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Abstract

With its Leading-Edge Cluster Competition (in German: Spitzencluster-Wettbewerb; LECC),
the Federal Ministry of Education and Research (Bundesministerium für Bildung und
Forschung, BMBF) is supporting innovation clusters in a nationwide contest for the first
time. In three waves, 15 cluster initiatives were selected and provided with funds to
support them on their way to becoming international leaders in their field of technology.
This paper presents the results of empirical studies regarding several important aspects of
the LECC. The analysis of network relations shows that the LECC's short-term goal of
intensifying or enhancing networking between innovative stakeholders in the cluster
regions has been achieved. At the same time, certain types of regional impulses of the
LECC can already be observed, primarily an improved visibility of the Leading-Edge
Cluster regions and enhanced regional R&D activity. When looking at causal programme
effects, we find that the programme increases firm-level R&D expenditure, but also that
the programme design influences the programme impulse, e.g. by promoting additional
activities of SMEs.

Introduction
Cluster policies can be seen as a recent stage of innovation policy in Germany which

started in the 1990s (Fier and Harhoff 2002). Such policies are motivated and in-

spired by a literature which builds on the influential works of Allen (1983) on collect-

ive invention, Lundvall (e.g. 1988) on user-producer interaction and collective

learning, Freeman (1991) on innovation networks, and Porter (e.g. 1998) on the ben-

efits of co-location in industrial clusters. In the following, a lively discussion about

the justification, means of implementation, benefits, and timing of cluster policies de-

veloped (e.g. Martin and Sunley 2003, Brenner and Schlump 2011). Among the main

policy rationales are system failures, where potentials for positive externalities or

technological spillovers are not fully exploited (Cantner and Graf 2003, Moodysson

and Zukauskaite 2014).

Despite the convincing theoretical arguments in favour of cluster policies, there is a

lack of empirical evidence that cluster policies in general exert a positive influence on

cluster regions (Edler et al. 2013, Uyarra and Ramlogan 2012). These studies show the

difficulty of evaluating cluster policies, due to their complexity, high dimensionality,

and the time dimension of the policy effects (Rothgang et al. 2017). In this paper, we

address these problems by looking at the effects of cluster policies from different
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perspectives and on different levels. Specifically, we contribute to our understanding of

cluster policies by analyzing procedural aspects of policy implementation, network de-

velopment, the geographical dimension, and the effects on R&D activities.

Along these dimensions, we summarize and discuss the main findings of the accom-

panying evaluation (2008 - 2014) of the German policy programme Leading-Edge Clus-

ter Competition (LECC). The LECC was initiated in 2007 by the German Ministry of

Research and Education, continued until 2017, and is up to now the largest federal

cluster programme with an overall budget of 600 Mill. €.

The paper proceeds as follows: Section 2 provides a detailed account of the

LECC, compares its main features with prominent other national and international

cluster programmes, and introduces the scheme for our impact evaluation. Section

3 analyses the positioning of the 15 clusters in the international (European) con-

text. Sections 4, 5 and 6 address different outcome dimensions of the LECC, net-

working, regional impact, and effect on R&D investment. Section 7 concludes with

policy implications.

The Leading-Edge Cluster Competition

With its Leading-Edge Cluster Competition (in German: Spitzencluster-Wettbewerb;

LECC), the Federal Ministry of Education and Research (Bundesministerium für Bil-

dung und Forschung, BMBF) is supporting innovation clusters in a nationwide contest

for the first time. In three waves, 15 cluster initiatives were selected and provided with

funds to support them on their way to becoming international leaders in their field of

technology, or, if they already held such a position, to maintain or expand their lead.

Through a sustainable mobilisation of regional economic potential, supporting the sub-

sequent strategic development of Leading-Edge Clusters has the goal of increasing

growth, securing or creating jobs and enhancing the attractiveness of Germany as a

location for innovation and business.

Fig. 1 Structure of the participants in the three selection waves of the Leading-Edge Cluster Competition.
Source: Accompanying evaluation of the LECC. – Abbreviations: In the 2nd wave of the competition, two
initiatives from the 1st wave entered a joint application. One repeated applicant from the 2nd wave also
took part in the 3rd wave
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The LECC applied a two-step selection procedure supported by a jury. The design of

the selection process reflects the goals of the competition and takes into account the

requirements for strategic coordination in a multi-stakeholder programme. The selec-

tion process was transparent and well communicated. As the feedback by the candi-

dates consistently shows, there was sufficient time to coordinate and prepare the

proposals. The selection criteria of the jury are plausible and were implemented

adequately using a holistic approach that required the consideration of different

dimensions of the programme requirements. The jury was independent and had the

opportunity to consult expert advice in decision-making. Figure 1 illustrates the distri-

bution of LECC applicants over the course of the three waves of the LECC

competition.

As can be seen, the LECC was successful in motivating new cluster initiatives for the

second and third wave of the competition. Moreover, several initially unsuccessful clus-

ter initiatives were able to advance their organisational and strategic development in a

manner that they succeeded in a later wave. In the second wave of the competition,

only contestants that had already participated in the first wave – some of them in dif-

ferent constellations – were selected. In the third wave, a number of new candidates

succeeded.

The evaluation of the LECC selection process also involved a comparison with other,

internationally visible technology development programmes of high nationwide import-

ance: the Pôles de Compétitivité in France, the Competence Centers for Excellent

Technologies in Austria (COMET), the Centre of Excellence programme (SHOK) in

Finland, as well as (on the German state level) the “Cluster Offensive Bayern” (a Bavar-

ian cluster programme).

Like the Pôles de Compétitivité and COMET, the LECC used an application-based

approach to select funded initiatives. The regional (political) level also played a certain

role during the pre-selection period in these programmes. This regional focus was less

pronounced in the Pôles de Compétitivité. The SHOK programme and the Bavarian

Cluster Offensive used a top-down approach that was initiated by a comprehensive

analysis during the preparatory stage. The evaluation results show that the application

procedure is a key factor for the cluster initiatives to focus and constitute their activ-

ities. In addition, the results show that the design of the LECC was suitable for achiev-

ing the programme’s objectives. Like the LECC, the other selected programmes are

implemented since several years.

In respect to targets, all these cluster programmes – except for the Bavarian “Cluster

Offensive” – focus primarily on research and innovation. A difference between the pro-

grammes is that the Pôles de Compétitivité and the LECC do not involve any funding

of the underlying cluster management (CM) structures. However, there was no indica-

tion that the decision not to allocate funding to CM structures resulted in any disad-

vantages for either programme. After all, the cluster initiatives in both programmes

showed a positive development. Another difference is the funding of infrastructures,

which is possible within the Pôles de Compétitivité and SHOK and not in other pro-

grammes. All programmes, including the LECC, explicitly support applications for

complementary funding on the national or EU level. The funding periods are of similar

length and appear to be suitable for achieving the goals of supporting cluster

development.
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It is too early to quantify the extent to which the LECC has contributed to strength-

ening the clusters. However, it is possible to estimate whether the conditions are suit-

able for the competition to exert a noticeably positive influence in future. To answer

this question, the role of Leading-Edge Clusters in their innovation environment was

investigated in order to assess their regional and sectoral positioning.

Figure 2 shows the geographic distribution of the 15 Leading-Edge Clusters and

roughly 640 cluster initiatives that were identified in Germany at the national or Länder

Fig. 2 Clusters and networks at the federal and Länder level in Germany. Source: Accompanying evaluation
of the LECC; based on an own inquiry (date: November 2013). – Comments: Locations are given for the contact
address of the cluster organisations. If a cluster is represented in several categories (e.g. a Leading-
Edge Cluster and member of go-cluster), then it will be shown once in the graphic. The map was
created using RegioGraph 13
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level by the end of 2013. The sheer number of cluster initiatives, which in almost all

cases receive funding, primarily by the states, shows the importance that promoting

clusters has gained for innovation policy in Germany. While all the German Länder

support clusters, the number of funded clusters and the intensity of support vary con-

siderably. The Leading-Edge Clusters are integrated into existing network and cluster

structures that are also supported by the Länder.

Fig. 3 Industry distribution of the cluster initiatives in comparison. Source: Accompanying evaluation of the
LECC, based on an own inquiry (date: November 2013). The LECC had an above average number
of applications from cluster initiatives in the fields of biotechnology and medical technology. A
possible cause may be that several funding programmes for networks and clusters in this industry
have been conducted in the past (e.g. BioRegio), which led to the development of structures that
were beneficial in the LECC candidacy. This is true not only for the group of candidates, but even
more for successful initiatives: The share of biotechnology and medical technology clusters is even
higher in the 15 Leading-Edge Clusters

Fig. 4 Timeline and objectives of the Leading-Edge Cluster Competition and the funded projects. Source:
Accompanying evaluation of the LECC

Rothgang et al. Journal of Open Innovation: Technology, Market, and Complexity  (2017) 3:18 Page 5 of 20



The financial support for Länder clusters is usually for a limited term only, some-

times using financial support from the European Fund for Regional Development

(EFRE). Besides other factors, the regional distribution of cluster initiatives results from

the regional industrial structure: The more a region is industrialised, the greater the

number of clusters initiatives and networks (e.g. in North Rhine-Westphalia and

Baden-Württemberg). There is a north-south divide in the distribution of the 15

Leading-Edge Clusters: Nine are located in southern Germany. In addition to the in-

dustrial structure, the observed regional differences also reflect the research intensity of

the local economy. Finally, the observed differences also depend on the degree to which

firms, science and government succeed at joining forces to pursue a common strategy.

The LECC had no restrictions in respect to sectors or technology fields, which is why

the Leading-Edge Clusters are rooted in different sectoral innovation environments that

exhibit diverse patterns of research and innovation. Figure 3 compares the sectoral dis-

tribution of the Leading-Edge Clusters with the distribution of all the participants in

the LECC, as well as the entirety of comparable innovation clusters in Germany that

were identifiable at the national and Länder levels. The number of innovation cluster

initiatives (370) is significantly lower than the total number of cluster initiatives. The

latter also includes cluster initiatives that cannot be categorised as innovation clusters

due to the industries in which they are active or other characteristics.

The effective dimensions of the LECC are reflected in the funding guidelines for the

competition in the form of short-term, midterm and long-term objectives (Fig. 4). The

general timeline of the effects outlined here was confirmed by the analysis.

The effects that correspond to these goals range from activities that were initiated

(expenditure of additional funds by the stakeholders, networking, knowledge exchange,

changes in the CM processes) to direct and indirect results of the cluster activities

(innovation, technology development) to long-term economic effects (increased com-

petitiveness, value-added, employment and wealth). To be certain that the results de-

scribed here are actually caused by the LECC, it would be ideal to make a comparison

with the development of the Leading-Edge Clusters without the LECC. This so-called

counterfactual situation is not observable. However, the methods of econometric group

comparison analysis make it possible to scrutinize whether an observed effect has actu-

ally been caused by the LECC. These methods were used wherever the available data per-

mitted. In many cases where this was not possible, the question whether observed results

were caused by the LECC was addressed based on well-founded assessments.

Leading-edge clusters in the international context
An international comparison showed how Leading-Edge Clusters are rooted in their

sectoral innovation systems and displayed their innovative potential. The assessment of

this aspect is based on literature research, the examination of patent microdata from

research and innovation surveys, and the results of interviews with industry experts,

consultants and cluster stakeholders. Even though the industries or sectors as well as

the clusters operating in these different environments are usually characterised by a

high degree of heterogeneity, they exhibit some predominant and common patterns of

research and innovation behaviour.

All Leading-Edge Clusters show strengths and potentials that characterise them as

“leading-edge regions” when compared to other international clusters and enable them
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to maintain or expand their position in the international competition. The reasons for

this good position are the existing technological strengths and scientific excellence, as

well as the presence and regional involvement of globally operating, leading companies

(such as in the clusters BioRN, CI3, EffizienzCluster LogistikRuhr, Elektromobilität

Süd-West, FOE, Hamburg Aviation, Medical Valley and Software Cluster). In some

cases (it’s OWL and MicroTEC Südwest), the hidden champions (major firms that at-

tain a leading role in their respective markets) provide the momentum for innovative

potential and future competitiveness.

In some fields, in particular biotechnology, innovations are driven primarily by basic

research and therefore determined by the quality of key university institutions. In

others, such as microelectronics, micro-system technology, medical technology, and

intelligent technical systems, internationally renowned research facilities outside of

universities significantly determine the positioning of the relevant clusters. Another

factor that influences the position of the clusters in the international innovation en-

vironment is a core role as a production location (e.g. Cool Silicon, it’s OWL and

Solarvalley).

Figure 5 shows the technological positioning of various clusters in the European en-

vironment. It shows the extent to which the regions of the Leading-Edge Clusters have

a position of international leadership in their field of technology with regard to their

share of the patent applications at the European Patent Office (EPO). The patent ana-

lysis was performed in several steps: By using a combined query for selected classes of

patents and technical terms, the number of patent applications for the relevant

sector at the EPO was determined and then assigned to regions based on the loca-

tion of the inventor.

Fig. 5 EPO-patented inventions in the Leading-Edge Cluster regions in comparison with other European
clusters in the relevant technology fields. Source: Accompanying evaluation of the LECC; own calculations
based on data from PATSTAT and OECD-REGPAT. – Comments: Leading-Edge Cluster regions are shown as
statistical outliers with regard to EPO patented inventions (to indicate technological leadership) in the relevant
field of technology
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The statistical definition of an upper outlier was used to define “leading-edge re-

gions”. These are regions whose share of inventors is further away from the median

than three times the interquartile range. On this basis, European “leading-edge regions”

are identified, a group to which the regions of the Leading-Edge Clusters belong.

The analysis shows 12 of the 15 Leading-Edge Clusters as having a position of

technological leadership in the European environment. Only the BioEconomy Cluster

and it’s OWL are slightly below the – albeit very strict – threshold for an upper outlier.

Cool Silicon is only slightly above. All other clusters are more or less clearly above this

ambitious threshold. Especially Solarvalley has become much more important with re-

gard to patented inventions in recent years and is now clearly above the threshold.

Networking and knowledge exchange in the leading-edge clusters
With the incentives for networking between regional actors, the LECC supports both

the generation and the transfer of knowledge. Within the scope of cluster activities,

networking and knowledge exchange may occur as part of the initiated projects, but

also through personal contact outside of the project context or during informal meet-

ings. Cooperation in R&D projects is of central importance in the LECC because it en-

hances networking relationships, initiates learning processes in the participating

organisations, and enables the utilisation of synergies between actors. Learning pro-

cesses take place through collaboration in projects where different individuals from

Fig. 6 Cooperation network of the cluster Forum Organic Electronics. Source: Accompanying evaluation of
the LECC; written survey of the LECC-funded organisations in 2013. – Comments: The size of the nodes is
proportional to the frequency with which an actor is named as the most important cooperation partner.
Arrows pointing in the direction of the named cooperation partner; dark blue = not initiated or intensified
by the LECC, light blue = intensified by the LECC (existed before 2007), light green = initiated by the LECC
(did not exist before 2007)
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companies and public research organisations participate. These individuals proceed to

spread knowledge within their organisations.

Such cooperation may either be bilateral or multilateral within larger project consor-

tiums. A cooperation network as studied with the tools of network analysis represents

all interconnections constituted by such cooperation. The analysis of networks goes be-

yond individual collaborative relationships and considers the structure resulting from

all bilateral or multilateral cooperative ties so that the structural effects of cluster pol-

icies become visible (Giuliani and Pietrobelli 2014).

In order to analyse the impact of the LECC’s support on networking and the struc-

ture of networks, the cooperation activities related to the LECC were investigated in

the context of all partnerships. As a data source, the written surveys of the LECC-

funded organisations in the clusters of the first wave of competition in 2011 and 2013

as well as those of the second wave of competition in 2012 were used. Additional infor-

mation was collected from personal interviews with selected partners in the Leading-

Edge Clusters.

Figure 6 exemplifies how this information is utilized to reconstruct network graphs

for the collaborative network of the cluster Forum Organic Electronics.

In addition to visualisation, which in this case illustrates the central importance of

large corporations in the cluster region, the relational data allows for statistical calcula-

tions to describe network structures in the clusters. For example, there are significant

differences with regard to size, regional involvement and other structural properties in

the R&D cooperation networks of the ten Leading-Edge Clusters in the first two com-

petition waves.

The stimulus from the LECC had an impact on the intensity and geographic range of

networking and changed the centralisation structure of networks. Since the start of the

LECC, the intensity of network cooperation increased in all clusters of the first and sec-

ond competition waves, which became evident as collaborative activities significantly

Fig. 7 Share of LECC-influenced relationships in all strategically important cooperation relationships. Source:
Accompanying evaluation of the LECC; written survey of LECC-funded organisations in 2011 and
2012. – Comments: n = Number of responses; m = Number of identified relationships within the
cooperation network
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increased. This is primarily due to improved awareness of potential partners as conse-

quence of the LECC. Especially for the businesses among the LECC-funded organisa-

tions, the importance of cooperation in their overall R&D activities has increased. R&D

cooperation between competitors occurred much more frequently than on the national

average, as a comparison with data from the Mannheim innovation panel shows.

The LECC initiated new R&D partnerships and intensified existing contacts. A

substantial mobilisation effect, extending beyond the LECC-funded cooperation

projects, can be observed in the initiated relationships (Cantner et al., 2015). Figure

7 shows the influence of the LECC on relationships in R&D cooperation networks

in Leading-Edge Clusters.

In some of the clusters (EffizienzCluster LogistikRuhr, FOE, Hamburg Aviation), al-

most one half of all relationships were initiated by the LECC. In the clusters MicroTEC

Südwest and Cool Silicon, the LECC appears to primarily intensify existing relation-

ships. These differences between clusters depend primarily on whether there were pre-

existing, intensive R&D networks before the LECC or if these networks had to be built

from scratch. The latter was the case in the Effizienzcluster LogistikRuhr, where many

stakeholders had not been involved in R&D activities before the competition.

The number of cooperations that bridge the gap between science and business has in-

creased. However, the relative importance of cooperation among public research orga-

nisations or between public research organisations and businesses has remained almost

unchanged. As intended by the LECC, in many cases the competition was used to build

new cooperative relationships within the Leading-Edge Clusters. Numerous new collab-

orations in project consortiums were initiated. However, these partners had in general

not been completely unknown to each other.

The LECC also had the desired impact on the geographic range of networks. How-

ever, there are considerable differences with regard to the degree of regional

Fig. 8 Geographic distribution of strategically important collaborative relationships – comparison of the
entire network of cooperation influenced by the LECC. Source: Accompanying evaluation of the LECC;
written survey of LECC-funded organisations in 2011 and 2012. – Comments: n = Number of responses;
m = Number of identified relationships within the cooperation network

Rothgang et al. Journal of Open Innovation: Technology, Market, and Complexity  (2017) 3:18 Page 10 of 20



networking and international engagement between the clusters (Fig. 8). For example,

the Effizienzcluster LogistikRuhr and the Software Cluster show a comparatively high

degree of networking within the cluster region. Hamburg Aviation and Solarvalley are

primarily embedded on the national level, whereas the stakeholders in the two biotech-

nology clusters BioRN and Biotech Cluster m4 are involved in markedly international

networks. Despite these differences, the focus of all R&D cooperation networks lies

within their cluster region. The R&D cooperations which were initiated by the LECC

show a stronger regional element than other partnerships. This result illustrates that

the LECC contributed to opening and exploiting regional innovative potential. For the

successful clusters of the first wave, Cantner et al. (2015) observe differential develop-

ments regarding clusters’ spatial embeddedness with two additional years of observa-

tion. Some clusters tend to increase their localisation, whereas others increase their

connectivity to international partners.

An examination of the centralisation structure of the networks shows that relation-

ships formed during the early stages of the LECC are often more focused on key stake-

holders (usually large corporations or public research organisations). Analyses of a

change in centrality during later stages show that actors which were already central in

the previous period and large firms benefit most, whereas universities and public re-

search institutes become less central within the R&D networks (Cantner et al., 2015).

However, if the authors control for policy measures such as the number of funded pro-

jects and the total amount of funding renders all other variables insignificant. Appar-

ently, those who benefit most from funding, also benefit most in terms of increased

embeddedness in the network. During the LECC, these stakeholders have established

themselves as important partners and made essential contributions for the techno-

logical and organisational development of the clusters. This development is under-

standable for competitions such as the LECC, because the common cluster strategies

are usually developed under the leadership of a relatively small group of renowned and

technologically competent actors that subsequently participated in the LECC-funded

projects. Many SMEs used the LECC as an opportunity to build relationships with

large corporations that would have been difficult to access otherwise. The estab-

lishment of long-term R&D contacts is especially important for SMEs in order to

build relationships for innovation and assist the effective commercial exploitation

of their developments.

The results of the analysis also show that some large corporations contact companies

and research institutes for specific purposes, for example to solve current research

problems or to benefit from their competence in the medium or long term. While ex-

cessive concentration of the networks on a few key actors may harbour a risk of be-

coming too dependent on their development, this study has found no indication of

such a risk in practice.

All in all, the LECC’s short-term goal of intensifying or enhancing the networking be-

tween innovative stakeholders in the cluster regions has been achieved. To what extent

this enhanced networking will have a long-term impact on successful innovation de-

pends on whether the cooperation with local or supra-regional partners will remain at

a high level beyond the funding period. The results of the investigation show that many

relationships that were initiated are intended for long-term cooperation and should

therefore have a sustainable impact on the cluster networks.
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Regional impacts of the leading-edge cluster competition
One of the stated goals of the LECC is to generate long-term value through the exploit-

ation of regional innovation potentials. In this context, a main focus is on the analysis

of mobilisation processes at the core and in the environment of the clusters. Specific-

ally, the significance of regional location factors, of geographical proximity to R&D

partners as well as first observable and potential future impacts of the competition on

the cluster regions were investigated. At the moment, the immediate effects of the

competition in the Leading-Edge Clusters can primarily be observed (input and activity

effects, partially first outputs) while outcomes and economic impact will rather be ob-

servable in future years. Hence, it was necessary in a first step to categorise the clusters

with regard to the relevance of technological and economic location factors for the

LECC-funded organisations.

The investigation of the regional impacts of the LECC incorporates the information

from the written survey of LECC-funded organisations, the interviews with the CMs

and cluster actors and the findings from the analysis of the sectoral innovation systems

and networking. The results of the surveys were primarily evaluated by means of de-

scriptive analyses. In order to account for the heterogeneity of the responses between

the clusters, the correlations between cluster specifics and response behaviour were

estimated by means of multivariate regression methods.

The analysis of the relevance of regional location factors considers general economic

conditions for cluster activities, for example regional labour and sales markets, the

technological conditions, as well as geographical proximity to R&D partners as a deter-

minant for knowledge exchange. With regard to regional location factors, actors in all

clusters selected in the first two competition waves rate the local supply of highly

skilled employees (college and university graduates) as most important, followed by the

availability of medium skilled workers. This underpins the importance of cluster activ-

ities to qualify current and future employees. Differences between the clusters with re-

gard to the importance of the regional labour market can be explained by differences in

the composition of actors or differences in the technological focus.

Compared to the local labour market, the local sales market is of minor importance

for the LECC-funded organisations in the clusters of the first two competition waves.

Clusters with a comparatively high number of public research organisations show

higher ratings for this item than other clusters. This can be explained by the fact that

public research organisations tend to acquire their third-party funds locally – at least

when it comes to third party funding by companies – while companies, even those with

important local customers, operate to a greater extent on supra-regional markets.

Industry-specific factors play a crucial role for the importance of the regional sales mar-

kets. For example, the revenues of Hamburg Aviation and Medical Valley are more

concentrated on large local companies than in the case of the Biotech Cluster m4.

Regarding their technological environment, LECC-funded organisations mostly agree

that, though geographic proximity facilitates R&D cooperation, it is not a necessary

requirement for its success (Hinzmann et al. 2017). 90% of the LECC-funded organisa-

tions consider cooperation with geographically close partners as less cost-intensive.

80% think that geographical proximity facilitates information exchange. 35% of the

LECC-funded organisations regard geographical proximity as a central precondition for

the success of the cooperation. However, technological aspects and the partners’
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qualification play a superior role for the selection of cooperation partners than their

geographical location. Accordingly, LECC-funded organisations concentrate their

search for R&D partners rather on the national than on the regional level. Furthermore,

organisations in Leading-Edge Cluster projects report higher satisfaction with the co-

operation, when the partners have already worked before in other contexts. All in all,

the analyses show that the requirements of Leading-Edge Cluster actors in respect to

their regional environment are driven by their orientation towards knowledge-intensive

industries. The supply of qualified employees and the requirements for regional R&D

cooperation are of greater importance than the proximity to customers or suppliers.

According to the LECC-funded organisations in all clusters of the first two competi-

tion waves, the LECC has already triggered or will trigger regional impetuses. Figure 9

shows the assessment of potential or observable effects of the LECC separately for

firms or research institute.

44% of the LECC-funded organisations expect that the success of the Leading-Edge

Cluster will have a noticeable effect on the development of the cluster region. The lar-

gest effects of the LECC can be found in the increased visibility of the location and the

improved regional R&D activity. Public research organisations exhibit a significantly

more positive view – probably because of the greater importance of external funds for

research and a resulting different view on the regional impacts.

The assessment of the impacts varies considerably between the clusters. This can mainly

be explained by the clusters’ composition, in particular the ratio of public research organi-

sations to companies. Clusters with a high share of public research organisations have a

considerably more positive view of the effects. Furthermore, geographically extended clus-

ters, as well as clusters with a large number of LECC-funded organisations, appear on

average to have a more sceptical view of the competition’s effects on the region. A possible

Fig. 9 Impact of the Leading-Edge Cluster Competition on the development of the cluster regions. Source:
Accompanying evaluation of the LECC; written survey of LECC-funded organisations in the clusters of the
first competition round in 2012 and the second competition round in 2013. – Comments: Percentage of
actors who responded with a “1” or “2” on a scale from 1 (completely agree) to 5 (disagree). The items in
the two categories “prospective/potential” and “already happened/noticeable” are arranged in descending
order of importance. The number of responses (n) is given in parentheses
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cause may be that the close geographical proximity between partners in more concen-

trated clusters fosters the exploitation of synergy effects.

At the moment, several types of regional impulses of the LECC can already be

observed, primarily an improved visibility of the Leading-Edge Cluster regions and en-

hanced regional R&D activity. The actor interviews yielded that collaboration in the

joint projects has improved the innovative climate and resulted in the formation re-

spectively in an advancement of a common culture of innovation. While the stimuli

from the LECC may not be able to fully compensate for critical economic trends, the

LECC-funded projects still laid the basis for future increases in the generation of re-

gional value added. By intensifying and initiating further R&D cooperation, the LECC

is primarily effective in earlier stages of the value chain. Hence, its effects on growth

and employment are not noticeable in the short run.

Effects of the leading-edge cluster competition on R&D funding
From an evaluation perspective, it would be desirable to know whether public

R&D funding has a causal effect on private R&D activities. However, the time

lags inherent in funding effects, the complexity of diffusion mechanisms of clus-

ter policies, and the resource intensity in the application of available methods to

identify causal policy effects impede efforts to quantify the actual policy effects.

Against that backdrop, our goal was to identify the causal effects of the LECC on

firm-level R&D activities (both R&D expenditure and R&D personnel) and com-

pare the effects to other R&D funding programmes.1

Starting point of our analysis were the results of prior studies on the causal effects of

R&D funding and cluster policies. The effects of public R&D promotion have been ana-

lyzed extensively with no clear evidence on the effects of the policy measures arising

(see e.g. David et al. 2000, Czarnitzki, Ebersberger and Fier 2007). Especially it remains

unclear whether the promotion of private R&D in public programmes leads to no

crowding out, partial or full crowding out (Duguet 2004, Czarnitzki and Fier 2002 and

Wallsten 2000). At the same time, existing quantitative evaluations provide no clues as

to what effects to expect from cluster policy measures. This is due to different funding

mechanisms, but also different target variables of the evaluations such as innovation

(Falck et al. 2010 for cluster policies in Bavaria and DAMVAD 2011 on a Danish

programme) or employment/turnover (Martin et al. 2011). While both, the Bavarian

and Danish programme are not focusing on R&D funding, the predecessor of the pôles

de compétitivité in France, which was analyzed by Martin et al. (2011), promoted the

development of clusters affected by structural change. While Falck et al. (2010) and the

study on Denmark (DAMVAD 2011) found that these cluster programmes were suc-

cessful in promoting innovation activities in the clusters that were scrutinized, Martin

et al. (2011) could not identify effects of cluster policy whatsoever.

In the LECC evaluation, we estimated the “average treatment effect on the treated”

(ATT) as a measure of the impact of R&D funding on R&D activities of the funding re-

cipients. In order to assess the programme effect, we had to rely on a non-

experimental approach that has previously been applied in similar studies (e.g. Blundell

and Costa Dias 2000, Smith and Todd 2005). This hybrid matching approach combines

propensity score matching with the application of a Mahalanobis distance estimator to

account for few rather important variables (see e.g. Lechner 1998, Almus and
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Czarnitzki 2003). Based on this approach, we estimate the ATT by calculating a

difference-in-difference-estimator.2 In order to reach unbiased estimates of the effects

of cluster policy, we used nearest neighbor matching with replacement (making it pos-

sible to match single non-treated firms with more than one treated). This allows to

identify one non-treated firm for each treated with the closest probability of mode

change (for details on the approach see Lechner 2001).3 By applying this method, we

are able to address the counterfactual question: “what would have been the outcome

for LECC program participants if they had participated in other funding schemes?” We

compare firms funded by the LECC both to firms that did not receive funding and

firms that have been funded in other programmes.

The analysis is based on a data set that combines four sources: (1) data from the R&D

statistic of the business sector collected by the SV Wissenschaftsstatistik (a biannual sur-

vey of all R&D active firms in Germany). We use data for the years 2007, 2009, and 2011.

(2) Data from the Dafne database (release February 2012). (3) Information on R&D fund-

ing and funded firms from the PROFI database on R&D project funding by the Federal

Government. (4) Data from our own surveys of firms promoted by the LECC.

Table 1 shows core results of our regression analysis. We find that R&D expenditures

of firms funded by the programme are significantly higher compared to non-funded

firms. On average, R&D expenditures of funded firms increased by 45%, while it de-

creased by about 14% for the matched non-funded firms. The difference is even larger

when looking at the effect of the programme on SMEs (an increase of 58% for funded

SMEs was estimated compared to a decrease of 20% in the comparison group). When

looking at different measures of R&D intensity, we find that the change in R&D ex-

penditure per employee is significantly higher for funded firms than for non-funded

firms (both for all firms and SMEs).

Similar results are obtained when looking at the firms of the 2nd wave for which an

additional pre-funding period can be used to account for unobservable firm character-

istics as project funding started in 2010.

When comparing firms that receive LECC funding with firms that have been funded

by other programmes, we find that LECC funding leads to a significant increase in

some but not all measures (such as external R&D expenditures as a share of firm turn-

over, not displayed in Table 1). This result has also been confirmed by individual obser-

vations at the firm level with some firms being more prone to participate in other

programs due to their participation in the LECC: Furthermore, our results show that

the LECC has especially influenced the behavior of SMEs. The growth of R&D expend-

iture is larger for SMEs funded by the LECC than for SMEs funded otherwise. This is

consistent with our observation that the program made it easier for SMEs to gain ac-

cess to established R&D networks.

Based on our results, it was possible to analyze the degree of additionality of LECC

funding which is important to understand how firms react to public funding and to as-

sess the effect of R&D subsidies on funded firms. In this analysis, we have to bear in

mind that funded firms are required to complement public funding with the same

amount of internal R&D funding. However, it is not clear ex ante whether the add-

itional funds are provided by increasing the internal R&D budget or by shifting R&D

funds from other project activities. Thus, we distinguish full additionality (i.e. the in-

crease in overall R&D expenditure relates to the amount of public funding plus the

Rothgang et al. Journal of Open Innovation: Technology, Market, and Complexity  (2017) 3:18 Page 15 of 20



same amount of private funding) and weak additionality (overall firm-level R&D-

expenditure increases by the amount of public funding). While full additionality is as-

pired by public authorities, weak additionality is also allowed by the programme re-

quirements. In turn, not even finding weak additionality, meaning that public funding

crowds out private R&D, would not be in accordance to the programme targets. Our

results show no indications for crowding out on average when we look at all funded

firms. We find evidence of weak additionality on average which means that on average

private R&D expenditures have increased slightly. The leverage effect of R&D funding

is higher for SMEs than for large firms, so that the increase in R&D expenditure excels

the amount of public funding for SMEs (for more details see Engel et al. 2017).

The results from our econometric calculations with respect to the leverage effect of

R&D expenditures are consistent with evidence based on qualitative analysis from ex-

pert interviews with representatives from cluster firms. These interviews show that dif-

ferences in the leverage effect of R&D financing between SMEs and large firms might

be due to R&D budgets of large firms that are in many cases fixed in the medium term.

At the same time, SMEs often have the opportunity to adapt their R&D budget to the

project situation, leading to a larger increase in R&D expenditure as additional funds

are obtained from government funding.

Firm interviews also showed marked differences between firms in the leverage effects

of government R&D funding. Some firms substantially increased internal funding as

they used their participation in the LECC to build up their R&D activities (in single

cases from scratch). This is, however, not the case for the average firm. In addition, our

Table 1 Group comparison after matching (LECC funded vs. non-funded, mean values)

Outcome variable LECC-funded Non-funded ATTDiD t-test #

All companies (2007–2011)

CGR R&D expenditures 0.45a −0.138 0.588 3.39 *** 135

CGR internal R&D expend. 0.403 −0.122 0.525 2.99 *** 110

CGR external R&D expend. 0.42 0.565 −0.145 0.43 109

CGR R&D personnel 0.279 0.022 0.257 2.14 ** 72

Δ R&D exp./employees 5.681 −0.229 5.91 2.56 ** 134

Δ R&D exp./turnover 0.143 −2.555 2.698 1.22 135

Δ internal R&D exp./turnover −1.67 −2.204 0.534 0.25 110

Δ external R&D exp./turnover 1.26 −0.35 1.61 1.85 * 110

SME only (2007–2011)

CGR R&D expenditures 0.576 −0.197 0.774 3.74 *** 80

CGR internal R&D expend. 0.552 −0.217 0.77 3.36 *** 57

CGR external R&D expend. 0.624 −0.26 0.884 2.74 *** 57

CGR R&D personnel 0.295 −0.064 0.359 2.63 *** 48

Δ R&D exp./employees 6.155 −3.269 9.424 2.81 *** 79

Δ R&D exp./turnover −0.943 −4.941 3.998 1.12 80

Δ internal R&D exp./turnover −4.273 −5.096 0.823 0.22 57

Δ external R&D exp./turnover 1.901 −1.183 3.084 1.96 ** 57

Discrete change (Δ) or continuous growth rate (CGR) of mean values. a The value 0,45 means an 45% increase. ATTDiD:
difference between mean values in column 2 and 3. # number of observations. * p < 0.10, ** p < 0.05, *** p < 0.01. For a
more detailed description of the method and variables see Engel et al. (2017)
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interviews show that the estimated quantitative leverage effect represents only one as-

pect of the leverage of R&D funding. As project funding is mainly used for cooperation

projects, new ideas created in the projects have the possibility to diffuse between differ-

ent firms and entail additional medium-and long-term effects.

Finally, the question arises what we can learn from this analysis. We can see that

public promotion programmes can increase R&D activities of business firms. At the

same time, we have to bear in mind that increasing R&D activities is only one of several

targets that have to be regarded. This becomes clear when we assess the consequences

of the more pronounced leverage effect of the LECC for SMEs than for large firms.

One could argue that technology policy should concentrate its effort more on SMEs.

However, there are also arguments to the contrary. For the network development of

SMEs, which is another programme target, it is often important that also large firms

are part of the networks because the SMEs depend on these firms as customers or part-

ners in R&D cooperation. In addition, cluster programmes try to promote the know-

ledge transfer between firms. Again, it is important for the successful use of the

knowledge to give impulses for projects that involve both SMEs and large companies.

Clusters and innovation policy: Findings and recommendations
The experiences from the LECC – as well as from other, similar funding programmes

in Germany and other countries – can be used for the design and execution of future

funding activities. This chapter tries to determine the prerequisites for the success of

cluster initiatives. On this basis, recommendations are made for the remaining funding

duration of the LECC until 2017, for future cluster and network funding, and for future

innovation policies. Wherever possible, the findings of the accompanying evaluation

were reflected against a background of existing cluster research and other evaluation

studies. There was a high degree of correspondence in many points, as well as some

new aspects that are not to be found in the literature (yet).

The “functioning” of technology-oriented cluster initiatives depends primarily on the

following factors:

� Technology oriented clustered initiatives can only be successful if they have a

critical mass of existing technological and innovation potential to build on

already when the initiatives are constituted. If that is the case, the programme may

be able to benefit from windows of opportunity that arise not just in early

development stages of entirely new technologies, but also in established industries.

This happens e.g. when comprehensive technological changes take place or when

new challenges arise that require a reconfiguration of known technologies and

production factors.

� For the success of cluster initiatives, an assertive cluster organisation represented

by suitable cluster managers is indispensable. The cluster organisation and the CM

at its core usually need some time in their constitution phase before they are fully

functional. Like their corresponding industries, clusters are subject to medium and

long-term structural changes. These changes force cluster initiatives to readjust

their orientation from time to time and develop their organisations further. In the

long run, these cluster institutions should therefore be seen as temporary inter-

mediaries that may be replaced with new structures as this is appropriate.
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� Cluster initiatives are based on exploiting the benefits of geographic proximity.

For innovative clusters and in consideration of today’s transportation and

communication technologies, the word “proximity” can be interpreted

pragmatically. The importance of geography varies considerably between the

participants of the LECC. In some cases it provides a point of identification that

contributes to the mobilisation of regional stakeholders and resources. In other

cases it is the result of past developments and taken for granted. In yet other cases,

geographic proximity does not play a significant role for joint R&D activities. A

continuous exchange between R&D employees with different qualifications in one

place can be helpful for developing innovations, but is it not a necessary

prerequisite for collaboration within a cluster.

� On one hand, the success of cluster initiatives depends on cluster-internal

factors. Within limits, cluster organisations are able to compensate for and

actively respond to interference from the environment. They are successful

especially when sufficient technological and innovation potential is available,

when joint activities can be advanced within the cluster organisation, and when

positive effects can be achieved by a close regional exchange between cluster

stakeholders. On the other hand, environmental factors also play a role for

cluster development, in particular international market events as well as framework

conditions and their changes (e.g. when certain technological problems cannot be

solved or when market constellations change). Such events may necessitate changes in

the cluster strategy or, in extreme cases, render the objectives of the cluster

organisation obsolete, such that responsiveness and adaptability are required.

The funding of cluster and network initiatives is becoming an increasingly important

instrument of innovation policy. Cluster funding addresses technology-political constel-

lations which are characterised by the following factors:

� The development of technologies to be funded is marked by a spatial

agglomeration of relevant companies and public research organisations.

� The addressed technologies are at a stage where a technological breakthrough is

to be expected in the foreseeable future.

� The clusters to be funded exhibit a critical mass of relevant innovation

capacities that may be expected to play a major role with regard to the

development of the relevant technologies or industries in the future.

� The cluster initiative to be funded is supported by strong commitment of the

stakeholders it represents.

� The technologies and industries in question have significant importance for the

total economy.

If one or several of these prerequisites are not fulfilled, then cluster funding is not ad-

visable, or at least not at the federal level. If from the perspective of the total economy

there is still a need for funding, then this should be covered by other instruments of re-

search and innovation policy, such as thematic technical programmes, network funding

or funding for R&D cooperation. The instrument of cluster funding is therefore by no

means a panacea to solve all conceivable problems of technology policy. Quite the
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contrary: Excessive or even indiscriminate use would necessarily result in a devaluation

of the instrument. Regarding the funding of Leading-Edge Clusters, the concept of the

LECC was designed in a way that the above prerequisites are all fulfilled. The findings

of the accompanying evaluation also confirm that the basic concept of the competition

has been implemented as intended.

Endnotes
1For a more detailed discussion of the econometric analysis see Engel et al. (2017).
2For an application to evaluate labour maket policies see Heckman et al., 1998, for

an application to estimate the effect of R&D promotion see Czarnitzki, Ebersberger and

Fier 2007.
3Software package psmatch2 in STATA 12 was used (see Leuven and Sianesi 2003).
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