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1. Commitment 4. European Research Area Communication
(responsible partner: TIK)
by Fulvio Castellacci (TIK), Magnus Gulbrandsen (TIK), Taran Mari Thune (TIK)

Commitment 4 in the Innovation Union concerns delivering the European Research Area where the
aim is to promote measures to remove obstacles to mobility and cross-border cooperation in
research. The aim was to ensure a common approach across European countries to allow for mobility,
cooperation and communication across countries. In particular, the following elements to the ERA is
mentioned: common approach to researcher training, common employment conditions and career
opportunities, open recruitment strategies, comparable career structures and mobility across
countries, cross-border cooperation of research performers and funders, dissemination/open access,
open infrastructures for research and common strategies towards international cooperation in
science and technology. In the literature and data review on this commitment, we have focused on
two aspects that have not been covered by the other commitments: International cooperation
between researchers and international mobility of scientists.

1.1 Review of literature of relevance to commitment 4
The published articles retrieved and reviewed from the database present information about a range
of issues connected to international research collaboration and mobility. Most of the papers discuss
international research collaboration and mobility at a micro level, focusing on mobility and
collaboration between individuals, or networks and collaborative projects, and outcomes are
addressed mostly at the level of the individual researcher.
A number of the papers measure the degree and kinds of international research collaboration in
different fields of science, and to what extent international collaboration has grown over time
(Georghiou 1998, Leydesdorrf & Wagner 2008, Wagner & Leydesdorrf 2005). Studies using
bibliometric databases demonstrates a substantial growth in the number of international copublished papers; a trend that according to the authors have multiple explanations (Wagner &
Leydesdorrf 2005), including growth in science, in scientific specialisation and increased complexity
in science, which requires increased collaboration across countries and specialisations.
Some of the papers address whether policies and programs to facilitate international collaboration
has had a positive impact on international collaboration (Defazio et al 2008, Georghiou 1988,
Hoeckman et al 2010, Gusmao 2001, Rijnsoever et al 2008, Pandza et al 2011). Some of these papers
find indications of increased European research collaboration (Gusmao 2001) due to development
of European research funding and programs, whereas others find weak indications of increased
European collaboration (Hoeckman et al 2010). There is a larger pool of relevant research and
evaluation reports on the effect of the framework programmes that have not been retrieved by our
search algorithm, so these references are too few to say anything substantial bout the effect of the
Framework programs on international research collaboration.
Some of the papers address both antecedents (status/position, scientific productivity, field of
science) and effects of international research collaboration (often volume and quality of scientific
www.i3u-innovationunion.eu
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papers) focusing on individual level characteristics (Rijnsoever et al 2008, He et al 2009, Defazio et al
2008,). International mobility and international collaboration has also been found to be related
(Scellato et al 2014; Franzoni et al 2014), and in general both international researcher mobility and
research collaboration is positive for research productivity. None of the studies reviewed here
address innovation outcomes.
In this set of papers reviewed here, there are also a few papers based on qualitative data that address
the internal workings of international research networks and strategies employed by researchers
involved in international collaborations (Bammer 2008, Bozeman & Coley 2004). It should be
mentioned that some sort of mobility is sometimes partly focused on also in the literature on
collaboration, because mobility is partly an outcome of collaboration.
Mobility has similarly been covered looking at factors that explain mobility and the effects of mobility
for the individual or for the host organisation (the organisation to which the mobile researcher
moves). It has been found that researchers who are move to academia after having worked in other
sectors (industry, public) have somewhat lower academic productivity but higher propensity to
collaborate with external partners (Dietz & Bozeman 2006). It has also been found that academic
mobility is influenced by productivity rather than vice versa, i.e. the most productive academics are
also likely to be the most mobile (van Heeringen & Dijkwel 1987).
In general, mobility of students (including PhD) is seen as one of the most important mechanisms of
knowledge exchange between academia and industry and for long-term benefits in firms, with
mobility of scientific staff ranked as of medium importance (Bekkers & Bodas Freitas 2008; de Fuentes
& Dutrénit 2012). Non-academic mobility of staff from academic institutions is a fairly rare
phenomenon (academic mobility is treated more under commitment 30).
The literature on mobility contains a lot of papers that are not really relevant to the Innovation Union
commitment in question with its emphasis on research in Europe. There is a lot of writings on student
mobility and cross-sector mobility, and some general reviews of policy mechanisms and the “5th
freedom of the European Union”. There is some attention to the many different policy areas that are
involved in mobility, and the general message is that this has not come far enough outside of elite
initiatives to attract the most talented scientists and engineers (maybe not very far here either).
When it comes to motives for mobility, the general finding is that the attractiveness of the host
country or host institution is of less importance than the home country/institution conditions, such
as unattractive career opportunities and substandard working conditions. This means that people
from some countries in the third world but also southern Europe are more likely to be mobile.
There are many practical barriers and a great deal of complexity in mobility. EU coordination is still
fairly weak despite some attempts at harmonisation, the employment status of foreign researchers
may be unclear, pension arrangements and family obligations can be a barrier, and funding is an
issue. The general finding is that the mobility in Europe is far behind that of the U.S.
Effects of mobility are generally positive, especially when it comes to individual-level scientific
networks and productivity. But several investigations find that mobile researchers are less likely to
land a permanent position in their home country (often an important motive), making mobility a
mixed blessing for the individual.

1.2 Data sources available for the assessment of commitment 4
There are several dataset and sources of information relevant for measuring these commitments. The
European Union have taken several measures to monitor the implementation of the ERA and
presents yearly reports on the status of the implementation of the ERA in member countries, as well
www.i3u-innovationunion.eu
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as a range of different variables on mobility, career systems, human resource management etc. It
also seems to include information about the impact of some measures on research performance
(publication data). A lot of the data is collected through a special survey to research funders and
research performing organisations (European commission 2014). The data by countries can be
downloaded from the commission’s website1.
In addition to monitoring ERA, the European Commission has sponsored several research projects
to investigate careers and mobility in science in Europe. The MORE2 project has collected micro-data
from researchers to investigate careers and mobility among researchers in Europe. This is the most
comprehensive dataset available in Europe about mobility of academics, which can be easily
accessed. There are other surveys available as well, but they have less coverage across European
countries or employment categories (Globsci, Eurodoc).
Finally, data of international collaboration is often measured by publication data where co-authored
papers are seen as an indication for scientific collaboration. The share of publications coauthored
with researchers from other countries (inside and outside the EU) of all scientific publications (each
year or over a period of years) has been proposed as a relevant indicator on to measure international
scientific collaboration2. There exist relevant analyses of ERA policies using bibliometric data3, which
can probably be used to collect a relevant indicator on co-authored papers in European countries.
International mobility can be measured by the «Percentage of Doctoral degree Holders who
obtained their doctorate in another EU country and/or have worked in another EU country»,
according to the same report. The MORE2 survey has however data on mobility of different kinds
and at different career levels, thus providing a more refined image of research mobility.
The socio-economic benefits of ERA policies have been monitored and discussed by a recent expert
panel commissioned by the European Union4, which can be used in the impact assessment of the
commitments in the next part of the I3U-project.

1

http://ec.europa.eu/research/era/eraprogress_en.htm
http://ec.europa.eu/research/era/pdf/era_indicators%26monitoring.pdf
3 http://ec.europa.eu/research/innovation-union/pdf/bibliometric_indicators_for_european_policies.pdf
4 http://ec.europa.eu/research/era/pdf/era_progress_report2013/high-level-panel-report_en.pdf
This project has received funding from the European
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international co-authorships
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Hunt 2009
between collaborative research
and research productivity
Hoekman,
Investigates
pattern
of
Frenken
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Bozeman
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Corley 2004
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Bozeman 2006
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authors
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Freitas 2008

16

17

industrial partners assess different
channels of knowledge exchange

De Fuentes & What are the best mechanisms for Survey
Dutrénit 2012
university-industry interaction for
long-term benefits for firms?
Enders 2005
How can you shape academic Conceptual, essay
organisations so that PhD students
find a career outside academia?

18

Welsh et al. 2008 How do scientists view university Interview study
policies for industry collaboration
and knowledge transfer?

19

Corley
2006

20

21

et

al. What are the preconditions for Case study
successful
large-scale
multidisciplinary and multi-institutional
collaboration in science?
Shi et al. 2011
What is the relationship between Bibliometric data
network diversity and idea
innovativeness in science?
Van Rijnsoever Which factors are associated with Survey
& Hessels 2011
cross-disciplinary collaboration in
science?

22

Perc

23

Ponomariov

the most important channels of knowledge exchange
(but less so than publications of various type), mobility
of other research staff into industry of medium
importance
Mobility of human resources one (out of three) of the
most central factors that explain long-term benefits
for firms
German model of apprenticeship training can be an
example of best practice, and new career patterns for
PhD candidates will probably require new forms of
organisation of academic work
Strong focus on industry collaboration and
technology transfer may lead to reduced cooperation
between scientists; university policies need to be
aware of this to avoid the problem
Collaboration is difficult and may require at least one
of two preconditions: mature epistemic development
of the involved disciplines and/or new and efficient
organisational arrangements
Creativity is less tied to diversity than often assumed;
diversity also not as common as the authors believed

Cross-disciplinary collaboration associated with
female researchers and those that have earlier work
experience from industry and/or the public sector, i.e.
mobility good for such collaboration
Explore the global collaboration Bibliometric
Collaboration has increased greatly since the 1960s;
structure of scientists in Slovenia
results relevant for similar bibliometric investigations
& Explore the productivity and Case,
bibliometric Affiliation with a research centre increases all types of
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Boardman 2010
24

25

26

27

28

collaboration patterns of scientists data
in research centres
Leydesdorff & Study the development of Bibliometric
Wagner 2008
international
scientific
collaboration
De Rosa 2008
Study barriers to developing an Conceptual
international
“European
doctorate”

Adams
2005

et

al. Development of US scientific Bibliometric
institutional collaboration patterns
over 40 years
Van Heeringen Study
relationship
between Survey
& Dijkwel 1987
mobility
and
academic
productivity
Katz & Martin Discuss various concepts and Conceptual
1997
indicators of collaboration

external collaboration.
Exponential growth in number of addresses, linear
growth in number of co-authorships
Despite positive attitudes towards an international
doctorate, harmonisation is made very difficult by
legislative problems, conservative universities and
“protectionism” and fear that harmonisation will lead
to less diversity
Collaboration has become more dispersed, and
mobility of (former) graduate students is an important
factor behind the changing collaboration patterns
It is found that productivity influences mobility rather
than vice versa
Collaboration as measured through co-authorship
reveals
that
international
and
institutional
collaboration does not necessarily imply interindividual collaboration; care must be taken when
using these measures

Table 1 : Published research on international cooperation and mobility in science (selected references)
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2. Commitment 5. Construct the Priority European Research
Infrastructures (responsible partner: SGH,WERI)
by Arkadiusz Michał Kowalski, SGH, WERI

2.1 Introduction
The aim of this study is to investigate the rationale, activities and theoretical background for
analysing main areas of impact of the Innovation Union Commitment 5 ”Construct the priority
European Research Infrastructures”. Research Infrastructures are at the core of the knowledge
triangle of research, education and innovation. By offering access to high quality services to
researchers from different countries, they assemble a critical mass of people, knowledge and
investment, facilitating international cooperation in science. Therefore, constructing the priority
European Research Infrastructures is one of the most important step in realizing the European
Research Area. Internationalized research infrastructures provide the platforms, which bring together
knowledge, human and other resources, from wherever they are located, to address research issues
that cannot be tackled by single country or region alone.
According to the conceptual framework of the study, the impact of Commitment 5 on solving the
problems with fragmentation and insufficient cooperation between research infrastructures in
Europe is analysed in the perspective of three concepts: social capital, innovation system and
economic networks. They provide explanation for the need of pooling resources, and partnership in
constructing European priority research infrastructures. According to these theoretical concepts,
Commitment 5 has an impact on increased cooperation and raising resources needed for key
research infrastructures, leading to higher knowledge creation and technological advancement of
the economy, consequently resulting in greater productivity, and finally contributing to faster
economic growth (real GDP growth).
This study is structured as follows. In the first part, the problems addressed by the Commitment 5
are identified and analysed, mainly: fragmentation of European investments in research
infrastructure, high complexity of research infrastructures, connected with e.g. increasing capitalintensity and technical sophistication of modern research, as well as the need to solve key societal
challenges, which in many cases are addressed by research infrastructures. In the second part, the
solutions to these challenges offered by Commitment 5 are presented, including: definition of
research infrastructures, their basic futures, benefits and typology, and the European Strategy Forum
on Research Infrastructures (ESFRI) Roadmap, which identifies new research infrastructures
corresponding to the long term needs of the European research communities. The third part of the
study starts with an introduction to the new institutional economics approach proposed by O.E.
Williamson, which forms the theoretical background useful in analysing an impact of Commitment
5. This concept enables to investigate such an impact at four levels of social analysis: embeddedness,
institutional environment, governance, and resource allocation. Next, the most important economic
theories that help to explain the main impact areas of European Research Infrastructures are
analysed, like: social capital theory, the concepts of innovative milieu and creative class, innovation
systems theory and economics of network theory. The forth part of the study focuses on the review
of possible indicators that may be used in measuring the impacts of research infrastructures.

www.i3u-innovationunion.eu
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2.2 Commitment’s rationale (identification of the problems addressed
by the Commitment 5)
2.2.1 Fragmentation of European investments in research infrastructure
One of the biggest obstacles for restoring the EU leadership position in science and technology is
the fragmentation of research policy, which is carried out by the European Commission and 28
member states. This explains the heterogeneous innovation performances across Europe and the
difficulties in organizing holistic approaches at the European level5. T. Stahlecker and H. Kroll6 confirm
that one of the main reasons why continuously developed European Research Area is still far from
acting as supra-national innovation system (in which research infrastructures would constitute the
important elements integrating citizens from different member states) is fragmented political
landscape in research policy, with national governments reluctant to yield more control and budget
to the European level. Another problem is that the networks of co-operation and human capital
exchange are pre-defined by national boundaries, as according to K. Pavitt, P. Patel7 innovative
activities are greatly influenced by national systems of innovation in terms of: the quality of basic
research, workforce skills, the degree of competitive rivalry, systems of corporate governance, and
local inducement mechanisms.
Tremendous fragmentation of the European research infrastructures leads to the lack of transparency
and duplication of their objectives and actions8. T. Stahlecker and H. Kroll9 noticed that although
many European scientific units have a long tradition of excellence, when driving progress in
numerous key areas of science, the persistent national fragmentation of investments prevents
created infrastructures to reach a certain critical mass. The understanding of a need for certain critical
mass should not be limited only to a technical level. Fragmentation of European research
infrastructures creates also problems with sufficient financing, as the cost of implementation of single
investment projects often exceeds the funding capacity of individual countries. The problem is even
bigger when taking into account insufficient transnational cooperation between the existing research
units of sub-critical size. Moreover, as learning is a cumulative process, all research teams benefit
from the increase in diversity and the broadening of the knowledge base10, and this is lacking in
research infrastructures fragmented across member countries.

2.2.2 High complexity (scale and costs) of European research infrastructures
5

A. Sartori, L. Berlinguer (2013), European Research Area. Towards a Maastricht for research,
https://www.researchitaly.it/uploads/7892/Maastricht_ricerca.pdf?v=3d1930a [last accessed: 28 July 2015]
6 T. Stahlecker, H. Kroll (2013), Policies to Build Research Infrastructures in Europe – Following Traditions or Building New
Momentum?, Fraunhofer Institute for Systems and Innovation Research ISI Competence Center “Policy and Regions”,
Working Papers Firms and Region No. R4/2013, Karlsruhe.
7 K. Pavitt, P. Patel (1999), Global corporations and national systems of innovation: Who dominates whom?, in: D.
Archibugi, J. Howells, J. Michie (eds.), Innovation Policy in a Global Economy, Cambridge: Cambridge University Press,
pp. 94-119.
8 Committee for Research Structure of the Royal Swedish Academy of Sciences (2012), Transnational Coordination of
European Research Infrastructures, The Royal Swedish Academy of Sciences, Stockholm.
9 T. Stahlecker, H. Kroll (2013), Policies to Build Research Infrastructures in Europe – Following Traditions or Building New
Momentum?, Fraunhofer Institute for Systems and Innovation Research ISI Competence Center “Policy and Regions”,
Working Papers Firms and Region No. R4/2013, Karlsruhe.
10 P. Cooke (2002), Knowledge economies: Clusters, learning and cooperative advantage, Routledge.
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In the problem description of Commitment 5 it was stated that one of the rationale for pooling the
resources across Europe to build and operate research infrastructures is their increasing complexity,
scale and costs. In the context of scarce public resources, it is an important step in European research
and innovation policy to catalyse investments in major infrastructures, which are given political
priority and for which new funding mechanisms are being developed11. In fact, increasing complexity
and costs of research infrastructures makes international collaboration and coordination in that area
a necessity. Therefore, transnational cooperation is seen as essential to reach and maintain a
competitive level in research.
The increasing capital-intensity of modern research is connected with rapid evolution of science,
where more and more sophisticated and powerful experimental instruments need to be designed
and constructed in order to back such a progress and push forward the frontiers of knowledge. Large
scale scientific projects tend to entail substantial investment costs related to the design and
construction of research infrastructures, which often rise considerably from the ex-ante estimates.
The growing number of research infrastructures financed and their increasing average cost call for a
responsible decision-making when deciding if to spend considerable amounts of public money12.
Setting-up, or modernising, research infrastructures usually requires a substantial level of financial
investment and a long-term investment and operation strategy. This strategy entails careful planning
of the operation phase and possible future reinvestments. This involves the purchase of
technologically advanced equipment, clustering of specific skills and devising appropriate
governance structures13.
In order to resolve the complexity and resulting weaknesses of the European research infrastructures,
the report of the Committee for Research Structure of the Royal Swedish Academy of Sciences14
suggested that all these infrastructures should be restructured and reorganized by using an objective
evaluation, including impact analysis and cost-benefit studies. In evaluation, a clear and transparent
definition of efficiency needs to be elaborated, by covering two aspects: the efficiency in producing
knowledge and the efficiency in its commercialisation. Moreover, research infrastructures should be
listed and divided into different areas, defined by their scientific or technological objectives, in order
identify and eliminate fragmentations and duplications.
Research infrastructures represent important supporting pillar of the research system. Along with
their scientific importance also the challenges grow: financially, because they become more and more
resource-intensive, and with respect to the organization, because the degree of complexity of the
institutions or the networks increases15. A critical ingredient of any infrastructure is high capital
intensity. According to M. Florio and E. Sirtori16, capital fixed expenditure overcomes operating costs
11

European Commission (2010), Communication from the Commission to the European Parliament, the council, the
European Economic and Social Committee and the Committee of the Regions, Europe 2020. Flagship Initiative. Innovation
Union, COM(2010) 546 final, SEC(2010) 1161, Brussels, 6.10.2010.
12 M. Florio, E. Sirtori (2014), “The Evaluation of Research Infrastructures: a Cost-Benefit Analysis Framework”,
Departmental Working Papers 2014-10, Department of Economics, Management and Quantitative Methods at Università
degli Studi di Milano.
13 E. Griniece, A. Reid, J. Angelis (2015), Guide to Evaluating and Monitoring Socio-Economic Impact of Investment in
Research Infrastructures, Technopolis Group, Tallinn.
14 Committee for Research Structure of the Royal Swedish Academy of Sciences (2012), Transnational Coordination of
European Research Infrastructures, The Royal Swedish Academy of Sciences, Stockholm.
15 The German Council of Science and Humanities (Wissenschaftsrat) (2013), Science-driven Evaluation of Large
Research Infrastructures for the National Roadmap – Pilot Phase, Background Information, Berlin.
16 M. Florio, E. Sirtori (2014), “The Evaluation of Research Infrastructures: a Cost-Benefit Analysis Framework”,
Departmental Working Papers 2014-10, Department of Economics, Management and Quantitative Methods at Università
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and is a large fraction of the total present value of project cost. This is particularly true in so called
Big Science, which is performed using some of the most expensive equipment. However, ERAInstruments publication17 states that two necessary key factors for research infrastructures are
operation costs and personnel. This view is confirmed by facility managers who consider purchase
of equipment in many cases not as the major bottleneck for research infrastructures. The real limiting
factors are: the costs for operation, maintenance and upgrades, and costs for personnel running
equipment and increasingly for processing data.

2.2.3 The complexity of realizing the projects in partnerships
Complexity generally refers to an emergent property of systems made of large numbers of self‐
organizing agents that interact in a dynamic and non‐linear fashion and share a path dependent
history18. Increasing complexity of scientific processes makes partnership a key success factor for
research infrastructures, which need to pool people and resources in order to achieve technological
critical mass. However, usually research teams face different types of difficulties in pooling and
sharing knowledge. The complexity of realizing the projects in partnerships is particularly high in
case of interdisciplinary or international collaboration. Interdisciplinary teams face particular
challenges around their lack of redundancy in disciplinary coverage and their lack of a shared base
of domain and procedural knowledge. Such groups depend on their members, who represent
different sub-disciplines and bring knowledge to the team’s work. Consequently, those from other
disciplines must be open to hearing and incorporating such knowledge. To integrate and synthesize
knowledge, the research team must be ready to engage together in contributing knowledge and
learning from others. To bridge differences in disciplinary practice, research groups need
infrastructures to support their joint work19.
Despite the difficulties inherent in working in international and multilingual teams, EU funding for
collaborative research, including research infrastructures, can stimulate the development of an
international science teamwork model. In this model, individual researchers often serve as native
informants, offering insider knowledge about the phenomena under study in their own countries.
The single researcher can thus become part of a larger network, pooling information and broadening
disciplinary perspectives. In this way, collaborative work produces synergy and helps to make sense
of complexity and diversity20.

2.2.4 Inherent technical complexity of the projects
Together with growing complexity of science and technology, the research infrastructure landscape
becomes also increasingly more complex. In order to achieve technological critical mass, many largescale facilities in Europe are financed jointly by the European Union and its member states. Increasing
inherent technical complexity of the projects changes also the nature of research infrastructure,
which come to be more digital and distributed. Modern science becomes extremely complex, and
degli Studi di Milano, p. 5.
17 ERA-Instruments (2010), Mid-Size Instrumentation in the Life Sciences: III. Development of Research Infrastructures in
Europe, Brandt GmbH, Druckerei und Verlag, Bonn, p. 15.
18 P. Cilliers (1998), Complexity and Postmodernism: Understanding Complex Systems, Routledge, London.
19 C. Haythornthwaite, K.J. Lunsford, G.C. Bowker, B. Bruce (2006), Challenges for research and practice in distributed,
interdisciplinary, collaboration, in: C. Hine (ed.), New Infrastructures for Science Knowledge Production, Hershey, PA: Idea
Group, pp. 143-166.
20 L. Hantrais (2005), ”Combining methods: a key to understanding complexity in European societies?”, European
Societies, Vol.7, No.3, pp. 399-421.
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the research infrastructure landscape in Europe is diverse and multi-layered. Paradoxically, in some
cases efforts to pool resources have added to the complexity, as large-scale EU-funded investments
can combine several types of activities under one umbrella, networking different partner facilities
and sub-projects. This growing complexity prevents research infrastructures in Europe from being
exploited to their full potential. There is a high risk of both duplication of effort and neglect of gaps
across the European Union21.
The technical complexity of the research projects is also growing together with the rise of so called
data-intensive science, also referred to as Linked Data, Big Data, or the 4th Paradigm22, and other
similar concepts. This new approach highlights the importance of investment into collecting and
preparing massive amounts of data. Providing digital collection and preservation of research data is
thus one of the key service that has to be provided by research infrastructures. Together with
increasing complexity of research projects, the needs for preservation goes beyond just maintaining
data accessible. Capturing and documenting the context of its creation and use requires
sophisticated information networks. It is a massive task requiring to pool resources if European
research infrastructure are to be able to capture and maintain usable series of data processing
routines and modules. It is needed in order to establish the validity of scientific analysis, to repeat
earlier computations on new data, and in general to make full use of the potential enrooted in dataintensive science23.

2.2.5 The need to solve key societal challenges
In recent years, there has been an increasing interest in solving the problems of modern societies.
These problems are associated with so called Grand Challenges, like: ageing of society, mass
urbanization, the growth of social inequalities, poverty, the tightening supply of energy, greenhouse
gas emissions, environmental problems, migration, diseases of civilization, etc. Priority European
Research Infrastructures may play an important role in finding innovative solutions to today’s key
societal challenges, as they constitute more permeable organizational structures, characterized by
greater absorption capacity and engagement of various international actors. This modern approach
to innovation, based on interactions and taking into account social needs, is reflected in the Open
Social Innovation (OSI) paradigm, proposed by H. Chesbrough and A. Di Minin24. Open Social
Innovation is defined by these economists as “the application of either inbound or outbound Open
Innovation strategies, along with innovations in the associated business model of the organization,
to social challenges”. This paradigm is composed of two concepts: open innovation and social
innovation, which in fact are not the same, but both ultimately strive for user-focused collaborative

European Science Foundation (2013), The Research Infrastructure Information Base in Europe – Summary of the
Roundtable Debate of 6 November 2013, Brussels,
http://www.esf.org/fileadmin/Public_documents/MERIL/Conf_summary_Dec13.pdf [last accessed: 17 July 2015].
22 C. Bizer, T. Heath, T. Berners-Lee (2009), ”Linked Data – the story so far”, International Journal on Semantic Web and
Information Systems, Vol.5, No.3, pp. 1–22.
23 A. Rauber (2012), Digital Curation as a Key Component in Research Infrastructures: From Data Preservation to
Processes Preservation and Verification, Proceedings of the 14th All-Russian Conference “Digital Libraries: Advanced
Methods and Technologies, Digital Collections” – RCDL-2012, Pereslavl-Zalesskii, Russia, 15-18 October 2012.
24 H. Chesbrough, A. Di Minin (2014), Open Social Innovation, in: H.W. Chesbrough, W. Vanhaverbeke, J. West (eds),
New Frontiers in Open Innovation, Oxford University Press, Oxford, pp. 169-188.
21
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process25. D. Chalmers26 expects that full implementation of the Open Innovation model will help to
build a more porous organizational structures, characterized by greater absorption capacity and
engaging various stakeholders in the social innovation processes. That is why priority European
Research Infrastructures, which enable the cross-disciplinary, frontier research and innovation, are
indispensable in tackling the Grand Challenges. By attracting and bringing together researchers,
funding agencies, politicians and industry to act together and tackle the interdisciplinary scientific
and technical issues of critical importance for the society, investments in infrastructures enable
excellent research not being realizable without the access to these facilities due to a lack of
capacities27. As part of the European Research Area, many of the priority European Research
Infrastructures identified by ESFRI are already providing an environment supporting research to
address the Grand Challenges in science, industry and society.

2.3 Solution – identification of Commitment 5 activities
2.3.1 Definition of research infrastructures
There is no single definition of research infrastructure in the literature. One of the definitions is given
in the Community legal framework for a European Research Infrastructure Consortium (ERIC)
regulation28, which says that research infrastructure “means facilities, resources and related services
that are used by the scientific community to conduct top-level research in their respective fields and
covers major scientific equipment or sets of instruments; knowledge-based resources such as
collections, archives or structures for scientific information; enabling Information and
Communications Technology-based infrastructures such as Grid computing, software and
communication, or any other entity of a unique nature essential to achieve excellence in research”.
From the other hand, in a press release to celebrate the 10th anniversary of the ESFRI Roadmap29,
the European Commission stated that “the term “research infrastructures” refers to facilities,
resources and related services used by the scientific community to conduct top-level research in their
respective fields, ranging from social sciences to astronomy, genomics to nanotechnologies”.
In the European Parliament and the Council of the European Union Regulation on Horizon 202030,
research infrastructures were defined as “facilities, resources and services that are used by the
research communities to conduct research and foster innovation in their fields. They include: major
scientific equipment (or sets of instruments), knowledge-based resources such as collections,
archives and scientific data, e-infrastructures, such as data and computing systems and
25

A.M. Kowalski (2015), The Development of Social Innovation in Poland and Other EU Countries, in: M.A. Weresa (ed.),
Poland: Competitiveness Report 2015. Innovation and Poland's Performance in 2007-2014, Warsaw School of Economics
– Publishing, Warsaw, pp. 261-280.
26 D. Chalmers (2013), ”Social innovation: An exploration of the barriers faced by innovating organizations in the social
economy”, Local Economy, Vol.28, No.1, pp. 17‐ 34.
27 The European Strategy Forum for Research Infrastructures (ESFRI) (2011), Strategy Report on Research
Infrastructures. Roadmap 2010, Luxembourg: Publications Office of the European Union.
28 Council Regulation (EC) No 723/2009 of 25 June 2009 on the Community legal framework for a European Research
Infrastructure Consortium (ERIC), Official Journal of the European Union 52 (8 August 2009).
29 European Commission (2012), MEMO. ESFRI: research infrastructures for Europe, Brussels, 10 October 2012,
http://europa.eu/rapid/press-release_MEMO-12-772_en.pdf [last accessed: 13 July 2015].
30 Regulation (EU) No 1291/2013 of the European Parliament and of the Council of 11 December 2013 establishing Horizon
2020 - the Framework Programme for Research and Innovation (2014-2020) and repealing Decision No 1982/2006/EC
(1), Article 2 (6), Official Journal of the European Union, L 347/104.
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communication networks and any other tools that are essential to achieve excellence in research and
innovation”.
Considering existing definitions, shorter description is provided by MERIL (Mapping of the European
Research Infrastructure Landscape) team, according to which “a European Research Infrastructure is
a facility or (virtual) platform that provides the scientific community with resources and services to
conduct top-level research in their respective fields”31.
The above definitions of research infrastructures underline mostly their material nature and physical
component, however, S. Anderson32 postulates that we should move away from the long view focus
on infrastructure as a ‘thing’ to be ‘built’ to a perception of research infrastructure as “part of a
process of change, collaboration, and engagement”. Consequently, if infrastructure is a basically
relational concept, it may be the right question to ask: “when” – not “what” – is an infrastructure33.
Hence, we may say that there is a real research infrastructure when it becomes dynamic not static,
and operates as an innovation ecosystem, in which different elements interact and move in a
continuous process of engagement, adjustment, and readjustment.

2.3.2 European research infrastructures – basic futures and benefits
The significance of research infrastructures has been increasing. In almost all areas of science, they
have become indispensable for solving scientific problems and looking for the answers to research
questions34. According to the MERIL (Mapping of the European Research Infrastructure Landscape)
team, the research infrastructure should35:
 offer access to scientific users from Europe and beyond through a transparent selection
process on the basis of excellence,


offer top quality scientific and technological performance, that should be recognized as being
of European relevance,



have stable and effective management.

At the macro-level, a number of broad categories of offerings of research infrastructures can be
identified, like access to: data and physical/analogue objects, services, expertise, and laboratory
facilities36. In practice, research infrastructures may fulfil different functions. For example, some of
them aim to create critical mass for actual research activities in certain areas, whereas others aim to
provide unique research services to users from different countries37. According to OECD, there are

31

MERIL (2011), Research Infrastructures of European relevance. A comprehensive inventory, European Science
Foundation.
32 S. Anderson (2013), “What are Research Infrastructures?”, International Journal of Humanities and Arts Computing,
Vol.7, No.1-2, pp. 4–23.
33 S.L. Star, K. Ruhleder (1996), “Steps toward an ecology of infrastructure: design and access for large information
spaces”, Information Systems Research, Vol.7, No.1, pp. 111–134.
34 The German Council of Science and Humanities (Wissenschaftsrat) (2013), Science-driven Evaluation of Large
Research Infrastructures for the National Roadmap – Pilot Phase, Background Information, Berlin.
35 European Science Foundation (2013), Research Infrastructures in the European Research Area. A report by the ESF
Member Organisation Forum on Research Infrastructures, European Science Foundation (ESF), Strasbourg, p. 10-11.
36 European Science Foundation (2011), Research Infrastructures in the Digital Humanities, Science Policy Briefing No
42, p. 6.
37 T. Stahlecker, H. Kroll (2013), Policies to Build Research Infrastructures in Europe – Following Traditions or Building
New Momentum?, Fraunhofer Institute for Systems and Innovation Research ISI Competence Center “Policy and
Regions”, Working Papers Firms and Region No. R4/2013, Karlsruhe, p. 9.
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various possible types of added value from research infrastructures, notably38:
 scientific (e.g. developing new equipment, setting common standards and formats),


operational (e.g. speeding up the research, avoiding duplication of actions),



educational (e.g. Ph.D. programs),



economic (in the form of technology transfer to the public or private sectors),



political (e.g. strengthening regional integration, providing the scientific underpinning to an
international treaty).



2.3.3 Types of European research infrastructures
The most common types of research infrastructures are:
1. ‘Single-sited’ research infrastructures – a single resource at a single location.
Single-sited research infrastructures are usually large scale facilities, which creation is strongly
associated with construction works, large buildings and extremely expensive equipment. The
location of new single-sited research infrastructure is often a compromise between scientific,
economic and political factors, as it requires long-term planning and can be established only
with high-level political and financial support. However, the high visibility of large facilities to
the general public makes it also attractive for politicians to support them. In many cases,
institutional, centralized funding allows large single-sited research infrastructures to offer
access and service to external users free of charge. This type of facilities are mostly known
from the field of physics, including astronomy39. One of the most famous example is the
European Organization for Nuclear Research (CERN), the world's largest particle physics
laboratory.
2. ‘Distributed’ research infrastructures – a network of distributed resources.
This type of infrastructure is referred to by OECD40 as an International Distributed Research
Infrastructure (IDRIS), defined as “a multi-national association of geographically-separated
distinct entities that jointly perform, facilitate or sponsor basic or applied scientific research”.
Distributed research infrastructures are usually smaller than single-sited, large research
facilities, and may have a “lighter” administrative structure. The location for central facility
and headquarters is selected based on scientific, financial and political considerations. Due
to its inherently distributed nature, efficiency of co-ordination is a crucial requirement. The
central staff may be located in a single location (central facility), several locations (when there
is shared central responsibility between different partners) or the staff may be distributed
among all of the different partners (in case of highly distributed research activities). An
example of distributed research infrastructures are: the European Mouse Mutant Archive
(EMMA), Global Earth Observation system of systems (GEOSS) or International Cancer
Genome Consortium (ICGC).
38

OECD (2014), International Distributed Research Infrastructures: Issues and Options, Organisation for Economic Cooperation and Development, p. 8.
39 ERA-Instruments (2010), Mid-Size Instrumentation in the Life Sciences: III. Development of Research Infrastructures in
Europe, Brandt GmbH, Druckerei und Verlag, Bonn.
40 OECD (2014), International Distributed Research Infrastructures: Issues and Options, Organisation for Economic Cooperation and Development, p. 7.
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3. ‘Virtual’ research infrastructures – the service is provided electronically
Virtual research infrastructures are the most commonly found in social sciences, computer
and data treatment, as well humanities. Their examples are: databases, archives, etc. that can
be used by researches from their own workstations. This allows new forms of cooperation
among scientists, who may work together, regardless of their location41. An example of virtual
research infrastructure is the GÉANT high-speed network (e-Infrastructure initiative launched
to facilitate cooperation among researchers).
The view on how common in practice the above-mentioned types of research infrastructures occur
is given by the results of a survey research conducted from March 2006 to March 2007 on 598
organisations by the European Commission (The Research Infrastructures unit within DG Research)
and European Science Foundation42. It should be noted that the sample is much broader then
European priority infrastructures only; the aim of presenting these statistics is to provide a
general overview on the prevalence of different types of research infrastructures (that may
vary in scale, starting e.g. from simple digital library) in different areas of science. As it can be
seen from Table 1, most of the research infrastructures (63%) were single-sited, 25% were working
as distributed facilities, and only 12% were virtual. However, the nature of the research infrastructures
differed strongly according to the field of research in question. For example, in the area of energy a
large majority of research infrastructures remain single-site laboratories (96%), whereas the opposite
was true for the social sciences, where virtual networks (42%) dominate.

The field of research

single-site

distributed/
co-operative

Social Sciences
32%
26%
Computer and Data Treatment
48%
24%
Humanities
52%
23%
Biomedical and Life Sciences
60%
27%
Environmental, Marine and Earth Sciences
50%
38%
Nuclear and Particle Physics, Astronomy, Astrophysics
74%
18%
Engineering
68%
26%
Energy
96%
none
Material Sciences
89%
10%
Total
63%
25%
Table 1 : Scientific fields and organisational features of research infrastructures

virtual
42%
28%
25%
13%
12%
8%
6%
4%
1%
12%

Source: European Commission/European Science Foundation (2007), Trends in European Research Infrastructures, Analysis
of data from the 2006/2007 survey, https://ec.europa.eu/research/infrastructures/pdf/survey-report-july2007_en.pdf#view=fit&pagemode=none [last accessed: 14 July 2015]

2.3.4 European Roadmap for ESFRI
The important phase in the realization of large research infrastructures is roadmapping, which may
41

Federal Ministry of Education and Research (2013), Research Infrastructures for the Humanities and Social Sciences,
Bonn, p. 3.
42 European Commission/European Science Foundation (2007), Trends in European Research Infrastructures, Analysis
of data from the 2006/2007 survey, https://ec.europa.eu/research/infrastructures/pdf/survey-report-july2007_en.pdf#view=fit&pagemode=none [last accessed: 14 July 2015].
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be understood as systematic strategic planning. The term “roadmap” was adopted by the OECD
Global Science Forum (GSF)43, which identified two principal actors/stakeholders in a roadmapping
process: the scientific community and the governmental authorities (especially funding agency
officials). The key role of the scientists is restricted to scientific arguments, aimed at defining the
research questions, and identifying a corresponding optimal set of high-priority research
infrastructures. From the other hand, policymakers must often introduce non-scientific issues and
priorities into the roadmapping process, including social, political and economic priorities, for
example linking research infrastructures to innovation, economic competitiveness, and job creation.
The European Strategy Forum on Research Infrastructures (ESFRI) Roadmap identifies new research
infrastructures corresponding to the long term needs of the European research communities,
covering all scientific areas, regardless of possible location. ESFRI got the mandate from the
Competitiveness Council in 2004 to develop a roadmap for research infrastructures in Europe. The
first roadmap from 2006 included 35 new research infrastructures or major upgrade of existing ones.
Since this time, there were two ESFRI roadmaps updates in 2008 and 2010, and the third is planned
to take place in 2016. Identified research infrastructures are characterized by different degrees of
maturity, but they are usually supported by a relevant European partnership or intergovernmental
research organization. A growing number of countries have prepared national roadmaps that
establish the prioritization of national and pan-European research infrastructures, using the ESFRI
Roadmap as a reference. This is taken into account when defining national budgets, which ensures
long-term financial commitment44.

2.4 Theoretical background for analysing main areas of research
infrastructures impact
When applying the new institutional economics approach proposed by O.E. Williamson45, we can
observe an impact of Commitment 5 at four levels of social analysis:
1) embeddedness, as partnerships developed around priority research infrastructures
strengthen such informal institutions, like cooperation-friendly culture. However, these types
of institutions change very slowly and are difficult if not impossible at all to be directly
measured,
2) institutional environment, as formal rules of the game for research infrastructures in the EU
are established, for example opening of Member-State-operated research infrastructures to
full European user community, and the creation of new European priority research
infrastructures, which may shape adaptive efficiency and change competition in science,
3) governance, e.g. coordination of programs’ objectives for research infrastructures at the EU
and national levels,
4) resource allocation, as Commitment 5 aims to catalyze investments in major infrastructures,
which are given political priority and for which new funding mechanisms are being
43

OECD Global Science Forum (2008), Report on Roadmapping of Large Research Infrastructures,
http://www.oecd.org/sti/sci-tech/47057832.pdf [last accessed: 17 July 2015].
44 B. Warneck (2014), Workshop to Launch the ESFRI Roadmap 2016 – Report, http://www.copori.eu/_media/Reportfinal_28-10-14.pdf [last accessed: 17 July 2015].
45 O.E. Williamson (2000), "The New Institutional Economics: Taking Stock, Looking Ahead", Journal of Economic
Literature, Vol.38, No3, pp. 595-613.
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developed.

2.4.1 Social capital theory, innovative milieu, and the concept of creative class
One of the definition says that social capital is the sum of the resources, actual or virtual, that accrue
to an individual or a group by virtue of possessing a durable network of more or less institutionalized
relationships of mutual acquaintance and recognition46. The importance of this concept for research
infrastructures is connected with the observation made by Putnam47 and Adler and Kwon48 that the
social capital associated with the connections between external players lead to positive effects in
raising resources (which are needed for capital intensive investments in RI) and building trust (which
stimulates interactions) in the organization. Therefore, social capital provides links that facilitate the
discovery of opportunities and the identification, collection and allocation of scarce resources within
the organization49, like research infrastructure. Similarly, J.S. Coleman50 associates social capital also
with ties between heterogeneous actors or different homogeneous networks that allow “the
resources of one relationship to be appropriated for use in others”, which has strong implications for
European research infrastructures grouping international researchers in cross-disciplinary teams.
In the context of research activities, social capital refers to the stock of relationships, context, trust
and norms that encourage suitable behavior for knowledge sharing51, which includes cognitive and
communication skills in a specific context52. Looking on the research infrastructures through a prism
of network organizations, social capital may be considered as “the resources gained from
participating in relationships networks which are relatively institutionalized”53. This identifies the
economic or other advantages of people’s socially embedded interaction that may take place in
knowledge organizations. From the other hand, social capital may be considered as the fundamental
basis for functioning of research infrastructures, as according to F. Fukuyama54 it refers to underlying
forces, which trigger interactions: “social capital is an instantiated informal norm that promotes
cooperation between two or more individuals”.
An analysis of the socio-economic impact of African-European research infrastructure cooperation55
showed that a major benefit of many research infrastructures is the build-up of social capital. It is
created through meaningful interactions between people and therefore facilitates sustainable
46

P. Bourdieu, L. Wacquant (1992), An Invitation to Reflexive Sociology, Chicago: University of Chicago Press, p. 119.
R. Putnam (2000), Bowling Alone: The Collapse and Revival of American Community, Simon & Schuster, New York,
NY.
48 P. Adler, S. Kwon (2002), “Social capital: prospects for a new concept”, Academy of Management Review, Vol.27, pp.
17-40.
49P. Greene, T. Brown (1997), “Resource needs and the dynamic capitalism typology”, Journal of Business Venturing,
Vol.12, pp. 161-173.
50 J.S. Coleman (1988), “Social capital in the creation of human capital”, American Journal of Sociology, Vol.94
(supplement), pp. S95-S120 (p. S109).
51 P. Anklam (2002), “Knowledge management: the collaboration thread”, Bulletin of the American Society for Information
Science and Technology, Vol.28, No. 6, pp. 1-8.
52 G. Widén-Wulff, M. Ginman (2004), “Explaining knowledge sharing in organizations through the dimensions of social
capital”, Journal of Information Science, Vol.30, No.5, pp. 448-458.
53 R. Landry, N. Amara, M. Lamari (2001), “Social capital, innovation and public policy”, ISUMA – Canadian Journal of
Policy Research, Vol.2, pp. 73-79 (p. 74).
54 F. Fukuyama (2000), Social Capital and Civil Society, IMF Working Paper WP/00/74, Washington DC: International
Monetary Fund, p. 3.
55 Promoting African European Research Infrastructure Partnerships (2012), An Analysis of the socio-economic impact of
African-European research infrastructure cooperation, PAERIP,
http://www.paerip.org/sites/www.paerip.org/files/PAERIP%20report%203.3%2015092012.pdf [last accessed: 21 July
2015].
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learning and use of skills and knowledge. Broadly understood as the institutions, relationships,
attitudes, and values that govern interactions among people and contribute to economic and social
development, it refers to the benefits that arise from networks, relations and mutual trust. Examples
of positive impact of research infrastructures on social capital include benefits from the inflow of
highly skilled professionals through visits of foreign scientists and the knowledge exchange, which
stimulates diversity and creativity and leads to innovative and creative ideas. Moreover, research
infrastructures provide an entry point for young scientists into networks of knowledge, expertise, and
practice.
The notion of social capital shares some similarities (mainly focus on the importance of socially
embedded collaboration for innovation driven regional development) with the concept of innovative
milieu56, defined as “the set, or the complex network of mainly informal social relationships on a
limited geographical area, often determining a specific external 'image' and a specific internal
'representation' and sense of belonging, which enhance the local innovative capability through
synergetic and collective learning processes”57. The milieu approach mainly tries to analyses and
explain how a good regional institutional endowment in terms of networked universities, research
laboratories, public support institutions and firms, can lead to higher innovativeness of the regional
economy. However, it seems that the concept of innovative milieu is somehow constrained mainly
to local and regional context and therefore has limited applications to analyze international
cooperation in the framework of European research infrastructures.
Another concept strongly related with social capital is the concept of creative class, which consists
of two subgroups58:
1) super-creative core (including occupations in e.g. science, engineering, education, computer
programming, research), which is fully engaged not only in problem solving, but also problem
finding,
2) creative professionals, who work in a wide spectrum of knowledge‐intensive industries, like
the high‐tech sector or business management.
An important finding of R. Florida is that members of the creative class tend to settle in certain places,
called creative regions, which according to 3T´s model are characterized by high levels of: technology,
talent and tolerance59. This concept has its implication for research infrastructures, as they are the
centers, in which creative class is deeply rooted. Individuals working in research infrastructures fully
engage in the creative process and develop new concepts, subsequently resulting in new products
and economic growth.

2.4.2 Innovation systems theory
Simple linear models of innovation process, which were the first attempt to illustrate how innovation
M. Fromhold-Eisebith (2004), “Innovative Milieu and Social Capital”, European Planning Studies, Vol.12, No.6, pp. 747765.
57 R. Camagni (1991), Introduction: from the local 'milieu' to innovation through cooperation networks, in: R. Camagni (ed.),
Innovation Networks: Spatial Perspectives, London: Belhaven Press, pp. 1-9 (p.3).
58 R. Florida (2002), The Rise of the Creative Class: And How it’s transforming work, leisure, community and everyday life,
New York: Perseus Book Group.
59 R. Florida (2003), “Cities and the Creative Class”, City & Community, Vol.2, No.1, pp. 3-19 (p. 8).
56
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is created, do not cover fully the entire spectrum of factors influencing the development and
implementation of technology. Their weakness is that they do not explain differences in innovation
processes in different countries and regions, some of which are innovation leaders while others
remain imitators. Numerous comparative analysis of innovation processes in individual economies
and sectors led to the perception of the innovation system60. This is a non-linear perspective
emphasizing interdependences and interactions between the elements of the system, as well as
interactive learning61. The concept of innovation system was initiated by C. Freeman62 and further
developed by other economists, who were focusing on different dimensions, distinguishing for
example: national systems of innovation (B.Å. Lundvall63, C. Freeman64),; regional and local systems
of innovation (P. Cooke65); sectoral systems of innovation (F. Malerba66), or technological systems of
innovation (B. Carlsson, R. Stankiewicz67). Study on European research infrastructures shows that they
can play a special role in another, new type of innovation system, which may be called supra-national
system of innovation, represented by the emerging European Research Area68.
A special contribution to the conceptual foundation of systems of innovation was made by K. Smith69,
who explored the problem of defining infrastructures and their effects on the economic performance
of innovation systems, with a focus on the role of public policy in developing and maintaining such
infrastructures. In this study, infrastructures are defined as large-scale indivisible capital goods
producing products and services, which become inputs in most or all economic activities on a multiuser basis. A special stress is put on knowledge infrastructures, such as universities, research
laboratories, training systems, organizations related to standardization and the managing of
intellectual property rights, publicly supported technical institutes, libraries and databases, etc.
According to K. Smith, knowledge infrastructure performs several important roles in innovation
systems, especially:
 production and diffusion of scientific and technological knowledge, enabled mainly by
intense public R&D funding;


production of skills, connected with the educational and training activities of R&D
infrastructure institutions, in which there are the processes of personnel movement, with
most of the entry into the institute sector coming from the university system, and most of
the exit going to industry. This turnover process plays important but difficult to measure
economic role as a process of technology transfer;

M.A. Weresa (2012), Systemy innowacyjne we współczesnej gospodarce światowej, Wydawnictwo Naukowe PWN,
Warszawa, s. 14.
61 C. Edquist (1997), Systems of innovation approaches: the emergence and characteristics, in: C. Edquist (ed.), Systems
of Innovation: Technologies, Institutions and Organizations, Pinter, London, pp. 1-35.
62 C. Freeman (1982), The Economics of Industrial Innovation, Pinter Publishers, London.
63 B.Å. Lundvall (1992), National Systems of Innovation: Towards a Theory of Innovation and Interactive Learning, Pinter
Publishers, London.
64 C. Freeman (1995), The National System of Innovation in Historical Perspective, “Cambridge Journal of Economics”,
Vol.19, No.1, pp. 5–24.
65 P. Cooke (2001), Regional Innovation Systems, Clusters, and the Knowledge Economy, “Industrial and Corporate
Change”, Vol.10, No.4, pp. 945–974.
66 F. Malerba (2004), Sectoral systems of innovation: Concepts, issues and analyses of six major sectors in Europe,
Cambridge University Press, Cambridge, New York Melbourne.
67 B. Carlsson, R. Stankiewicz (1991),“On the Nature, Function, and Composition of Technological systems”, Journal of
Evolutionary Economics, Vol.1, No.2, pp. 93–118.
68 T. Stahlecker, H. Kroll (2013), Policies to Build Research Infrastructures in Europe – Following Traditions or Building
New Momentum?, Fraunhofer Institute for Systems and Innovation Research ISI Competence Center “Policy and
Regions”, Working Papers Firms and Region No. R4/2013, Karlsruhe, p. 2.
69 K. Smith (1997), Economic Infrastructures and Innovation Systems, in: C. Edquist (ed.), Systems of Innovation:
Technologies, Institutions and Organizations, Pinter, London, pp. 86-106.
60
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establishing technical norms and standards, either implicitly by a specific research
infrastructure, or through coordination of different stakeholders;



creation of enterprises, as publicly supported infrastructures act very often as sources of new
firms, which become the 'bearers' of new technology, translating it into economic results;



access and dissemination functions, as a range of infrastructural organizations can be
involved in maintenance of the existing stock of knowledge, in terms of storage, access,
availability, dissemination, and so on.

In a sectoral perspective, research infrastructures play important role in development of some areas,
for example emerging industries. M. Pero70 understands research infrastructure as an entity, which
provides access to cutting-edge scientific equipment and research services to the scientific
community, thus promoting the exchange and diffusion of knowledge and know-how. In particular,
he focuses on one of the research areas where research infrastructures are particularly important,
namely materials sciences, characterized by a very wide application scope, ranging from metallurgy
to nanotechnology.
Another important economic role of the knowledge infrastructures is that it can produce results that
may be not only directly applicable to industrial production, but also used as inputs to the further
production of knowledge. In this way, infrastructure-based R&D can open up opportunities that
encourage enterprises to perform more R&D (additionality effect). As productivity growth is
positively associated with R&D, the economic outcomes are therefore indirect but positive. To sum
up, according to K. Smith knowledge infrastructure has been identified as a central component of
the national innovation system71.

2.4.3 Economics of network theory
The theory of economic network emphasizes the importance of external resource mobilisation, for
example in research and innovation activity72. In a general understanding, network describes a
collection of nodes and the links between them. However, there is some degree of network dynamics
resulting from micro-decision of actors. It means that network structures can change because their
members may develop strategies to create ties with other actors, based on their awareness of the
network configuration. Nonetheless, examining the structure of any given network is a difficult task
that requires to define and measure links or relationships73.
Network approach enables understanding how social interactions impact economic outcomes74. In
the context of research and innovation activity, networks contribute to the innovative capabilities of
organisations exposing them to novel sources of ideas, enabling fast access to resources, and
70

M. Pero (2015), The position and role of research infrastructures in the materials science network, in: D.G.
Assimakopoulos, I. Oshri, K. Pandza (eds), Managing Emerging Technologies for Socio-Economic Impact, Edward Elgar
Publishing, pp. 186-214.
71 K. Smith (1997), Economic Infrastructures and Innovation Systems, in: C. Edquist (ed.), Systems of Innovation:
Technologies, Institutions and Organizations, Pinter, London, pp. 86-106.
72 L.A. Oerlemans, M.T. Meeus, F.W. Boekema (1998), ”Do networks matter for innovation? The usefulness of the
economic network approach in analysing innovation”, Tijdschrift voor economische en sociale geografie, Vol.89, No.3, pp.
298-309.
73 M.O. Jackson (2008), Social and Economic Networks. Princeton, NJ: Princeton University Press.
74 S. Goyal (2007), Connections: an introduction to the economics of networks, Princeton University Press, Princeton and
Oxford.

www.i3u-innovationunion.eu

Page 25 of 105

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 645884.

D2.1 | Literature Review and Data Collection
enhancing the transfer of knowledge. Formal collaborations may also allow a division of innovative
labour that makes it possible to accomplish goals that single actor could not pursue alone. An
important challenge to networks of innovation is developing capacity to simultaneously enhance the
flow of information among current members and be open to new entrants75. An interesting
contribution to this area is a network model of public goods76 analysed on the example of innovation
and information, which are often non-excludable in certain dimensions, so possess the public goods
nature.
Network approach provides important insights into analyzing research infrastructures. The direction
of the development of these type of organization is that they should not only as regionally or
nationally available infrastructure, but should be rather taken into consideration as part of
international research network. Research infrastructures can involve major network externalities, and
they are often the place within a system where scale and scope economies are very significant. This
implies that their existence or non-existence can significantly shape the fates of competing
technologies, and thus the evolution of overall techno-economic systems77.
The OECD case study78 on CERN’s network shows how institutional and personal contacts played a
critical role in catalyzing R&D. In fact, CERN is one of the central nodes in a world-wide network of
research-oriented organizations, which share and exchange knowledge, research tools and
professionals. A well-developed network of links to national research agencies, institutions and
laboratories in Europe and beyond brings a lot of numerous benefits. CERN employs some of the
top experts in accelerator design, who apart from advanced knowledge, have an access to extensive
international networks. The key point is that they have the capacity to develop long-range plans
besides their primary work assignment. The presented case study indicates the open nature of the
working environment of CERN as one of the reason of the richness and productivity of the network.
Hence, openness, which is a prerequisite for networking, should get a prominent role in the
functioning of European research infrastructures.
Another aspect of scientific and technological infrastructure is its potential participation in so called
collective industrial research, which may be defined as “all establishments and activities designed to
promote technical progress in a ranch of a particular industry sector or in a particular scientific or
technical discipline which is being developed in industry”79. Collective research may be organised
and finance in a variety of ways. The analysis80 showed that this type of research network provides a
unique framework for research on high-tech applications, by enabling collaboration across different
sectors and technology fields. Therefore, collective industrial research proved to be successful in
achieving the balancing act between the objectives of the network and in some cases diverging
interests of the particular actors.

2.5 Monitoring and evaluating the economic impact of research
infrastructures, with focus on potential indicators and data
75

W.W. Powell, S. Grodal (2005), Networks of innovators, in: J. Fagerberg, D.C. Mowery, R.R. Nelson, The Oxford
handbook of innovation, Oxford University Press, pp. 56-85.
76 Y. Bramoullé, R. Kranton (2007), “Public goods in networks”, Journal of Economic Theory, Vol.135, pp. 478-494.
77 K. Smith (1997), Economic Infrastructures and Innovation Systems, in: C. Edquist (ed.), Systems of Innovation:
Technologies, Institutions and Organizations, Pinter, London, pp. 86-106.
78 OECD (2014), The Impacts of Large Research Infrastructures on Economic Innovation and on Society: Case Studies at
CERN, The Organisation for Economic Co-operation and Development (OECD), Paris.
79 R. Rothwell, W. Zegveld (1981), Industrial Innovation and Public Policy, Francis Pinter, London.
80 M. Rothgang, B. Lageman, M. Peistrup (2011), “Industrial Collective Research Networks in Germany: Structure, Firm
Involvement and Use of Results”, Industry and Innovation, Vol.18, No.4, pp. 393-414.
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This part of the study reviews the methods and indicators that were indicated in the literature as
suitable for the measurement of impacts of research infrastructures. Generally, it is difficult to identify
and quantify impact in conventional commercial terms as this type of investment brings a broad
range of social and economic benefits that are not captured by official statistics. In fact, there has
been no unified framework for the impact assessment of research infrastructures developed so far.
However, there are various conceptual frameworks, which aim to capture some direct or indirect
impacts and longer-term effects of such investments.
One of the sources of potential indicators that may be used in assessing research infrastructures are
publications of the European Commission. Key Figures report from 200881 used data on structural
funds and expenditures on research infrastructures to determine the creation of new large-scale
research infrastructures at the European level. The publication from 201382 states that indicators
related to research infrastructures also include the most active research universities, funding models
for universities (types of funding) and additional economic indicators, like the share of GOVERD in
total public sector expenditure on R&D (GOVERD + HERD). Moreover, research infrastructures data
may be used in the analyses of regional specialisation, as they enable to build critical mass in
specialised domains of knowledge by establishing networks and partnerships, creating cooperative
research organisations and supporting technology transfers. Sharing of specialised research
infrastructures may enable regions to build strong clusters or cluster cooperation and facilitate crossborder knowledge sharing and research cooperation83. Therefore, there are important synergies
between research infrastructures, regional specialisation, and clusters, which may be also exploited
in statistical analyses.
Another theoretical methodology for evaluating the economic impact of research infrastructures is
presented in Technopolis Group publication84. It distinguishes two main periods in the lifecycle of a
research infrastructure, both of which require different methods and indicators when various direct
and indirect benefits are monitored and evaluated:
1) design and construction phase;
2) operational phase of research infrastructure.
Focus on these two separate periods may be strongly relevant for the analysis of European research
infrastructures, as many of them is still in the design and construction phase. Although they are still
not operational, they may bring a lot of benefits: economic and for innovation. Economic advantages
are mainly a result of all necessary physical investments in buildings etc. engaging many companies,
which create job places and additional revenue in the economy. Innovation benefits are connected
to a wide range of technical and scientific knowledge applied to set-up the required facilities.
Requirements for different design solutions and building functionalities (e.g. laboratories) that are
adjusted to the specificity of particular scientific discipline foster cooperation between scientific units,
81

European Commission (2013), Directorate-General for Research and Innovation, Cross-Cutting Analysis of Scientific
Publications versus Other Science, Technology and Innovation Indicators, Luxembourg: Publications Office of the
European Union, p. 12-13.
82 European Commission (2008), A more research-intensive and integrated European Research Area. Science,
Technology and Competitiveness key figures report 2008/2009, Luxembourg: Office for Official Publications of the
European Communities.
83 Europe INNOVA/PRO INNO Europe (2008), The concept of clusters and cluster policies and their role for
competitiveness and innovation: Main statistical results and lessons learned, Europe INNOVA/PRO INNO Europe paper
N° 9. Commission Staff Working Document SEC (2008) 2637, p. 37.
84 E. Griniece, A. Reid, J. Angelis (2015), Guide to Evaluating and Monitoring Socio-Economic Impact of Investment in
Research Infrastructures, Technopolis Group, Tallinn.
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suppliers, and facility mangers, resulting in for example higher technology transfer. To conclude, the
examples of indicators that measure economic and innovation indicators of research infrastructure
in design and construction phase are presented in Table 2.
Area of
impact
Economic

No

Indicators

1
2
3
4
5

Number of commercial suppliers for RI design and construction phase
Scale of commercial suppliers’ turnover increase due to RI
Scale of commercial suppliers’ employment increase due to RI
Innovation
Number of joint development activities with suppliers
Number of contracts concluded for high-tech or specialist services that require
development, or calibration of designs/equipment to meet specific requirements
Table 2 : Indicators of economic and innovation impact of research infrastructures in the
construction phase
Source: E. Griniece, A. Reid, J. Angelis (2015), Guide to Evaluating and Monitoring Socio-Economic Impact of
Investment in Research Infrastructures, Technopolis Group, Tallinn, p. 6-7.

There is a much wider range of benefits that may be identified in the operational phase of research
infrastructure. In general, the benefits may stem either from the routine operation, maintenance and
upgrading of an infrastructure, or from the use of research facilities. There are five areas of impact
of impacts of research infrastructures in the operational phase, as presented in Table 3.
Area of
impact
Economic

No

Indicators

1

Number of scientists, students, state-owned or private enterprises that benefited
from RI services
Total amount of funding generated from services, grants and joint projects
Number of new directly and indirectly created jobs
Total amount of expenditure on personnel, operations, maintenance
Total RI capacity utilisation (measured by access hours used as % of the total
available access time)
RI capacity utilisation external business users
Financial sustainability of RI (measured as % of the total costs funded from the
provided services, received grants and realised joint projects
Number of collaborative research projects and volume of funding
Number of R&D projects commissioned by companies and volume of their
funding
Number of technologies, prototypes, industrial designs developed and transferred
Number of start-ups and spin-offs created with support from RI services – growth
in turnover/value added and employment
Number of feasibility or market studies for industrial investment and application
of technologies
Procurement contracts signed for development and upgrade of research
equipment
Number of new jobs for research and technical staff attracted from abroad as %
of the total number of staff employed on RI
Number of Master thesis defended, where knowledge and skills gained on RI
were exploited

2
3
4
5
6
7
Innovation

8
9
10
11
12
13

Human
resource
capacity

14
15
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Scientific
activity

16
17
18
19
20
21
22
23

Society

24
25
26
27

Table 3 : Indicators

Number of graduates trained on RI
Number of foreign students as % of all students trained on RI
Data on the post-diploma employment path of those graduates trained on RI
Number of articles published in the ISI level international scientific journals as a
direct result of research using RI
Number of methodologies/designs developed
International patents granted and published patent applications (all types)
Number of PhD dissertations completed
Number of scientific events organised on research topics directly relating to RI
services
Number of organised RI open days for wider public and any available data on
participant satisfaction with the events
Number of press articles on the investment in research infrastructure
Number of new or improved products, services, solutions as a result of research
using RI that are diffused in society
Account of improved local infrastructure, community services, increase in local
cultural/recreational activities due to RI
for impacts of research infrastructures in the operational phase

Source: E. Griniece, A. Reid, J. Angelis (2015), Guide to Evaluating and Monitoring Socio-Economic Impact of
Investment in Research Infrastructures, Technopolis Group, Tallinn, p. 8-13.

Although there are different possible indicators that may be potentially used for evaluation an impact
of research infrastructures, there are not relevant statistical data. Therefore, data collected for
analysing the impact of the Innovation Union Commitment 5 (delivered in the attached Microsoft
Excel file) include information of particular EU member states involvement in ESFRI research
infrastructures, as on each of them, there are at least a few or even a few dozen of partners from
different countries. Moreover, a list of ESFRI priority research infrastructures and their construction
and operation costs, identified in the last ESFRI roadmap update (European Strategy Forum on
Research Infrastructures, 2011) is delivered. Data for particular EU member states involvement in
ESFRI research infrastructures and estimates for construction and operation costs for different
infrastructures are given in a breakdown by six categories of science:
1) Social Sciences and Humanities,
2) Environmental Sciences,
3) Energy,
4) Biological and Medical Sciences,
5) Materials and Analytical Facilities,
6) Physical Sciences and Engineering.
As there is no more detailed statistical data for research infrastructures publically available and they
may be collected only through a direct research with regard to individual infrastructures, an
implication is that the evaluation of the Commitment 5 impact may be based on case studies for
selected research infrastructures, with application of some qualitative techniques, especially in-depth
interviews with representatives of analysed research infrastructures. The case study research should
lead to the collection of as many as possible information and data relating to indicators that are
given in tables 2 and 3 of this section.
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2.6 Conclusions
The starting point in the conceptual framework for the study is connected with identification of the
problems behind the Commitment 5, mainly: fragmentation of European investments in research
infrastructures (material or financial aspect), and lack of cooperation and interactions between
research teams within and between different disciplines of science (intangible or interpersonal
aspect). Corresponding two factors (pooling resources, and enhancing partnerships) are recognised
as crucial for achieving critical mass needed to operate research infrastructures, taking into account
their high complexity (technical, scale and costs) and increasing capital-intensity of modern research.
The impact of the investments in priority European research infrastructures on overcoming identified
two problems may be explained by three theoretical concepts. The first is the social capital theory,
which suggests that the connections between external players lead to positive effects in raising
resources (material component) and building interactions-enabling trust (intangible component).
These factors stimulate knowledge creation and dissemination, as well as human capital
development and employment, which are crucial for raising the innovativeness of the economy and
its long-term competitiveness. The second theoretical background comes from the concept of
innovation system, in which knowledge infrastructure has been identified as a central component.
This concept emphasises interdependences and interactions between the elements of the system, in
which research infrastructures perform several important roles, mainly production and diffusion of
knowledge and skills that affect the economy in two ways. First, they may be directly applicable to
industrial production, influencing technological advancement of the enterprises and
competitiveness, finally contributing to higher GDP. Secondly, they are used as inputs to the further
production of knowledge, encouraging enterprises to perform more R&D (additionality effect), with
indirect but positive implications for productivity growth. The last theoretical background used in
analysing an impact of Commitment 5 is the concept of economic networks. It explains the need for
pooling resources with regard to investments in research infrastructures as it emphasizes the
importance of external resource mobilisation. Moreover, research infrastructures viewed as networks
contribute to the innovative capabilities of organisations, by exposing them to novel sources of ideas,
enabling fast access to resources, and enhancing the transfer of knowledge. This process results in
major network externalities, and scale and scope economies, with implications for increased
innovativeness and competitiveness of the European economy, and finally higher GDP.
According to the conducted analysis, the most important problems that constitute rationale for
Innovation Union’ Commitment 5 are resulting from increasing complexity and capital-intensity of
modern science, which make large research infrastructures an important pillar of the research system.
The examination of European research system shows, however, that investments in this area are very
fragmented, which prevents created infrastructures to reach a certain critical mass. Innovation Union’
Commitment 5 identifies this problem and provides the solution in the form of pooling the resources
across Europe to build and operate major research infrastructures, which are given political priority
and for which new funding mechanisms are being developed. An important motivation for
international cooperation in this area is also the need for partnership and collaborative work, which
produces synergy and helps to make sense of complexity and diversity. The problems connected
with so called Grand Challenges constitute another rationale for construction of the priority European
Research Infrastructures, which enable the interdisciplinary, frontier research and innovation.
Analysis of different definitions of research infrastructure shows that they underline mostly its
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material nature and physical component. However, a very important element of research
infrastructures is also intangible sphere, as they are basically relational concept, constituting a part
of a dynamic process of change, collaboration, and engagement. There are three most common
types of research infrastructures are: 'single-sited', 'virtual' and 'distributed'. The most common
research infrastructures are 'single-sited' The form of the research infrastructures depends strongly
on the area of science, with stronger role of single-site laboratories in the field of energy and material
sciences, distributed and co-operative facilities in environmental sciences, and virtual networks in the
social sciences. In this study, roadmapping (understood as systematic strategic planning) was
indicated as an important phase in the realization of large research infrastructures. This task has been
made by the European Strategy Forum on Research Infrastructures (ESFRI) Roadmap, which indicated
the research infrastructures corresponding to the long term needs of the European research
communities, covering different scientific areas.
As it was presented above, the most important economic theories, which form the conceptual
background for analysing main areas of European research infrastructures impact. Social capital
theory stresses the importance of interactions and connections between external players leading to
positive effects in raising resources, building trust in the organization, and knowledge sharing, which
is of high relevance for research infrastructures. Applying R. Florida concept, we may find research
infrastructures as the creative centers, in which so called super-creative core of the creative class is
deeply rooted and engaged in the problem finding and problem solving, subsequently resulting in
the creation of innovation and economic growth. Another theoretical foundation for the study is the
concept of innovation systems, in which several important roles are performed by knowledge
infrastructure, mainly: production of scientific and technological knowledge, developing skills,
establishing technical norms and standards, creation of new enterprises, and access and
dissemination functions. In a sectoral perspective, research infrastructures play important role in
development of some areas, for example emerging industries. Finally, applying economics of network
theory, which emphasizes the importance of external resource mobilisation, enables to identify that
research infrastructures can involve major network externalities, as they are often the place within a
system where scale and scope economies are very significant.
The study reviews possible indicators that were indicated in the literature as suitable for the
measurement of impacts of research infrastructures. The finding is that the set of possible measures
differs for research infrastructures in design and construction phase and for these, which are in
operational phase. The problem is there has been no unified framework for the impact assessment
of research infrastructures developed so far. Although there are different examples of indicators that
may be potentially used for analyzing an impact of research infrastructures, the relevant statistical
data are not publically available. Most of data may be collected only through a direct research on
the impact of the analyzed infrastructure (separately for each of them), which, if at all possible, would
be very costly and time consuming process. Therefore, an implication for further research on an
evidence of the impact of Innovation Union Commitment 5 is that the research method that
is feasible to be applied in such an evaluation is basically case study. An important source of
knowledge to be used in case studies should come from, among others, in-depth interviews
with representatives of research infrastructures, based on self-designed questionnaires.
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3. Commitment 6. EU Research and Innovation Programmes
(responsible partner: SGH, WERI)
by Tomasz Napiórkowski, SGH, WERI

3.1 Introduction
The goal of this study is to answer the following questions:
1. What is Commitment 6, the problems it addresses, its objectives and proposed solutions?
2. What is the economic theory that supports the tools of programmes under Commitment 6?
3. Do the tools of programmes under Commitment 6 find backing in empirical studies?
This text is structured according to the questions presented above. The second part aims to answer
question number 1 by presenting each of the mentioned elements based on the available
documents. The goal of this presentation is to aggregate the impact channels across studied
programmes. The third part, which answers question number 2, presents two economic theories (by
Romer, 1990 and Aghion-Howitt, 1992) that showcase the impact of the tools synthesised in the
previous part on economic growth (which is the final objective) via increases in the level of
technology, i.e. innovation. The fourth part provides an answer to question number 3. As the tools
of programmes under Commitment 6 are to be treated as stimulants (i.e., determinants) of
innovation, which will lead to economic growth85, the fourth part of this text presents a selection of
literature that employs itself with the study of the determinants of innovation.
Alike with any other studies, this one also has its limitations. These limitations are chiefly presented
in part four. The selection of literature was a two-stage process.86

3.2 What is Commitment 6?
The objective of this part is to answer the first question as listed in the Introduction: What is
Commitment 6, the problems it addresses, its objectives and proposed solutions?
In order to provide structure to the discussion of Commitment 6 in general as well as its individual
programmes and to present, in visual summary, their impact on long-term goals (e.g., innovation) a
diagram is presented (see Figure 1).
The diagram is comprised of the following categories: a) commitment’s rationale (i.e., addressed
problems), b) solutions (i.e., tools used), c) main impact channels (based on the typology presented
by Williamson, 2000), d) main types (areas) of impact (change in input, output and behaviour;
according to three chief classes: social, economic and environmental), e) (possible) indicators and f)
outcome (i.e., long-term goals).
E.g., see Bronzini, R., Piselli, P. (2009).
As it is impossible to present all of the available literature on any given topic, this study presents a selection
of texts that aim to show general trends in such studies.
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Figure 1. Diagram of Commitment 6 (Author’s own)

3.2.1 The Problem (i.e., Rationale behind Commitment 6 Programmes)
Commitment 6 originates from the fact that the “European Parliament has repeatedly stressed the
importance of research, technological development and the increased role of knowledge for
economic growth and social and environmental well-being” (Official Journal of the European Union,
2006a) and is a response to the following set of new developments:
1. Increasing complexity of threat of today’s challenges,
2. The request from the society to get “value for public money” in a form of social benefits,
3. Endangered competitive position of Europe on the world stage, which translates into
policymakers searching for new ways of achieving sustainable growth,
4. Increasing fragmentation and lack of coordination in Europe throughout policy domains and
its levels (European Union, 2013a).

3.2.2 The Objectives (i.e., Goals of Commitment 6 Programmes)
The key objectives of the programmes under Commitment 6 (described further) are:
1. Stronger focus on societal challenges,
2. Streamline funding instruments,
3. Radically simplify access by shifting from control-based to trust-based system,
4. Strengthening of the role of the European Research Council,
5. European Institute of Innovation and Technology should set out a Strategic Innovation
Agenda,
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6. Easily accessible funding system for SMEs, building on Eurostars (European Union, 2013b).

3.2.3 Solution Tools (i.e., Programmes of Commitment 6)
There are three key elements of Commitment 6; namely, the Seventh Research Framework
Programme (hereafter, FP7), the Competitiveness and Innovation Framework Programme (hereafter,
CIP) and the European Institute of Innovation and Technology (hereafter, EIT; European Union,
2013c). However, starting in 2014 and lasting untill 2020, Horizon 2020 is the “biggest EU Research
and Innovation programme ever” (European Union, 2015a); hence, it will also be covered in this text.
3.2.3.1

Seventh Research Framework Programme

The purpose of the Seventh Framework Programme (2007-2013) was to “contribute to the Union
becoming the world’s leading research area … [therefore] … require[ed] … [FP7] to be strongly
focused on promoting and investing in the world-class state-of-the-art research, based primarily
upon the principle of excellence in research” (Official Journal of the European Union, 2006a).
FP7 consisted of five aggregates of programmes: a) Cooperation, b) Ideas, c) People, d) Capacities
and e) Euratom.
The key objective of the Cooperation programme was to promote and facilitate “the coherent and
strategic development of EU International policy in research and innovation” and it did so by acting
as a “’knowledge centre’ [that] organis[ed] and supervis[ed] policy dialogues with key third countries
and regions, works on ‘Framework’ conditions by identifying barriers and obstacles to increased
international cooperation and measures to tackle them. It coordinat[ed] international cooperation
activities within the thematic areas in order to achieve ‘scale and scope’ and ensure a ‘win-win
situation’ with the aim of substantially increasing international cooperation in key strategic areas”
(European Union, 2015b). This programme comprised of the following initiatives: a) Energy, b)
Environment (including Climate Change), c) Food, Agriculture and Fisheries, Biotechnology, d) Health,
e) Information and Communication Technologies, f) Nanosciences, Nanotechnologies, Materials &
New Production Technologies, g) Security, h) Socio-economic Sciences and the Humanities, i) Space
and j) Transport (including Aeronautics).87
The aim behind the Ideas program was to “reinforce the dynamism, creativity and excellence of
European research at the frontier of knowledge and to improve the attractiveness of Europe for the
best researchers from European and third countries, as well as for industrial research investment”. It
also “aim[ed] to support activities in 'frontier research', carried out by individual teams competing at
European level, within and across all fields of research” (European Union, 2015d). The only
component of Ideas was the European Research Council initiative.
The People programme aimed at “strengthening, quantitatively and qualitatively, the human
potential in R&D in Europe” and at “increasing participation of women researchers”. To achieve these
aims, the programme provided incentives for people to become professional researchers, for
Because of the multitude of individual objectives and tasks that constitute each initiative of this and the
following programmes of FP7, here and after they are only listed as their detail description is outside of the
purpose of this study. Detail information on the said elements can be found at: European Union (2015c).
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European researchers to stay in Europe and for non-European researchers to join its research body,
as well as by ensuring equal opportunities, mobility and an appropriate work/life balance. The
programme also made it possible to return to a research career following a break (European Union,
2015e). In order to address the target audience, i.e. current and future researchers, a set of MarieCurie Actions (Industry Academia, Initial Training, International Dimension, Life-long Training and
Researchers’ Night) under the People programme has been implemented.
The Capacities programme seeked to “enhance research and innovation capacities throughout
Europe and unlock the full research potential of European regions, especially convergence regions”.
It did do so by finding and creating synergies and complementarities between multiple community
policies and programmes (e.g., the Competitiveness and Innovation Framework Programme) and
education and training initiatives. This lead to the development of new research infrastructures and
symbiotic relationships with SMEs (European Union, 2015f). The Capacities programme included: a)
International Cooperation, b) Regions of Knowledge, c) Research for the Benefit of SMEs, d) Research
Infrastructures, e) Research Potential of Convergence Regions, f) Science in Society and g) Support
to the Coherent Development of Research Policies.
Under the European Atomic Energy Community (hereafter, Euratom) there were two sets of actions;
namely, indirect actions (managed by the Directorate-General for Research, i.e. DG-RTD; consisting
of fusion energy research and nuclear fission and radiation protection; European Union, 2015g) and
direct actions (undertaken by the Joint Research Centre, i.e. JRC; comprising of nuclear waste
management, environment impact and basic knowledge, nuclear safety and nuclear security;
European Union, 2015h)(European Union, 2015i).
3.2.3.2

Competitiveness and Innovation Framework Programme

The Competitiveness and Innovation Framework Programme (2007-2013; Official Journal of the
European Union, 2006b) was created with the objective of achieving the following goals: a) “to foster
the competitiveness of enterprises, in particular Small and Medium-sized Enterprises”, b) “to promote
all forms of innovation, including eco-innovation”, c) “to accelerate the development of sustainable,
competitive, innovative and inclusion Information Society” and d) “to promote energy efficiency and
new and renewable energy sources in all sectors, including transport” (European Commission, 2008).
Comprising CIP were three programmes: a) The Entrepreneurship and Innovation Programme (EIP),
b) The Information Communication Technologies Policy Support Programme (ICT-PSP) and c) The
Intelligent Energy Europe Programme (IEE).
The aims of EIP were to support enterprise (especially SMEs), entrepreneurship, innovation (including
eco-innovation) and industrial competitiveness. More specifically (as outlined in Article 10 of the
source), it is to support, improve, encourage and promote:
1. Access to finance for the start-up and growth of SMEs and investment in innovation activities,
2. The creation of an environment favourable to SME cooperation, particularly in the field of
cross-border cooperation,
3. All forms of innovation in enterprises,
4. Eco-innovation,
5. Entrepreneurship and innovation culture,
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6. Enterprise and innovation-related economic and administrative reform (Official Journal of the
European Union, 2006b).
Actions of ICT (according to Article 26 of the source) encompassed:
1. Development of the Single European information space and strengthening of the internal
market for ICT products and services and ICT-based products and services,
2. Stimulation of innovation through the wider adoption of investment in ICT,
3. Development of an inclusive information society and more efficient and effective services in
areas of public interest, and improvement of quality of life (Official Journal of the European
Union, 2006b).
The IEE programme aimed to “contribute to ensuring secure, sustainable energy for Europe, while
enhancing European competitiveness”, more specifically (as listed in Article 37 of the source):
1. To foster energy efficiency and the rational use of energy resources,
2. To promote new and renewable energy sources and to support energy diversification,
3. To promote energy efficiency and the use of new and renewable energy sources in transport
(Official Journal of the European Union, 2006b).
3.2.3.3 European Institute of Innovation and Technology
EIT (covered here very briefly as it is a sole focus of Commitment 9) had the following goals
(according to paragraphs 6-8 of the source):
1. To foster entrepreneurship in its higher education, research and innovation activities. In
particular, it should promote excellent entrepreneurial education and support the creation of
start-ups and spin-offs,
2. Directly engage with national and regional representatives and other stakeholders from
across the innovation chain, generating beneficial effects on both sides.
3. Promote an appropriately balanced participation between different actors from the
knowledge triangle involved in the Knowledge and Innovation Communities (“KICs”).
Furthermore, it should promote strong participation from the private sector, in particular
micro-/small and medium-sized enterprises (“SMEs”) (Official Journal of the European Union,
2013).
3.2.3.4 Horizon 2020
“Horizon 2020 [2014-2020] is the financial instrument implement the Innovation Union, a Europe
2020 flagship initiative aimed at securing Europe’s global competitiveness” (European Union, 2015j).
Similarly to FP7, it consists of a set of individual sections/pillars, which are: Excellent Science,
Industrial Leadership, Societal Challenges, Fast Track to Innovation Pilot (2015-2016), Spreading
Excellence and Widening Participation, Science with and for Society, EIT, Euratom.88
Excellent Science pillar that comprises of: a) European Research Council, b) Future and Emerging
Technologies, c) Marie Skłodowska-Curie Actions and d) European Research Infrastructures,
including e-Infrastructures. The general aim of these programmes is to “reinforce and extend the
excellence of the Union’s science base and to consolidate the European Research Area in order to
EIT and Euratom as described elsewhere.
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make the Union’s research and innovation system more competitive on a global scale” (European
Union,2015k).89
The Industrial Leadership aggregate includes: a) Leadership in Enabling and Industrial Technologies
(that consists of: Information and Communication Technologies, Nanotechnologies, Advanced
material, Advanced manufacturing and Processing, and Biotechnology and Space), b) Access to risk
finance and c) Innovation in SMEs. These programmes’ goal is to “speed up development of the
technologies and innovations that will underpin tomorrow's businesses and help innovative
European SMEs to grow into world-leading companies” (European Union, 2015l).
Initiatives under the Societal Challenges umbrella are: a) Health, Demographic Changes and
Wellbeing, b) Food Security, Sustainable Agriculture and Forestry, Marine, Maritime and Inland Water
Research and the Bioeconomy, c) Secure, Clean and Efficient Energy, d) Smart, Green and Integrated
Transport, e) Climate Action, Environment, Resource Efficiency and Raw Materials, f) Europe in
changing world – Inclusive, innovative and reflective societies and g) Secure societies – Protecting
freedom and security of Europe and its citizens (European Union, 2015m).
The Fast Track to Innovation is an open thematically initiative that “provides funding for bottom-up
proposals for close-to-market innovation activities in any area of technology or application”. It aims
to: a) fast-forward time from an idea to market, b) stimulate first-time EU research funding
applications and c) increase private sector investment in R&I (European Union, 2015n).
The collective of six actions (Teaming, Twinning, ERA Chairs, Policy Support Facility, COST and
National Contact Points) comprising Spreading Excellence and Widening Participation is a response
to the fact that “the European Union sees significant internal disparities in terms of research and
innovation performance” (European Union, 2015o).
Through the Responsible Research and Innovation (RRI) approach, the Science with and for Society
aims to “build effective cooperation between science and society, to recruit new talent for science
and to pair scientific excellence with social awareness and responsibility”. In particular, the goals of
RRI are to: a) engage society more broadly in its research and innovation activities, b) increase access
to scientific results, c) ensure gender equality, in both the research process and research content, d)
take into account the ethical dimension and e) promote formal and informal science education
(European Union, 2015p).

3.2.4 Commitment 6 Impact Channels
In order to address the issues/problems listed in section 3.2.1, the set of programmes presented in
section 3.2.3 use a set of impact channels, which can be aggregated using a framework presented
by Williamson (2000). The framework itself (here introduced very briefly) consists of four levels:
1. Embeddness (“informal institutions, customs, traditions, norms, religion”),
2. Institutional environment, (“formal rules of the game – esp. property (polity, judiciary,
bureaucracy)”),
3. Governance (“play of the game – esp. contract (aligning governance structures with
Detail information on each of the mentioned elements (same as with other pillars) can be found at the
appropriate source, i.e. European Union (2015k)
This project has received funding from the European
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transactions”),
4. Resource allocation and employment (“prices and quantities; incentive alignment”)
(Williamson, 2000).
As highlighted when discussing various programmes under Commitment 6, one of their goals is to
level-out and coordinate research and innovation activities, with hopes of achieving greater results
flowing, e.g., from new-found efficiency. Also, there are initiatives in place with an objective of
stimulating new long-term relationships between science and industry (especially SMEs) and society,
with hopes of creating new norms for future R&I activities. These impact channels fall under the
embeddness category of the mentioned framework. As is noticed by Williamson, “institutions at this
level change very slowly – on the order of centuries or millennia … have mainly spontaneous origins
…. [and] have a lasting grip on the way society conducts itself” (Williamson, 2000). As much as the
time, in which the intended impact is aimed to be achieved is much shorter than a hundred or more
years, the impact is expect to be as lasting and as meaningful as suggested by Williamson.
The next key goal of described initiatives concerns itself with proper resource (financial and human)
allocation, i.e. spending money where the benefits to the European innovative ecosystem will be
greatest and promoting an inflow of new and returning personnel into the roles of researcher
collaborating with businesses and society alike.
Lastly, the coordination of policies across borders falls under the governance category as such
actions aim to change the way the game is played.
Because there are other Commitments that deal with cooperation and creating networks (e.g.,
Commitment 9 and Commitment 5, accordingly) this study will employ itself with the allocation of
resources hereafter.

3.3

Technology as an Endogenous Growth Factors (i.e., Economic
Theory of Commitment 6)

The goal of this part is to answer the second question as listed in the Introduction: What is the
economic theory that supports the tools of programmes under Commitment 6? In addition, this part
aims to further contribute to the topic of potential channels, through which programmes of
Commitment 6 will impact innovation output.
There is a set of growth theories (most famous being probably the Solow’s growth theory90); however,
because Commitment 6 deals with programmes that aim to stimulate the research and innovation
sector – with an end goal of economic growth stimulation – the two theoretical models that are
presented (Romer’s and Aghion-Howitt’s) here are growth theories that treat technology as
endogenous, which itself is a result of the actions taken within the research and development /
innovation sector.
Prior to moving to the first model itself, it is important to present the world, within which Romer’s

90

See: Solow, R.M. (1956), A contribution to the theory of economic growth, The Quarterly Journal of
Economics, Vol. 70, No. 1, pp. 65-94.
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model operates.
1. There are four inputs:
a. Capital (K) – units of consumption goods,
b. Labour (L) – various skills coming from a health physical body,
c. Human capital (H) – “a distinct measure of the cumulative effect of activities such as
a formal education and on-the-job training”,
d. Level of technology (A) – “a count of the number of designs” (Romer, 1990).
2. There are three sectors:
a. Research sector – uses existing stock H and knowledge to create new knowledge,
b. Intermediate-good sector – creates producer durable goods (x) available as inputs for
the production of final goods; has designs coming from research and forgone output
as inputs,
c. Final-goods sector – uses the output of the intermediate-goods sector, L and H to
produce final goods (Romer, 1990).
Next, model’s assumptions need to be highlighted:
1. Growth of population and of the supply of L are equal to zero,
2. Total stock of H in population and its fraction going to the market is constant,
3. The is an allowance for capital accumulation,
4. “[A]ssertion that research is relatively human capital- and knowledge-intensive is translated
into an extreme specification in which only knowledge and human capital are used to
produce new designs of knowledge. Labor and capital do not enter at all” (Romer, 1990).
Given these specifications, we can say that the number of intermediate goods (x) is equal to A.
The growth model explaining the final output (Y) can be represented in various forms (as Romer
does in his paper), but the one that best shows the role of A is as follows (where γ is the number of
units of forgone consumption to create one unit of a durable good and HY is the amount of human
capital used in production of final goods) (Romer, 1990):
𝑌 = 𝐻𝑌𝛼 𝐿𝛽 𝐴𝑥 1−𝛼−𝛽 = (𝐻𝑌 𝐴)𝛼 (𝐿𝐴)𝛽 𝐾 1−𝛼−𝛽 𝛾 𝛼+𝛽−1
Romer states that the output of a given researcher (r) is a function of the level of H of that researcher
and the section of A made available to the researcher (with an assumption that the researcher has
free access to the existing stock of A). Therefore, as A grows so does the productivity of H employed
in research (HA). Aggregating all researchers, it is possible to express the evolution of the cumulative
stock of designs as (with δ as the productivity parameter and HA as total H in the research sector)
(Romer, 1990):
𝐴̇ = 𝛿𝐻𝐴 𝐴
This equation is based on the following assumptions:
1. There is a positive relationship between HA and 𝐴̇,
2. There is a positive relationship between A and δ,
3. There is a linear relationship between 𝐴̇ and HA and A when the other of the latter two is
constant (Romer, 1990).
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In other words, the advantage of a researcher from today over the researcher from 10 years ago is
equal to the stock of knowledge accumulated due to research activity over the past decade.
Even from this very brief presentation of the Romer’s model, it is evident (and highlighted by Romer
in his paper) that investments in human capital and devotion of human capital to research activities
(which are goals under Commitment 6) will positively factor into the economic growth as a) new
designs (i.e., innovations) allow for the creation of new intermediate goods used for the production
of final output and b) new designs positively factor into the total stock of knowledge and into the
productivity of those employed as researchers. Romer also highlights the role of investment in
human capital by saying that “an economy with a large total stock of human capital will experience
faster growth” (Romer, 1990). He also provides a hint into subsidy allocation by stating that
“[a]lthough all the research is embodied in capital goods, a subsidy to physical capital accumulation
may be a very poor substitute for direct subsidies that increase the incentive to undertake research.
In the absence of feasible policies that can remove the divergence between the social and private
returns to research, a second-best policy would be to subsidize the accumulation of total human
capital” (Romer, 1990).
As much as Romer’s model dealt with a horizontal model innovation, the model presented by
Aghion-Howitt (where innovation / technology is again, endogenous) uses Schumpeter’s approach
to innovation as a “creative destruction” where “individual innovation are sufficiently important to
affect the entire economy” and “[e]ach innovation is an act of creation aimed at capturing monopoly
rents [in production of intermediate goods]. But it also destroys the monopoly rents that motivated
the previous creation” (Aghion, Howitt, 1992). With each innovation comes a new intermediate good,
a use of which makes the production process of the final / consumption good more efficient.
The key setup for further thoughts under this model is as follows:
1. The economy consists of three sectors:
a. Research,
b. Intermediate goods,
c. Consumption (i.e., final) goods.
2. There are three types / classes of objects that can be traded:
a. Labour,
b. Intermediate goods,
c. Consumption goods.
3. There are three types / classes of labour:
a. Unskilled – used only in the production of consumption goods,
b. Skilled – can be used in research or in the intermediate sector,
c. Specialized – only used in research (Aghion, Howitt, 1992).
Right at the start, the authors conclude that since the rate of innovations arriving in the economy is
equal to λϕ(n,R) – where n stands for the flow of skilled labour to the research sector, R is the mass
of specialized workers; with λ as a constant parameter and ϕ as a constant-returns, concave
production function, both coming from the technology of research – any economy that does not
recognize the importance of investment of skilled / specialized workers to research will not grow.
Because each innovation elevates productivity forever, each additional innovation (AT) will be born
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from a “higher” starting point than its predecessor (A0), with the difference being described by the
parameter γ; where γ > 1. This can be re-stated in a form of an equation (where t is the length of the
interval) (Aghion, Howitt, 1992):
𝐴𝑡 = 𝐴0 𝛾 𝑡
Continuous innovation is assured by the fact that as much as the patent lasts forever, the monopoly
coming from its implementation lasts only until it is creatively destroyed by a new innovation.
Aghion and Howitt show the importance of innovation as they present real output as (where N is the
stock of skilled labour and 𝑛̂ is the extent of research employment):
𝑦𝑡 = 𝐴𝑡 𝐹(𝑁 − 𝑛̂)
Hence:
𝑦𝑡+1 = 𝛾𝑦𝑡
This leads to a conclusion that each step between levels of output (that begins at some 𝑙𝑛𝑦0 =
𝑙𝑛𝐹(𝑁 − 𝑛̂) + 𝑙𝑛𝐴0 ) is equal to lnγ that is > 0 (Aghion, Howitt, 1992).
Base on the study of the presented two theoretical models, it is clear that innovation is a significant
contributor to a long-term economic growth and social prosperity (i.e., ∆𝐺𝐷𝑃 =
𝑓(… , 𝑖𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛+ ))91. These two models highlight the role of two chief elements in determining
innovation; namely, human capital and investment in research and development activities (i.e.,
𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛 = 𝑘(ℎ𝑢𝑚𝑎𝑛 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 + , 𝑅&𝐷 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 + , … )). Growth in values of these two variables, as has
been shown earlier, is the aggregated goal of the studied programmes under Commitment 6.
Therefore, a proposition can be made that if FP7, CIP and H2020 create positive changes in human
capital (e.g., by growth stimulation of the research body) and R&D activities (e.g., by increasing the
availability of funds) (i.e., 𝐻𝑢𝑚𝑎𝑛 𝑐𝑎𝑝𝑖𝑡𝑎𝑙; 𝑅&𝐷 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 𝑙(𝐹𝑃7+ , 𝐶𝐼𝑃+ , 𝐻2020+ , … )) they (through
an appropriate resource allocation) positively contribute to innovation and further to economic
growth.

3.4

Determinants of Innovation (i.e., Empirics of Commitment 6
Tools)

The aim of this part is to answer the third question as listed in the Introduction: Do the tools of
programmes under Commitment 6 find backing in empirical studies?
As has been presented above, the key area of focus of programmes under Commitment 6 is an
increase in the level of innovation in Europe, which it aims to stimulated by increasing investments
in research and innovation activities and in human capital; be it by focusing on funding and / or by
increasing efficiency by better allocation of existing resources. This part employs itself with
presenting some empirical works that use innovation as a dependent variable and its determinants.
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A good introductory study is one conducted by Stern, et al. (2000) where the authors (basing their
research on such theories as Romer’s presented earlier) search for the determinants of country-level
R&D productivity for 17 OECD economies for years 1973-1996. In addition to highlighting the role
of human capital and investment in research activities, authors state that national innovation systems
are highly shaped by public policy that (in addition to just increasing R&D funding) “shapes human
capital and investment and innovation incentives”. They support this by noticing that an increasing
estimated levels of innovative capacity are seen in those economies that have previously undertaken
action that aim at higher human capital investment in the areas of science and engineering among
other things.
Tavassoli in his 2015 work on data on firms from Sweden distinguishes between two levels of
innovation: “innovation prosperity” (the probability of being innovative) and “innovation intensity”
(sales of innovation). Right at the start, Tavassoli refers to neo-Schumpeterian studies and names
human capital saying that it is “mostly responsible for generation of new knowledge within the firms
and the more new knowledge the more innovation prosperity for firms” and therefore more
economic growth and development. Next, the author gives the size of the firm, saying that “large
firms have competitive advantages over small ones within mature industries … hence, the probability
to innovate is expected to be higher for larger firms in these industries”. This (as also highlighted
within the studied work) suggests that cooperation between firms (e.g., in terms of capital
consolidation) should have a positive impact on the innovation prosperity. Another vote for
cooperation given by Tavassoli is international trade as it is “assumed to act as a conduit for flow of
knowledge for firms”, with its biggest impact being on firms in declining industries. Shifting to
innovation intensity, Tavassoli states that the “classical determinant (input) of innovation intensity
has been recognized as R&D investment” that he (according with the Oslo Manual) further
decomposes into: internal and external R&D, acquisition of machinery, training for employees (i.e.,
investment in human capital), engagement in market introduction of innovation and engagement in
other external knowledge.92 The author concludes that: a) “the determinants of firms’ innovation
propensity and intensity … differ based on the stages of … [industry life cycle]”, b) for probability of
being innovative: size and human capital have the highest impact for firms in mature industries and
participation in an international trade network is of key importance for firms in declining industries
and c) for innovation sales: innovation inputs play the key role as the determinants of this variable
for firms in growing industries.
Buesa, et al. (2010), in their research with an aim of studying the possible explanatory variables of
regional innovation in Europe, sum up their study of key theoretical and empirical literature by stating
that “innovatory output depends in the first place on the effort made in allocating resources,
regardless of whether the latter is measures via expenditure or staff employed in R&D”. Authors add
that those determinants impacting innovation, which are “worth of mention” are: human capital, size
and distribution of innovatory firms, role of universities and public administration that act as R&D
agents, the degree of sophistication of demand, the financial system (i.e., access to investment
capital), national and regional cultures, structure of the markets, R&D policies, extent of intellectual
property protection and the presence of cooperation networks. It is clear at this point that Buesa M.
et al. provide backing for nearly all aspects of studied initiatives and find that the key factors
explaining innovation in the EU (as measured by patents and patents per capita) have to deal with
innovative firms and their environment. Authors also conclude that as much as aid towards
Tavassoli also uses a set of control variables, which can be found in Appendix C of the studied work.
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cooperation is important, it must not serve as a substitute for initiatives aiming to promote R&D and
alike activities “of a neo-classical nature and inspiration”.
Schneider (2005) models the innovation rate (“the number of U.S. patent application by residents of
a given country each year as reported by the U.S. Patent and Trademark Office”) as a function of:
human capital stock, real level of import of high-tech. goods from developed economies, level of
R&D expenditure in a given economy, GDP scaled by population, intellectual property rights, foreign
direct investment inflows and country’s infrastructure. The author finds that all of the mention factors
(except for foreign investments) are of importance when explaining the rate of innovation.
Furthermore, Schneider finds that in developing countries it is the size of the market and
infrastructure that play the key role in explaining their innovation, while for developed economies
these factors are: high tech. imports, human capital and R&D expenditures.
Mariz-Pérez, et al. (2012) highlight the importance of human capital in the process of innovation by
recognizing that “human capital, understood as both individual and group knowledge of company
employees, is especially important in determining innovation capacity of firms”. Authors also
highlight that as much as investment in R&D is needed, it itself is not sufficient to yield innovation
capacity. Adding to this is Cabrilo, et al. (2014) who firmly state that human capital and innovation
“should be viewed as closely related concepts, which jointly create reinforcing look of value creation.
As … [human capital] … is one of the main sources of innovation, innovation strategies need to
encompass a wide range of relevant initiatives to stimulate … [human capital]”. Great prise is given
to human capital as a determinants of innovation and growth by McGuirk, et al. (2015), who study
Innovative Human Capital (“employee-managers’ human capital to create new concepts”) and
conclude that it is “a significant concept to consider when creating public support programmes for
small firms”.
An interesting take on the role of human capital as a determinant of propensity to patent (after
highlighting its importance in enhancing innovation capabilities) was undertaken by Huang and
Cheng (2015) when studying 165 Taiwanese information and communication technology firms. There
the researchers distinguish between firms that employ a “higher proportion of full-time scientists
and engineers” and firms that employ a “higher proportion of employed with postgraduate degrees”.
Interestingly, only the prior has shown to have an impact on propensity to patent. This puts forward
a hypothesis that it is not simply the number of postgraduate workers that are important to
innovation, but the number of those who specifically are scientists and engineers.
It is obvious that there is no one strategy for human capital that would fit all possible economies. To
aid this issue, Lu, et al. (2014) have created a matrix described by two factors: a) economic
in/efficiency and b) R&D in/efficiency. Depending on the location of the economy on the said matrix,
it should employ a specific human capital strategy. And so, economies that are efficient in both
factors (quadrant A in Figure 2), should continue to promote high-technology innovation and
symbiotic relationships between industries and government. Those economies that lack R&D
efficiency, but have economic efficiency (quadrant B), ought to focus on training and rewarding
persons employed in science and technology as well as promote cooperation between industries
and universities with and aim of increasing R&D. When there is R&D efficiency, but no economic
efficiency (quadrant C), there exists a need for an improved education and training systems,
especially: applied science, management of technology projects and innovative service quality. Lastly,
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where there is no R&D nor economic efficiency (quadrant D), educational and training systems need
to be improved by such means as cooperation, strategic alliances, incentive for innovation studies
and incorporation of technology diffusion.

Economic
Efficiency

Efficient
B
Inefficient D

A
C

Inefficient Efficient
R&D Efficiency

Figure 2 Decision matrix per Lu, et al. (2014)
The role of human capital and investment in R&D is also highlighted by Ghazal and Zulkhibri (2015).
In reference to the prior, the authors find the need for a match between the education system’s
output (i.e., human capital) and the skills required by firms and industries. Through their results,
Ghazal and Zulkhibri challenge the notion that increasing expenditures on R&D will always yield a
higher growth, which is stimulated by innovation. They see this factor as “’one ingredient of a
complex recipe’” that needs such complementary factors as proper governance that can be of key
importance in stimulating innovation in developing economies.
In their 2015 study of the determinants of high-technology firms in the EU, Baesu, et al. (2015) use
the following explanatory variables: various measures of expenditures on future human capital (e.g.,
on education as a percentage of GDP), expenditures on R&D activity (e.g., as a percentage of total
government expenditure), current human capital available for research and innovation (e.g., human
resources in science and technology as a percentage of active population) and other factors (e.g.,
exports as a percentage of GDP). Authors find that there is a positive causal relationship from the
number of R&D personnel and researchers to patent applications and patents granted, but have
shown that R&D expenditures have an (unexpected) negative impact. However, in determining
trademark application both, R&D expenditures and human capital in science and technology are
important explanatory variables.
Similar results (i.e., increasing access to national-level subsidies having a negative impact on
innovation output) were achieved by Zemplinerová and Hromádková (2012) when studying the
determinants of innovation decision and innovation investment of Czech firms for years 2004-2007
with researchers adding that there is no one-sided evidence that would confirm the efficiency of
subsidies to non-public R&D.93 Such subsidies meet further criticism as they “distort price signals”,
“can alter behaviour of firms”, firms receiving such money “may be cushioned and suffer by soft
budget constraints” and “large companies have better chances to succeed in getting subsidies due
to their political power”. However, researchers also highlight the fact that there is a positive causal
relationship from access to subsidies (but only on governmental or EU level, not local) to firms’
innovation expenditures. Authors state that innovation activity of a firm depends on its age, size and
available strategic features (e.g., being a part of a network, international involvement), problems with
financing of innovation, extent of market competition, general economic condition of the country
and R&D subsidies. Authors explain that since the private returns on R&D investment are smaller
Similar conclusions are arrived at by Čadil and Petkovová (2014) who state that “the impact of ... [R&D
expenditures and human capital] on growth is really inconclusive and debate regarding the effectiveness of
current related policies should be opened”.
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than, as a result of positive spillovers, social returns and because R&D investment in private firms is
less than “socially desirable”, government subsidies to firm R&D has valid backing. Researchers also
conclude that the bigger the firm, the less efficient it is in obtaining innovation output form given
innovation inputs (supporting the notion of increasing involvement of SMEs in creating the
innovation system). Opposite to the general idea of concentration of R&D activities and cross-firm
cooperation in order to, e.g. achieve economies of scale, Zemplinerová and Hromádková state that
these reasons “cannot be unanimously confirmed by economic literature” and that “[t]he risk that
R&D cooperation may start the collusion in the product market is high”. Lastly, it is important to note
that Zemplinerová and Hromádková make an observation that “[v]ariables that are expected to
determine different components of the innovation process are so numerous that the selection (and
omission) of variables is very likely to influence results of empirical studies”.94
In the 2005 study, González, et al. (2005) come to similar conclusions as Zemplinerová and
Hromádková when studying 2000 Spanish manufacturing firms. E.g., they start out by saying that
there is no definitive proof of the effects of subsidies and if there is one it is “relatively modest and
controversial”. González, et al. were trying to see if the presence of a government R&D subsidy has
a significant impact on firm’s decision to carry out R&D projects and would this project be initiated
in the absence of the said support. The first finding is that “non-performance of innovative activities
can effectively be traced back to the presence of optimal efforts below the profitability thresholds
(that is, negative profitability gaps” and that, as much as negative profitability gaps can be observed
across the spectrum of firms, its extent is highest in small firms. The second finding is that yes,
subsidies do impact the decision of undertaking a research activity and this impact is the biggest in
small firms that would otherwise not have initiated the project. However, the third finding is that
R&D aid is chiefly given to firms that would have undertaken the project regardless of receiving the
subsidy. Authors criticise the process of assigning such funds by saying that it has too much of “riskaversion” and it “suggests that public policy tends to neglect the inducing dimension of public
support”.95
However, Sadu and Ciocanel (2014) conclude that “[u]nder current European national policies for
increasing the intensity of R&D funding, raising the average EU level of R&D expenditures to the
target of 3% of GDP, and particularly the EU average of private R&D expenditures to 2% of GDP, may
significantly boost exports and competitiveness”, both of which translate into higher economic
growth. Similar conclusions are reached by Vogel (2015).

3.5

Conclusions

The aim of this study was to answer the following questions:
1. What is Commitment 6, the problems it addresses, its objectives and proposed solutions?
2. What is the economic theory that supports the tools of programmes under Commitment 6?
In addition to the results being sensitive to the determinants used, Ghisetti and Pononi (2015), when studying
environmental innovations, find that “cross-section analysis has lower chances to find R&D as a statistically
significant determinant of ... [environmental innovation] shows that primary studies cannot avoid taking into
account a temporal perspective when analysing R&D: time is a crucial component of innovation process”.
95
This is a strong claim that requires further investigation, especially that Song and Oh (2015) have found R&D
personnel and R&D intensity to play a significant role in innovation outcome in energy intensive industries,
which aids the notion of “green growth” – an environmentally friendly strategy of growth.
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3. Do the tools of programmes under Commitment 6 find backing in empirical studies?
And it has done so. Question number one was answered with the use of various documents (chiefly
provided by the European Union / Commission) describing programmes under Commitment 6.
Question number two was answered (positively) with the use of study of economic growth theories
where technology originates from within the economy. Question number three was (again, positively)
answered based on a study of various empirical works on the topic of innovation and the role of
human capital, investment in R&D and cooperation in determining the prior.
Interestingly, as much as support for human capital development and interaction between various
agents in the innovation eco-system appears to be unquestioned, the support for public R&D
investments or R&D subsidies appears to be mixed – some works directly putting in question the
effectiveness of studied here programmes. What appears to be the key solution to the arguments
undertaken in this issue is to assure the correct allocation of funds by, e.g. focusing on small firms
and looking for project that (if successful) would bring the biggest social benefit as opposite to
allocating funds in big firms (some who do not need it) and minimizing the risk of an investment. It
needs to be said that some these are some of the elements addressed by, e.g., CIP.
In summary, it can be said that programmes covered under Commitment 6 are well based in
economic theory and (chiefly) find backing in empirical literature on innovation.
For the study of effectiveness of FP7, CIP, EIT and Horizon 2020, it needs to be highlighted that some
of the presented here works made a note of the fact that the results regarding the effectiveness of
studied policies may dependent on such factors as a) used definitions, b) type of data and c) research
methods.
For the empirical perspective, the rationale presented at the end of section 3 holds. That is,
programmes under Commitment 6 positively impact economic growth through stimulation of
innovation via proper resource allocation / dedication to growth in human capital and R&D
investment / activities. Therefore, the research question should be: “To what degree did the
programmes under Commitment 6 contribute to innovation through the channel of human capital
and R&D activities growth?”
Because the ∆𝐺𝐷𝑃 = 𝑓(… , 𝑖𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛+ ) and 𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛 = 𝑘(ℎ𝑢𝑚𝑎𝑛 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 + , 𝑅&𝐷 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 + , … )
relationships have been proven on both, theoretical and empirical grounds, the impact of FP7, CIP
and H2020 should be measured as their effectives in increasing the natural (i.e., unstimulated) growth
of human capital and R&D activities. In other words, the final growth rate of human capital (hf) a)
needs to equal the unstimulated growth rate of human capital (hn) plus the additionality of studied
programmes (i.e., the additional degree of the growth rate, ha) and b) needs to be greater than hn
(parallel for R&D activities).
ℎ𝑓 = ℎ𝑛 + ℎ𝑎 > ℎ𝑛 , i.e., ℎ𝑎 > 0
𝑟𝑑𝑓 = 𝑟𝑑𝑛 + 𝑟𝑑𝑎 > 𝑟𝑑𝑛 , i.e., 𝑟𝑑𝑎 > 0
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Taking under consideration that the evaluation reports on FP796 and CIP97 have shown that they have
been successful in achieving positive changes in human capital and R&D activities (by, e.g., increasing
funding), it is possible to confirm the ℎ𝑠 > 0 and 𝑟𝑑𝑠 > 0 conditions. In other words, coefficients of
FP7 and CIP explanatory variables in 𝐻𝑢𝑚𝑎𝑛 𝑐𝑎𝑝𝑖𝑡𝑎𝑙; 𝑅&𝐷 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 𝑙(𝐹𝑃7+ , 𝐶𝐼𝑃+ , … ) are expected
to be positive and statistically significant.98 An additional aspect that needs to be evaluated is the
efficiency with which ha and rda have been achieved. In such a case, the research question should be:
“Could the degree, with which the programmes under Commitment 6 contributed to innovation
through the channel of human capital and R&D activities growth have been achieved at a lower
cost?”

3.6

Data collection

Data for Commitment 6 has been collected on two programmes: FP7 and CIP. For the FP7 initiative
the data is of a cross-sectional type, while data on the CIP programme is of a panel or time-series
type. These forms have been dictated by the available sources of the data.
presents the individual data collections / files as well as the list of available variables.
FP7 grants eu contribution - no. of FP7 signed grant agreements, participants and EU
contribution (in Euro million) for concluded FP7 calls with closure dates in the period 20072013; by specific programme
SME grants and funds sig FP7 - In signed agreements (as of 2014/10/06): SME grant
holders (no. and % of [country] participants), funds (Euro million and % of [country] budget
share); by country
IPRs rep in FP7 by pri area - intellectual property rights in the FP7 projects by priority area:
final reports, no. of projects with at least one IPR reported, no. of reported IPRs, IPR reported
as a patent application (in no. and in %); by specific priority area
Pubs related to FP7 by pri area - publications, publication in scientific articles in peer
reviewd journals, related to the FP7 projects by priority area: number of grant agreements,
projects with at least one publication, total publication, publications in high impact peer
reviewed journals, average publication per project; by specific priority area
Foreg rep in FP7 by pri area - foregrounds reported in the FP7 projects by priority area:
reported foregrounds, reported foreground types (commercial exploitation of R&D results,
general advancement of knowledge, exploitation of results through social innovation,
exploitation of results through EU policies); by specific priority area
Pubs from ECR funded proj FP7 - publications from ERC funded projects (not included
elsewhere): no. of projects, no. of publications, average no. of publications; by scientific
panel
Cit perf of ECR pubs FP7 - citation performance of publications from ERC funded projects:
completed projects, validated publications, publications in scival, % of validated
publications, % of publications in top 10%, % of publications in top 1%, field weight See the set of “FP7 Monitoring Report” issues.
See the set of aggregate “CIP Implementation Report” issues as well as individual reports for EIP, IEE and
ICT-PSP.
98 Because H2020 is a young initiative, the measurement of its results will be possible at a future date.
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citation impact; by research domain
EIP budget CIP - budget for EIP (Euro million): Total budget, fin. Instruments for SMEs, work
programme, support measures; for years: 2007-2012, by programme
IEE CIP - data on the Intelligent Energy - Europe Programme: Number of eligible proposals
received, Number of proposals funded - from 2012: "Number of projects funded", Indicative
budget (Euro), Budget allocated (Euro) - from 2008: "budget contracted" - from 2010:
"budget committed”; for years 2007-2012, by initiative
ICT-PSP CIP - budget for the ICT-PSP in Euro million; for years 2007-2012
Table 1. List of data collections / sheets for Commitment 6, included variables and data range
In terms of sources of data, they consisted of monitoring reports (FP7) and implementation reports
(CIP), and are presented in Table 2.
source for FP7 grants eu contribution - Seventh FP7 Monitoring Report (2013), p. 11
source for SME grants and funds sig FP7 - Seventh FP7 Monitoring Report (2013), p. 110
source for IPRs rep in FP7 by pri area - Seventh FP7 Monitoring Report (2013), p. 81
source for Pubs related to FP7 by pri area - Seventh FP7 Monitoring Report (2013), p. 82
source for Foreg rep in FP7 by pri area - Seventh FP7 Monitoring Report (2013), p. 84
source for Pubs from ECR funded proj FP7 - Seventh FP7 Monitoring Report (2013), p.
86
source for Cit perf of ECR pubs FP7 - Seventh FP7 Monitoring Report (2013), p. 87
source for EIT budget CIP - EIP Implementation Reports (2009, ..., 2012)
source for IEE CIP - Intelligent Energy - Europe Programme (2007, ..., 2012)
source for ICT-PSP CIP - CIP ICT-PSP Implementation Reports (2007, ..., 2012)
Table 2. List of sources of data for Commitment 6
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4. Commitment 7. SMEs in Research
Programmes (responsible partner: EIZ)

and

Innovation

by Valentina Vučković, EFZG and Nevenka Čučković, IRMO

4.1

Literature Review – Commitment 7:
Ensuring stronger
Involvement of the SMEs in future EU R&D Programmes

In order to speed up the recovery of the European economy after the 2008 economic crisis, R&D,
innovation and knowledge creation capacity started to be seen as crucial factors, especially at the
level of SMEs (European Parliament, 2013:17). The SMEs represent a pulsing part of all EU economies,
particularly as they are dominant type of enterprises in the enterprise sector (on average around
99%) but also in terms of their participation in total value added, exports and employment. They also
are the most dynamic and vibrant part of enterprise sector in terms of start ups and new jobs and
important share of total innovation activities are happening in the SMEs as many of them were
established on the basis of new products or services (especially spin-offs).
Relying more on SMEs when it comes to increasing both innovative products, services and processes
but also creating new jobs through fast growing SMEs become an integral part of EU Strategy 2020
(EC, 2010a) and flagship initiative Innovation Union (EC, 2010b). Both strategic documents
emphasised the task of ensuring a stronger involvement of SMEs in future R&D Programmes of the
EU, especially within the Horizon 2020 programme. This task became one of important 34
Commitments of Innovation Union to be fulfilled in EU member states by 2020. To ensure stronger
involvement of SMEs in innovation activities several policy and governance measures should be in
place to secure an environment conducive for achievement of these commitments. Some of them
require a resonant changes across the national, regional and EU levels in a) institutional setting; b)
support organisations in charge (such as the European Institute of Technology (EIT) and European
Priority Research infrastructure; c) governance (coordination between EU, regional and national
levels); d) access to finance e) access to education and training and lifelong learning; and other
targeted policy measures.
All these concerted changes should lead towards having a simulative business innovation
environment; supportive institutional and legislative framework; excellent research and innovation
infrastructure including open access to research data and produced new knowledge; boosted
international collaboration but also between academy and business; respected intellectual property
rights; improved access to finance; increased availability of educated and skilled workers with
adequate competences to advance innovation and finally commercialised new product and services
that as a cascading effect create new jobs and value added for the EU economies.
The role of SMEs has been widely theoretically recognized so far: besides contributing to GDP and
employment growth, they are also seen as important agents in innovative activities, partly through
their collaboration with larger companies in business sector, as well as with various research and
higher‐education institutions (see e.g. OECD, 2010; Keizer et al., 2002; Stam and Wennberg, 2009).
Moreover, various empirical studies have shown that the GDP and employment growth effects
happen through the process of innovation in which SMEs play several important roles. Firstly, new
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firm creation and SME growth increase productivity and bring new or under‐utilized resources into
use. Secondly, new spin‐off ventures enable the commercialization of knowledge and finally, SMEs
participate in the knowledge flow within the innovation system (see OECD, 2010: 24‐25).
Specifically, SMEs contribute greatly to the innovation system by introducing new products,
processes, organizational methods and/or marketing techniques. Hoffmann et al. (1998) outlined
some broadly similar characteristics of innovative activities in SMEs. Among others, the authors
specified that (1) they are more likely to involve product than process innovation; (2) they are focused
on producing products for niche markets rather than mass market; (3) they generate both
incremental innovations and major breakthroughs and (4) involve some form of external linkage. In
addition, Rosenbusch, Brinckmann and Bausch (2011) highlight the following benefits of innovation
for SMEs performance: gaining rents through the temporary establishment of a monopoly (following
Schumpeter, 1934), avoiding price competition, creating new demand (thus, facilitating ﬁrm growth)
and knowledge spillovers. Božić and Radas (2005) also summarize the innovation effects in SMEs and
point out to increased market share, improved product quality, reduced material costs per unit of
product, improved ecological, safety and health aspects and compliance with legal regulations and
standards. Authors conclude that it can be expected that all these results lead to profitability increase
by spurring product demand or by lowering production costs. Therefore, the contribution of SMEs
to innovation is crucial, and a dynamic business sector is a key for both technological and nontechnological innovation (Neves, 2013).
Empirical research indicates strong positive relations between R&D investments and patents, which
are usually considered as a proxy for innovation outcomes (OECD, 2007). The proportion of a
country’s firms engaging in innovation spending is also found to be correlated with the proportion
of successful innovators. A study using firm-level data from 18 countries (OECD, 2009: 118) shows
that investing in innovation is associated with an increase in sales from product innovation.
Moreover, firms spending more on innovation also achieve higher returns from innovation than the
firms that do not invest. In addition, innovation investments per employee are positively associated
with innovation sales per employee. However, as Rosenbusch, Brinckmann and Bausch (2011)
highlight, the overall impact of innovation on the performance is an aggregate effect resulting from
both positive and negative effects, which depend on different factors such as the context in which
the innovating ﬁrms operate, or their characteristics, where size also plays significant role. According
to previous research, investments in innovative activities, measured by total expenditures for
industrial R&D and the propensity to patent (which is a measure of the production of new
technological knowledge) tend to increase as firm size decreases implying that SMEs are more
innovative than larger companies (see OECD, 2000). Specifically, the differences between the
innovation rates of large corporations and SMEs can generally be explained by (1) the degree of
capital intensity: (2) the extent to which an industry is concentrated; (3) the total amount of innovative
activity in the industry; and (4) the extent to which an industry is comprised of large corporations. In
particular, large corporations tend to have an advantage in industries that are capital intensive,
advertising intensive, concentrated, and highly unionized. By contrast, SMEs have an advantage in
industries that are highly innovative and comprised predominantly of large corporations (OECD,
2000).
Wolff and Pett (2006), based on a cross‐section data on a sample of 855 SMEs, analyzed the
relationship between four factors, among which is also the firm’s innovation capability, and SMEs
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likelihood to pursue either product or process improvement. In addition, the authors also examined
the relationship between product and process innovation activities and SME performance. Their
results show that innovation has a positive impact on new product and process improvement for
SMEs. In addition, they confirm that product improvement orientation is positively associated with
firm growth and profitability, while process improvement orientation is not statistically significant
neither for firm growth nor profitability.
One of the crucial components for the success of any innovation process is access to finance i.e.
ensuring an adequate financial resources for innovation investments (Hall and Lerner, 2009; Afcha,
2012). This in particularly relates to the success of innovation activities in SMEs as they have very
limited internal resources that could be dedicated to innovation and thus they are much more
dependent on external funding then larger enterprises. Such situation produces relative and
comparative disadvantages for SMEs and a higher price of capital then larger competitors (Canepa
and Stoneman, 2008) and therefore they particularly need a” helping hand” from public funds such
as EU R&D Programmes which could serve as an impetus for a growth of innovation activities in such
enterprises (OECD. 2010). Additionally, public support could also ensure improved access to equity
and venture funding as well as facilitate faster internationalisation of SMEs (EC, 2011). Public funding
(at national or EU level) plays significant role in funding new technologies (such as ICT and others)
thus enabling greater technological innovations but also channelling and spreading of the benefits
of them directly to the society. Therefore the innovative process requires significant and appropriate
public policy support to secure the wider social benefits it can deliver. Such an economic rationale
was recognized in Horizon 2020 Programme. Also innovation is important for developing solutions
to growing economic and social challenges such as climate change, aging population, rising poverty
and inequality, energy efficiency and others. The same situation is also existent in the US, Japan and
other EU main competitors such as BRICs (Rodrik, 2015) and the EU is presently lagging behind when
it comes to developing fast growing SMEs that could address these challenges appropriately and
become global leaders in finding solutions (EC, 2011).
Zimmermann (2008) analysed the impact of innovation on employment growth in innovating SMEs.
The obtained results showed that innovation has a positive effect on employment in both growing
and shrinking SMEs. However, the results point out towards much stronger impact of innovation on
the number of employees in firms already experiencing strong growth, implying that innovations in
expanding firms are more ‘aggressive’ in nature and thus have stronger effects on demand and
employment. On the other side, in non‐growing firms, is possible that a larger percentage of firms
are less successful commercially with their innovations failing with greater frequency. Finally, when
differentiating between product and process innovations, the results show that the introduction of
new or improved processes has a larger impact on employment than the introduction of new or
improved products.
Applying meta-analyses techniques, Rosenbusch, Brinckmann and Bausch (2011) aggregate previous
empirical research on the relationship between innovation and performance of SMEs. In their
analysis, authors distinguish different types of innovation, i.e. innovation orientation of the venture,
inputs dedicated to an innovation process (e.g. R&D and innovation expenditures, R&D employees,
number of R&D alliances), and outputs derived from an innovation process (e.g., the number of
patents and new products, the share of sales derived from new products). In addition, they
investigate whether entrepreneurs should focus on internally generated innovation or to focus on
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the development of innovation through external collaborations or technology acquisition. The
obtained results show that both an innovation orientation and innovation activities create value for
new and established SMEs, especially in terms of beneﬁts such as differentiation from competition,
customer loyalty, price premiums for innovative products, and entry barriers for potential imitators.
Moreover, the results show that SMEs beneﬁt signiﬁcantly more from a strategic innovation
orientation than from just focusing on developing innovative products. Finally, results imply that
internal innovation projects lead to greater ﬁrm performance than innovation projects with external
partners, which is contrary to prior research results that highlight the focus on external collaborations
and networking.
Nonetheless, external linkages are seen as an important source of knowledge that directly
strengthens the technological competences of the SMEs and their competitive strength (Hoffman et
al., 1998: 47). According to OECD (2010: 26), economies of scale in R&D are no longer the barriers to
SMEs participation in innovation activities, and innovation today tends to be carried out in
collaborations among research institutions, universities, customers, suppliers and competitive firms.
In addition, Love and Roper (2013) highlight that empirical evidence also strongly supports that
innovation in smaller firms is less dependent on internal R&D relative to larger firms and more
dependent on external knowledge obtained either through partnerships or spillovers. Thus, since
R&D does not capture all aspects of innovation, which is particularly true for small and medium-size
firms, this could lead to a severe underestimation of the impact of innovation on productivity (Hall,
Lotti and Mairesse, 2008:4).
Stam and Wennberg (2009) highlight that even if innovative companies do not succeed to grow,
their innovation efforts could result in knowledge spillovers: innovations might provide new
knowledge about productive possibilities that other firms will take into account in their innovation
or imitation strategies, which will then collectively benefit society. The results of their analysis show
that R&D plays several roles during the early life course of high-tech as well as high-growth firms,
stimulating the new product development later on in the life course of high-tech firms, although not
affecting the firm growth. The authors conclude that, indirectly, this might affect the growth of other
related firms that learn from these development activities. One reason for this is that knowledge
inputs come from third‐party firms or research institutions, such as universities, where economic
knowledge spills over from other firms conducting the R&D or from university research laboratories
(OECD, 2000). In this line of reasoning, new venture creation and knowledge transfer between
knowledge‐generating institutions on one side and SMEs on the other side, enable the
commercialization of knowledge (OECD, 2010: 34).
Thus, in improving their knowledge base and their long‐term competitiveness, SMEs need access to
external expertise (Piterou, 2012). SMEs that collaborate with external actors, can improve the quality
of their human and technological capital, which then leads to the increased innovation performance
and productivity. Although the most important source of new knowledge is R&D, there are also some
other key factors generating new economic knowledge and these include a high degree of human
capital, a skilled labour force, as well as the strong presence of scientists and engineers (OECD, 2000).
Therefore, European Parliament (2013: 20) especially stresses the role of measures focusing on
increasing skills, absorptive capacities and all forms of innovation activities that broaden the
innovation base. In this line of research, particularly relevant are cooperation programmes with
research partners aimed at knowledge transfer and capacity building in order to enable SMEs to
www.i3u-innovationunion.eu

Page 58 of 105

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 645884.

D2.1 | Literature Review and Data Collection
select and adapt technologies.
At the EU level, SMEs have been included in projects that provide them assistance in stimulating
research, innovation and creativity. Currently, Horizon 2020, which brings together all existing Union
research and innovation funding (including the Framework Programme, the innovation related
activities of the CIP Programme and the European Institute of Innovation and Technology), is the key
tool to implement the Innovation Union flagship initiative (European Union, 2013: 21). SMEs are
encouraged to participate across the whole Horizon 2020 programme, by engaging in collaborative
projects as part of a consortium or through a new, dedicated SME Instrument which is specially
designed for highly innovative SMEs that want to develop, grow and internationalise, regardless of
whether they are high-tech and research-driven or non-research conducting, social or service
companies (European Union, 2014:18). Further, the programmes such as Enterprise Europe Network
provide help to SMEs in accessing market information, finding potential business and technology
partners and in participating in EU projects. All of this resulted in an increase of the number of
partnership agreements between companies, formal technology transfer agreements and in
submission of joint proposals (e.g. in 2012 the success rate of turning research profiles into
agreements for submission under FP7 was about 45%) (European Commission, 2012:3).
Analysing the current position of SMEs in European Research and Innovation Programmes, a study
“SMEs Participation under Horizon 2020” (European Parliament, 2013: 27-33), describes the
participation of SMEs in FP7, CIP and Eurostars Programme. The data show that the highest EU
contribution in funding provided for SMEs under FP7 is in the Cooperation programme, with main
types of projects being the Collaborative Projects (CP) that focus on research, but also contain other
activities such as management and training. Precisely, SMEs that participated in CP stem from a
number of industrial activity sectors. The largest share of SMEs (28%) in the Cooperation programme
stems from the R&D sector, while 25% of them stem from the manufacturing sector, 18% from the
ICT sector, 24% from the services sector, and 4% of participating SMEs were consultancy firms.
However, as Barajas, Huergo and Moreno (2011: 4) highlight, the Cooperative research scheme
supports European SMEs with a specific research objective but without (or limited) technological
capacity, which implies that great proportion of the technological development will be done by the
R&D performers involved in consortia (SMEs own all intellectual property rights resulting from the
project but R&D performers may benefit from preferential use of the outcomes). Compared to the
Cooperation programme which relies much more on networking and outsourcing of research
activities to RTDI performers in order to satisfy their innovation needs since they have no or little inhouse R&D capacity, the specific support schemes of the Capacity programme attract to a much
higher extent firms stemming from the manufacturing industry (41%), while much lower (21%) share
of firms stems from the R&D sector. Secondly, although much smaller than FP7, CIP ECO-Innovation
programme is an example for an innovative instrument that is highly attractive for SMEs due to the
funds in the form of grants, the main advantage of which is that they are faster than collaborative
projects. Within CIP, 137 highly innovative SMEs benefited from financial instruments/venture capital
until 2013, with 18% of them stemming from the eco-innovation sector. Finally, apart from FP7 and
the schemes provided in CIP, the Eurostars programme aims to support European R&D performing
SMEs. The unique feature of the Eurostars Joint Programme is a central and national management,
which enables clear and transparent organisation and timely accomplishment. SMEs participating in
Eurostars are fast growing SMEs with high R&D intensity: 40% are micro SMEs (0-9 employees) with
very high impact expectations and 43% are small SMEs (10-49 employees) with high expectations.
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Eurostars attracts to a large extent participants in high-tech sectors with high-growth potential, such
as ICT and Biotech.
Although across the past FPs the participation from industry has decreased at the expense of that
from universities (whether related to the share of funding or to the number of participants (European
Parliament, 2013: 27), in the period from 2007 to 2013, in total 18.5% of the participations in
Framework Programme was by SMEs. The findings of the Interim report on the performance of SMEs
within FP7 (European Commission, 2014a) show that the effects that are considered to be most
economically significant are those related to the creation of new knowledge (more than 90% of the
SMEs interviewed stated that they managed to gain new knowledge and/or know-how); cooperation
aspects (81% of SMEs interviewed established new strategic relationships with partners abroad, 57
% managed to launch follow-up projects with their (newly found) partners and 61% claimed to have
gained access to research networks they did not have before; and finally the actual commercialization
(81% claimed to have advanced their products using the projects results and 71% managed to
implement an innovation based on the project). Thus, majority of SMEs reported positive impacts on
their competitiveness and other economic effects such as employment, turnover and profitability.
According to European Commission study (2014a), the SME Instrument will be crucial in further
process, with the main goals of filling the gaps in funding for early-stage, high-risk research and
innovation by SMEs, as well as stimulating breakthrough innovation.
However, although it has been confirmed that participation of SMEs in EU programmes can have a
significant positive effect on some aspects of innovation performance, the final effect will depend
also on SMEs’ capability to take advantage of the internal factors such as R&D, capital investments,
quality of skills, knowledge of the market etc., thus implying that such participation has more of an
indirect than direct effects on economic performance (Norman and Klofsten, 2010). Barajas, Huergo
and Moreno (2011) analysed whether research joint ventures have a positive impact on SMEs
performance. Precisely, they quantify the impact of SME specific measures financed by the sixth FP
on SMEs performance on Spanish firms, considering two dimensions (technological outputs and
economic results). Specifically, in a first step they analysed how the participation of an SME in an FP
project affects its generation of new knowledge, which is approached by intangible fixed assets as
an indirect measure of innovation output since the knowledge generated in the R&D project will
usually be reflected by the volume of intangibles inside the firm. In a second step, using the
alternative measures of economic results as dependent variables - EBITDA, sales and labour
productivity – the authors analyse whether the participation has also had a significant impact on
these three economic performance indicators. The results show that if SMEs are cooperative, this
increases the ratio of intangible fixed assets over employment by almost 55%, confirming the positive
effect on technological performance. In addition, regardless the dependent variable on economic
performance, the FP participation is not statistically significant implying that technological
cooperation within FP does not have a direct effect on performance. However, the impact of the
predicted value of “intangible fixed assets per employee” (or “intangible fixed assets”) on economic
performance is statistically significant, reflecting an indirect effect of innovative SMEs cooperation
on economic performance. Finally, since the effects are significant three years after the end of the
project, authors conclude that SMEs participating in the FP have shorter-term objectives than large
firms.
The other recent study of De Prato et al (2015) demonstrate that SMEs which participated in ICT
FP7/CIP projects deliver a substantial number of innovations, showing that participation in such
This project has received funding from the European
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projects is beneficial for advancing innovation and commercialisation activities. The study found out
that on average there are nearly two new or substantially improved products or services delivered
within each ICT FP//CIP projects. Also about 41% of all organisations behind high potential
innovators are SMEs although they represent only 14% of total EC funding and 16% of total
programme participants. Several other empirical studies (European Commission, 2014a, European
Commission, 2015) which focus on surveying and measuring the impact on progress in innovation
activities of enterprises participating in EU supported R&D Programmes such as FP7 also show the
similar results and beneficial impact on their innovation output, thus justifying the focus on ensuring
stronger involvement of SMEs in future EU R&I Programmes.

4.2

Indicators for direct and indirect impact assessment of
Commitment 7 – summary table

Indicator
Description
Innovative
investments
(inputs)
Business
enterprise
R&D
expenditure
(BERD)
in
SMEs_all
sources
of
funding
Business
enterprise
R&D
expenditure
(BERD)
in
SMEs
_government
funding
Number
of
R&D
personnel
(total)
Number
of
R&D
personnel
(researchers)

Data
period

Countries

Regions

20002013

28 EU



20002013

28 EU

20002013

20002013
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In mil EUR

Eurostat





In mil EUR

Eurostat

28 EU





In number

Eurostat

28 EU





In number

Eurostat
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SMEs
2006,
innovating in 2008,
house
2010,
2012

Depending
on
the
survey
year





Non
R&D
innovation
expenditures
as percentage
of
total
turnover
Public funding
in
the
enterprises by
NACE Rev. 2
activity
and
size class
Enterprises
that received
funding from
the European
Union

2006,
2008,
2010,
2012

Depending
on
the
survey
year





2006,
2008,
2010,
2012

Some EU
15
and
EU13





2006,
2008,
2010,
2012

26 EU

Enterprises
that received
funding from
central, local
or
regional
government
Enterprises
that received
any
public
funding

2006,
2008,
2010,
2012

26 EU

2006,
2008,
2010,
2012

26 EU



Enterprises
that received
funding from
the
7th
Framework
Programme

2006,
2008,
2010,
2012

26 EU
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Eurostat,
CIS,
Regional
Innovation
Scoreboard

Eurostat,
CIS.
Regional
Innovation
Scoreboard

In number of Eurostat,
enterprises
CIS

Product
and/or
process
innovative
enterprises

Eurostat,
CIS

Product
and/or
process
innovative
enterprises

Eurostat,
CIS



Product
and/or
process
innovative
enterprises

Eurostat,
CIS



Product
and/or
process
innovative
enterprises

Eurostat,
CIS
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Spillovers
Innovative
SMEs
collaborating
with others

2006,
2008,
2010,
2012

Public private
copublications
(number per
million
inhabitants)
Sources
of
knowledge for
innovation
Innovation
production
(outcome)
PCT
patent
applications

20062014

28 EU









Limited
number of
EU regions.
Number and
% of SMEs.
By all types of
co-operation
Number per
million
inhabitants

Eurostat,
CIS,
Regional
innovation
Scoreboard

Innovation
Union
Scoreboard

2006,
2008,
2010,2012

22 EU





By all types of Eurostat,
source.
CIS

20012012

28 EU





All
enterprises

Community
trademarks

20012015

28 EU





Community
design

20032014

28 EU





Nice
Eurostat
classification
of sectors; all
enterprises
Nice
Eurostat
classification
of sectors; all
enterprises

20062014

28 EU





1-7 score

WEF

2006,
2008,
2010,
2012

28 EU





2006,
2008,
2010,
2012

28 EU





Limited
number of
EU regions.
Number and
% of SMEs
Limited
number of
EU regions.
Number and
% of SMEs

Eurostat,
CIS,
Regional
Innovation
Scoreboard
Eurostat,
CIS,
Regional
Innovation
Scoreboard

Innovation
performances
Production
process
sophistication
SMEs
with
product
or
process
innovation
SMEs
with
marketing or
organisational
innovation
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High-growth
(innovative)
enterprises
Employment
in
fast
growing firms
of innovative
sectors
Employment
in
high-and
medium-high
technology
manufacturin
g sectors and
knowledgeintensive
service sectors
Contribution
of
medium
and high-tech
product
exports
to
trade balance
Knowledgeintensive
services
exports as %
of total service
exports

20052012

19 EU





Total number

Eurostat

20102012

28 EU



Only
some
sectors

Percentage
Eurostat
of
total
employment

20082014

28 EU





Percentage
Eurostat
of
total
employment

20062014

28 EU





20052012

28 EU





Sales of new to
market
and
new to firm
innovations as
% of turnover

2006,
2008,
2010,
2012

28 EU





License
and 2006patent
2013
revenues from
abroad as % of
GDP

28 EU





In percentage
of
total
product
exports (for
all
enterprises)
The sum of
credits in
EBOPS
(Extended
Balance
of
Payments
Services
Classification)
Limited
number of
EU regions.
In percentage
of
total
turnover
Percentage
of GDP

UNCTAD

Eurostat,
IUS

Eurostat,
CIS,
Regional
Innovation
Scoreboard
Eurostat

Note 1: Data that are not publicly available such as CIS microdata are already officially requested
by EIZ from Eurostat and in the process of approval.
Note 2: Some data sources have several limitations and missing data in terms of availability for
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certain years, certain EU countries, sectors, enterprise size and regions. The time span we aim for
our analyses is 2006-2014.
Note 3: Some indicators are not available specifically for the level of SMEs but are nonetheless
important for impact assessment analyses of Commitment 7 as it has been evidenced (see the
Literature Review) that their role in the innovation outcome (e.g. patents, trademarks, design etc.)
as well as in economic performance (employment, sales, exports...) is statistically significant.
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5. Commitment 8. Strength. science base for policy making
through JRC; Forum on FLA (responsible partner: SGH,
WERI)
by Marzenna Anna Weresa, SGH, WERI
Many of the policy issues to a high extent depend on the input of scientists. Scientific advice, risk
assessment or management guidelines to policy makers can change the policy profiles and their
impact on the economy and the society. How does a science system supporting policy design and
implementation work at European level? What kind of measures can strengthen a science base for
policy-making? How can the European Commission and national governments of the individual EU
Member States support science in research aimed at providing evidence necessary for the
implementation of evidence based policy approach? These issues have been addressed by the
Commitment 8 of the Innovation Union. Its objective was to strengthen science base for policy
making through Joint Research Centres and Forum on Forward Looking Activities.
The aim of this paper is to explain the rationale lying behind Commitment 8, and to discuss potential
channels and areas that can be identified on the basis of the theoretical and empirical economic
literature of the contribution of Joint Research Centre and European Forum on Forward Looking
Activities to devising comprehensive and pro-active European research & innovation policies.

5.1

The Rationale for Commitment 8: Why Is It Necessary to
Strengthen Science Base for Policy Making in the EU?

Commitment 8 of the Innovation Union states that "The Commission will also create a "European
Forum on Forward Looking Activities" bringing together existing studies and data and involving public
and private stakeholders to improve the evidence base of policies." Thus, this commitment places great
emphasis on the role of science in providing input for designing and implementing policies at both
European and country levels.
Why should science base for policy making be strengthen? The arguments justifying stronger
involvement of science in policy making can be divided into four main groups that address the needs
related to (see Figure 1 in the Annex):
 Better coordination of European policies;
 Longer policy perspective;
 Europeanising visions of development;
 Providing independent evidence-based scientific and technical support for EU policy design
and implementation.
The idea to bring science to solve society’s problems through providing evidence for policy has its
roots in works of Plato, Aristotle, Bacon, Descartes, among others (Sutcliffe and Court, 2005, p. 1;
Andrews, 2007, p. 161). The growing role of science in public policy analysis is stressed by numerous
scholars (see for instance: Ehrenberg, 1999; Pielke Jr., 2007; Wilsdon, 2014) as well as policy makers
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(House of Commons Science and Technology Committee, 2006; Wilsdon, Allen and Paulavets, 2014;
Stiftung Mercator, 2015).
Therefore, given adequate resources, science uses induction, deduction, gathers information and
evidence and goes through detecting patterns in evidence to formulating conceptual explanations,
which can be a basis for policy recommendations (Wallace, 1971, p. 18). As Andrews (2007, p. 161)
points out ‘any ‘good’ society will take advantage of new knowledge to promote progress’.
The demand for scientific advice has been growing and questions that being asked to scientists, and
other experts by policy makers, as well as by the whole society range from climate change, energy
choices, food safety to health care or poverty.
The main objectives of the Commitment 8 (Strengthen science base for policy making through JRC
and FLAs) can be summarised as follows:
1. Improvement of scientific basis of policies in the EU (evidence based policies, increasing
coordination among different types of policies),
2. Increasing use of foresight analysis in shaping European policies in the EU,
3. Developing a common European vision of the future.

5.2

An Overview of Activities Committed in the Innovation Union to
Support Science Base for Policy Making

The Innovation Union Commitment No. 8 recognised the need to conduct systematic research in
order to support policy making to meet the challenge to rational choice as well as to elaborate longterm strategic visions for the European Union. As policy challenges arise across different time
horizons, responses can be different depending on the time frame taken into account. In order to
respond to the growing demand for scientific input to policy design and implementation at the EU
and national levels the Innovation Union Strategy proposed to strengthen Joint Research Centre
(JRC) and its institutes, and to create the European Forum on Forward Looking Activities, which was
meant to initiate a foresight hub and to make better use of foresight studies in EU policy making.
JRC provides EU policy makers with evidence-based scientific and technical support99. JCR activities
are rather medium- or even short term oriented, however not limited to this time horizon as the JRC
contributes also to foresight studies.
The forward looking activities (FLAs) are long-term oriented as they focus on elaboration of longterm strategic visions through anticipation, evaluation of trends, scenarios development and
interactions with stakeholders.100
The detailed analysis of these activities committed in the Innovation Union Strategy to support
science based policy are discussed in the next two subsections.

5.2.1 Joint Research Centre
The Joint Research Centre is a Directorate-General of the European Commission serving EC policy
makers as in-house science support. Its mission is “to provide EU policies with independent,

https://ec.europa.eu/jrc/en/about, accessed May 12, 2015.
http://i3s.ec.europa.eu/commitment/12.html, accessed, May 12,2015
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evidence-based scientific and technical support throughout the whole policy cycle”101. There are
seven JRC institutes located in five different EU countries, namely in Belgium, Germany, Italy, the
Netherlands and Spain. The Institutes carry our research in different fields, ranging from
environment, energy, health care and food safety to technology and radioactive materials. The
Institutes and their locations are as follows102:

-

The Institute for Environment and Sustainability (IES) located in Ispra (Italy)

-

The Institute for Health and Consumer Protection (IHCP) in Ispra (Italy)

-

The Institute for Reference Materials and Measurements (IRMM) in Geel (Belgium)

The Institute for Energy and Transport (IET) in Petten (the Netherlands) and in Ispra
(Italy)
The Institute for the Protection and Security of the Citizen (IPSC) in Ispra (Italy)
The Institute for Prospective Technological Studies (IPTS) in Seville (Spain)
The Institute for Transuranium Elements (ITU) located in two sites, in Ispra (Italy and
in Karlsruhe (Germany)

Brussels is the headquarters of the JRC. There is also Ispra Site Management (ISM), which is
responsible for different services delivered to 5 institutes located in Ispra.
All JRC Institutes work in partnership with a network of scientific institutions and international
organisations. The range of JRC Institutes’ activity includes scientific expertise, foresight studies,
work on standards and infrastructure (including e-infrastructure) as well as nuclear safety and
security.
JRC’s research mainly serves the policy Directorates-General of the European Commission, but many
research results are open access resources and know-how is also provided to the Member States,
and international partners.
The focus of JRC Institutes’ science areas are:

-

Agriculture and food safety,
Economic and Monetary Union,
Energy and transport,
Environment and climate change,
Health and consumer protection,
Information society,
Innovation and growth,
Nuclear safety and security,
Safety and security,
Standards.

In particular, JCR research activities cover the following fields: the protection of the environment,
sustainable management of natural resources, renewable energies (solar, photovoltaics, biomass),
bioenergy, nuclear energy, energy infrastructures, sustainable transport, fuels, energy efficiency,
global security, crisis management, engineering and information technologies, satellite image
https://ec.europa.eu/jrc/en/about, accessed May 12, 2015.
Ibid.
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processing and analysis, open source information analysis, structural mechanics, agriculture, food
security, digitalisation, low-carbon economy, health diagnostics, advanced materials, aviation
security, nuclear industry, and nuclear safety. Another field of research include harmonisation and
standardisation activities, development of new methods, tools and standards.
Research carried out by JRC Institutes are aimed at supporting the development and implementation
of policies in the EU.
The JRC collaborates with over a thousand organisations worldwide having over 200 collaboration
agreements.
In order to strengthen the science base of JRC the first JRC Work Programme under Horizon 2020
was adopted in 2013 (EC, 2013). The programme has been adjusted for the period 2015-2016 (EC,
2015a; EC 2015b) and is aligned to the EU’s policy priorities (Junker, 2014). It states that JCR will
contribute to designing new policies, improving and evaluating existing policies. Therefore, the JCR
contribution to policy making will include recommendation both ex ante and ex post (EC, 2015b, p.
2).

5.2.2 European Forum on Forward Looking Activities
The European Forum on Forward Looking Activities (EFFLA) was created in 2011 as a result of the
Innovation Union Commitment 8. Forward Looking Activities (FLAs) can be defined as “systematic
and participatory studies and processes to envision possible futures, in a proactive and strategic way,
and examine and design pathways towards desirable outcomes”103. This initiative to start a process
of conducting forward looking activities at European level was motivated by the necessity to
anticipate and shape future trends of social, economic, technological and scientific areas. The
knowledge about these trends can be used as a base for a European vision of a sustainable
development. The objectives of EFFLA include104:

-

Gathering and aggregating the outcomes of forward looking activities, which result
from the programmes supported by the EU;

-

Offering policy advice regarding current and future grand challenges and identifying
potential consequences for Europe’s development, in particular the European
research and innovation systems;

-

Providing advice and evidence for the EU policies;

Building commitment of stakeholders to implementation of relevant EU policies.
According to the commitment of the Innovation Union the Forum should consists of high-level
experts and stakeholders. There are two types of members: 1) permanent members (maximum 15
experts and stakeholders) to ensure stability and to allow having the best available expertise in a
quick and flexible manner; 2) invited members (maximum 15 experts and stakeholders), who are
selected on the basis of the topics being under research of EFFLA. The experts should meet 2-4 times
a year to debate in-depth the selected topics. They should interact with key networks of researchers
and stakeholders and provide advice and recommendations for EU policies (by preparing policy
briefs, study reports etc.).
Therefore, the idea of conducting FLAs combines both anticipating the future and shaping it by active
involvement of stakeholders. FLAs committed by the EU member Stated complements to the
http://i3s.ec.europa.eu/commitment/12.html, accessed May 12, 2015.
Ibid.
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activities of the European Foresight Platform, which was created in 2010 as a consortium of four
members, one of them is JRC institute IPTS.105 Thus, both elements of the Innovation Union
commitment No. 8, i.e. JRC and FLA are closely linked with each other, and therefore, a common
theoretical framework can be used for the analysis of their impact on innovation in the EU. This
framework is presented in the next sections.

5.2.3 JRC and EFLA and Policy Process
Having examined the mission and characteristics of JRC and EFLA, it seems that their activity can
result in research results useful for two different strands of science-based policies:

-

Evidence-based polices;
Foresight-based policies.

There is large variety of definitions of evidence-based policy. Some researchers associate it with a
different types of knowledge, which constitutes rigorous and tested evidence transparently used in
the policy process in order to meet designated policy objectives (Sutclife and Court 2005). Others
prefer a narrow definition taking into account only some types of evidence or evaluation
methodology (Hammersley, 2005).
Foresight is also associated with some research component, however, foresight exercise is much
broader than research as the process includes not only researchers, but also stakeholders, policymakers, representatives of business sector, etc. Habegger (2010) provides the complex foresight
characteristics pointing out its few important features. First, foresight is regarded as a long-term
interdisciplinary and participative process. Second, it is an attempt to build a network of professional
communities and reinforce learning among all participants. Third, foresight is aimed at generating
scenario-based knowledge and results in visions of policy alternatives (Habegger, 2010, p. 50). Thus,
foresight is linked to policy and often named as policy-oriented foresight. It is defined as
‘assessments of the future in a public policy context’ (van Asselt et al., 2010, p. 2). Some scholars
regard policy-oriented foresight as a specific source of evidence for policy (see for instance Fobé and
Brans, 2011). There is a common understanding that the most important role of the foresight is to
serve for strategic policy making (Bell, 2003; Fuerth, 2009; Fobé and Brans, 2013).
The foresight process can be conceptualised and implemented in different ways, however majority
of scholars divided this process into three phases (Major et. al, 2001; Voros, 2003; Habeger, 2010;
Fobé and Brans, 2011):
1. Information detection and analysis;
2. Generation of scenario-based knowledge;
3. Development of policy alternatives.
The first two phases require research and the third one is connected with policy actions. This
sequence means that foresight transforms information into knowledge, which allows to have deeper
insight into the future and results in policy action. Similar ‘value chain’ can be indicated for research
based policy.
Furthermore, as Young at al. observe ‘Research can serve the public good just as effectively when it
seeks to enlighten and inform in the interests of generating a wider public debate. Not evidencebased policy, but a broader evidence-informed society is the appropriate aim” (Young et. al, 2002, p.
http://www.foresight-platform.eu/consortium/, accessed May 13, 2015
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223).
This general observation allows concluding that both evidence-based polices and foresight-based
policies can should be understood broadly and can be analysed together under the name of sciencebased polices. The main difference is time horizon. Foresight often includes policy horizons of twenty,
fifty and, even a hundred years, whilst evidence-based policy is rather conducted in the short or
medium term.

5.3 Theoretical Background for Identifying Main Areas of Impact of JRC
and FLA on Innovation
The aim of this section is to identify potential areas of impact of a greater involvement of science in
policy making on innovation. There are many factors that can determine this impact.
First, it is important to know, whether, and where scientific knowledge is needed in the policy
process.
Second, the model of science-policy interface can differ, from so called decisionist model to
pragmatic one (Habermas, 1971), and the model sets the role of science in the policy process. There
also is a variety of structures and bodies for scientific advice identified in the literature on public
policy, such as for example planning and forecasting bureaus, strategic advisory councils, specialist
and technical advisory councils, sector councils, independent experts and governmental research
institutes (Bijker et al., 2009). Furthermore, the type of advisory body often implies a function that
science can have in the policy process. These functions range from planning and scenario building,
through policy assessment exercise to think-tank advisory function. Therefore, in this context some
important questions arise. Which models of science-policy interface are the most effective in
stimulating innovation? What are advantages and disadvantages of different structures of sciencepolicy interface? To what extent and how do types and functions of advice determine the strength
of impact?
Third, scope, quality and relevance of research that is a base for policy decisions can be important
for the impact of the implementation of scientific results on innovation. There are a few additional
questions related to relevance and quality of scientific advice, pointed out by Stromsdorfer (1985).
Does the research results count for policy formulation or change? How can science results be used
in the policy making? How are the research methods and advice resulting from research constrained
by the political process?
Fourth, the channels through which scientific advice to policy makers can impact innovation should
be identified as they might matter for the scope of this impact.
And last, but not least, the type (area) of the impact of science-based policies on innovation.
All above mentioned factors determining the impact of science-based policy on innovation should
be taken into account to indicate potential impact of scientific advice provided to policy makers on
innovation.
They will be analysed in depth in the next sections of this paper.

5.3.1 Explaining the Role of Science in Policy Processes
Policy decisions should be rational and reasonable and the focus of contemporary policies should
be not only on the economic value, but also on its social and public value (Andrews, 2007). Such
definition of the policy goals opens up debates about research role in policy making to more diverse
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perspectives, and broadens the spectrum of potential impacts of science-based policies on
innovation. However, such debates should start with the conceptualisation of the policy process to
determine, how science can be useful in this process, and what implications the different models and
types of scientific advice can have for the policy impact on innovation.

5.3.1.1

Where is scientific knowledge needed in policy making?

The policy process is always considered as a sequence of a few stages. Jann and Wegrich (2007) offer
a simplified framework, which can be useful for the impact assessment analysis. They distinguish four
basic stages of a policy cycle (Jann and Wegrich, 2007, pp. 45-53):
1. Agenda setting: problem recognition and issue selection;
2. Policy formulation and decision making;
3. Implementation;
4. Evaluation and termination.
This framework is used in analysis of evidence –based policy and scholars agree that different types
of evidence are needed in different parts of the policy cycle (Sutclife and Court, 2005; Pollard and
Court, 2005; Fischer et. al, 2007; Sutherland et. al, 2012; Cairney, 2012). These studies show that
science can be useful in all stages of policy cycle and this conclusion implies that the impact can be
different depending on the stage of policy cycle, in which science input is used. However, the
question is, how science-policy interface should be organised to achieve expected impact on policy
outcomes and meet the needs of the society.

5.3.1.2

Models of science-policy interface and types of scientific advice

The theory of public policy distinguishes a few models of science-policy interface. Three basic models
distinguished by Habermas (1971, p. 69) include:
1) the decisionist model,
2) the technocratic model,
3) the pragmatic model
The decisionist model allows policy actors to play the main role in formulation and implementation
of policy objectives. Researchers focus only on exploring the means that are appropriate to solve
problems. They propose means to achieve objectives, which are set by policy makers.
The technocratic model assumes that researchers should address not only policy objectives, but also
means how to achieve them. Therefore, scientists are responsible for setting policy objectives and
tools, while policy makers only deal with their implementation. Scientific knowledge is the basis for
policies and researchers can even propose policy blueprints.
The pragmatic model is based on interactions between science, policy representatives and
stakeholders. Researchers and policy makers provide their input to both policy objectives and means,
and these ideas should be discussed democratically with the involvement of stakeholders and the
society.
This classification has been discussed in many studies (see for instance Kirkpatrick, 2013; Edenhofer
and Kowarsch, 2015) and some additional elements have been added. Kirkpatrick (2013, p. 23) in his
study of different models of science and policy interactions builds on Habermas’ (1971) three
theoretical models and proposes the fourth model, i.e. the pragmatic-enlightened model, originally
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developed and tested in environmental policies assessment by Edenhofer and Kowarsch (2015). This
model is based on the assumption that there is an interdependency between policy objectives and
means and they cannot be evaluated separately. Therefore, both means and objectives should be
evaluated and revised in the democratic debate with the involvement of scientists, policy makers and
stakeholders taking into account the direct effects and co-effects of the means (Edenhofer and
Kowarsch, 2015). Thus, under this model, before final version of policy is designed and implemented,
wide and transparent public dialogue takes place.
Another approach to distinguish models of science-policy interface is based on the role of scientific
evidence in the policy process. Such classification distinguishes five following models (assumptions),
which differ in plausibility and sophistication (Young et al., 2002, p. 216):
1. Knowledge-driven model, in which research determines policy choices (research leads policy);
2. Problem-solving model, in which policy issues shape research priorities (research follows policy);
3. Interactive model, which assumes that research and policy interact with each other in order to
shape agendas for both research and policy decisions; thus policy and research are mutually
influential;
4. Political/tactical model, assuming that policy is an outcome of a political process and research
studies supporting solutions adopted by the government are commissioned by the governmental
bodies;
5. Enlightenment model, in which research is not directly involved in current policy problems
(research only informs policy about evidence).
All these models have some limitations, which might affect the impact of science on policy and on
the economy. The knowledge driven model and problem solving model assume that there is a linear
relationship between research and policy decision, but the direction of influence is different.
Limitations of these two models may arise from insufficient scientific evidence or its limited relevance
to key problems of the society. In the interactive model it is difficult to discern how strong is the
influence between science and policy and which side (policy or science) has the leading role.
Therefore, it is nearly impossible to measure the impact of science on policy and the economy. In the
political/tactical model the constraint is the politicisation of science, which can affects the science
impact. The enlightenment model research conducted for policy purposes can help to set the context
for policy making, so the effects of science on policy and on the economy mainly appear indirectly
(Young, et al. 2002, p. 217).
The models of science-policy interface determine the role of scientist in the policy process. According
to Pielke Jr. (2007, p. 1-5) there are four roles that scientists can play in the policy making processes.
The first one is ‘pure scientist’, who can provide some scientific information on request, but does not
want to be involved in the use of this information. The second role is the ‘science arbiter’, who serves
as a resource for policy makers, shows policy options available to solve the problem, but does not
tell what is preferred. The third role of a scientists in the policy making is the ‘issue advocate’, when
the scientist tries to convince the policy makers to choose one of a few alternative solutions of the
problem. The fourth role is ‘honest broker’, who provides policy makers with relevant and
comprehensive information. As Pielke Jr. observes that honest brokering is usually best achieved
through a group of experts working together with different knowledge, experiences, and views.
Similar to the role defined as ‘issue advocate’, scientists being ‘honest brokers’ explicit engaged in
the decision alternatives as they offer policy choices, options, etc. (Pielke Jr., 2007, p. 4).
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However, it is important to understand what is the role of science in the policy process as it may
shape the impact of science-based policies on innovation.
How the model of science-policy interface influences the impact of science on policy and an
economy? The case study of ‘mammography wars’ by Kirkpatrick (2013) showed that a shift from
technocracy to pragmatic-enlightened model and incorporating the public to shaping health policy
increased its impact. This finding has been confirmed also in environmental policy by Edenhofer and
Kowarsch (2015).
To sum up the discussion about the models of science-policy interactions and their consequences
for the economy it should be noted that majority of scholars agree there is no linear relationship
between research results and policy outcomes regardless the model of science –policy interface
(Marston and Watts, 2003; Wilson et. al., 2008; Newman et. al., 2012; Wilsdon and Doubleday, 2013
and 2015). Therefore, the role of science in policy making and the impact on innovation or
competitiveness should be based on the assumption of non-linearity interrelationships between
them.
There is a wide diversity of structures under which scientific advice is organised. The size, type and
power of scientific advisory body can determine the impact of science on policies and thus, on
innovation and the whole economy. The institutional set up of advisory process depends on cultures
and traditions of countries (Bijker et al., 2009) Wilsdon (2014, p. 7) classify scientific advisory bodies
on the basis of the area of advice and level, where it is offered. They distinguish the following advisory
structures:
1) Advisory councils, such as a high-level council for science and innovation policy, which usually
consists of senior scientists, industry representatives of industry, and civil society;
2) Advisory committees addressing detailed technical and regulatory issues in areas sensitive for
societies, such as environment, health, food safety, security, etc.;
3) National academies, learned societies and networks advising for different policy types,
including science and technology policy;
4) Chief scientific advisors that provide scientific advice for the whole government for individual
departments.
However, it is not a complete list as it does not take into account in-house research conducted by a
governmental agencies.
The OECD (2015, p. 13) offers a comprehensive classification of major types of scientific advisory
bodies in the field of science and innovation policy. They can work under four basic organisational
structures:
1) advisory councils or committees, which are usually deliberative bodies embedded in the
government or having independent status with governmental mandate;
2) permanent or ad hoc scientific/technical advisory structures, which might be either in-house
research organisations or operate independently outside the government;
3) national academies, professional societies and research organisations, which consist of
researchers representing scientific communities and bring-in scientific evidence on different
issues, often at their own initiative, sometimes in response to the questions asked by the
government;
4) individual scientific advisors and counsellors, appointed formally or giving advice though
informal networks.
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Potential policy impact of scientific evidence and advice and can be diverse, depending on the nature
of the advisory body mandate (OECD, 2015, p. 23). Different types of scientific advisory structures
produce various outputs, such as reports, protocols, scenarios, forecasts, research papers. Their
impact on policy making and thus, on the whole economy can vary depending on how they are
incorporated into the policy process (Bijker, Bal and Hendriks, 2009). Therefore, for coordination
between different structures is needed (Wilsdon, 2014, p. 3) and the impact of science on policy and
the economy may depend on the strength and effectiveness of this coordination.

5.3.1.3

Science for policy and policy for science

The role of scientific experts in the policy processes can have a narrow or broader scope. They provide
advice on Science and Technology policies (including involvement in determining budgets and
structure of research and innovation system), which means “policy for science” approach. The
broader scope of scientific advice for policy making means providing scientific advice on regulatory
or general policies, which is understood as “science for policy” (Wilsdon, 2014, p. 3; OECD, 2015, p.
13). The clear distinction between these two areas cannot be always made, but when measuring the
impact of science on policy it is important to remember that the advisory and requirements for
decision-making processes might be different in both cases.
How to ensure a flow of high-quality knowledge in the policy making processes? Not only quality,
but also the selection of research methods can be important for research outcome and its impact on
policy process (Stromsdorfer, 1985; Nutley, 2003; Packwood, 2002; Shaxson, 2005; Newman et. al.,
2012).
There are a few important components of scientific evidence robustness identified in the literature,
i.e.: credibility, generalizability, reliability, objectivity, and rootedness (Shaxson, 2005). These features
can be explained and interpreted within the framework of the public policy theory. Credible science
evidence for policy making has a clear line of argument in order to be sure that conclusions are
based on reliable analysis and synthesis of the literature and data. Generalisability refers to the wide
or contextual applicability of the research results. Reliability in science-based policy means the ability
to use evidence for monitoring and evaluation of policy actions. Objective evidence is not influenced
by assumptions of values, and rootedness defined also as authenticity is about being open minded
and taking into account the nuance of the evidence (Shaxson, 2005; Wilson et. al, 2008; Newman et.
al., 2012).
Furthermore, having a sound and robust evidence for policy is not enough to guarantee its high
impact on the economy. Another aspect of the role of a scientific advisor in shaping policies is to go
beyond the scientific content of a particular problem and inform about methodological issues and
concepts underpinning scientific evidence as well as about research limitations (Wilsdon, 2014, p. 3).
Another important factor is the appropriate use of scientific evidence. Rational utility maximising of
policy makers may deliver socially irrational collective outcomes (Griggs, 2007, p. 174). Therefore, the
theory of public policy underlines three elements that are crucial in the policy decision making
process: rationality, networks, and learning (Fischer, 2003; Fischer et. al., 2007; Morçöl, 2007; Brand,
2012).
In particular, the dialogue between different groups of actors, i.e. researchers, policy makers, experts,
business representatives etc. leading to policy learning and improvements in producing and using
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research evidence is necessary in all stages of policy cycle (Wilson et. al., 2008, p. 9). In this context,
it seems that the impact of science base on policy and thus, on the economy is shaped by the quality
of evidence for policy making produced by science, and the rationality of its application into the
policy process as well as the way it is applied.

5.3.2 Main Impact Channels and Types of Impact
The aim of this section is to identify potential channels through which science-based policies can
impact innovation in the EU and to indicate main areas (types) of this impact.

5.3.2.1

Potential impact channels

The first step in identifying the potential channels of impact is to look at the outcome of policy based
on science. The theory of public policy defines this policy as a set of actors, institutions, decision
making processes and outcomes. There is a consensus among public policy theorists that a causal
relationship exists among these elements constituting public policy. Outcomes are determined by
both effectiveness and efficiency with which the results are generated, but also by unintended side
effects and legitimacy of a policy (Kitschelt, 1986, p. 67).
The impact of science-based policies on the outcome can be analysed at four levels of social analysis
(Willimson, 2000, p. 596):
1.
Embeddedness: informal institutions, customs, religion;
2.
Institutional environment: formal rules of the game;
3.
Governance: play of the game;
4.
Resource allocation and employment (prices, quantities, incentive alignment).
These levels of analysis can be applied into the impact assessment by confronting them with the
functions of science- based policy. The review of public policy theories supported by some empirical
studies allow identifying basic functions of science in policy-making. They are: (Shaxson, 2005; Fischer
et. al, 2007; Da Costa et. al., 2008; Fobé, 2011; Cairney, 2012; Wilsdon 2014):
 Informing policy, i.e. providing scientific evidence how different policy options can impact
the outcomes; producing insights regarding trends and challenges; creating new ideas and
policy options; transmitting information and evidence to policymakers as an input to policy
conceptualisation and design;
 Facilitating policy implementation, i.e. building a common awareness of current
performance of countries/sectors, etc. as well as future challenges; furthermore, ‘science
diplomacy’, networking and collaboration can be used in pursuit of shared science and policy
goals;
 Facilitating participation in policy-making, which means that scientific evidence can
influence the public opinion, increase stakeholder involvement, and improve policy
transparency and legitimacy;
 Evaluating policy efficiency, i.e. assessing how different policies impact outcomes;
 Reshaping future science and policy agendas as well as shaping R&D budgets. This
function means that a policy process that brings together scientific advisers, policymakers,
practitioners allows to share ideas and better structure future science and policy agendas
strengthening the exchange and learning across different systems; moreover, R&D budgets
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can be altered as a result of scientists policy recommendations (in the case of ‘policy for
science’);
Reconfiguring the policy process, which means that new scientific methods can be applied
to policy analysis in order to better address challenges;
Symbolic science function assuming that scientists can influence society’s values and trust,
in particular create confidence in policy rationale by communicating the evidence base to the
public.

Having identified the basic functions of science in the policy process, we can be analyse them using
four levels defined by Williamson (Willimson, 2000).
With regard to embeddedness it should be noted that in the economic literature there is a consensus
that informal institutions change very slowly (centuries or millennia) (North, 1990; Williamson, 2000),
therefore, at this level the impact of science-based policies on innovation can be expected only in
the long run. Potential impact can be however identified and characterised (ex ante), but it would be
extremely difficult to measure it. The main impact channels of science-based policies on innovation
correspond mainly with three science functions mentioned above: informing policy, facilitating
participation and symbolic function of shaping values and creating innovation culture.
Science-based policies can change institutional environment through their functions related to
evaluating policy efficiency and reshaping future science and policy agendas and R&D budgets.
Governance structures can affected by science- based policies because the science can lead to the
reconfiguration of the policy process and facilitate participation of the different groups pf
stakeholders in policy-making.
Science-based policy can impact resource allocation (such as finance, human resources, technology)
directly through the funds that have been spent on strengthening the science base for policy making
(namely expenditures related to JRC & EFLA), and indirectly through reshaping future science and
policy agendas and shaping R&D budgets in all sectors, where science-based policy is applied.
Figure 1 in the Annex presents an overview of potential impact channels.

5.3.2.2

Types of impact: an analytical framework

The impact analysis can be structured within the framework sustainable development and
competitiveness, which corresponds with the EU Europe 2020 strategy (EC, 2010).
Sustainable development is often defined as being based on three interdependent and mutually
supporting pillars:
1. Social, with the focus on people,
2. Environmental, with the focus on planet,
3. Economic, with the focus on prosperity.
These pillars are linked to each other and equally important. Furthermore, changes in one pillar
reinforce adjustments in other.
This framework also goes in line with the new concept of sustainable competitiveness, understood
‘as the set of institutions, policies, and factors that make a nation productive over the longer term
while ensuring social and environmental sustainability. Social sustainability, in turn, is defined as the
institutions, policies, and factors that enable all members of society to experience the best possible
health, participation, and security; and that maximize their potential to contribute to and benefit
from the economic prosperity of the country in which they live. And we define environmental
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sustainability as the institutions, policies, and factors that ensure an efficient management of
resources to enable prosperity for present and future generations.’ (Corrigan et al. 2014, p. 55).
Therefore, taking into account the sustainability context the impact analysis should be structured
within the framework of sustainable development and competitiveness. The empirical research is
intended to cover the following types of impact assessment:
1.
Economic impact
2.
Social impact
3.
Environmental impact
However, it should be pointed out that science- based policies might bring benefits for society as a
whole, but at the same time the influence might be positive or negative on some social or economic
groups. Furthermore, benefits might vary over time.
All these aspect should be covered in impact assessment analysis.

5.4 Measuring the Impact: Tentative Proposal of Indicators
Nowadays, indicators play a huge role providing evidence of good or bad performance. As Merry
observed ‘Statistical measures tend to replace political debate with technical expertise’ (Merry, 2011,
p. S83).
Indicators may measure ‘success’ or reflect problems that have been identified from the standpoint
of the theory or policy. Usually indicators address some elements that constitute a part of a wider
scenario envisaged by the theory or policy (Davis et al., 2010, p. 6; Rafols et. al, 2012, p. 680).
The OECD guidelines for evaluation of public support to innovation distinguish three types of
outcome that can be measured (OECD, 2011, p. 124):
 Changes in inputs (e.g.: increased volume of resources dedicated to R&D or other innovation
activities);
 Changes in outputs (such as patents, skills, productivity, profitability, market share, exports,
etc.);
 Changes in behaviour (changes in research strategies, management practices regarding R&D,
changes in scope and importance of collaboration etc.).
The analysis of use of scientometric tools in policy shows that a broad spectrum of S&T indicators is
necessary, in order to facilitate comparison of policy options and their outcomes (Rafols et al., 2010,
p. 1882;).
In the case of Commitment 8 it is impossible to identify changes in behaviour as they appear only in
the long run, and therefore cannot be directly associated with policies based on scientific results
delivered by JRC or EFFLA. Therefore, in this paper the traditional classification of indicators, which
divides them into input, throughput and output measures is proposed. Screening of Commitment 8
activities conducted in the previous sections of the paper allows for identification of indicators that
can be used in impact assessment. They are presented in Table 1. There are however, a few areas of
concern with regards to indicators that have been identified in the literature (Dunlop, 2011): a)
problems of conception, b) problems of creation and c) problems of usage and interpretation. They
should be taken into account in further elaboration of the indictors proposed below.
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Input measures

Throughput measures

Core staff - refers to a number
of individuals employed in a
long term basis by JCR
institutes in different kind of
departments
Visiting staff - refers to a
number of individuals either
employed on a short term basis
at JRC or as members of some
workshops taking place in the
institution

Publications – books – refers to the Number of JRC
output of JRC institution in regards to a customers
standalone book publication made by
those institutions in the time of their
existence
Publications – Articles - refers to the
output of JRC institution in regards to
article publication made by those
institutions in the time of their existence
including
both
journal
article
publications as well as book article
publications
Publications – PhD Thesis - refers to the
output of JRC institution in regards to
PhD Thesis publication made by those
institutions in the time of their existence

Overall staff- refers to the
values
of
overall
JRC
employment in both visiting
and core staff segments
additionally
providing
an
overall number of employed
personnel in a given year
Budget staff expenses - refers
to the part of JRC institutions
budget allocated to a different
manner of expenses that were
recorded. The values here
provided are in million EUR

Budget value of contracts –
refers to the part of JRC
institution budget gained by
additional work provided by
the JRC institutions with a
proper distinction on what kind
of those additional task were.
Values here provided are in
million EUR

Output
measures

Publications
–
Conference
Contributions- refers to the output of
JRC institution in regards to all manner
of
publication made by those
institutions in the time of their existence
related to the specific conference taking
place without the distinction on what
kind of contribution it was including
leaflets, brochures and presentations
among them
Foresight - refers to a number of
publication made in the general area of
foresight research in to different manner
of sectors and countries in the years
between 2002 and 2015

Table 1 : Indicators measuring impact of Commitment 8.

Source: own elaboration.
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5.5 Summary and Conclusion
The Innovation Union Commitment No. 8 discussed in this paper recognised the need to conduct
systematic research in order to support policy making to meet the challenge to rational choice as
well as to elaborate long-term strategic visions for the European Union. Increased support to Joint
Research Centres (JRC) and creation of the European Forum on Forward Looking Activities (EFFLA)
have been committed to achieve this goal.
The aim of this paper was to discuss factors identified in the theoretical and empirical economic
literature, which should be taken into account in order to explain the contribution JRC and Centre
EEFLA to devising comprehensive and pro-active European research & innovation policies.
JRC and EFFLA have been committed by the EU Member States in the Innovation Union strategy in
order to strengthen a science base for policy-making. Therefore, the main research questions asked
here was: what is the theoretical framework for assessing the impact of science-based policies?
This paper shows that an effective policy development requires a high quality and effective system
of scientific policy advice as well as appropriate use of evidence and advice by policy makers. There
are at least two strands of scientific advice that can improve policy making. The first one is related to
solving current economic and societal problems, and is often named as evidence-based policy. The
second one foresight exercise, which is aimed at foreseeing future development trends, identifying
future problems and addressing them by appropriate policy tools. Both strands can viewed as a
broad category of science-based policy. Furthermore, there is a growing recognition in the literature
that identifying solutions to policy challenges often requires research going beyond one discipline.
In such cases multidisciplinary or interdisciplinary approach to science-based policy is needed.
Theory of public policy underlines the following factors that can determine the impact of sciencebased policies on innovation:
 Content of scientific input (quality of evidence and its relevance),
 The appropriate use of scientific evidence and rationality of its application,
 The organisational aspects of the policy advice process: the stage of policy cycle in which
science input is used, the model of policy—science interface, the size, type and power of
scientific advisory body and the nature of advisory body mandate.
Majority of scholars agree there is no linear relationship between research results and policy
outcomes. Therefore, the role of science in policy making and the impact on innovation or
competitiveness should be based on the assumption of non-linearity interrelationships between
them.
On the basis of empirical literature 3 main types of impact of science-based research on innovation
can be distinguished and should be covered in the impact assessment:
1.
Economic impact,
2.
Social impact,
3.
Environmental impact.
The detailed map of Commitment 8, including potential impact channels and areas of impact is
summarised in Figure 1.
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Annex: Figure 1. The Map of Commitment 8. Strengthen science base for policy making through JRC; Forum on FLA

Source: own elaboration
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6. Commitment 9. Set out EIT strategic agenda (responsible
partner: SGH, WERI)
by Adam Karbowski, SGH, WERI

6.1

Commitment’s rationale and solution by EIT actions

The EU2020 strategy has placed innovation, research and education activities at the core of the
Innovation Union Flagship. The EU2020 strategy reflects the results of a process that has spanned
several years, during which the political and economic relevance of the knowledge triangle concept
(Soriano and Mulatero, 2010; Maassen and Stensaker, 2011; Turcinovic, 2013) has been increasing.
Several official documents (for details, see Soriano and Mulatero, 2010) underlined the importance
of properly linking the different areas of knowledge systems, i.e. innovation, research (and
technology) and (higher) education. This has been emphasized by the Swedish presidency of the EU,
first at the Lund (The Lund Declaration, 2009) and then at the Gothenburg (Swedish Presidency of
the European Union, 2009) conference.
The European Institute of Innovation and Technology (EIT), created in 2008, is contributing to the
Innovation Union objectives through integrating the knowledge triangle. The model of the EIT is
designed in a way that promotes synergies and complementarities with both national and regional
European initiatives of research and innovation, entrepreneurship and higher education (EIT, 2014).
The EIT provides an important bridging function in Horizon 2020 from excellence-driven higher
education, research and technology to innovation. As the leading European initiative to fully
integrate the three sides of the knowledge triangle, its mission is to capitalize on the innovation
capacity and capability of EU researchers, students and entrepreneurs from the EU and beyond
(eit.europa.eu). The EIT’s mission is carried out by the use of following instruments (eit.europa.eu):
1. Knowledge and Innovation Communities (KICs),
2. EIT-labelled educational programmes (both at Master and Ph.D. level),
3. EIT awards to recognize the most successful start-ups, innovative projects and young
entrepreneurial talents in Europe,
4. EIT roundtable of entrepreneurs,
5. EIT Regional Innovation Scheme (EIT RIS).
The Knowledge and Innovation Communities are “integrated European innovation platforms that
combine research, education and business capacity to address larger societal challenges under
central executive governance” (Olesen, 2014). Each KIC brings together leading European
stakeholders from industry, academia, and policy in regional European nodes under a 7-15 year
commitment to generate significant impact on European growth and competitiveness (Olesen, 2014).
First three KICs were launched in 2010 (Climate-KIC addressing climate change challenges, EIT Digital
addressing information and communication technologies and KIC InnoEnergy addressing
sustainable energy issues) and further two in 2014 (EIT Health addressing health and aging
challenges and EIT Raw Materials addressing sustainable use of materials) (for details, see
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eit.europa.eu). The EIT-labelled educational programmes offered by leading European universities
aim at fostering creativity, mobility and entrepreneurship among European students. Both EIT awards
and roundtable of entrepreneurs aim to facilitate and promote innovative entrepreneurship in
European economies. The EIT Regional Innovation Scheme supports, in turn, “the integration of the
knowledge triangle and increase the innovation capacity in areas and regions in Europe not directly
benefitting from the EIT and its KICs” (eit.europa.eu).
In Europe it is widely recognized that the relations and synergies between innovation, research and
education are the main drivers of the global knowledge economy (Veugelers and Mrak, 2009).
European policy-makers understood that: (1) progress in innovation, research and education has to
be looked for in a synchronized way: lack of progress in one domain can hinder advances in the other
two; (2) attention must be paid to the links between the three domains: lack of proper links between
the elements of the system can render advances in a single domain ineffective106.
The European Commission has been expressing the need to better integrate and exploit all the parts
of the knowledge policy agenda for some time, stressing in particular (EC, 2010; eit.europa.eu):


limited capacity of the EU to convert knowledge into commercial opportunities as the main
weakness of the EU in the innovation area,



difficulties in promoting an innovation culture in research and education in the EU,



difficulties in developing critical masses of resources in innovation in the EU,



difficulties in rewarding excellence in research and education in the EU.

At the same time, European policy-makers have recognized the importance of today’s societal
challenges (Rhisiart, 2013). Ensuring that research being undertaken is translated into innovative
products and services which serve to tackle the key societal challenges faced by Europe is an
identified challenge which remains to be properly addressed. The EU2020 strategy puts special
emphasis on the following major societal concerns (ec.europa.eu):


health, demographic change and well-being,



food security, sustainable agriculture and forestry, marine and maritime and inland water
research,



secure, clean and efficient energy,



smart, green and integrated transport,



climate action, environment, resource efficiency and raw materials,



Europe in a changing world - inclusive, innovative and reflective societies,



secure societies - protecting freedom and security of Europe and its citizens.

The highlighted problems and concerns gave rise to creation of the European Institute of Innovation
and Technology (see Figure 1). The EIT is the first EU initiative to fully integrate all three sides of the
106

The idea of interrelatedness between innovation, research and education is supported by innovation ecosystems
approach (Jackson, 2011). Innovation ecosystem, consisting of several innovation agents, i.e. researchers, capitalists,
entrepreneurs, government representatives and society as well as innovation drivers, such as education, infrastructures
and culture, utilizes all indicated elements which constitute functional characteristics that specifically regulate change or
maintain the desired systems stability (Soriano and Mulatero, 2009; Jackson, 2011). According to Soriano and Mulatero
(2009, 4) “focusing only on some [elements] fails to yield the desired results and if one of them is dysfunctional, it can
impair all the others”. Under this framework, innovation process is self-reinforcing: entrepreneurial success entices other
business firms and more capitalists, thus creating a virtuous circle (Soriano and Mulatero, 2009).
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knowledge triangle by supporting Knowledge and Innovation Communities107 and the EIT Regional
Innovation Scheme (eit.europa.eu). The integration of all three sides of the knowledge triangle is
expected to (Soriano and Mulatero, 2009, 2010; Maassen and Stensaker, 2011; Serbanica, 2011; Rus
Mircea-Iosif, 2013; Veugelers and Del Rey, 2014):


effectively enhance the knowledge sharing between firms, universities and research institutes
in Europe,



invigorate the exchange of resources between members of the knowledge triangle for valueadded innovation purposes,



smooth the process of university knowledge conversion into commercial opportunities,



collaboratively respond to the key societal challenges faced by Europe.

Other EIT activities, such as EIT labelled degree programs and EIT awards are designed to effectively
promote an innovation culture in research and education in the EU as well as adequately reward
excellence in European research and education (eit.europa.eu). Finally, the EIT roundtable of
entrepreneurs helps to foster innovative entrepreneurship in Europe and to overcome the political
impediments and mindset restrictions in this arena. In other words, the EIT roundtable of
entrepreneurs is expected to promote and embed entrepreneurial spirit in the EU industry
(eit.europa.eu).
[insert Figure 1 about here]

6.2

Theoretical frameworks for analysing the contribution of
EIT actions to innovation

The basic idea of the project is to retrace the entire chain of effects of the commitments (here
commitment 9), from their implementation to their final impact in terms of innovativeness, economic
growth, competitiveness and employment, via the innovation process, in the EU. In this paper,
commitment-related impact channels are classified on the basis of Williamson’s institutional analysis
framework (Williamson, 2000).
The approach offered by Williamson (with some slight adaptations, see Joskow, 2008) identifies four
interrelated levels of institutional analysis. Commitment-related impact channels can be identified at
all Williamson’s levels of analysis, i.e. embeddedness (or social foundations), institutional
environment, governance and resource allocation (see Figure 1). Embeddedness provides the basic
foundations for a society’s institutions, this level encompasses informal institutions, values and social
norms and customs among others (Joskow, 2008). Institutional environment encompasses what
Williamson (2000) calls “the formal rules of the game.” Governance encompasses what Williamson
(2000) calls “the play of the game.” The basic structural features of the institutions through which
decision-makers trade goods, services and production inputs are defined at this level (Joskow, 2008).
Resource allocation refers to the day-to-day operation of the economy given the institutions defined
at the other three levels (prices, wages, costs and quantities bought and sold are determined at this
107

A KIC should be treated as a highly integrated, excellence-driven partnership which brings together the fields of
education, research and industry in order to produce innovations and new innovation models that inspire others to emulate
it (eit.europa.eu).
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level; Joskow, 2008).
The EIT actions contribute to European innovativeness, economic growth, competitiveness and
employment through (1) shaping values and attitudes in European societies that trigger innovation
(mobility, openness, cooperativeness, trust) – embeddedness level, (2) introducing European
regulations enabling creation of KICs (Regulation (EC) No 294/2008, Regulation (EU) No 1292/2013)
– institutional environment level, (3) fostering new management and control methods in European
innovation (KIC as a new business model for knowledge triangle, EIT RIS, EIT awards, EIT Performance
Measurement System) – governance level, as well as (4) pooling of resources from EU (financial,
human, physical) and non-EU countries (mostly human) from both public and private sector –
resource allocation level (see Figure 1).
Selected theoretical frameworks are here utilized to analyze and comprehend the impact of
collaboration (coordinated by EIT actions) between higher education and research institutions and
industry (business firms) on innovation in Europe.

6.2.1 The knowledge triangle concept
The concept of knowledge triangle refers to the integration of innovation, research (and technology)
and (higher) education. These three areas are peculiar from the economic viewpoint due to the
existence of externalities – both intrinsic and between the three areas indicated above (Soriano and
Mulatero, 2010; Romer, 1990; Grossman and Helpman, 1991; Aghion and Howitt, 1992). Intrinsic
externalities of the three areas indicated above are sourced from the difference between private and
social returns, i.e. the private returns to innovation, research and education are lower than the social
ones108. This usually leads to underinvestment in the three discussed areas, resulting in the market
failure and call for public intervention (Hendrikse, 2003).
Intrinsic externalities associated with the three analyzed areas justify the public policy focus (to
correct the market failure). However, policy-makers have to also take into account the positive
externalities arising between innovation, research and education and manage those interactions in a
systemic and continuous way (Soriano and Mulatero, 2010).
Education produces skills that are indispensable inputs to research activities. Research activities
conversely exert pressure on education what leads to education improvement (Soriano and Mulatero,
2009). Education plays the key role in fostering innovation in the economy. In the light of
endogenous growth theory (Romer, 1990; Grossman and Helpman, 1991; Aghion and Howitt, 1992)
innovation and economic growth are positive functions of the educational level of labour force. The
supply-side argument is that properly educated labour force is required to carry out innovative
activities. What is more, proper education is required for the labour force to fully benefit from new
production technologies and organizational methods as well as easily adapt to innovative production
and marketing solutions (Soriano and Mulatero, 2009). The demand-side argument is that education
108

The discussed difference between private and social returns is one of the major results of endogenous growth theory
(Romer, 1990). Under Romer’s framework innovations produce positive externalities in the economy. Positive externalities
imply that innovative firms cannot fully capture the social benefits of its inventions what results in private underinvestment
in R&D (Veugelers and Del Rey, 2014).
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creates the effective demand for innovation – properly educated consumers are usually early
adopters of new goods and services (Soriano and Mulatero, 2010).
Research activity delivers the knowledge base that is embodied (see technology embodiment theory:
Lee and Sung, 2005) in numerous inventions that later can be transformed to innovations. A
multitude of economic studies have proved the importance of research activities for innovation and
economic growth (Allen, 1977; Tushman, 1977; Tushman and Katz, 1980; Jaffe, 1989; Adams, 1990;
Narin et al., 1997; Griliches, 1998; Rosenberg and Nelson, 1994; Mansfield, 1995; Henderson et al.,
1998; Branscomb et al., 1999; Cohen et al., 2002; Veugelers and Del Rey, 2014). Innovations
conversely stimulate the new waves of research (Soriano and Mulatero, 2009).
The knowledge triangle concept recognizes that innovations have an impact on the educational
system, not only by providing new techniques and media to support the teaching process, but also
by improving the learning and knowledge-sharing environment, for example through digital
platforms aimed at dealing with the needs of students as well as faculty and administration (Soriano
and Mulatero, 2009). Innovations also exert influence on university culture by shaping it into the
culture of creativity (Martins and Terblanche, 2003; Lotts, 2015).
However, interactions between innovation, research and education, if inappropriately managed, may
generate severe tensions (Maassen and Stensaker, 2011). First, there might be tensions in the links
between education and innovation. The increasingly strong pressure for external control over
academic program development, as materialized through the introduction of new national and
supranational accreditation schemes, stands in contrast to the political ambitions concerning
creativity so stressed within the area of innovation. Since accreditations, standards and guidelines all
have a strong influence on academic standards, the two logics (logic of standards in higher education
and logic of creativity in innovation) seems to collide in this (Maassen and Stensaker, 2011). A
possible implication could be that knowledge transfer from universities to industry is slowed down
as innovations are decoupled from practical and educational application (Maassen and Stensaker,
2011).
Second, potential tensions between education and research can occur. On the one hand, the leading
universities in Europe insist on offering research-based curricula. On the other hand, we observe
significant political pressures in the EU to concentrate research activity (in particular, basic research)
in relatively few universities seen as the key actors (Maassen and Stensaker, 2011). As a result,
education, especially at the undergraduate level, runs the serious risk of becoming a separate activity.
Various scenarios of this separation might materialize, e.g. within the university a stronger division
of labour might develop between “teaching staff” and “researchers” as one of the consequences (Dill
and Soo, 2005). At the European level a new institutional landscape in higher education may emerge,
with a clear division into “research” and “teaching” (Maassen and Stensaker, 2011).
Third, possible tensions between research and innovation should be taken into consideration. A
number of problems can be identified. For example, concentration of resources in research may
actually weaken the strategic ability of universities (Geuna and Martin, 2003; Geiger, 2004; Maassen
and Stensaker, 2011) in developing external links. Relevant studies show that the source of research
funding plays here the important role, as industry funding is positively related to external
collaboration and innovation networks (Gulbrandsen and Smeby, 2005). What is more, general
incentives linked to research activities may actually be negatively related to innovation and
technology transfer (Marksman et al., 2004; Maassen and Stensaker, 2011). Gilsing and others (2011)
elaborate upon the frequent case of conflict of interests between firms and university researchers:
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business firms are focused on the appropriation of research results, whereas university researchers
look for the dissemination of research results to gain a wide scientific reputation. In this context, it is
of great importance to align university internal regulations as well as incentive and rewarding system
not only to the university traditional role of scientific knowledge provider, but also to the novel,
entrepreneurial mission (Etzkowitz, 1998).
It should be stressed that the EIT strategic goal to integrate the knowledge triangle in the EU
corresponds to the major weaknesses of the European knowledge policy (compare Figure 1). As we
can see from the cited literature, fully-fledged and efficiently managed knowledge triangle exploits
synergies and cross-fertilization between innovation, research and innovation (Harryson, 2006;
Harryson et al., 2007; Soriano and Mulatero, 2009, 2010; Maassen and Stensaker, 2011; Serbanica,
2011; Rus Mircea-Iosif, 2013; Veugelers and Del Rey, 2014). Properly working knowledge triangle
links universities to industry (businesses) allowing to effectively convert knowledge into commercial
use and speedily gather resources necessary to innovation processes (Harryson, 2006; Harryson et
al., 2007; Soriano and Mulatero, 2009, 2010). Higher education institutions participating in the
knowledge triangle remodel its routines109 and culture by imposing more mobility, openness and
creativity as well as fair competition among students and faculty members.

6.2.2 I-U collaboration and knowledge transfer between universities
and industry
According to Freeman (1991) and Okubo and Sjoberg (2000) R&D departments of business firms
develop links to external sources of knowledge in order to facilitate successful innovation (Harryson
et al., 2007). Research on industry-university collaboration shows that I-U relationships emerge not
as a substitute of internal corporate R&D, but as a complementary activity (Adams et al., 2001; Callon
et al., 1992; Gibbons et al., 1994; Harryson et al., 2007). As a result, we observe the emergence of
new, interactive models of knowledge generation (Etzkowitz, 2003b; Kruecken, 2003).
The interactions between different innovation actors lie at the heart of the innovation systems
approach that aims at understanding the dynamics behind innovation, economic growth and
competitiveness of nations (Freeman, 1987, 1991; Adams, 1990; Lundvall, 1992;
Nelson, 1993; Mowery and Nelson, 1999; Baumol, 2002; Veugelers and Del Rey, 2014). An effective
contribution to the capacity of an innovation system demands that higher education institutions110
not only create ideas that can be commercialized and transformed into new goods and services, but
also that they are willing to become involved in the process of transferring knowledge towards
commercial opportunities (Veugelers and Del Rey, 2014). This stream of reasoning is supported by
the Triple Helix literature of university-industry-government relations (Leydesdorff and Etzkowitz,
1998; Etzkowitz and Leydesdorff, 2000; Etzkowitz, 2003b). The organizing principle of the Triple Helix
is that the university plays a greater role in society as an entrepreneur (in this concept entrepreneurial
university takes over the central role of Schumpeterian entrepreneur in industrial dynamics, see
Etzkowitz, 2003a; Schumpeter, 1934; Andersen, 2011). In the form of Triple Helix we observe specific
and unique I-U collaboration that presumes taking the role of the other (universities and firms
assume some of the capabilities of the other: the entrepreneurial university takes a proactive stance

109

In the field of evolutionary economics (Nelson and Winter, 1982; Teece and Pisano, 1994; Cohen et al., 1996)
organizational routines are defined as “patterns of behavior that are followed repeatedly, but are subject to change if
conditions change” (Winter, 1964, 263). Interorganizational cooperation generates new conditions that are sufficiently
strong to produce new patterns of behavior (Lorenzen, 1996).
110 The notion of “entrepreneurial universities” (Branscomb, Kodama and Florida, 1999; Etzkowitz, Webster and Healy,
1998; Etzkowitz, 1998) refers to higher education institutions that are active in the transfer of research results to industry.
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in putting knowledge to commercial use and firms move closer to an academic model, involving in
high levels of training and sharing of knowledge; Etzkowitz, 2003b).
On the basis of a review (Harryson et al., 2007) of several important publications in the field of I-U
collaboration, the main advantages and benefits that companies expect in this context are:
• gaining access to and acquiring new knowledge in specialized fields111 (e.g. energy, health, raw
materials, ICT, green technologies)
• creating a forum for networking by obtaining access to researchers, facilities and infrastructures,
• getting access to complementary skills and resources,
• enhanced R&D productivity by sharing R&D costs – sometimes also through access to government
support,
• improved appropriability conditions and accelerated commercialization of R&D outputs.
The benefits of university partners who team up with companies are also manifold: improving the
ability to conduct excellence-driven research and commercially exploit its results (Howells et al., 1998;
Lee, 2000; Rogers et al., 1998); assuring proper protection, marketing and diffusion of the academic
intellectual property and accelerating the rate of development of new products (Poyago-Theotoky
et al., 2002; Rogers et al., 1998); gaining knowledge about practical problems for better alignment
with industry and consumer needs (Lee, 2000; Lee and Win, 2004) as well as earning royalties – usually
through IPR-licensing (for details, see Harryson et al., 2007).
As we can see, I-U collaboration embodied in Knowledge and Innovation Communities working
under EIT auspices aims to address key problems and challenges indicated in the EU2020 strategy
(compare Figure 1). Encouraged by EIT actions and properly managed I-U collaboration should
enhance European capabilities to efficiently convert (both existing and new) knowledge into
commercial opportunities (for details, see e.g. Howells et al., 1998; Lee, 2000; Rogers et al., 1998;
Harryson et al., 2007), allow to speedily collect required resources (financial, human and physical) to
initiate innovation process (Harryson et al., 2007) as well as gain necessary financial means to reward
excellence in European research and education (IPR-licensing, better access to government support).

6.2.3 Networked innovation approach to Knowledge and Innovation
Communities
Knowledge and Innovation Communities can be perceived as networks consisting of diverse
stakeholders coming from industry, academia and policy, networks targeted at solving grand societal
problems faced by Europe. Networked innovation approach can be traced back to the sociological
theory of (strong112 and weak) ties (Granovetter, 1973; Boase et al., 2003; Van Wijk, 2004). In the
context of interorganizational cooperation (such as Knowledge and Innovation Communities)
qualities of weak113 ties determine network creativity and innovativeness (Granovetter, 1973;
Harryson et al., 2007). According to Granovetter (1973) new ideas more often emanate through weak
Observe that the specialized field approach in I-U collaboration is applied in EIT actions – compare creation of
specialized KICs, i.e. Climate-KIC, EIT Digital, KIC InnoEnergy, EIT Health and EIT Raw Materials (eit.europa.eu).
112 Strong ties refer to direct links between people based on close interaction and communication (Boase et al., 2003; Van
Wijk, 2004).
113 Weak ties refer to a diverse set of people working in different social contexts. Weak ties are based on infrequent
interactions or irregular contact (Elfring and Hulsing, 2003).
111
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ties (from the margins of a specific network) rather than through strong ties (from the core of a
specific network). It means that weak ties instead of strong ones are efficient for new knowledge
acquisition and sharing (Harryson et al., 2007).
Networked innovation brings about a lot of advantages to network members. As we may read in the
literature (Pittaway et al., 2004, 137), “principal benefits of networking […] are risk sharing, obtaining
access to new markets and technologies, speeding products to market, pooling complementary skills,
safeguarding property rights when complete or contingent contracts are not possible”.
Networked innovation paradigm stresses the role of science partners in the context of network
formation. Industry-university collaboration may galvanize the process of network formation and
inject an impetus into the venture innovation project. Some authors (Pittaway et al., 2004, 154) say
that university partners “play an important role as independent network brokers and intermediaries
within business networks”. University allies usually support networked innovation through informal
and personal networks (Ahuja, 2000; Pittaway et al., 2004). University researchers tend to be most
important for radical innovations (Fritsch, 2001). Laursen and Salter (2004) refer to the supporting
role of university allies in search processes for new product ideas, new forms of organization and
solutions to existing problems. Kaufmann and Tödtling (2001, 791) claim that “crossing the border
to science increases the diversity of firms’ innovation partners and respective innovation stimuli
which, in turn, improves the capability of firms to introduce more advanced innovations”.
From the networked innovation literature we can infer that KICs (as interorganizational networks)
can generate radically new knowledge (through exploitation of numerous weak ties) at relatively high
rate what usually leads to creation of break-through innovations (Harryson, 2006) that, in turn, may
constitute answers to the grand societal challenges faced by Europe.

6.3

Empirical evidence on the impact of European industryuniversity-research collaboration on innovation

The impact of collaboration between higher education and research institutions and industry
(business firms) on innovation in Europe is rigorously investigated in empirical literature. Selected
papers are presented in the table below.

114

Author and
year of
publication

Country of
origin of
sample

Method

Innovation
measure

Direction of
impact114

Klomp and van
Leeuwen (2001)

The Netherlands

Regression

+

Lööf and
Heshmati (2002)

Sweden

Regression

Kaiser (2002)

Germany

Regression

Kemp et al.

The Netherlands

Regression

Firm total
innovation
expenditures
Firm total
innovation
expenditures
Firm R&D
expenditures
Ratio of sales of

+

+
+

Relationships significant at the level of 0.10 are denoted by + (positive relationship) or - (negative relationship).
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(2003)
Cincera et al.
(2003)
Miotti and
Sachwald (2003)
Monjon and
Waelbroeck
(2003)

Belgium

Regression

France

Regression

France

Regression

Belderbos et al.
(2004a; b)
Becker and
Dietz (2004)
Lööf and
Brostöm (2005)

Belgium

Regression

Germany

Regression

Sweden

Regression

Belgium

Regression

The Netherlands

Regression

Czarnitzki et al.
(2007)

Germany and
Finland

Regression

Aschhoff and
Schmidt (2008)

Germany

Regression

Lhuillery and
Pfister (2009)

France

Quantitative
analysis

Silva and Leitao
(2009)
Frenz and IettoGillies (2009)

Portugal
United Kingdom

Quantitative
analysis
Regression

Spain

Regression

Poland

Regression

Switzerland

Quantitative
analysis

Peeters and de
la Potterie
(2006)
Duysters and
Loksin (2007)

Annique Un et
al. (2010)
Truskolaski
(2012)
Arvanitis (2012)
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new products to
total firm sales
Firm sales of
new products
Patent
applications
Degree of
novelty of firm
product
portfolio
Firm sales of
new products
Firm R&D
intensity
(1) Firm R&D
expenditures
(2) Patent
applications
Patent
applications
Ratio of sales of
new products to
total firm sales
(1) Firm R&D
intensity
(2) Firm patents
per employee
Ratio of sales of
new products to
total firm sales
Execution time
of innovation
project
Product
innovations
Firm owngeneration of
knowledge
Product
innovations
Innovation
counts
Sales share of
innovative
products

Non-significant
+
Non-significant

Non-significant
+
(1) +
(2) +

+

+

(1) +
(2) +

+

-

+
+

+
+
+
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Arvanitis et al.
(2013)
Robin and
Schubert (2013)

The Netherlands
and Switzerland
France and
Germany

Regression

Fitjar and
Rodriguez-Pose
(2013)

Norway

Regression

Lewandowska
(2013)

Poland

Analysis of
structural
equations

Temel et al.
(2013)

Turkey

Regression

Hottenrott and
Lopes-Bento
(2014)
Toole et al.
(2014)
Maietta (2015)

Germany

Regression

Germany

Regression

Italy

Regression

Belderbos et al.
(2015)
Gonzalez-Pernia
et al. (2015)

Spain

Regression

Spain

Regression

Cardamone and
Pupo (2015)

France,
Germany, Italy,
Spain and UK
EU27

Regression

Veugelers et al.
(2015)

Carolino (2015)

18 European
countries

Regression

Quantitative
analysis

Quantitative
analysis

Innovation
counts
(1) Product
innovations
(2) Process
innovations
(1) Product
innovations
(2) Process
innovations
(1) Product
innovations
(2) Process
innovations
Probability to
introduce
novelties by firm
Product
innovations
Start-up
creations
Product
innovations
Innovation
counts
(1) Product
innovations
(2) Process
innovations
(1) Innovation
counts
(2) R&D capacity
(1) Firm R&D
expenditures
(2) Patent and
publication
efficiencies
Firm R&D
expenditures

+
(1) +
(2) Nonsignificant
(1) +
(2) +

(1) +
(2) +

+

Inverted Ushape
+
+
+
(1) +
(2) +

(1) +
(2) +
(1) +
(2) +

+

Table 1. Empirical papers investigating the impact of collaboration between higher education and research
institutions and industry on innovation in Europe.
Source: own development.

On the basis of the above table we can conclude, with some minor exceptions, that collaboration
between higher education and research institutions and industry (business firms) enhances
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innovation performance in Europe. The important question is, however, under what conditions the
above benefits from the collaboration may be fully appropriated? Econometric analysis prepared by
Veugelers and Cassiman (2005, 355) shows that cooperative arrangements between business,
research and academia are successfully formed “whenever risk is not an important obstacle to
innovation”. This means that the more hazardous the firm innovation venture is, the more difficult it
is to make external researchers join. This is a really tricky dilemma since industry-university-research
collaboration turns out to be extremely helpful in high-risk projects (Fritsch, 2001; Harryson, 2006).
We should then have in mind the outlined trade-off, the more is industry-university-research
collaboration demanded, the more difficult is to form it.

6.4

Concluding remarks

The review of relevant theoretical and empirical literature suggests that collaboration (coordinated
by EIT actions) between higher education and research institutions and industry (business firms)
enhances innovation performance in Europe. The EIT actions are expected (on the basis of evidence
presented here) to appropriately address European knowledge policy concerns, i.e.:


limited capacity to convert knowledge into commercial opportunities,



difficulties in promoting an innovation culture in research and education,



difficulties in developing critical masses of resources in innovation,



difficulties in rewarding excellence in research and education.

However, European policy-makers and researchers should bear in mind potential tensions resulting
from inappropriate implementation of the EIT agenda, i.e. tensions occurring within the knowledge
triangle (tensions (1) between education and innovation, (2) between education and research and (3)
between research and innovation, see section 2), as well as risks associated with forming of industryuniversity-research collaboration (see section 3).
This review paper is an introduction to the further empirical research on the impact of EIT actions
on innovation in Europe. The presented literature review allowed, among others, to identify the
fundamental dimensions of EIT impact on innovation in Europe, i.e. (1) impact of EIT actions on
European industry-university-research collaboration, (2) benefits from creating in Europe effective
innovation networks and (3) impact of EIT actions on solving grand societal challenges. We take it as
a point of departure to investigate empirically the impact of EIT actions on innovation in Europe.

6.5

Data collection

As far as data collection is concerned, the dataset consisting of the following variables is submitted:
attractiveness of educational programmes – defined as ratio of the number of eligible applicants
divided by number of available seats for eligible EIT labelled Masters and PhDs degrees (data are
available for years 2010-2013),
 number of new graduates – defined as number of new graduates from EIT labelled PhD and
Masters programs (data are available for years 2010-2014),
 number of business ideas incubated – defined as number of formalized commitments
established between Knowledge and Innovation Communities (KICs) and entrepreneurs (data
are available for years 2010-2014),
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number of start-ups created – defined as number of start-ups or spin-offs that are direct
output of a KIC activity (data are available for years 2010-2014),
knowledge transfer/adoption – defined as sum of the knowledge transfers (from one KIC
partner to another KIC partner or to third parties) and adoptions (by KIC partners) that are
direct output of a KIC activity (data are available for years 2010-2014),
number of new or improved products/services/processes launched into the market – defined
as number of new or improved products/services/processes that are direct output of a KIC
activity (data are available for years 2010-2014),
expenditures on KIC grants – defined as total annual expenditures (in EUR) on KIC grants
(data are available for years 2010-2012 and 2014),
number of awarded grants – defined as number of awarded KIC grants during the year (data
are available for years 2010, 2011 and 2014), sector and regional data available,
value of awarded grants – defined as value (in EUR) of awarded KIC grants during the year
(data are available for years 2010, 2011 and 2014), sector and regional data available,
EIT annual expenditures on publications – defined as EIT annual expenditures (in EUR) on
publications (data are available for years 2010, 2011 and 2014),
EIT annual expenditures on studies and surveys – defined as EIT annual expenditures (in EUR)
on studies and surveys (data are available for years 2010, 2011 and 2014),
number of partners of a given KIC – data are available for years 2010-2014, sector data
available,
number of KICs’ co-location centres – data are available for years 2010-2014, sector and
regional data available,
number of KICs’ partner universities – data are available for 2014, sector and regional data
available.

6.6
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Figure 1. Commitment 9: a conceptual map.
Source: own development.
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