
 FZID Discussion Papers

Universität Hohenheim | Forschungszentrum Innovation und Dienstleistung 
www.fzid.uni-hohenheim.de

CC Innovation and Knowledge

Discussion Paper 96-2014

NETWORK EVOLUTION, SUCCESS, 
AND REGIONAL DEVELOPMENT IN THE 

EUROPEAN AEROSPACE INDUSTRY

Daniel Guffarth
Michael J. Barber

Universität Hohenheim | Forschungszentrum Innovation und Dienstleistung

www.fzid.uni-hohenheim.de



 
 
 
 
 
 
 

Discussion Paper 96-2014 
 

 
 
  

Network evolution, success, and regional development  
in the European aerospace industry 

 
 
 
 

 Daniel Guffarth 
Michael J. Barber 
  

 
 
 
 
 
 

Download this Discussion Paper from our homepage: 
 

https://fzid.uni-hohenheim.de/71978.html 
 
 

 
 
 

ISSN 1867-934X (Printausgabe)  
ISSN 1868-0720 (Internetausgabe) 

 
 

 
 
 

Die FZID Discussion Papers dienen der schnellen Verbreitung von 
Forschungsarbeiten des FZID. Die Beiträge liegen in alleiniger Verantwortung  

der Autoren und stellen nicht notwendigerweise die Meinung des FZID dar. 
 
 

FZID Discussion Papers are intended to make results of FZID research available to the public  
in order to encourage scientific discussion and suggestions for revisions. The authors are solely  

responsible for the contents which do not necessarily represent the opinion of the FZID. 
 

https://fzid.uni-hohenheim.de/71978.html


 

1 

 

Network evolution, success, and regional development in the European aerospace industry 

 

Daniel Guffarth 

University of Hohenheim, Economics Institute, Innovation Economics (520i) &  

MBtech Group GmbH & Co. KGaA 

 

Michael J. Barber 

Innovation Systems Department, 

AIT Austrian Institute of Technology GmbH, Vienna, Austria 

 

E-Mail: daniel.guffarth@uni-hohenheim.de, michael.barber@ait.ac.at  

 

 

Abstract 

The success breeds success hypothesis has been mainly applied to theoretical network approaches. We 

investigate the European aerospace industry using data on the European Framework Programmes and 

on Airbus suppliers, focusing on the success breeds success hypothesis at four levels of analysis: the 

spatial structure of the European aerospace R&D collaboration network, its topological architecture, the 

individual actors that make up the network, and through a comparison of the Airbus invention and 

production networks. On the spatial level, SBS is favored: successful regions maintain their position 

and grow on a large scale, especially so for regions that have strongly participated from the very 

beginning. The regional hub structure is mirrored in the architecture of the European aerospace R&D 

collaboration network, where well-connected hub organizations play a key role in shaping the structure 

of the network through their many collaborative partnerships and do so in a way that strategically 

positions themselves with greater ability to access and regulate knowledge flows, as assessed by several 

centrality measures. Only successful organizations have the ability to form so many ties, with success 

thus breeding success in the European aerospace R&D collaboration network. The importance of the 

core organizations made clear through the centrality analysis is further supported by the analysis of weak 

ties, where we observe that the core organizations are connected to the rest of the network with many 

weak ties, thereby confirming their outstanding positions in the European aerospace R&D collaboration 

network as being able to access knowledge or other resources. With the combination of the R&D 

collaboration network and the Airbus production network on a spatial level, we see additional support 

for SBS, as those regions whose actors are frequent participants in both networks show the greatest share 

of successful actors. The European aerospace industry shows an ambidextrous character as a whole, 

which is nonetheless insufficient to avoid recent and future challenges demanding a strong emphasis on 

production skills. 
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1. Introduction 

Aircraft (and also satellites and space applications) are complex products in the sense that they consist 

of technologically interconnected subcomponents (Baldwin and Clark 2000, Frenken 2000). Due to this 

technological complexity—prevalent in aerospace since its inception, and rising exponentially with the 

advent of new aircraft — collaboration is a powerful tool to access, integrate and use external 

knowledge. External R&D collaboration in general has a positive influence on the innovative success 

of companies. The interplay of internal R&D and external R&D collaboration can be seen as most 

promising, as suggested by Hagedoorn and Wang (2012). According to Miotti and Sachwald (2003) a 

central motive for establishing collaborative relationships is to access complementary knowledge bases 

of the partners.  

Especially in industries with complex products, different life cycle stages of different sub-systems or 

components complicate industry analysis on an aggregated level. Thus, we consider an industry as a 

population of firms and research institutes active in invention, production, and—after successful 

commercialization—innovation (product and process).1 The invention side can be viewed as R&D 

collaboration and the production side can be viewed as the commercialization of invention resulting in 

an innovation, giving rise to a production network. As the actors of the population are interconnected 

through research and production concerns, both an invention network and a production network emerge. 

The composition and structure of pan-European networks per se have been little studied to date 

(exceptions include Barber et al. 2006, Roediger-Schluga and Barber 2008, Breschi and Cusmano 2004, 

and Guffarth and Barber 2013, Almendral et al. 2013, Biggiero and Angelini 2014), but it is clear that 

collaboration is not only needed on the innovation side– collaboration and a trustful relationship 

constitute the backbone for the production side (Mentzer et al. 2001, Benton and Maloni 2005). 

Therefore by seeking and exploiting new knowledge that is not owned by current production partners, 

the innovation network and the production network can change the industry structure and its 

composition. As argued by Tushman and O’Reilly (1996), organizations consequentially must develop 

ambidextrous capabilities that enable them to cope with both the innovation and the production 

challenges imposed by their environment, differing the industry life cycle. Today’s aircraft industry can 

be positioned in a growth/mature phase within the industry life cycle, where a dominant product design 

has been established decades earlier and OEMs face the challenge to ramp up their production and shape 

their production system to be more efficient.2 Combined with the fact that learning curves, economies 

of scale, barriers to entry and financial resources are of considerable importance in the competitive 

process, large firms with intense power came to the forefront of the innovation process (Utterback 1994, 

Gort and Klepper 1982, Klepper 1996). 

Despite the serious challenges on the process side of innovation and the changes in the production 

network, we define the aerospace industry as a Schumpeter Mark II sector, which is characterized by 

creative accumulation and by the dominance of a stable core of a few large firms, with limited entry 

(Malerba 2004), which will become evident in sections 3 through 5. Cumulativeness conditions capture 

the properties that today’s innovations form the starting point for tomorrow’s innovations, which can be 

equated with success breeds success (SBS) (Mansfield 1968). The SBS hypothesis — closely related to 

the concepts of the rich-get-richer hypothesis and cumulative advantage (Barabasi and Albert 1999) — 

                                                           
1  Nevertheless, non-inventive actions, such as imitation, are also important success factors for the 

commercialization of a product or process. Rothwell (1992, 2002) lists several success factors for industrial 

innovation and development. 
2  We refer here to the aircraft industry as the main object of observation. Space and satellite technology projects 

are nevertheless inspected as well, since the two branches of the aerospace industry are interconnected at the 

company level as well as at the thematic level, where spill-overs are commonplace. 
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has been mainly applied to theoretical network approaches. We extend the pure focus on the structure 

of networks with respect to the differentiation between invention (R&D collaboration network) and its 

commercialization (production network), which directly relates to current developments and challenges 

apparent in the aerospace industry, and broaden the analysis to other success dimensions.  

This article is organized as follows. Section 2 provides a background overview, with section 2.1 giving 

a short characterization of the aerospace industry and its industrial and technological development in 

general, and section 2.2 explaining the data sources. Section 3 focuses on the question of whether the 

European aerospace R&D collaboration network follows underlying patterns of spatial success. Section 

4 analyzes how the R&D network is shaped and questions whether its structure is of SBS type. Section 

5 re-addresses the analytical goals of section 4 at the level of individual actors. Section 6 combines 

invention and production networks and poses the success condition of organizational ambidexterity. 

Section 7 concludes and assesses the potential for further research. 

2. Data and background information 

2.1 The European aerospace industry 

In the 1970s, the landscape of the European aerospace industry changed dramatically with the 

appearance of the first European Programs, resulting in the creation of Airbus, a consortium of the 

leading European aerospace nations, in response to increasing project volumes and to the need, in the 

view of European politicians, to establish a counterbalance to the strong US aerospace industry. In the 

late 1980s, large international consortia were formed to spread costs and accumulate knowledge, 

focusing on cost efficiency, quality and performance. In the large civil aircraft sector, the competition 

between Airbus, as European champion, and Boeing, its American counterpart, increased.3 In Europe, 

all involved nations tried to protect and foster participation of their firms, which led to an extremely 

fragmented industry structure, with numerous SMEs supplying the supranational enterprise of Airbus.4 

This leads to today’s industry structure, which can be seen as a collection of hierarchically organized 

pyramids (Acha et al. 2007, Lefebvre and Lefebvre 1998) whose apexes are leading companies such as 

Airbus and its first tiers, which supply engines, avionic and other complex product modules (Biggiero 

and Angelini 2014). In the 1990s and the new century, changes mainly are driven by crises, 

consolidation waves, industrial integration and a still-ongoing global reorganization. These 

developments correspond directly to the underlying data set and will be analyzed and set in relation to 

the achieved results. 

The technological development constitutes only a few main changes which can be assigned to shifts in 

airframe and propulsion technology. While aircraft until the 1960s were primarily equipped with piston 

engines, jet engines have since been used on large civil aircrafts. This technology, as with many others, 

was developed and engineered for military use before and during WWII (Giampaolo 2006). Jet engine 

technology was considerably more complex and led to changes in the sector: consortia for jet engines 

were established, forming a unique sector within the aerospace industry, leading to a high fluctuation 

due to bankruptcy and entering companies (Frenken and Leydesdorff 2000, Nelson and Winter 1977, 

Dosi 1982). Today, the industry continues to rely on this technology, but several incremental innovations 

have been added resulting in extremely increased efficiency: compared to the 1960s about 70% less fuel 

is needed for the same range today. Since all aerospace OEMs operate near the technological frontier, 

                                                           
3  Beside the two market leaders several other OEMs were present in the market at that time, e.g. McDonnell 

Douglas and Lockheed Martin. 
4  Not only Airbus as the manufacturer of aircraft, but also the defense and space entities were centralized under 

the European holding company EADS (a consortia of the national firms Aerospatiale Matra, DASA, CASA), 

founded in 1998/1999, and renamed and reorganized in 2013 to Airbus Group.  
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technological performance was not necessarily associated with market success (Bonaccorsi and Giuri 

2001). Concerning aircraft design, with the exception of the Concorde, there have been no radical 

changes and no new trajectory concept is in sight. Engineers thus may be expected to further develop 

existing designs, improving the technology and the production system by, e.g., using new materials and 

intelligent solutions in aerodynamics, a rise in electrification in every part or segment of the aircraft, 

and lean production methods. In general, aircraft complexity and high market and financial uncertainty 

lead to the need for system integrators (Airbus) to maintain an established aircraft design, allowing 

components to be used in more than one aircraft model (Biggiero and Angelini 2014) as well as to 

further differentiate the value chain and establish risk and revenue sharing partnerships.  

Therefore, the aerospace industry can be characterized as a technology intensive sector with a high R&D 

intensity5, technological complexity, high and increasing development costs, long product life cycles, 

long break-even periods and small markets, problematic cash flow situations, high market entry barriers 

and a high governmental impact in form of ownership, regulation and as customer (Esposito and Raffa 

2006, Alfonso-Gil 2007). The continuing innovation direction within the aerospace industry is 

sometimes redirected or restructured through radical changes in technology, market structure and 

institutional design (Braddon and Hartley 2007, Dussauge and Garette 1995, Jordan and Lowe 2004). 

2.2 Data sources – CORDIS and Airbus 

We use data on the European Framework Programs (FPs) on Research and Technological Development 

(RTD) to investigate the European aerospace R&D collaboration network. In the FPs, the European 

Union has funded numerous transnational, collaborative R&D projects. Project proposals are submitted 

by self-organized consortia (European Council 1998) and must include at least two independent legal 

entities established in different EU Member States or in an EU Member State and an associated State 

(CORDIS 1998). The proposal selection is based on several criteria including scientific excellence, 

added value for the European Community, and prospects for disseminating/exploiting results. The main 

objective has been to strengthen Europe’s scientific and technological capabilities.  

Since their initiation in 1984, seven FPs have been launched. The only publicly available data source is 

the European Community Research and Development Information Service (CORDIS) projects database, 

which lists information on funded projects and project participations. However, many challenges exist 

in processing the raw data into a usable form, e.g. making organization names and other data consistent 

over time. 

 

Table 1: Time dimension and general statistics on the funded aerospace R&D collaboration network 

The core data set that we use is EUPRO database6. EUPRO comprises data on funded research projects 

of the EU FPs and all participating organizations. It contains systematic information on project 

objectives and achievements; indicators of project subjects, costs, and funding as well as contract type; 

                                                           
5  Between 10% and 18% of revenue is re-invested in R&D. 

6  The EUPRO database is constructed and maintained by the AIT Innovation Systems Department by 

substantially standardizing raw data on EU FP research collaborations obtained from the CORDIS database 

(see Roediger-Schluga and Barber 2008). 

FP FP2 FP3 FP4 FP5 FP6 FP7

Number of projects 390 714 241 196 255 217

Number of organizations 1.053 2.140 960 940 1.454 1.186

Number of participations 2.095 3.953 2.159 2.190 3.655 2.543

Mean number of participants per project 5,4 5,5 9,0 11,2 14,3 11,7
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and on the participating organizations including the full name, the full address and the type of the 

organization. From EUPRO, we identify aerospace-related projects as collaborative projects that have 

been assigned the standardized subject indices Aerospace Technology7 or (standard only in FP7) Space 

& Satellite Research. We identify aerospace-related organizations as organizations taking part in at least 

one aerospace project (table 1).  

Using the EUPRO database, we construct a network for each FP based on the collaborative aerospace 

projects. We take the network nodes to be the organizations participating in the projects, with links 

between nodes when the corresponding organizations participate in the project together. As 

organizations may co-participate in multiple projects, we assign weights to the links with a value equal 

to the number of mutual projects for the linked organizations. 

The production network is proxied by the Airbus supplier list, which comprises all companies that are 

directly supplying goods and services to Airbus. This opens up the opportunity to compare production 

network and invention network on the actor and spatial level. The Airbus supplier lists are published 

monthly and made freely available on the Airbus homepage; we use the supplier data from March 2012. 

A drawback is that linkages between suppliers and suppliers of suppliers are not depicted.  

3. Spatial prosperity or arbitrariness in the R&D collaboration network? 

Over the decades of its existence, the aerospace industry has undergone changes caused by 

internationalization and economic concentration (Niosi and Zhegu 2010). Those changes directly impact 

regions: the aerospace presence in most regions has been radically downsized in favor of partners or 

suppliers in low-cost countries or strategic partners overseas. Therefore we expect the spatial 

distribution to show a strong concentration in a few regions supplemented with more sparsely 

participating regions. To explore this, we visualize the FP-derived aerospace networks in figure 1, 

aggregating the organization-based nodes and links to the level of NUTS-2 regions8. The size of a node 

shows the number of participants in the region, while the strength of a link between regions indicates 

the number of connections between organizations in the two regions—darker links correspond to more 

connections between regions within the respective FP. 

                                                           
7  Projects in the FP4 subprogram FP4-BRITE/EURAM 3 originally were all assigned the Aerospace 

Technology subject index, but these were eliminated in a later revision of CORDIS. We have included these 

projects for consideration as aerospace projects. No projects in FP1 were assigned the Aerospace Technology 

subject index; we exclude FP1 from consideration. 
8  The NUTS (from the French for “nomenclature of territorial units for statistics”) classification is a hierarchical 

system that segments EU economic territory for the production of regional statistics and socio-economic 

analysis. We consider the NUTS-2 regions located in the EU-25 member states, excluding Cyprus and Malta, 

and in analogous territorial units located in Norway and Switzerland. The collaboration data spans several 

revisions of NUTS classification; we used the 2010 revision throughout. 
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Figure 1: The European aerospace R&D collaboration network. The weakest links, corresponding to fewer than 10% of the 

connections in the strongest link in the same FP, are omitted. 

FP2 FP3

FP4 FP5

FP6 FP7
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Notable in figure 1 is that—especially in FP2 and FP3—a more uniform distribution over regions 

involved in the projects is visible compared to later FPs. 9  Infrequently participating regions are 

connected to the major regions, suggesting a spatial hub-structure in the European aerospace invention 

network. Over all FPs, Île-de-France can be seen as the overall center within the European R&D 

collaboration network. This is unsurprising; located in the region, in Paris, is Airbus (formerly EADS) 

headquarters, with its leading role in the European aerospace industry, in R&D as well as in production. 

Oberbayern in Germany also is very prominent. This is also unsurprising; besides the numerous 

suppliers, located in the region is the Airbus (EADS) innovation center in Ottobrunn (near Munich), as 

well as the Airbus helicopters location in Donauwörth. The rise in the prominence and importance of 

Toulouse and the Midi-Pyrénées region, where the Airbus production center or final assembly lines of 

most Airbus aircrafts is located, can be traced back to a shifting focus from product innovation to 

affordability, i.e. better, cheaper, and faster production to fulfill the increased orders.10 Especially with 

the beginning of FP4, process-optimization related projects rose drastically11, such as the optimization 

of the manufacturing process and the supply chain, non-destructive detection and repair systems, as well 

as quality and safety systems, leading to the increased prominence of the region.  

Figure 2 depicts the cumulative distribution of the numbers of project participations in NUTS-2 regions 

for each FP. Visible is an overall growth of project participation over the FPs.12 This can be seen by the 

expansion over all FP-curves, i.e. the number of project participations is increasing both in regions with 

many project participations and in regions with fewer project participations. While in FP2 only 10 

regions take part in more than 380 projects, in FP6 about 100 regions reach this number. The threshold 

of participation by the 10 most active regions increased to more than 3300 in FP6. To relate these 

findings to the SBS hypothesis, we more closely examine which regions are responsible for the change 

in the distribution, with a particular focus on the right tail. We found that Île-de-France is the all-time 

leader, with the greatest number of participations in each FP, followed by several regions growing 

comparably. FP7 is an exception to the general trend of increasing numbers of participations; as the 

overall shape of the distribution is unaltered, we attribute the lowered participations to the 

incompleteness of the data on FP7.  

Further we used a grouping mechanism to detect the development of the regions. We found that top-20 

regions in FP2 remain among the most active, with the exceptions of Darmstadt (DE71) and Berkshire, 

Buckinghamshire and Oxfordshire (UKJ1), which decrease markedly in ranking. Positions 20 to 40 

show an attenuated development compared to the top-20 regions. Most regions gain, especially Midi-

Pyrénées (FR62) increases dramatically, as well as Campania (ITF3). Few regions decrease the number 

of project participations, e.g. UKD4. Positions 40 to 100 stay small with some minor exceptions, e.g. 

Toscana (ITE1) and Lazio (ITE4) increase project participation greatly in FP6 and FP7. Others gain 

                                                           
9  Intra-regional linkages are not depicted within figure 1. This is only a minor drawback, as nearly no intra-

regional collaboration exists – less than 3% of all collaborations are intra-regional, with nearly all in the center 

regions. This may reflect the participation premise for the European framework programs, where at least two 

partners from two different nations have to take part in a project. Additionally Guffarth and Barber (2013) 

found no thematic-spatial specialization pattern, i.e., there is no NUTS2 region with a superior knowledge 

base concerning one specific field of knowledge, at least in regions where a considerable number of projects 

have been operated. 
10  The optimization of the production process is today more relevant than ever before: e.g. Airbus has a backlog 

in producing aircraft that fills their order books through 2022. 
11  Nevertheless material science projects have been executed throughout all FPs and counted together are 

responsible objects or part objects in numerous projects. Satellite and space topics take a leading role in FP6 

and FP7. 
12  Here and in the following FP7 is excluded, due to incomplete data. 
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positions in one FP and lose it in the next. The same holds for positions 100 -266, which stay very small, 

with no region notably changing its rank over time. 

 

Figure 2: Cumulative distribution of project participations of NUTS-2 regions per FP. The number of projects N is shifted by 

one to allow inclusion of regions with no project participation on the logarithmic axis. 

This indicates a tendency that success breeds success, as successful regions maintain their position and 

grow on a large scale, especially so for regions that have been strong in participating from the very 

beginning. One reason for such a development, besides the possibility that incumbent organizations 

grow over time, is that new actors are established. The new actors can be established through movement 

or, as Buenstorf and Klepper (2009) found, by successful incumbent firms tending to have more and 

better spin-offs. As most spin-offs locate close to their roots, geographic concentration of industries 

reinforces itself: these spin-offs become sources of renewed entrepreneurial activities, leading to a 

buildup of high-competence firms over time. This holds for industrial actors as well as for research 

organizations and scientific entities. There are several prominent examples within the European 

aerospace industry, e.g. CESA (Compania Espanola de Sistemas Aeronauticos SA) which is a spin-off 

of CASA and thereby Airbus, or Lavision which is a spin-off of the German Max-Planck Institute. 

Regions with a very low participation rate in the first FPs generally tend to stay small in later FPs. 

Nevertheless there are exceptions and bivalent developments, especially in regions that have been 

ranked in positions 20 to 40 in FP2.  

We thus learn from the spatial development of the European aerospace R&D collaboration network that 

there are several hub regions (Île-de-France FR10, Oberbayern DE21, Cologne DEA2, MadridES30, 

Bristol UKK1, North Holland NL32, Piemonte ITC1 and Midi-Pyrénées FR62) successful from the 

inception of the FPs. The hub regions, through their actors, play a key role in connecting other 

participating regions. How the European R&D collaboration network is shaped on an organizational 

scale is analyzed in the next section. 

4. Network indicators favoring success-breeds-success development  

Building on the general information provided within section 2.2, we extend the characterization of the 

R&D collaboration network. First, we look at the changing composition of the FPs with respect to their 

affiliation. We found that the industrial share is nearly constant through FP5, ranging between 50-60%. 

Beginning with FP6, a drop to 45% can be observed and in FP7 only 38% of all FP participants are from 

the industry side of the sector. The lost share of industrial organization was nearly fully absorbed by the 
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scientific entities (educational and research organizations), with an additional increase in governmental 

organizations and not specified participants. This development is closely related to the thematic 

development.13 With the increase in satellite and space topics, also the demand for scientific knowledge 

increases (Broekel and Boschma 2010). Additionally, that satellite and space topics can seldom be 

commercialized might explain the fall in the industrial share.  

Besides these compositional developments, table 2 summarizes some distinct metrics for characterizing 

the underlying networks. We used the main component in every FP to assure that path length measures 

are sensible and to avoid other measurement problems. The largest components include the great 

majority of the organizations making up the network; in each, there is a single important component, 

with no other sub-network of appreciable size or meaning.  We show the FP7 main component network 

in figure 3.14 

 

Table 2: network metrics for the R&D collaboration network  

                                                           
13  On a higher aggregation level three main topics are especially visible: reduction of environmental impact from 

emissions and noise, improved aircraft safety, and increased operational capacity and safety (Weber et al 

2005). 
14  We determine the network layout using the Fruchterman-Reingold algorithm. The algorithm uses a physical 

analogy to determine the placement of network nodes. Nodes repel one another, like electrically charged 

particles, while links cause attraction, like springs. Solving for a static equilibrium in the resulting force 

equations results in a set of node positions where strongly interconnected sets of nodes are placed near one 

another. 

FP FP2 FP3 FP4 FP5 FP6 FP7

Nodes 1339 2618 1208 1096 2172 1428

Nodes (main comp.) 1186 2059 1085 988 2141 1400

Edges 5722 13807 12083 27679 41811 23503

Edges (main comp.) 5429 12283 11713 27424 41754 23426

Density 0,008 0,006 0,020 0,056 0,018 0,024

Diameter 9 9 8 7 6 6

Mean path length 4,045 3,859 3,092 2,379 2,758 2,653

Average Clustering 0,838 0,839 0,860 0,870 0,873 0,867
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Figure 3: The main component of the FP7 European aerospace R&D collaboration network. 

The density describes the overall coherence of a network which allows for implications concerning 

information and knowledge diffusion speed within the network (Hannemann and Riddle 2005). As 

reported in table 2 the density of the network is relatively low, especially within FP2 and FP3. The 

general low values are consistent with the network size – there is no possibility for each actor to establish 

and foster relationships to all other actors.15 The low density in general indicates a kind of planned 

network, with non-random linking, making stability of the network as well as the knowledge flows 

highly dependent on the enabling actor (Schön and Pyka 2012). 

The initially low density in FP2 and FP3 is consistent with the behavior in exploratory phases of 

industries, in which a growing number of firms join the network, bringing in their specialized knowledge 

and thereby increasing the variety of knowledge accessible for exploration activities (Pyka 2011). The 

higher density in FP4 and FP5 is consistent with exploitation stages of an industry, where the network 

has matured to some extent, with less growth in the number of actors but more frequent linkages among 

the actors; knowledge transfers among actors has strengthened, increasing the efficiency of innovation 

processes within a well-known knowledge field in the exploitation phase (Pyka 2011). The density again 

drops after FP5; this may be attributable to the new presence of space and satellite topics producing a 

new exploratory phase with more organizations joining the network, with new links forged between 

existing organizations and new participants and also among existing organizations (Breschi and 

Cusmano 2004). Further an explanation for FP5 and FP6 density decrease might be found in the maturity 

position within the industry life cycle, as new product developments are rare16 and clear focus on the 

technological challenges are in sight (Abernathy and Utterback 1978, Utterback 1994, Klepper 1996 

and 1997), which decreases the density of firms in the respective industry (Schön and Pyka 2012).  

Average path length gives information about how rapidly an arbitrary vertex can be reached from any 

other vertex. Many real social networks have a short characteristic path length, giving rise to the small 

world effect (Roediger-Schluga and Barber 2008). Short path lengths are associated with rapid 

                                                           
15  See Scott (1994. For a general explanation for the rareness of completely linked networks see Mayhew and 

Levinger (1976). 
16  Even if in the literature to complex products (Hobday 1998) a general movement of those industries is seen as 

an seldom happening, the aerospace industry is today in a kind of typical maturity phase where production is 

in focus and no new product developments are in sight for the next years or even decades. 
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knowledge diffusion and the possibility to exchange even complex and tacit knowledge. Thus, for 

knowledge exchange, small world network are seen as highly efficient in their structure (Schön and 

Pyka 2012) with regard to key functions of R&D collaboration networks. However, short path lengths 

are not sufficient for learning (Roediger-Schluga and Barber 2008)—e.g., completely identical 

organizations cannot learn from each other and therefore different knowledge is needed while at the 

same time sufficiently similarity is needed to communicate and appropriate the new knowledge (Teece 

1986 and Levin et al 1987). The aerospace R&D network is characterized by short paths. During FP2 

and FP3 we observe higher path lengths (3.4 and 3.5) compared to FP4 until FP7, where it decreases 

from 2.88 in FP4 to 2.31 in FP5, with slight increase in FP6 (2.36) and FP7 (2.46). During the early FPs, 

new network parts docked to the main component, producing a more frayed network with longer paths. 

The network gets more closely integrated in FP4 through FP7, resulting in the mentioned decrease in 

average path length.  

Besides the short average path length, the clustering coefficient is also relatively high in typical real-

world networks (Watts and Strogatz 1998). Clustering means that the network possesses local clusters 

of nodes in which a higher than average number of nodes are connected to one another. The average 

clustering coefficient is extremely high with an average value of 85.1%. Moreover, there is a slight 

increase in the clustering coefficient of the organization networks from FP2 to FP5, suggesting that the 

integration between collaborating organizations has increased over time. The above arguments 

concerning the newly added space category and the recent developments within the aircraft 

manufacturing industry can be reiterated as a possible explanation for the lower clustering coefficient 

in FP6 and FP7.Another aspect of the network structure can be explored using the degrees of the nodes. 

The degree of a network node is the number of connections it has to other nodes, corresponding in the 

FP aerospace networks to the number of collaborative partners. The cumulative degree distributions for 

the aerospace networks are shown in Figure 4. As seen in many large real-world networks (see, e.g., 

Newman 2003), the distributions are strongly right-skewed with a heavy tail. The majority of aerospace 

actors thus have below-average degrees, but a small number of actors have degrees that are orders of 

magnitude above the average. These hubs are highly connected nodes that play key roles in defining the 

global connectivity of the network and may dramatically influence how the network functions; the hubs 

thus have properties we would expect of the stable core of dominant organizations in a Schumpeter 

Mark II sector. 

 

Figure 4: Cumulative distribution of the number of partners 
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In principle, high-degree nodes could result from organizations taking part in relatively few projects that 

have many participants. We address this question in Figure 5, comparing the number of participations 

to the number of partners — i.e., the degree — for each organization taking part in an FP7 aerospace 

project. We see a strong correlation between the degree of the nodes and the activity of the corresponding 

organization. Similar correlations are present in other FPs (not shown). 

 

Figure 5: Comparison of the number of partners with the number of participations in FP7 

Centralities depict another category of signals for analyzing the network in detail. Centralities are 

prominent actor-related measures that can be used to assess power and influence. The simplest centrality 

is degree centrality, which is just a normalized version of the degree distribution that we have already 

considered. Despite the insights gained from analysis of the degree distribution, it treats all links as 

equally important. But connections might not be the same. For example, connections to other actors who 

are themselves well connected may be expected to provide actors with more influence than links to 

poorly connected actors, leading to the concept of eigenvector centrality. For eigenvector centrality, 

each vertex is assigned a centrality that depends both on the number and the quality of its connections 

by examining all nodes in parallel and recursively assigning centrality weights that correspond to the 

average centrality of all neighbors.  

Other centralities arise by considering whether an actor could occupy a strategic network position 

allowing it to better access the information flow in the network. These considerations lead to the 

closeness centrality. Closeness centrality measures the proximity of an actor to all other actors in the 

network. The closeness centrality of the corresponding vertex is defined as the inverse of the mean 

geodesic distance17 from the vertex to every other vertex in a connected graph (Wassermann and Faust 

1994).Greater closeness centralities indicates a greater ability for the actor to receive or distribute 

information (Wassermann and Faust 1994).  

Based on the same logic as closeness centrality, betweenness centrality (Freeman 1977) can be defined 

as the fraction of geodesic paths between any pair of nodes on which it lies. It is a measure of control, 

as actors that lie on many shortest paths can exert considerable control and act as gatekeepers, 

intermediaries, liaison and bridges. Actors with a high betweenness centrality do not necessarily have 

                                                           
17 The length of a path between two network nodes is the number of steps taken to reach one vertex from the 

other. The geodesic distance is the length of the shortest path between the nodes.  
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to maintain many direct links themselves and networks that show a high level of betweenness are more 

vulnerable to a disruption of information flows through strategic behavior or the retreat of these key 

actors (Schön and Pyka 2012).  

Figure 4 compares the discussed centralities within the European aerospace R&D collaboration network 

for FP7; the results for the other FPs are comparable. We compare the degree centrality to each of the 

three other centralities: the centralities are strongly correlated, especially so for the most central 

organizations. Therefore we conclude that organizations that are powerful in one way are going to be 

powerful in the other ways. 

 

Figure 6: comparison of degree centrality with closeness-, eigenvector- and betweenness centrality 

Hence, we introduced a unified centrality measure as a one-dimensional aggregate of the group of 

centralities. We do this using principal component analysis, taking the unified centrality as the projection 

of the four computed centralities onto the first principal component. The unified centrality is thus the 

one-dimensional centrality that maximally accounts for the variability in the centrality data. Figure 6 

shows the distribution of the unified centrality measure for all organizations over all FPs. All unified 

centrality distributions are highly skewed. In figure 6 and 7, notable is the presence of a small set of 

high-centrality organizations combined with a large number of actors having lower centrality values. 

This indicates a great deal of heterogeneity among the network participants. Combined with the insight 

that the unified centrality measures the importance and power of an actor, we conclude that within the 

European aerospace R&D collaboration network, power in multiple dimensions is strongly concentrated 

in a small set of actors.  
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The concentration of the unified centrality, and the correlated centralities that permit its definition, lends 

support to the SBS hypothesis. The high-degree hub organizations play a key role in shaping the 

structure of the network through their many collaborative partnerships and do so in a way that 

strategically positions themselves with greater ability to access and regulate knowledge flows. But only 

successful organizations have the ability to form so many collaborative ties, with success thus breeding 

further success in the European aerospace R&D collaboration network.  

  

Figure 7: Distribution of the unified centrality measure (N+minN+1) 

In this light we are motivated to ask what these central organizations are, how they change over time, 

and what their roles are within the network. These questions relating to the status of the organizations 

within the network are answered in the next section, helping us to answer the question whether success 

breeds success on an individual or actor-based level. 

5. Success breeds success on an individual actor base 

Thus far, we have seen that the European aerospace R&D collaboration network has small world features 

and large hubs. Different measures of organizational prominence — number of project participations, 

number of collaborative partners, measures of centrality — are correlated, indicating that the hubs are 

important in several dimensions. But what are these prominent organizations and how did they develop 

over time?  

We select a set of prominent organizations for more specific consideration based on the total number of 

aerospace projects in which the organizations participated18 over the course of FP2-FP7. We focus on 

the ten most active organizations, which should correspond to the expected stable core of the aerospace 

sector. In Figure 8, we show the development of the unified centrality for the core organizations, with 

                                                           
18  Alternatively, the degree or centrality of nodes in the network for a particular FP could be used. As these 

quantities are correlated with the number of project participations, this would produce a substantially similar 

set of organizations, with only minor variation in the organizations considered. 
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the centralities of the other organizations included for comparison. The core organizations show certain 

stability, being among the most central organizations in all FPs. This stability is not, however, absolute: 

other organizations may be more central in specific FPs, while the core organizations change relative 

positions over the course of the FPs. The core organizations are thus consistently positioned so as to 

strongly shape the aerospace R&D network in Europe—actors in a central position face fewer 

constraints and have more opportunities because of a better bargaining position and greater influence 

(Schön and Pyka 2012). Such actors can foster or hamper the effectiveness of an R&D collaboration 

network in that they connect different knowledge fields or exclude other members from accessing 

information (Schön and Pyka 2012).  

Striking in the development of the centralities are the roles of Airbus and the Helmholtz-Gemeinschaft 

(HHG). They are the two most central organizations, consistent with what we might expect from their 

prominent roles in European aerospace; Airbus is central throughout the FPs, while HHG shows a 

dramatic rise in the centrality in later FPs to eventually exceed that of Airbus in FP7. Airbus, including 

the formerly EADS group, is the leading manufacturer of aircraft in Europe and nearly all projects are 

of relevance for them. The HHG is the leading German government research organization with an 

aerospace relevance with its subentity the German aeronautics and space research center (Deutsches 

Zentrum für Luft- und Raumfahrt - DLR). Their switching roles is consistent with thematic 

developments, as in FP6 for the first time satellite and space topics emerge, representing a very high 

share of total projects. Therefore scientific knowledge is more requested than in the precursor projects, 

leading to the more central positioning of HHG over Airbus in FP7.  

Further showing the dependence of the centrality ranking on the thematic development is that both 

engine manufacturers, Rolls-Royce and Snecma, develop in a similar fashion. From mid-range 

positioning in the core organizations, both engine manufacturers then decline to be ranked 9th and 10th 

of the core organizations in FP6 and FP7. 

As the unified centrality combines distinct centrality measures, the increasingly central positions of 

HHG and other research organizations point to network structure simultaneously changing on several 

fronts — the increasing scientific focus leads not just to more projects relevant for organizations with a 

scientific focus, but also leads to their acting as brokers between increasing numbers of partners that are 

themselves important players. We interpret this as the new projects bringing in many new actors that are 

linked mostly with one another. The core organizations, especially Airbus and HHG, appear to co-

ordinate the major part of knowledge flows through the European aerospace network, connecting 

coherent subnetworks; the changing centrality indicates reconfiguration of these subnetworks. In the 

European aerospace R&D collaboration network, the core organizations seem to be able to connect 
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different technology fields, which may lead through the recombination of knowledge groups to 

innovation. 

 

Figure 8: Unified centrality measures for the core organizations 

The centrality analysis makes clear the importance of the core organizations. Also of interest is whether 

the core organizations are strongly or weakly connected to the rest of the network. Weak ties can be 

interpreted as giving an organization the possibility to see the big picture and acquire new information 

from outside the organization.19 We find that only a few organizations are strong recurring partners of 

the core organization — rather core organizations are strong, recurring partners of one another. 

Nevertheless, the core organizations do have many weak ties (figure 9), consistent with their being hubs, 

and do have strategically outstanding positions in the European aerospace R&D collaboration network. 

The core organizations are thus well suited with direct links or strong ties, which support the exchange 

of complex knowledge essential to working on projects, but also are well endowed with weak ties, which 

                                                           
19  Weak ties are defined by Granovetter (1973) in a social network context. 
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may be more beneficial for searching for information (Hansen 1999). To assess the tie strengths, we 

turn to edge weights calculated as the number of projects in which the linked pair of organizations both 

participates. In figure 9 the distribution of weights for links incident on any of the core organizations, 

which account for many20 of the links in the networks, is depicted. There is a wide variation in the 

weights, with both very strong weights and very many weak weights. This illustrates the presence of 

weak ties and reflects the possibility of accessing sources of knowledge that are not regularly used.  

  

Figure 9: Distribution of weights for links incident on any of the core organizations 

Since the core organizations are strong recurring partners of one another, we consider also what sorts of 

interconnections are present within the core and how stable the core of the network is. The networks in 

figure 10 are determined by keeping links between organizations that have multiple co-participations, 

excluding links below some weight threshold and dropping organizations that are not thereby 

disconnected from any others. 

                                                           
20  The percentage of links incident on the core organizations ranges from a low of 10% in FP3 to a high of 

19% in FP4.  
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Figure 10: Cores of the European aerospace R&D collaboration network for each FP 

We chose thresholds to produce at least15 organizations in the core. In each FP network, we see a core 

dominated by Airbus, with other key organizations connected, mostly showing the core organizations. 

There is a clear tendency that the network core is stable. Additionally thematic subcores are visible, 

especially a differentiation between airframe related companies, engine related firms, and within FP3 a 

special automotive subcore is seen.  

Beside these cores, network participation in the FPs is fluid over time, with organizations entering, 

withdrawing and returning during different FPs (see table 4). Table 3 shows that there is continuity in 

the set of actors and thereby indicating that success breeds success. Nevertheless, it is apparent that 

many organizations enter and leave the programs from one FP to the next. This is another indicator for 

a fragmented industry structure with many organizations involved specifically in distinct subject areas. 

Additionally, this directly indicates the mentioned classification of aerospace as a Schumpeter Mark II 

sector, characterized by creative accumulation and by the dominance of a stable core of a few large 

organizations, with limited permanent entry. The core organizations seem to use specific small 

organizations or other specialist actors to enhance their knowledge and thereby consolidate their 

positions.  
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Table 3: organization continuity over FPs 

Notable is that in sum only 107 organizations—2% of participating organizations—take part in all FPs. 

Those 107 organizations are composed out of only 20 industry organization and therefore 87 actors 

entirely composed out of scientific and research organizations, such as universities and research 

institutes. Table 4 demonstrates continuity in the collaborations, also supporting the SBS hypothesis. 

Participation in the FPs is fluid over time, with organizations entering, withdrawing, and returning 

during different FPs. Despite these changes, repeated collaborations are observed. In table 4, we show 

the repeated co-participations between FPs. Entries in the table show the number of distinct pairs of 

organizations present in an FP that recur in a specific later FP (e.g., 1260 pairs of organizations that 

collaborated in FP4 again took part in projects together in FP5) or any later FP. Diagonal elements show 

how many distinct pairs of collaborating organizations are present in each FP. To establish a baseline 

expectation of repeated co-participation, we include the expected numbers of repeated co-participations 

in randomized versions of the aerospace collaboration networks, based on randomly switching 

organizations between projects; the values shown are averaged over 1000 instances of the randomized 

networks. By comparing to the expected values, we infer the presence of stable, repeated collaborations. 

Within each FP, the number of distinct co-participations is lower than would be expected if organizations 

were randomly assigned to projects, indicating that numerous collaborators take part in multiple projects 

together. In contrast, the number of co-participations repeating between FPs is higher than would be 

expected from the randomized networks, revealing the presence of collaborations that are stable over 

time.  

 

Table 4: Development of repeated co-participation over the FPs 

Further, the repeated collaborations are seen to have some stability over time. In general, the sum of the 

FP-specific repeated collaborations is greater than the number of distinct collaborations repeated in any 

later FP. Thus, there must be numerous organizational pairs that re-occur across multiple FPs, indicating 

the presence of stable collaborative partnerships.  

FP-n FP-(n+1) Leaving Continuing Entering

2 3 580 473 1.667

3 4 1.765 375 585

4 5 709 251 689

5 6 600 340 1.114

6 7 958 496 690

FP FP 2 FP 3 FP 4 FP 5 FP 6 FP 7 Any later FP

2 5722 422 256 185 57 104 728

2 expected 6305.2 53.4 83.7 86.7 41864 41.9 220.3

3 13807 865 488 126 187 1169

3 expected 14541.3 148.4 142.8 41837 56.8 296.8

4 12083 1260 180 269 1405

4 expected 13122.5 691.7 77.0 164.7 796.3

5 27679 518 689 1011

5 expected 28526.5 272.1 467.1 670.4

6 41811 1014 1014

6 expected 43737.0 366.6 366.6

7 23503

7 expected 24706.8



 

20 

 

Nevertheless there are many one-time (about 78%) and two-time participants (about 12%) across the 

FPs. By inspecting those groups Guffarth and Barber (2013) found that these groups are mostly 

composed out of SME and industry-external organizations. Therefore in light of the SBS hypothesis, 

due to SMEs capacity constraints and thematic limitations, we must consider a different success measure 

than participation for SMEs. This can be, e.g., to be absorbed into larger players or building durable 

relations. In general, SMEs play an important role in preserving  the power of MNCs within the network,  

since the large firms employ small firms as a window on new technology (e.g., Roberts and Berry 1985),  

while larger firms offer SMEs experience in volume manufacturing in exchange (Doz 1988). For the 

aerospace industry, there are several examples of successful SME-MNC interaction. An example for a 

successful acquisition is Erwin Kayser-Threde GmbH, which was established in Germany in 1967 and 

is specialized in earth observation, optical systems and space technologies. In 2007, OHB AG acquired 

Erwin Kayser-Threde GmbH, constituting a success story. Examples for successful joint ventures are 

United Monolithic Semiconductors SAS and Intespace SA, which are joint ventures of EADS and 

Thales focusing on aerospace and defense technology.  

Therefore success of SMEs is co-opted into the success of MNCs, which is consistent with a core of 

successful organizations which is not invaded. Assuming that every organization wants to take part in 

FP projects, SMEs in particular discover conditions that prohibit this success. On the one hand, this may 

arise from the low breadth of their knowledge base – they mostly are specialists. On the other hand, it 

may arise from capacity constraints (financially and man power). We conclude that the 2% of 

participants active in all FPs secure their position and have established a success platform through which 

they are able to identify and develop new topics. 

6. Organizational ambidexterity as prerequisite for success 

Besides the ability to invent as a success factor for industrial actors, the ability to commercialize their 

inventions is a success factor of outstanding importance, especially for long-term success. Innovative 

success yields profits that can be reinvested in R&D and thereby increasing the probability to innovate 

again (Malerba 2004). Therefore organizations should possess a kind of ambidexterity that enables them 

to cope with not only current production, but also future needs that depend on invention and R&D 

collaboration (March 1991, Levinthal and March 1993, Henderson and Clark 1990 and Gupta et al. 

2006). In this light, success needs to be evaluated taking into consideration long-run success factors. In 

particular, the evaluation should take into account the focus on either exploration (in our context, 

participation in R&D collaboration networks) or exploitation (here the solely production related topics) 

may lead to technological, knowledge–related, and organizational lock-ins, turning the short-term 

success factors into long-term drawbacks and leading to a success breeding failure. We proceed from 

the assumption that only those organizations (and therefore regions, as the sum of all organization in 

them) that are able to be ambidextrous can be successful in the long run.  

To get an impression on how the aerospace industry is designed with respect to the ambidexterity 

challenge, we compare in this section the innovation network (FP7) and the production network (direct 

suppliers of Airbus in 2012). For the analysis of the production network, we use data on companies 

directly supplying products and services to Airbus. The Airbus supplier lists are published monthly and 

made freely available on the Airbus web site.21  

                                                           
21  A drawback is that linkages between suppliers and suppliers of suppliers are not depicted. Nevertheless, it 

suffices for comparing the members of the production network with those of the innovation network. 
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Figure 11: Airbus supplier 2010-2013 

Figure 11 gives an impression of the Airbus supplier network. There are in general five countries — 

France, Germany, the USA, Great Britain and Spain — that provide about 88% of the overall number 

of Airbus suppliers. Together with the rest of Europe, they account for nearly 94% of all suppliers. 

Striking is the development of the shares even in this short time frame. France is the only country of the 

“big four” with increasing numbers of suppliers from 2010 to 2013, while Germany, the USA and Great 

Britain have decreasing numbers. Other European nations, as well as Asian, African, and North and 

South American countries, have increasing Airbus supplier numbers.  

This distribution is consistent with Airbus strategy and history (Rhode 2012 and Richter 2014). The 

USA is historically strong, as Tier-1 suppliers are located there, providing their goods and services all 

over the world including Europe and Airbus (ECORYS 2009). The other four main countries reflect the 

Airbus member and owner countries, where a proportional representation of suppliers was wanted by 

the respective government. The increasing numbers of Asian, African and other North and South 

American countries is twofold. On the one hand, Airbus needs to spread risk, in the form of currency 

assurances, as well as seeking low-cost countries to source cheaper parts and components (Mazaud and 

Lagasse 2007). On the other hand, this development is market driven, as countries (especially China) 

seek to import knowledge and know-how instead of buying aircraft (certainly the booming region in 

aircraft demand is Asia), driving globalization and the spread of aircraft manufacturing knowledge. 

The geographical distribution of the European Airbus suppliers is depicted in figure 12.  Figure 12A 

shows the regional distribution of the FP7 R&D collaboration network members and 12B the Airbus 

suppliers in 2012. To provide a more equitable comparison, we exclude all actors from the R&D network 

who are solely dedicated to satellite and space technologies, as we suppose that these actors are of less 

direct relevance to the Airbus aircraft manufacturing entity. Nevertheless, we must be careful in 

generalizing from comparative numbers, as our maps only depict the number of actors and supplier per 

region, with no provision for, e.g., the economic value created. 
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Figure 12: A. FP7 R&D collaboration network. B. Airbus suppliers 2012. N is the number of actors within the appropriate 

NUTS-2 region. 

We visualize the regional actors at the NUTS-2 level; shading map regions to show the number of actors 

present (Fig 12). For each map, one or two regions have a markedly greater number of actors than the 

other regions; we treat these as a distinct class of key regions. We classify all other regions into having 

a high, medium, or low number of actors. As the number of actors varies widely across regions, with 

many regions having very few actors, we take the high-participant group to be those regions with a 

number of actors exceeding 10% of the maximum number of actors in a key region; the medium-

participant group as those with a number of actors between 5% and 10% of the maximum; and the low 

participant group as those with a number of actors at most 5% of the maximum. 

In Figure 12B, an often mentioned and cited characteristic of the aerospace industry is clearly visible: 

production networks are usually organized in geographical clusters (Eriksson 2000, Niosi and Zhegu 

2005, Beaudry 2001, Jackson 2004 and Lublinsky 2003). Usually, a system integrator and many 

suppliers, many of them SMEs, compose a geographically localized value chain. In Europe we can see 

in figure 12B that there are seven center regions in the production network – (1) Midi-Pyrénées (FR62) 

and its neighbor Rhône-Alpes (FR71); (2) Île-de-France (FR10); (3) Hamburg (DE60); (4) the southern 

German regions Oberbayern, Stuttgart, and Tübingen; (5) South West England; (6) North West England, 

with Greater Manchester and Lancashire; (7) and the Spanish regions Madrid and Andalusia. In each 

cluster there is an Airbus production location around which the suppliers agglomerate.  

In comparison to the R&D collaboration network, we see that the regional centers in the production 

network are all represented in the R&D network. Nevertheless there are differences.  The two French 

clusters, the southern German cluster, and the cluster centered in South West England are equally strong 

in both networks, but Hamburg (DE60) is by far more strongly represented in the production network. 

Notable is that the regions neighboring Île-de-France are especially strong in the production network, 

but not represented in the R&D network. The opposite holds for the Italian regions Piemonte (ITC1), 

Lombardia (ITC4), and Lazio (ITE4) which are strongly represented in the R&D network, but are nearly 

absent in the production network; this allows a historical interpretation, as Italy is more connected to the 

American Boeing company than to Airbus, so that their productive capacities are more concentrated on 

the overseas system integrator. Similarly, the Baltic countries and northwest England are notably more 

prominent in the R&D network than the production network. 

We see that regions that participate in both networks generally do have more actors within a region, 

supporting the SBS hypothesis. This highlights the need for a regional mixture of organizations taking 

in part in research as well as production related tasks.  

A B
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To cope with recent challenges on the production side, especially SMEs and actors with restricted cost 

and capacity capabilities will face the risk of participating even less on the R&D side. This may be a 

successful strategy for the short term, but will lead to serious problems in the long run, especially if 

R&D is additionally neglected outside of the funded collaboration networks. 

7. Conclusion 

Using data on the European Framework Programmes and on Airbus suppliers, we analyzed the European 

aerospace industry with the focus on the success-breeds-success hypothesis at four levels: the spatial 

structure of the European aerospace R&D collaboration network, its large scale structure,  an individual 

actor level, and with respect to a combination of the Airbus invention and production network. The 

resulting insights support the findings of Phillips (1971), who found that — especially in industries with 

complex products, where products are simultaneously improved on multiple dimensions and introduced 

in the form of new models (Klepper 1997) — product R&D could play the same role as process R&D 

in Klepper’s model. Thereby, a SBS process is supported over time, leading to greater concentration in 

such industries.  

On a spatial level, a clear indication favoring SBS is visible, as successful regions maintain their position 

and grow on a large scale, especially so for regions that have been strong in participating from the 

earliest FPs. Additionally, we learn from the spatial development that there are several hub regions, 

successful from the inception of the FPs, which, through their actors, play a key role in connecting other 

participation regions. A hub structure has been also detected in the structure of the European aerospace 

R&D collaboration network, where the high-degree hub organizations play a key role in shaping the 

structure of the network through their many collaborative partnerships. Based on an analysis of several 

centrality measures, we see that they do so in a way that strategically positions themselves with greater 

ability to access and regulate knowledge flows. This has been confirmed with the insight that the unified 

centrality, measuring the importance and power of an actor in multiple dimensions, is strongly 

concentrated in a small set of actors. We therefore conclude that the hubs have properties we would 

expect of the stable core of dominant organizations in a Schumpeter Mark II sector. As only successful 

organizations have the ability to form so many ties, success thus breeds success in the European 

aerospace R&D collaboration network. Based on these insights, we were motivated to investigate what 

these central organizations are, how they change over time, and what their roles are within the network. 

The importance of the core organizations is further supported by the analysis of tie strengths, where we 

observe that the core organizations are additionally highly connected to the rest of the network, thereby 

confirming their outstanding positions in the European aerospace R&D collaboration network as being 

able to access knowledge or other resources. With the combination of the R&D collaboration network 

and the Airbus production network on a spatial level, we find additional support for SBS, as those 

regions whose actors participate most frequently in both networks show the greatest share of successful 

actors. Nevertheless, especially with many SMEs in the industry, the European aerospace industry faces 

future risks from its ambidexterity, as coming challenges point towards a stronger emphasis on 

production skills. 

The present study raises a number of questions for future research. Besides the success factors 

considered, there are of course several further possibilities which are worth investigating, especially in 

the context of the aerospace industry. Besides a differentiation between small and large actors, as well 

as companies and research organizations, the consideration of governmental and state influence—as 

well as noting differences between civil- and defense-related aspects that are decisive in the aerospace 

industry — will provide a more detailed picture of the industry’s structural development. Further, an 

interesting prospect is to consider Airbus’s competitor Boeing, repeating the analysis within its network. 

Directly related to our findings is the question of whether the core actors and regions have been 
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established due to their spatial or thematic relevance. Especially in the light of ambidexterity, the 

question arises how to promote especially SMEs to be able to fulfill the needs of the market, taking over 

risk and revenue tasks and coping with the challenges posed to the European aerospace industry in the 

future. Flexible policies appear to be essential to the aerospace industry, due to its heterogeneous 

structure of several large hub companies and many SMEs, as well as its overlapping exploration and 

exploitation periods within the subsystems: policies fostering science-industry linkages as well as 

policies stimulating SME to enhance production skills are crucial for the competiveness of the aerospace 

industry.  
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