692 -. 1708577 . 2573718
sector6 . 2545321 . 1079318 2.358 0.018 . 0429896 . 4660745
sector? . 3345526 .1113875 3.004 0.003 . 1162372 . 552868
_cons -1.078238 . 1246567 -8.650 0.000 -1.322561 -. 8339153
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probit rdint size2 size3 regionl region3 region4 region5 region6 region7 re-
gi on8 region9 regionl0 sector2 sector3 sector4 sector5 sector6 sector?

Iteration 0: Log Likelihood =-1446. 0059
Iteration 1. Log Likelihood =-1344.5068
Iteration 2: Log Likelihood =-1342.5654
Iteration 3: Log Likelihood =-1342.5516
Iteration 4: Log Likelihood =-1342.5516

Probit Estimates Nunber of obs = 3272
chi 2(17) = 206.91

Prob > chi 2 = 0. 0000

Log Likelihood = -1342.5516 Pseudo R2 = 0.0715
rdint | Coef Std. Err z P>| z| [95% Conf. Interval]
_________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e e e e m e e m = =
si ze2 -.1734836 . 0703923 -2.465 0.014 -. 31145 -. 0355173

si ze3 -. 0914196 . 0680386 -1.344  0.179 -. 2247727 . 0419336
regi onl -. 7208796 . 1698231 -4.245 0. 000 -1. 053727 -. 3880323
regi on3 -. 1240559 . 1139571 -1.089 0. 276 -. 3474078 . 0992959
regi ond -. 4638846 . 2133195 -2.175 0. 030 -. 881983 -. 0457861
regi on5 -. 094751 . 1171819 -0. 809 0. 419 -. 3244233 . 1349213
regi on6 . 2919342 . 0892678 3.270 0.001 . 1169724 . 4668959
regi on7 -. 3635629 . 1468886 -2.475 0.013 -. 6514592 -. 0756665
regi on8 -. 2273861 . 1278649 -1.778 0. 075 -. 4779967 . 0232244
regi on9 -.2646147 . 111224 -2.379 0.017 -. 4826099 -. 0466196
regi onl0 -. 1859202 . 1460885 -1.273 0. 203 -. 4722484 . 1004079
sector2 . 3856686 . 1655135 2.330 0.020 . 061268 . 7100691
sector3 . 1287219 . 1423293 0.904 0.366 -. 1502385 . 4076822
sector4 . 2460661 . 1415535 1.738 0. 082 -. 0313736 . 5235059
sectorb . 2470561 . 1400659 1.764 0.078 -. 027468 . 5215802
sector6 . 4326384 . 1379745 3.136 0. 002 . 1622134 . 7030633
sector? . 8925665 . 1382274 6. 457 0. 000 . 6216457 1.163487
_cons -1.228293 . 1507036 -8.150 0.000 -1. 523667 -. 9329195
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probit innov kibs human iti rdint size2 size3 regionl region3 region4 regionb
regi on6é region7 region8 region9 regi onl0 sector2 sector3 sector4 sector5 sector6
sector?

Iteration 0: Log Likelihood = -1855.182
Iteration 1: Log Likelihood =-1519. 2376
Iteration 2: Log Likelihood =-1483.7021
Iteration 3: Log Likelihood = -1478.987
Iteration 4: Log Likelihood =-1478. 6968
Iteration 5: Log Likelihood =-1478. 6945
Probit Estimates Nurmber of obs = 3272
chi 2(21) = 752.98
Prob > chi2 = 0. 0000
Log Likelihood = -1478. 6945 Pseudo R2 = 0. 2029
i nnov | Coef Std. Err z P>| z| [ 95% Conf. Interval]
_________ decmm e mmeemmeemeeRmR e e m e e e R e e e R e e m e e e e e m R EEEm e m e .. mmm.m ... ... .--—-aa
ki bs . 4686731 . 0635795 7.371 0. 000 . 3440595 . 5932866
human . 271366 . 0616961 4.398 0. 000 . 1504439 . 3922881
iti . 5667104 . 0753309 7.523 0. 000 . 4190644 . 7143563
rdint 1.797665 . 1828853 9. 829 0. 000 1.439216 2.156113
si ze2 . 4136754 . 0656684 6.299 0. 000 . 2849677 . 5423832
si ze3 . 7054596 . 0704903 10. 008 0. 000 . 5673011 . 8436181
regi onl -.1178908 . 1210164 -0.974 0.330 -. 3550787 . 119297
regi on3 . 7724521 . 1222668 6.318 0. 000 . 5328137 1.012091
regi ond . 1343043 . 1617458 0.830 0.406 -.1827117 . 4513202
regi on5 . 1430025 . 113654 1.258 0. 208 -. 0797553 . 3657602
regi on6 . 2523712 . 0950725 2.655 0.008 . 0660325 . 4387098
regi on7 . 7205451 . 1398217 5.153 0. 000 . 4464996 . 9945907
regi on8 . 6409897 . 1300824 4.928 0. 000 . 3860328 . 8959465
regi on9 . 2086686 . 1083068 1.927 0. 054 -. 0036087 . 420946
regi onl0 . 4501487 . 1376945 3. 269 0.001 . 1802725 . 720025
sector2 -. 0723644 . 1458621 -0. 496 0. 620 -. 358249 . 2135201
sector3 . 0395658 . 1102373 0. 359 0.720 -. 1764953 . 2556269
sector4 -. 008098 . 1127786 -0.072 0.943 -. 2291401 . 212944
sectorb -.1194922 . 1097893 -1.088 0.276 -. 3346753 . 0956908
sector6 . 2345329 . 1149414 2.040 0.041 . 009252 . 4598139
sector? . 2900065 . 1239477 2.340 0.019 . 0470735 . 5329395
_cons -. 6450842 . 1374137 -4.694 0.000 -. 91441 -. 3757583




