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Abstract

This research analyses the European landscape of innovation in small and medium-sized
enterprises (SMEs). To achieve this objective, data collected from the Horizon 2020 strat-
egy is extracted, which includes 1055 research projects that focus on innovation in SMEs.
A complex network analysis is carried out at three levels: (1) at aggregated level by par-
ticipating European countries, (2) at aggregated level according to the actors of the Tri-
ple Helix model, and (3) at disaggregated level according to the individual entities par-
ticipating in the program. The results allow us to understand the European environment
that drives innovation in SMEs. First, this study provides a descriptive overview of the
relationships between European countries that favor innovation, and it also describes the
positioning of each of them in the joint network. Second, this analysis is able to identify the
most relevant agents in the network, the Big Science Centers, and their relationships with
industry and public institutions. This study can be used as an analytical tool to improve
knowledge transfer in complex ecosystems.

Keywords Innovation - SMEs - Network analysis - Horizon 2020 - Triple Helix model

1 Introduction

The role of collaboration and networking in innovation decision processes has long been
debated in academic literature (Bogers et al. 2017; Simonin 1999). Within this literature spe-
cial focus has been placed on the need for networking between research centers, industry, and
public institutions (Farinha et al. 2016; Li et al. 2018), which gives rise to the well-known
Triple Helix (TH) model (Etzkowitz and Leydesdorff 1995). While these collaborations are
fundamental for any firm, they are critical in the particular case of small and medium-sized
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enterprises (SMEs) (Dhanaraj and Parkhe 2006) who often lack the resources needed to inde-
pendently undertake R&D actions (Li et al. 2018; Nordman and Tolstoy 2016).

Recent studies have encouraged specific analysis of business networks with the purpose
of examining complex contexts (Latorre et al. 2017; Tsai 2001). Surprisingly, there is little
transnational research to date that visualizes the existing collaborations that drive innovation
in SMEs based on the agents of the TH model. With this argument in mind, our research ques-
tion tries to enhance the understanding of the complex relationships that are developed in the
European ecosystem. In particular, we are interested in questions such as how research on
innovation in SME:s is channeled through networks and which European countries lead inno-
vation projects in SMEs.

Given this research question, this paper has two objectives: (1) to evaluate the research
landscape in Europe that promotes innovation in SMEs through analysis of Horizon 2020
strategy funding, and (2) to explore the position of each of the agents making up the TH model
in their role as active subjects in research into innovation in SMEs. To achieve this objective,
we adopt network analysis to visualize the European landscape in terms of research on innova-
tion in SMEs. To do so, we construct a database that is extracted from the European Horizon
2020 strategy (H2020). We consider all funded research projects falling under the class Inno-
vation in SMEs. This search process resulted in 1055 projects that were funded between 2014
and 2019, amounting to €444,557,465 distributed between 971 private firms (€377,869,420),
399 public institutions (€32,023,509) and 213 BSCs (€37,664,536).

Three types of complex networks will be developed and analyzed: through the first one, we
will provide a panoramic scenario of all of the collaborative connections between European
countries; the second will enable us to identify collaborative connections that classify agents
according to the TH model in an aggregate way; finally, a network-based analysis approach is
carried out to better visualize the collaborative connections between European agents of the
TH model on an individualized basis.

This work constitutes a first step to provide a reference framework to visualize the collabo-
rative networks in Europe that drive innovation in SMEs using the TH model as a tool. Fur-
thermore, the analysis of centrality that underlines network analysis will allow us to identify
the importance of each agent in the network and their proximity to one another. Consequently,
we will first identify the degree of connectivity between European countries. Our main con-
clusion is that the location in the network does not have a linear relation with the funding
received. Second, although most of those participating in innovation activities in SMEs are
private sector companies, the most relevant drivers in the European network are BSCs. There-
fore, this exploratory study contributes to the understanding of the structure and configuration
of the European network of innovation in SMEs.

The rest of the paper is organized as follows: Sect. 2 presents a review of the academic lit-
erature. Section 3 describes the method that we adopted to carry out this research. In this sec-
tion, we provide information about the data collection and the measures used in the network
study. Section 4 presents the results of the empirical analysis. Finally, Sect. 5 discusses and
concludes the paper.

2 Theoretical background
The relevance of knowledge transfer has been object of a deep discussion in recent dec-

ades (Cunningham and O’Reilly 2018; Easterby-Smith et al. 2008; Inkpen and Tsang 2005;
Simonin 1999). Specifically, the term refers to the process through which one business unit,
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group, department, or division is affected by the experience of another (Argote and Ingram
2000; Darroch 2005; Link and Sarala 2019). Although this process can occur within a par-
ticular firm, there is an increasing amount of literature showing how knowledge from exter-
nal sources can bring distinctive value to a company (Inkpen and Tsang 2005) and generate
competitive advantages (Easterby-Smith et al. 2008; Pérez-Nordtvedt et al. 2008; Szulan-
ski 1996). Scholars have argued that knowledge transfer may have positive effects both for
the broadcasting and the receiving company (Argote et al. 1990; Baum and Ingram 2002).
New knowledge, especially when it is external to the firm, can be an important stimulus
for change and for organizational and social improvement (Baglieri et al. 2018; Inkpen and
Tsang 2005), thus becoming an engine of economic change (Coccia 2019, Kotabe et al.
2003; Nepelski and Piroli 2018).

Among the drivers of knowledge transfer, the relationships established between three
major social actors, namely science centers, industry, and public institutions have received
increasing attention in the literature (Farinha et al. 2016) due to their contribution to soci-
etal progress and growth. The main concept that emerges from this debate is the TH model,
which describes the importance of links between the above actors. These networked rela-
tionships constitute a key element in the knowledge-based economy (Etzkowitz and Ley-
desdorff 1995). The TH model leads to a better understanding of a complex process that
requires the involvement of numerous agents.

In the specific case of universities as science centers, their mission has recently evolved
to include the increasing demand to take the needs of society more directly into account.
Universities are often asked how they contribute to economic growth and entrepreneurial
activity in addition to their traditional research through teaching and publication (Baglieri
et al. 2018). The concept of entrepreneurial universities arises in different academic forums
(Guerrero et al. 2016; Ranga et al. 2003) and is linked to the new role that they have
adopted (Gunasekara 2006; Hervas-Oliver et al. 2011). Ranga et al. (2008) argue that the
presence of an entrepreneurial university offers significant competitive advantages to the
region where they are established and paves the way for the creation and consolidation
of knowledge regions. Research technology organizations (defined as organizations whose
main business is R&D to enhance the innovative performance of their customers) constitute
the second pillar of science centers. They have also reoriented their activity to strengthen
their networks with private companies and the literature suggests that they should adopt a
leading role in R&D collaboration (Albors-Garrigés et al. 2014).

The two types of institutions share similar objectives, and thus, closer relationships
should be created between research technology organizations and universities. We integrate
them under the label of BSCs. Huang et al. (2010) suggest that firms that collaborate with
universities and research institutions are more likely to be R&D performers, while firms
that source information from suppliers and competitors have a higher probability of inno-
vating through non-R&D activities. Farinha et al. (2016) point out that networks generated
between academia and industry enable a strong contribution to improving regional compet-
itiveness through the development of new projects and new market technologies. As a con-
sequence, we consider that the new enhanced mission of BSCs will have a relevant position
in the ecosystem of a region through the promotion of synergies between the agents of the
TH model.

The relationship between firm innovation and collaborative networks has been analyzed
in the literature (Dhanaraj and Parkhe 2006; Swan et al. 1999). Network members are
exposed to the acquisition and absorption of different, potentially valuable sets of knowl-
edge. Therefore, knowledge transfer, as an antecedent of firm innovation, arises as a con-
sequence of the interaction and spillovers that take place between different organizations
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(Etzkowitz and Leydesdorff 1995; Farinha et al. 2016). According to Inkpen and Tsang
(2005), there are two mechanisms that operate at this level: (1) a network that can facilitate
learning through knowledge transfer from one firm to another, and (2) a network that can
become the locus of new knowledge creation. So there is evidence that a company sig-
nificantly improves its innovative capabilities by taking advantage of others’ skills through
knowledge transfer.

Through the analysis of networks it is possible to model the relationships or interactions
between a set of social entities, such as people, groups, or organizations. Therefore, the
analysis of the structure of networks aims to understand the behavior of the systems that
are generated. Thanks to this type of analysis, the main actors in the network can be iden-
tified. Complementarily, centrality indicators are widely researched in knowledge areas
such as physics, computer science, and business. Their contributions to science are demon-
strated in many papers published in high impact journals (Barrie et al. 2019; Huggins et al.
2019; Latorre et al. 2017). Actors with a “more central position” (greater centrality) have
easier and faster access to other actors in the network (useful for accessing resources such
as information) and a greater ability to exercise control over the flow between them. From
a holistic perspective, this type of method makes it possible to analyze complex ecosys-
tems composed of numerous subjects, visualize them, and identify the links between them.
Furthermore, if centrality metrics are analyzed, all the above information is complemented
with data on the positions, relevance, proximity, and importance of each individual in com-
plex structures.

Network analysis allows, among other things, the outlining of implications and recom-
mendations for management. It enables the identification of weaknesses and strengths of
the ecosystems, as it is able to draw appropriate lines of action. In addition, this type of
study allows us to know contexts that otherwise would not be possible given the multitude
of interacting actors. On the other hand, the study of complex networks allows us to iden-
tify areas of high interest for collaboration, competitors, or example agents, among other
aspects. In other words, special attention should be paid to the centrality and cohesion of
networks that form complex ecosystems, because these indicators provide valuable infor-
mation on expected future results. For example, Nordman and Melén (2008) and Xu et al.
(2019) observe that networks can provide access to extended resource bases and therefore
serve as platforms for business development in relationships with foreign markets. How-
ever, a successful transfer phenomenon that helps to achieve greater business innovation is
complicated, because different subjects are interacting at the same time in a territory that
is influenced by external features (Coccia and Wang 2016; Rammer et al. 2020; Szulanski
1996) responding to technologically and economically complex environments (Ferndndez-
Sastre and Montalvo-Quizhpi 2019; Teece 2010).

Consequently, there are some studies that analyze the networks into which organiza-
tions are integrated to explain firm behavior (Latorre et al. 2017; Tsai 2001). It has been
argued that the network occupied by actors, defined by the nature of their relationships,
interactions, and linkages, can be at least as important as the geographic space in which
the actors are located and interact (Huggins et al. 2012). Moreover, firms with greater net-
working capabilities are more likely to benefit from these links. This implies that there is
a significant “flow” of knowledge from the science-base to “end-user” firms via private
sector consultancies, research organizations, or universities (Barge-Gil et al. 2011; Tether
and Tajar 2008). The success of inter-organizational relationships relies on having in-depth
knowledge of their characteristics. For this reason, analyses that do not consider the inter-
actions between different agents in a given network are incomplete and may derive mis-
leading conclusions regarding the knowledge transfer process. A better understanding of
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the complex networks that are established between the different actors can be considered as
a precursor to knowledge transfer. It is true that our research is limited to the first phase of
this process, but it is a necessary condition for improving our understanding of the innova-
tion process as a whole.

From the above arguments, we could conclude that network-based analysis has become
increasingly important. Nevertheless, the results of previous research should be analyzed
with care, because most of the studies are performed in technologically intensive sectors
(Lamine et al. 2018) and in sectors where there is strong competition (Huenteler et al.
2016). These are sectors where large companies usually operate, the struggle for survival
is evident, and having resources allocated to R&D is crucial (Cano-Kollmann et al. 2016;
Gupta and Govindarajan 2000). However, SMEs do not have the same capacity to carry
out activities such as research and innovation; thus, networks are particularly important for
them (Brunswicker and Vanhaverbeke 2015). They often lack tangible resources and are
therefore heavily dependent on intangible resources that are accessed outside their bounda-
ries. Since SMEs are highly restricted in developing new knowledge on their own, com-
plementing their own technology resources with external knowledge widens their oppor-
tunities to successfully transfer R&D results into products and processes. External R&D
allows SMEs to limit their own risk, have a better control of costs or R&D, and a speciali-
zation in those technology competences for which they have the best resources (Rammer
et al. 2009). These arguments suggest that connectivity in network environments should
be considered a prerequisite for innovation, because it provides knowledge and access to
resources that would otherwise not be available to individual companies (Nordman and
Tolstoy 2016), which is especially valuable for SMEs.

For example, Zeng et al. (2010) found a significant positive relationship between net-
works and innovation performance in their study of 137 Chinese manufacturing SMEs.
Studies have also revealed that SMEs can effectively overcome size problems through
access to network resources by creating, transferring, and combining resources, enabling
them to discover opportunities without the need of costly research (Crick and Spence 2005;
Nordman and Melén 2008). Similarly, de Jong and Vermeulen (2006) argue that small
firms can gain competitive advantages by cultivating specific business relationships as a
means of developing new knowledge, which, in turn, can lead to new innovation outcomes.
Hervas-Oliver et al. (2011) conclude that R&D innovators accounted for the majority of
the external resources of knowledge, and the non-R&D innovators, usually SMEs, show
very low percentages of external cooperation, although they are much more active than the
non-innovative firms. Li et al. (2018) analyze a sample of US SMEs and provide evidence
of the importance of the local dimension of the TH interactions in transferring knowledge
among innovation actors who share a nearby location. Barge-Gil (2010) found that smaller,
less R&D-intensive collaborating firms are more frequent cooperation-based innovators,
while large, R&D intensive firms are usually peripheral cooperators.

3 Methodology

In order to clarify the study design process, Fig. 1 shows the different stages that have been
carried out. Particularly, three major steps: data collection, construction of a large database
and finally, generation and analysis of complex networks and indicators of centrality. Sub-
sequently, the results are obtained and interpreted, as well as the implications and conclu-
sions of the study are formulated.
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Fig.1 Study design process

3.1 Data collection

The data collection has been carried out based on the information provided by the Euro-
pean Commission’s website in its section on the H2020 strategy, which is the EU’s larg-
est research and innovation program to date, with funding of almost 80 billion euros
over 7 years (2014-2020). In addition to funding the development of science and tech-
nology, one of the main objectives of the H2020 program is to foster international col-
laboration between science organizations and private companies, both large and small.
The main motivation for this strategy is that innovation is often the result of the interac-
tion and cooperative efforts of different organizations dedicated to the achievement of a
common goal. To participate in the programs, countries must belong to the EU or to the
list of associated countries. In our analysis, to keep the focus on a limited geographical
space—we considered all those research projects and collaborations between European
countries, and we did not consider collaborations outside Europe.

The H2020 strategy is based on three main pillars: excellent science, industrial lead-
ership, and social challenges. These pillars are structured around 35 categories that
include leading research topics. In particular, we considered all funded research projects
that fall under the subcategory defined as innovation in SMEs, which belongs to the sec-
ond pillar (industrial leadership). This search process resulted in 1055 funded projects
between 2014 and 2019."

The total funding for the category of innovation in SMEs amounts to 444,557,465
euros. The average grant per project is 424,225 euros, and the average grant per indi-
vidual participant is 249,474 euros. Given that we did not consider collaborations
with countries outside Europe, the total amount considered in our study amounts to
413,423,526 euros, and the average grant per participating country is 10,600,603 euros.
The database includes a total of 1583 individual participating entities and 39 European

! Data has been extracted from: https://cordis.europa.eu/projects/es.
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countries. Of the total number of research projects that promote innovation in SMEs,
519 collaborative links are detected between the participating institutions.

Table 1 summarizes the data per country. As can be seen in Table 1, more than half of
the amount financed by H2020 is concentrated in five countries—that is, Spain, France,
Germany, Italy, and the Netherlands—, while 47% of the remaining funding is distributed
among 34 countries. In addition, the last column relates the resources obtained by each
country and its GDP. A higher value of this ratio would indicate that the country partici-
pates in H2020 more than expected according to its macroeconomic indicators, and vice
versa. Among the biggest countries, Spain obtains twice as many resources as it would
expect according to its economic weight, while Germany and, above all, United Kingdom,
are underrepresented in H2020. Among the small and medium economies, the share of the
Nordic countries, Estonia, Serbia and Armenia is much greater than expected.

The variables that are analyzed in our study can be classified into four main groups:
those relating to subsidy (by country, organization, project, and type of agent), geographi-
cal location (at country level), the number of collaborations (between countries) and the
type of agent (public institutions, industry, or science centers). Several indicators of cen-
trality will be used in our empirical study, which are very useful in complex networking
techniques. These measures are developed in the following section.

3.2 Network analysis and centrality measurements

As said in previous sections, knowledge transfer, as an antecedent of firm innovation, arises
as a consequence of the interaction and spillovers that take place between different organi-
zations. Increasingly, this process is viewed as a systemic undertaking, i.e., firms no longer
innovate in isolation but through a complex set of interactions with external actors. There-
fore, external knowledge networks are potentially an important aspect of the innovation
process. It is through these pipelines that firms procure knowledge that they do not, or can-
not, generate internally based on their own capabilities. In other words, knowledge transfer
takes place trough knowledge networks and spill overs between firms (and other agents that
interact in the innovation ecosystem).

With this in mind, this section shows the relevance of the analysis of complex networks,
as well as the theoretical description of the centrality measures used in the paper. First,
we explain what a network is and what its advantages are. Next, we describe the measures
used to analyze the networks.

Network analysis is an approach that uses different measures to describe and link the
relationship that exist between entities. The advantages of using network analysis in our
research are twofold: (1) it allows a better understanding of how European research on
innovation in SMEs works; and (2) it can be used as a resource allowing individual entities
to study their own relationships and make comparisons with other agents, providing value
information that can be useful in the adoption of future decisions.

In the first place, we define the types of networks that we examine in this work. Let
G=(V, E); be a graph in which V represents the set of institutions or entities (we use the
term nodes, institution and entities with the same meaning) participating in H2020 in our
field and E represents the set of links or collaborations between them. Let (v, v)) € E, with
v, v; € V, be an edge in G that represents any kind of relationship between institutions v,
and v;.

In this document we only focus on directed graphs, since we assume that the rela-
tions are directional, that is, if there is (v, vj) € E it does not imply that (vj, v;) € E does
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not necessarily exist. Therefore, the graph G generated by the network is directed. This
approach allows us to analyze this type of network as a tool to interpret and improve
the performance of network entities, which has direct implications from a management
perspective.

Centrality metrics are necessary to shed light on the importance of an entity’s position
in the network. These allow us to understand behaviors and properties in a network. As
said previously, actors with a greater centrality have easier and faster access to other actors
in the network and a greater ability to exercise control over the flow between them. Some
centrality metrics are explained below.

Degree centrality (Freeman 1977), identifies the number of links a node has and shows
how well an institution is connected in terms of direct links. Although it perfectly denotes
the degree of connection of an institution, it does not reflect the position it occupies in rela-
tion to the network. Its theoretical representation is:

d(v;)

DCY =
V-1

where d (v;) denotes the degree of centrality of the node v; in the network.

Closeness centrality (Beauchamp 1965), denotes how close a given node is to any other
node in the network. This could be interpreted as an agent’s ability to connect with other
agents. It emphasizes the distance of one actor from others in the network by focusing on
the geodetic distance of each actor from all others. Mathematically, it is represented as
follows:

Vi-1

Zv,#v, sp(vi-vi)

where sp (v, v;) is the number of connections on the shortest path between the v; and v,
node.

Betweenness centrality (Freeman 1977), measures the frequency with which a given
node appears on the shortest path between any two nodes in the network. This metric is
used to measure the relevance of an agent in the network and to explore the influence these
agents may have on a possible mediation to initiate a new relationship. Let nip (v;, v;) be the
number of routes between v; € V and v, € V. Then, we obtain the centrality of the node v; in
terms of connecting v; and v, as a ratio. Formally:

CC' =

mpy, (vjvi)

‘ np(v/,vk)
BC'= Y -
ViV FEY; §(|V| - 1)(|V| -

Eigenvector centrality (Bonacich 1987), represents the importance of a node in the net-
work. It is based on the fact that the centrality of a particular node depends on how central
its neighbors are. It is a more elaborate version of the degree centrality by assuming that
not all connections are of equal importance. Let EC (G) be the centrality of a vector associ-
ated with a network G; the crux is that the centrality of a node is proportional to the sum of
the centrality of its neighbors. Its representation is:

A-EC(G) =)’ g;ECY(G)

).
Vi
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Fig.2 Network of the EU countries who participate in Innovation in SMEs (2014-2019). Node size is
related to the perceived amount. Node color is associated with the degree centrality coefficient. The thick-
ness of the link represents the sum of the number of collaborations. The color of the link represents the
average of the connected relationship (Color figure online)

in which g;; takes the value 1 if (v, v;) € E and 0 otherwise and k is a proportional factor.

4 Results

Three different scenarios have been analyzed. The first scenario gives visibility to the
European network by participating countries. The second scenario shows the knowledge
transfer between the three main agents of the TH model. Finally, in the third scenario the
entire network is analyzed by disaggregating the data by participating entities in the whole
of Europe. We consider these scenarios because, on the one hand, they provide a Euro-
pean descriptive panorama in which we visualize the collaborative capacity in innovation
of SMEs by countries; while on the other hand, the individual analysis allows us to identify
the most important agents in a complex context in which the capacity for connection is
fundamental.

Figure 2 presents a graphic representation of the network generated on the European
stage. The size of the nodes represents the amount of finance granted by the H2020 strat-
egy to projects belonging to the field Innovation in SMEs (the greater the size of the nodes,
the higher the amount of funding grants). The color of the nodes is related to the degree
centrality coefficient, which allows us to perceive the degree of connection of institutions:
nodes with higher centrality are darker. The arrow that measures the links is the sum of the
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number of collaborations between the two countries in the total of the financed projects,
which are colored according to the average of the connected relationship. It is deduced
from the network that the countries that receive the most funds to promote innovation in
SME:s are Spain, France, and Germany.

The degree of centrality of each of the countries differs with respect to the financial
amount perceived. In this case, the node with the highest degree of centrality is Germany
as the country that collaborates most with the other countries in industrial innovation pro-
jects, followed by Italy and Spain. Another dimension that this representation allows us
to analyze are the collaborative links that exist in Europe. In this sense, the countries that
have developed the greatest number of collaborations are Poland and Spain. In addition, it
is possible to contemplate that the mesh has a greater density in the European center than
in the peripheries. As the countries move away from the old continent, the network seems
to become more fragile.

The results of the centrality metrics are shown in Table 2, which provides some interest-
ing findings. In this table, we have included all these European countries that have partici-
pated on at least one occasion in the program. According to the degree centrality, Germany,
followed by Italy and Spain, occupy the most relevant positions. This means that they are
more frequently related to the other countries. Focusing on the closeness centrality, eigen-
vector centrality and betweenness centrality, the results lead us to similar conclusions. Ger-
many stands out in each of the measures. Other nodes with high values of our key indica-
tors are Italy, Spain, the United Kingdom, Poland, and Denmark. This suggest that these
countries have the shortest average distance in comparison with the rest of the network
nodes (closeness centrality). It is also more likely that they are present in the way of con-
nection between two nodes (betweenness centrality).

This metric lets us interpret how good the countries are in terms of being intermediaries
in research collaborations. As explained in the previous section, the eigenvector central-
ity represents the importance of a node in a network. In this case, Germany, Spain, Italy,
Poland, the United Kingdom, France, and Denmark represent the countries with the great-
est distinction in the network. This general picture reveals several interesting aspects. First,
we can conclude that receiving a lot of funding from H2020 is not as important as having
a good position in the network in terms of centrality. Second, this is a complex and appar-
ently well-cohesive network, so its possible fragmentation seems complicated. This fact at
least applies to the center of the continent, where most of the interconnections are concen-
trated. Consequently, this high cohesive density will allow the flow of innovative knowl-
edge to work efficiently between countries where network fragmentation seems difficult.

To build the second scenario, which consists of the generation of an aggregated com-
plex network that identifies the connections between the three agents of the TH model, it
was necessary to classify each entity according to their industrial activities, particularly
by individually consulting its corporate information. The criterion that we followed was
to consider as public institutions those entities that belonged to the government and those
whose financing from public sources exceeds 50%. Therefore, all educational institutions
and science centers were included in the BSC sector due to the new entrepreneurial role
that they have assumed. Finally, to differentiate private sector companies and science cent-
ers into different categories, the activities, competencies, products, and services offered by
each of them were consulted. In the case of the science centers, their main activity consists
of carrying out R&D tasks. In contrast, the competences covered more fields in private
sector companies, such as consultancy, sale of products or employee training, among oth-
ers. In particular, 971 private firms participated in research projects related to innovation
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Table 2 Results obtained using centrality measurements (2014-2019)

Country Betweenness Closeness Degree centrality® Eigenvector
centrality® centrality® centrality®

Austria 3 0.516 5 0.242
Belgium 0 0.571 15 0.602
Bosnia Herzegovina 0 0.368 2 0.046
Bulgaria 0 0.508 5 0.298
Croatia 0 0.471 2 0.154
Cyprus 0 0.410 1 0.067
Czechia 0 0.508 7 0.305
Denmark 6 0.653 17 0.707
Estonia 0 0.516 5 0.299
Finland 0 0.525 6 0.422
France 2 0.627 21 0.750
Germany 26 0.842 36 1.000
Greece 8 0.627 19 0.687
Hungary 0 0.533 6 0.408
Treland 0 0.516 6 0.411
Italy 8 0.727 29 0.873
Latvia 0 0.464 1 0.082
Lithuania 1 0.552 8 0.380
Luxembourg 0 0.508 5 0.262
Malta 0 0.390 1 0.056
Netherlands 3 0.582 13 0.551
Norway 0 0.552 10 0.535
Poland 9 0.681 21 0.821
Portugal 0 0.552 9 0.508
Romania 0 0.451 3 0.202
Serbia 0 0.478 2 0.139
Slovakia 0 0.464 1 0.082
Slovenia 3 0.525 6 0.300
Spain 7 0.727 27 0911
Sweden 1 0.604 16 0.695
Switzerland 0 0.416 2 0.103
Turkey 0 0.500 5 0.253
Ukraine 0 0 0 0
United Kingdom 3 0.653 20 0.811

“Betweenness and degree centrality goes from O to infinite
Y Closeness and eigenvector centrality goes from 0 to 1

in SMEs (377,869,420 euros), 399 public institutions (32,023,509 euros), and 213 BSCs
(37,664,536 euros).

Figure 3 shows, through a histogram, the relationships created for the generation of the
graph and the weight of these collaborations in terms of the monetary amount financed
by H2020. The lack of parallelism between the number of connections and the perceived
quantity is confirmed. This means that the values obtained both in number of connections
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Fig.3 Histogram with the connections and weight data represented in TH aggregated network (2014—
2019). Connections refers to the total number of links between agents. Weight represents the total amount
assigned by the H2020 strategy to the different actors (millions). The first agent of the relations occupies a
leadership role in the projects and the second agent occupies a role of collaborator or executor. Acronyms:
PF =Private Firms; BSC=Big Science Centers; PI=Public Institutions
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Fig.4 Aggregate network of the EU participants and collaborations under the Innovation in SMEs projects
according to the TH model (2014-2019). Node size and color are related to the perceived amount. The
thickness of the links illustrates the grants financed. The color of the links represents the number of con-
nections. The directions of the links refer to their role as leaders (origin) or executers (destiny) (Color figure
online)

and in perceived resources are not necessarily coincidental and depend on the role adopted
by the different actors. For example, when private companies are project leaders and public
institutions adopt a collaborating role (see the first bar in Fig. 3), the number of connec-
tions is lower and the volume of resources obtained is much greater than if the role of the
agents is exchanged. This fact also occurs in the pair of actors composed of private compa-
nies and BSCs.

Figure 4 complements the information provided by Fig. 3 by representing the connec-
tions generated between the three agents of the model. The size of the nodes illustrates the
total amount of resources granted to each of the sectors (private firms represent 84.43%
of the total amount of grants, while public institutions represent 7.16% and BSCs 8.42%).
The origin of the links is represented by the coordinating entities of the research projects
(leading role) and the destination by the collaborating entities (executer role). The links are
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colored according to the number of connections between agents (the color is darker when
the number of collaborations is greater).

This second aggregated ecosystem enables us to identify, in a descriptive way, some
interesting aspects. In the case of the BSCs, the number of collaborations is very limited
in their role as project leader. However, their role as executor is much more important,
both, in their relationship with private firms and with public institutions. The opposite can
be said about public institutions, who often act as project leaders but do not execute the
projects. In contrast, this analysis reveals that the collaborations between BSCs as coordi-
nators and private companies as executor are beneficiaries of a greater number of subsidies
than the other relationships. In addition, the number of relationships in which private firms
have the coordinating role is higher than in those in which the BSCs have the coordinating
role, but the funding obtained is much lower.

Table 3 complements the information provided in Fig. 4 by summarizing the 10 insti-
tutions that have perceived the greatest funding in each group according to the distinc-
tion made by the TH model. The five most financed institutions correspond to private sec-
tor companies (e.g., Norway Health Tech and Fundingbox Accelerator Sp Zoo standout),
while the first public institution ranks 15th.

Finally, with the aim of analyzing the structure of relationships in greater depth, Figs. 5
and 6 consider all of the individual companies that collaborate in the H2020 strategy—
they depict the same network but with a different software layout. The two representations
locate the most interconnected nodes in the center of the network, while the nodes of minor
importance extend towards the outer region. The color of the nodes represents the group in
which they are classified according to the TH model (i.e., private sector companies, public
sector institutions, and BSC). In Fig. 5, the node’s size is determined by grant disposal. In
both representations, the thickness of the links is measured through the total amount of
money financed by the H2020 strategy, the direction of the connection between the coordi-
nating entity of the project and the other collaborators, and finally the links are painted the
same color as the node of origin. In Fig. 6, the node’s size is determined by the degree of
centrality.

The comparison of the two images allows us to derive some meaningful conclusions.
Although private companies obtain a great amount of resources, their connectivity is low
compared with BSCs (green color in Figs. 5, 6). They manage many less funds but reach a
high connectivity in the complex entire network. In addition, the position of private sector
companies (purple color in Figs. 5, 6) is more moderate, in spite of their large participation
in projects about innovation in SMEs and their high involvement in raising funds for their
development. Finally, public institutions (orange color in Figs. 5, 6) do not occupy central
positions in the network and have bad cohesiveness with the other participating entities.
We can derive from them that the entities that have received the greatest economic funding,
mainly private sector companies, do not necessarily have a good connectivity capacity with
the other nodes.

Table 4 summarizes the results extracted from the centrality analysis carried out by
breaking down the entities and classifying them according to the actors of the TH model.
Specifically, the top 10 values of each measure are presented. However, the total number
of companies included in Table 4 is only 20 because most of the companies rank similarly
in the top 10 in several indexes. Attending to the distribution of the entities with greater
values with respect to the centrality indicators, we identify that 11 entities are BSCs and
four are private sector companies. The institutions of the public sector do not have high
significant values in relation to any of the centrality measures analyzed.
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Fig.5 Network of the EU participants and collaborations under the Innovation in SMEs projects according
to the TH model (total amount of grant layout) (2014-2019). The size of the node is related to the perceived
amount. The color of the node refers to the TH kind of agent. The thickness of the link illustrates the grants
financed. The color of the link represents the origin of the collaboration (Color figure online)

If we pay attention to the degree centrality, we see how the BSCs have values above
the average; for example, Fraunhofer-Gesellschaft zur Foerderung der angewandten
Forschung e.v., Steinbeis 2i GmbH, or United Kingdom Research and Innovation, with
values of 21, 19, and 17, respectively. The entity most central to this measure is a pri-
vate sector company, Fundingbox Accelerator Sp. z 0.0 (28). These nodes, attending to
the theoretical definition of the measure are the ones that a priori have a greater degree
of connectivity.

However, as stated above, this measure is not enough. The measure of closeness central-
ity provides interesting results. Because its values are normalized [0, 1], the entities with
values closer to 1 will represent those nodes that have less mean distance compared to
any other in the network and, therefore, more potential to create future collaborations with
other nodes. United Kingdom Research and Innovation (0.944), Bwcon GmbH (0.933),
and Fraunhofer-Gesellschaft zur Foerderung der angewandten Forschung e.v. (0.852) have
greater closeness centrality and they all belong to the BSCs sector.
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- Private firms - Big Science Centers - Public institutions

Fig.6 Network of the EU participants and collaborations under the Innovation in SMEs projects according
to the TH model (degree centrality layout) (2014-2019). The size of the node is related to the degree cen-
trality. The color of the node refers to the TH kind of agent. The thickness of the link illustrates the grants
financed. The color of the link represents the origin of the collaboration (Color figure online)

One of these nodes also stands out in the measure of betweenness centrality, which
is Fraunhofer-Gesellschaft zur Foerderung der angewandten Forschung e.v. Meanwhile,
Steinbeis 2i GmbH, Fundingbox Accelerator Sp. z 0.0, and Tillvéxtverket also stand out.
This reveals the importance of the agents because it shows the possibility of intervening
and initiating a possible mediation in a new collaboration. Once again, the relevance of
the BSCs in the network is verified. Finally, the eigenvector centrality [0, 1], shows how
these three science centers that have stood out in the previous measures of centrality, are
the most relevant nodes in the network, which are Fraunhofer-Gesellschaft zur Foerder-
ung der angewandten Forschung e.v., Steinbeis 2i GmbH and Fundingbox Accelerator
Sp. z o.0.

@ Springer



M. Ferrer-Serrano et al.

846

uon

4 9EE°0 4 LI I P60 91 STTy  wopdury panun DS -BAOUUJ PUE YOIBIsay WOPSULY pajun

Cl 6810 LE S 9 LEY0 £ 8€C9I uspams  DSd JOIDAIXBA[LL
(007) ds nsojouyoa], nigjsueny

6¢ ¥10°0 0¢ 8 8 £€8°0 [43 LYS0 puejod Id iloemouu] wnNua) AYsAZIyOJIMS
J13o10uyd9)

LT 2010 91 6 8¢ 9LY'0 8 €STL SPUeLIdYISN  DOSd -1o1eA dsu1adxy JO enue) Sunyong

£ 820 £ 6/ 81 €290 I 60$°CC fuewron  Dsg HQWD I stoquialg

13 LS00 €T L v 8¥8°0 34 LSET Aerp dd  (esaadwy nessayuy 1zia19g) esaxdwy TS

Sl S91°0 6 01 ¥ 80S°0 Le 91¢C KemioN ad Yoo, [EaH AemION

w 1100 9¢ S L 7€8°0 ¥9 €81°0 Srewiusg Id 101UO3 - SYIeUWUEPPION

L1 9¢1°0 4 9 Ly §ce0 g LE9El puejod  OSd UeJoIS§ Jozo[ ymusuy

Il 000°1 [ 8¢ 4! orL’0 4 960°81 puelod dd 0°0 z *d§ 10)LI9[220Y X0qTUIpUN,]
'A*9 Sunyosio,] udpuemasue Iop

4 9.0 4 Ic £ 5880 4 6SL°SI Auewron  DSE  SUNIOPILO INZ JRYIS[[SAND-IJOYUNLL]
se[[oH £30

L 6T 9C 9 61 190 9 L8E'TI 9031H  DSI  -[OUYISL PUY [oIessay 10, UONBpunog

6 90C°0 8¢ S 194 €Iv'0 8% (42! 909210 Id uouadry ewkipy oyrupy

01 00 I 01 Ic §8S°0 ¥ 0SLC Ao Osg Y0121y 2[[OP 2[BUOIZEN OI[SISUO)
198V a3[og SinoquiaxnT npaLy

8v 900°0 14 ¥ 6 ££8°0 89 8500 Smoquioxng Id -Snpuy ( 19 92IsWWo]) 3 Iqureys

el LLTO 9 el 4 £€6°0 4 809°C fuewey  Dsd HquD uoomyg
oroedsy [9p A eonneu

61 121o 8 11 S 1780 S9 woro uredg dd -0Ioy BULIOJeIR[d PLIPEJA UOIOBIOOSY
eadoIng ©oIoory

S STE0 L €1 o1 vT8°0 6 €109 e Id ¥[[op duorzowoq ey 1od e1zusdy

9 §8C0 ¢ £l 14! 00L0 L €1ce ouely  DSH Kayrep doedsoroy

yuer _Ajenuad JANEnuad
10109A 10199A QANrenueo LAenuad  yuel ssou ssou
-uasrg -uaSrg  ueroa13eg 90139(] YURISSOUISO[D SSQUISO[) -UIMIDE  -Udamlog Anuno) ,10199§ uLIj

Anuo A10A9 Suowe SISA[RUR JI0M]U ) WOIJ SINSAI A)[enud) ¢ d|qel

pringer

A s



847

The European research landscape under the Horizon 2020 Lenses:...

1 01 () U9am)aq SASueI A)[enuad J0199AUSSIS pue SSAUISO[D),
SIUYUL 0} () USIMIA SATUB A)I[ENUID IIFIP PUE SSIUUIIMIE
(suonmmsur orqnd 74 $S10Ju0 20uor0s S1q DY ‘swy Aeard /) [opouwr HI, 9y 03 Surp1oooe juese Jo odA) oY) 0 90UAISJAI A[EW 7 UWN[OD UT PAJOSPAI SWAUOIOR O],

(6107—1107) 103B21pUI YOB2 Ul sanfeA G do) ay) moys sor[e)]

8 80C°0 01 6 (44 18S°0 01 L£9°S  wopSury] paytun osd uoyySLIg Jo ANIsIoATU)
yuel _A)enuad UL sl 5]
J0)JO9A J0)JO9A n_b:mb:oo LAITeNUaY  Yuel ssou ssou

-uaSiyg -uagdrg  Yuex o130 90I39(] UBI SSQUASO[)) SSQUASO[) -Uoamioqg -uoameyg Anuno) 101098 W]

(ponunuod) 4 3jqer

pringer

As



848 M. Ferrer-Serrano et al.

5 Discussion and conclusions

Knowledge generation and transfer, both between and within organizations, are fundamen-
tal processes while developing R&D activities (Cunningham and O’Reilly 2018; Easterby-
Smith et al. 2008), which often derive in new products or processes through innovation.
However, SMEs, due to their lack of enough tangible and intangible resources see that
their efforts to individually carry out innovation are often frustrated (Brunswicker and
Vanhaverbeke 2015). Consequently, they are forced to abandon these activities, or, alter-
natively participate in collaborative networks to develop their R&D. However, the works
reviewed in the literature do not confront this issue from a sufficiently generic and holistic
perspective. Within this context, the TH model, which explicitly recognizes the relevance
of the interconnections between companies, public institutions, and research centers and
universities, is an appropriate tool to understand the relationships between the different
agents and will allow, at a later stage, the laying of foundations to spread the innovative
activities among a greater number of companies.

To evaluate the success of this interaction, we use network analysis to assess the rel-
evance of the main actors (nodes) of the process. We introduce the concept of centrality,
which is borrowed from physics and computing, and we calculate the following four types
of centrality to evaluate the connectivity and importance of each agent: degree centrality,
betweenness centrality, eigenvector centrality, and closeness centrality. As part of our main
results, we show that there is not a direct relationship between the funds obtained in the
H2020 program and the economic significance of the different countries. Neither is there a
clear connection between the quantity received from H2020 and the strategic positioning in
terms of connectivity, or the economic relevance of the country. In this respect, Germany,
Spain, and Italy represent the countries with the best power of collaboration and connectiv-
ity in the whole network. Therefore, these countries, which show higher values of central-
ity, can be regarded as interesting nodes to be considered for future collaborative networks.

We have also concluded that while private sector companies globally obtain the highest
amount of funds to carry out innovative activities, their relative importance is lower when
we refer to knowledge transfer with other agents with the aim of creating collaborations
and obtaining synergies. In this sense, BSCs do not receive as much funding from H2020
but they are much better positioned in terms of centrality in the European network. There-
fore, BSCs emerge as key drivers of innovation for SMEs.

This research shows that the most cohesive parts of Europe correspond to what is known
as the “old continent”. This means that the highest collaborative density is established
between the countries in the heart of the continent and that the network between these
countries will be more difficult to break. Nevertheless, there are also countries that do not
belong to this group and that have achieved excellent results in these programs: examples
are Spain, Armenia, Portugal, Serbia, and Croatia. It can be argued that less centralized
countries, generally of smaller size, may identify large and more cohesive countries as bar-
riers and may often find it difficult to generate potential collaborations, with the undesired
consequence that potentially valuable research projects that come from these peripheral
countries may be lost. The most dangerous threat that derives from these results is associ-
ated with feelings of frustration and demotivation for firms that do not belong to this col-
laborative network. In addition, the high competitiveness of countries with similar charac-
teristics (high centrality and capacity for innovation) can also be understood as a threat by
the other regions. Small countries have to be able to develop action policies, identify them,
and try to improve their results. Therefore, countries have the potential to identify partners
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and join the European innovation research network for SMEs to seek the optimal balance
and symmetry of the network.

An issue that is beyond the scope of this work has to do with who should be in charge
of these innovative activities. In a globalized world, it can be argued that the improvement
of European social welfare is even more important than the origin of the countries that
contribute to it. It should also be noted that the fact that a country or an institution does not
receive funding in its first collaborations in H2020 projects should not be necessarily taken
as a bad thing to the extent that the establishment of relations with other countries and
institutions will make these countries take a leading position in future projects and increase
the funding obtained (learning effects). Within this context, we should pay special atten-
tion to the centrality and cohesiveness of the network developed because these indicators
provide valuable information about expected future results. In this sense, we understand
that H2020 is a powerful tool in the strengthening of the European collaborative research
network.

The results that derive from the analysis have several implications for academia, man-
agement, and the public authorities. From an academic point of view, this work allows us
to visualize the global European scenario of research in innovation in SMEs, advancing a
step further in the subject, and filling a gap in the literature of innovation and management.
As the empirical results have shown, measuring research collaborations across networks
using centrality indicators may be a fruitful and complementary alternative when model-
ling management situations. In addition, we have introduced the TH model as an analytical
tool, which gives our study a distinctive value that allows us to identify business opportu-
nities among the different agents of the network. This type of detailed information could
assist analysts in identifying where weaknesses in innovative ability occur and can sup-
port policy to encourage firms to move up the ladder of innovative capabilities. The results
also clarify the role of relationships in innovation by highlighting the distinct differences
between firms, institutions, and research centers. The latter increases the probability of
performing R&D, possibly because the information provided by customers reduces market
uncertainty. Although the details of innovation support policies are likely to differ across
regions or countries to account for local conditions, the results of this study suggest there
are consistent patterns between countries that occupy similar positions in the network.

From a decision-making perspective, managers should be aware of the positive spillo-
vers that derive from collaboration. In this sense, universities and other science centers
play a fundamental role in this process and should be considered as partners whose collab-
oration will be beneficial for both parties. Similarly, joint R&D projects with other compa-
nies may also strengthen the competitive position of SMEs. Studies such as the one devel-
oped in this research allow us to identify the entities that have a greater connectivity and
are therefore more qualified to generate potential relationships. In addition, this study can
be used as a tool that allows entities to visualize current relationships and predict future
relationships with the aims of improving their effectiveness and sharing new joint knowl-
edge. It can also demonstrate whether there is knowledge transfer and therefore can draw
up strategies aligned with regional policies to improve territorial development.

Finally, from a policy perspective, this kind of analysis can be helpful in the process of
resource allocation. The use of this type of tool will enable the identification of some of the
strengths and weaknesses of the innovation system of a country. The information provided
by the centrality indicators will be valuable in performing a detailed analysis that focuses
on specific companies, industries, or countries with the aim of guiding policy decisions.
Once we know which countries or which companies lead the R&D European scene in a
given area, it would be easier to develop the appropriate actions that facilitate a firm’s own
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competitiveness or to identify industries that can reach central positions in the networks in
case of receiving initial support.

An issue that cannot be forgotten is the positive spill-overs of universities and research
centers as drivers of innovation in Europe. As a consequence, it is important to provide
them with the necessary resources to strengthen their interaction with SMEs to the extent
that these networks will have positive effects on business (and, thus, society) performance.
The knowledge that resides in universities and research centers is potentially a global asset,
and policy makers should be responsible for establishing mechanisms to ensure the effec-
tiveness of this knowledge transfer.

The secondary position of government institutions in the network leads us to think that
there is not enough awareness of the specific characteristics and problems of SMEs. Public
authorities should be conscious of the leverage role that they can play when adopting an
active role in the R&D ecosystem. There are several dimensions that could be considered
to achieve a more cohesive network: conflicts of interest between the parties undertaking
the cooperation, lack of resources both in the private sphere and in that of research cent-
ers and universities, and bureaucratic obstacles related to the mechanisms needed to have
access to the structural funds.

In addition, at a European level, this information can be helpful in the formulation of a
roadmap for the continuation of H2020 that would favor the achievement of certain objec-
tives. By way of example, the EU should decide whether it prefers to strengthen the posi-
tion of the most important European consortia to enable them to compete with the main
American and Asian leaders, at the cost of limiting the development of other companies, or
if it chooses to opt for a more horizontal and less focused support that allows the develop-
ment of a greater number of companies. Or perhaps it might be better to launch differenti-
ated programs that provide different treatment for each of the two typologies mentioned.

To sum up, we believe that this research would be useful in several dimensions within
the public arena, namely: (1) to enhance the government role as a provider of subsidies, (2)
to assist in the process of creating new collaborations in the process of consolidating the
existing ones, (3) to attract entities and strengthen linkages between them to enhance the
stimulation of knowledge spillovers, (4) to contribute to the consolidation of trust among
actors to create a culture of collaboration and confidence, and (5) to contribute to increased
awareness of the role of innovation in SMEs and to promote the adoption of a more proac-
tive attitude.

Beyond the progress that this research entails, the paper is not without limitations. Our
analysis has been addressed by aggregating all funded research projects between 2014 and
2019. This provides us with a global picture of the whole innovation system during the
period. However, we lack a dynamic vision of the process, insofar as we have not identi-
fied the possible existence of a time pattern. Therefore, we recommend that future research
should increase the sample size with the aim of complementing this investigation with a
year-by-year analysis that could identify this evolution over time. Future work could also
explore the overview of a country or industry in an individual way. To the extent that there
are specificities that characterize them, their individual analysis may provide richer and
more detailed information. Similarly, it would be of interest to analyze networks between a
given kind of agent, such as collaborations between BSCs. In this sense, the lack of more
detailed, micro-level data constitutes a limitation insofar as it prevents the analysis of the
complex relationships arising from these interactions. As a consequence, future research
should try to combine network analysis and exhaustive firm level information (probably
collected through surveys) in order to deepen these interactions.
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Due to the holistic character of the study, it does not explore in depth the role of col-
laborator or coordinator adopted by each organization in the different research projects
carried out by the agents of the TH model, and that may constitute an interesting further
line of research. This issue could be taken into account using data that put a value on vari-
ables related to human resources. In addition, by focusing the design of the analysis on
Europe, collaborations with countries outside the continent that may be of interest are left
out. However, these projects represent a reduced number in H2020, and we consider that
their inclusion would not affect the main results and conclusions obtained in this research.
Finally, the methodology that we have employed does not allow to establish causal rela-
tionships between the resources allocated and the specific consequences that derive from
the use of these resources. As a consequence, future work that tries to establish these causal
relationships by using alternative methodologies would be welcome.
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