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1. Introduction 
Innovation systems theory has become an influential way of thinking in innovation policy 

circles (e.g., OECD, 2005). However, it is not very present in econometric work on innovation 

policy, or in formal policy modelling. As a result, the idea of innovation systems is much less 

prominent in the quantitative evaluation of policy, either ex ante by policy scenario 

simulations, or in terms of econometric evaluation of the additionality of policy. This is 

largely the result of the fact that innovation systems theory is often qualitative in nature, 

and focuses on particular aspects of the innovation process that are difficult to measure.  

This paper is the first stage of an attempt to apply innovation systems theory to the 

quantitative analysis of innovation, and in particular innovation policy. The ultimate goal is 

to inform the quantitative policy discussion, both in terms of econometrics and in terms of 

policy modelling and simulation, by using information on the nature and extent of 

innovation in European Union member states. At one level, innovation systems theory points 

out that it is not only important how much innovation is generated in a country, or region, 

but also how this innovation is generated, and what kind of innovation it is. Thus, applying 

innovation systems to policy modelling and policy evaluation is an exercise aimed at 

widening the perspective on innovation policy. 

In order to realize the aim of the analysis, innovation systems theory must be formulated in 

a way that is compatible with quantitative analysis. To this end, we will combine innovation 

systems analysis with the idea of taxonomizing behavioural heterogeneity in the innovation 

process. The idea of taxonomies to characterize innovative behaviour of firms has a long 

tradition, e.g., Pavitt (1984). It reduces the large heterogeneity observed in the population of 

innovative firms to proportions that are manageable for analytical purposes. We follow this 

idea, but apply it to a wider range of actors than just firms, e.g., also to universities, 

policymakers, banks and other financial institutions, research institutes, and consumers. We 

argue below that this is a natural way to operationalize innovation systems thinking for 

policy purposes. 

Thus, we will formulate standardized behavioural patterns for each of six classes of actors. 

We will then, in the course of the I3U project, collect data to score each of the EU member 
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states on these patterns. This is a part of the analysis that is far from complete at this stage 

of the project, but we will present some preliminary evidence for it below. The present 

version of the work includes the descriptions of the behavioural patterns, and a discussion of 

how they can be combined to describe the actual innovation system(s) in Europe. The 

combination of the behavioural patterns is what characterizes the system, and we will 

discuss how particular combinations of behavioural patterns are expected to influence the 

rate and direction of innovation. This will, again at a later stage, be translated into insights 

for policy modelling and simulation.  

The rest of the paper is organized as follows. In the next section, we will discuss the salient 

elements of innovation systems theory, in as far as they are relevant for our work. This 

section also includes a brief discussion of the work on innovation taxonomies, and how it 

relates to innovation systems theory and our analysis. Section 3 presents the actor classes 

that will be used in our work, and the behavioural patterns that will be used for them. A 

discussion on how the proposed actor roles will be measured is also included. In Section 4 

we will provide a first look at the data, in particular for the higher education sector 

(universities) and the research institutes sector. Section 5 presents a discussion of the 

combination of actor roles, and what these combinations imply for innovation systems.  

 

2. Innovation Systems and Innovation Modes 
Innovation systems theory (Freeman, 1987; Lundvall, 1992; Nelson, 1993) has emerged as an 

alternative to the mainstream economics representation of innovation, and portrays 

innovation as a process that is governed by a much broader range of factors than just 

optimization. The standard economic paradigm is to look at innovation as a (linear) process 

in which the key decision is investment in Research and Development (R&D) and possibly 

other (intangible) assets by private firms in a context of profit maximization. Uncertainty 

plays a large role in all stages of the innovation process (e.g., invention, market 

introduction), and hence the optimization process that is portrayed in the theory is one in 

which stochastic factors play a role. In these formulations, uncertainty takes the form of risk 

(or probability distribution functions), and therefore what is optimized is expected profits. 

Innovation systems theory emerged as an attempt to generalize this theoretical background 

for analyzing innovation. It starts from the general notion that the real-world contexts in 

which innovation takes place are much too complex to allow firms to optimize (expected) 

profits (Lundvall, 1992). As an alternative, firms use a bounded form of rationality, in which 

they apply routines and rules of thumb, which are occasionally changed as a result of 

experimentation or feedback from market performance (Nelson and Winter, 1982; 

Silverberg and Verspagen, 1996). In such a representation of the decision-making process, 
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there is a much wider array of factors that influence the process than under the theory of 

profit maximization.  

Lundvall (1992) points to the importance of institutions, which can be seen as an aggregated 

form of the routines and rules of thumb that Nelson and Winter (1982) use to represent firm 

behaviour. Institutions can be defined as “constraints that structure political, economic and 

social interactions” (North, 1991), and can be either formal or informal in nature. Institutions 

include formal laws and property rights, but also customs, traditions and codes of conduct. 

Institutions are not designed to yield an optimal economic outcome. Instead, they take their 

shape by an historical and evolutionary process, in which the existing set of institutions is 

adapted in small steps, yielding an outcome that is somehow adapted to local 

circumstances. Because they are different between national, regional and sectoral 

environments, institutions give rise to additional variety in behavioural patterns, which is 

taken on board in the literature on innovation systems (either national, or regional, or 

sectoral).  

An additional central topic in the innovation systems literature is the nature of innovation as 

an interactive process (e.g., Lundvall et al., 2002; Nooteboom, 2002, Meyer, 2002). 

Innovation is not just about R&D being undertaken in a firm’s lab. These firms absorb 

knowledge developed by other actors (either firms, or other, non-private actors), and, 

moreover, the way an innovation affects the economy and society at large also depends on 

decisions of other actors, for example the legislative powers, users of the innovation, 

competitors, banks, etc. As a result, interaction and the description of various actor roles 

have gained central importance in the innovation systems theory. 

The government is also seen as a central actor in innovation systems theory (e.g., Borrás and 

Edquist, 2013; Klein Woolthuis et al., 2005; Dodgson et al., 2011). As a result of the nature of 

the theory, two specific issues about the government’s role stand out. First, because of the 

large uncertainty and non-optimizing behaviour of the actors involved, the government 

cannot act from the idea of optimizing the economy. Optimization is not the way in which 

the system works, so neither does government policy optimize the economic outcome. 

Instead, policymakers experiment with new ideas and adapt their policies based on the 

perceived outcomes. Successful policies will improve the economic outcome (defined by the 

policymakers’ goals), but such an improvement is only local, i.e., relative to the situation that 

existed before the policy was implemented, and does not achieve a situation that can be 

objectively be seen as a global optimum (e.g., Metcalfe, 1993). 

Second, because of the large variety in behavioural patterns, including both behaviour of 

individual actors and aggregate behaviour in the form of institutions, government policy in 

the innovation system has a much larger range of options available than under strict 
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optimization framework. In the latter, market failure is the norm. Government actions are 

bounded by the existence of market failure, and they must be aimed at solving such market 

failure. In the systems perspective, government policy can be aimed at a much wider array of 

phenomena. For example, Dodgson et al. (2011) distinguish three basic approaches to policy 

in innovation systems. One of them is based mostly on the free market idea, and thus 

corresponds well to a policy based on market failure. The opposite side of the spectrum has 

a policy based primarily on the idea of coordination outside markets, while an intermediate 

case is represented by what they call the “complex evolutionary” framework, which 

combines market and coordination. Klein Woolthuis et al. (2005) distinguish eight broad 

areas of system imperfections to be addressed by policy, which together cover a much larger 

set than market failure problems, such as political culture and social values; transitions 

between major technologies; and network positions of firms. Edquist and Hommen (1999) 

stress the importance of the demand side in innovation systems policy. 

Such lists of policy topics and policy fields are one way in which the policy implications of the 

innovation systems theory can be developed and articulated. This paper will, however, take 

a different route, by referring to a recent development in innovation systems theory. This 

way of proceeding may offer particularly good opportunities for being linked to formal policy 

modelling, because it pays more equal attention to entire set of building blocks of the 

system, rather than directly to policy in itself.  

It has been argued that the endogenous development, over the long run, of the crucial 

institutions in an innovation system as well as the development of the actors in the system 

leads to a setting in which the institutional context and the nature of the lead actors are co-

evolving and become well-coordinated with each other (e.g., Lundvall, 2007; Narula, 2002; 

Tödtling et al., 2009). In terms of the “prime units for innovation” (Lundvall, 2007), i.e., firms, 

this means that a limited number of behavioural patterns can be distinguished, which 

encompass the available approaches to innovation that a firm can choose from. For 

example, Berg Jensen et al. (2007) distinguish two “modes of innovation”: the STI (Science, 

technology and Innovation) mode and the DUI (Doing, Using and Interacting) mode. In the 

first mode, STI, firms rely on formal research (R&D), and interactions with knowledge 

institutes like universities. In the DUI mode, firms rely on learning-by-doing, learning-by-

using, interaction among their own workforce, and interaction with a broader set of external 

actors than just research institutes (e.g., clients, suppliers, societal stakeholders, 

competitors).  

This idea is strongly related to the work that has tried to construct taxonomies of 

behavioural variety in innovative behaviour of firms (e.g., Pavitt, 1984; Srholec and 

Verspagen, 2013). This work takes variety as a starting point, but tries to harness it by 
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constructing standard patterns of behaviour, for firms, for governments and for other actors 

in the innovation system. The focus here has been on the actor class of private firms, partly 

because of the rich datasources that exist (in Europe) in the form of innovation surveys. The 

idea of a taxonomy of firm behaviour on innovation was pioneered by Pavitt (1984), who 

distinguished four types of innovating firms: science-based, supplier-dominated, scale-

intensive and specialized suppliers. The first category, science-based firms, are firms who 

rely on R&D a lot, and use university-research (either by active collaboration or more passive 

acquisition). Supplier-dominated innovators depend on their suppliers for innovation, for 

example by buying machinery and equipment. Scale intensive innovators use mass-

production methods that rely on economies of scale, and apply a mix of internal and 

external sources for innovation. Specialized suppliers provide knowledge-intensive special 

equipment to other firms.  

Following Pavitt, a large number of other taxonomies have been proposed, sometimes 

overlapping with the Pavitt types, and sometimes introducing new types. Srholec and 

Verspagen (2013) distinguish five types: high-profile, low-profile, externally-sourced, user-

driven and opportunistic. The high-profile firms are close to Pavitt’s science-based firms, 

although they use a wide variety of innovation inputs rather than uniquely focusing on R&D. 

Low-profile firms are the opposite: they innovate, but they score low on the use of almost all 

innovation activities or inputs. The other types of innovators identified by Srholec and 

Verspagen are more specialized. User-driven firms innovate mostly as a reaction to demand, 

i.e., they are oriented to product innovation and markets. Opportunistic innovators use 

external innovation sources that do not require long-term investments (such as fairs and 

exhibitions), while externally-sourced firms use a wider range of external sources, including 

those that require long-run investments (such as licensing). 

In the innovation systems context, an exclusive focus on firms would be too limited. The 

system consists of all actors, which is why we propose to extend the idea of taxonomizing to 

the other actor classes as well. Our proposal is that by applying taxonomies to the whole 

range of actors in the system, we can characterize the system in a way that is useful for 

policy analysis. This idea is rooted in the argument that the innovation system can be seen as 

a constellation of actors that have been adapted to each other (Lundvall, 2007), and in which 

policy has also been adapted to this constellation (Borrás and Lundvall, 2013). As a result of 

these specific patterns of adaptation, the system will react to external circumstances in a 

specific way (e.g., Filipetti and Archibugi, 2011, discuss the financial crisis, while Archibugi et 

al, 1999 discuss globalization). 
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3. Conceptualization 
We will also use the idea of taxonomizing behavioural patterns, not only for firms, but also 

for other actors in the innovation system. The approach will be to outline a number of actor 

classes, and for each of them to specify a number of typical behavioural patterns, which can 

be identified using data on the European innovation system. In this way, we can provide an 

empirical assessment of how frequent a particular behavioural pattern is in the system, in 

our case member states of the European Union. By combining the typical behavioural 

patterns found most often in the system, an analysis can be provided about the nature of 

the system i.e., the way in which typical interactions take place in the system, how much and 

what kind of innovation the system will tend to produce, and which policies will tend to work 

well. An advantage of our approach is that it starts at the basics, i.e., the building blocks of 

the system, and therefore provides direct input for modelling of the innovation systems and 

its link to the production system and the economy as a whole. 

We start by discussing the actor categories in the analysis. The actor categories and their 

functions are summarized in Table 1. We distinguish 6 actor categories, which comprise but 

also extend the 4 main actors that Edquist (2005) lists (“firms, universities, venture capital 

organizations and public agencies responsible for innovation policy). Some of our categories 

are generalizations of one of these four categories (e.g., from just venture capital to the 

financial sector in a broad sense, and from just universities to higher education). In one case, 

we further break down a category, i.e., we follow Nelson (1993) to distinguish public and 

semi-public research institutes separately from universities. Finally, we follow Edquist and 

Hommen (1999) to explicitly consider demand, and therefore include consumers as an 

additional category. 

Our first category is the education sector, especially higher education institutions 

(universities). This sector performs two primary functions in the innovation system: 

providing education for (future) workers who will produce and use knowledge in firms and 

other actors, or as consumers, and to undertake research, especially basic research, that can 

be used by other actors to produce innovation. Both functions will support the assimilation 

of knowledge that flows into the system from outside. 

Second, we will look at public and semi-public research institutions. These are often closely 

interlinked with higher education institutes, at least on the research side. Their primary 

function is to undertake research, both basic and applied. They also contribute to 

assimilation of external knowledge, and because the control of policymakers over these 

institutes is usually large, their research often addresses societal needs.  

Third, we look at firms as innovators. Their primary function is to undertake innovation and 

generate economic value by it, ultimately for consumers. They innovate by using a wide 
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range of inputs, which they undertake both internally and source from abroad. R&D is an 

innovation input in firms that often receives a lot of attention, but also other inputs, 

including some that require much less specific expertise, are used. Firms are often the main 

target of innovation policy, undertaken by governments, which is the next category of 

actors. 

 
Table 1. Innovation system functions by actor category 

Actor category Primary functions Derived functions 

Education institutes, 
especially higher education 
 

Providing education, 
undertaking (basic) research 

Assimilating external 
knowledge 

Semi-public and public 
research institutes 

Undertaking research Assimilating external 
knowledge, addressing 
societal needs 
 

Firms Undertaking innovation Generating economic 
value 
 

Governments (policymakers) Facilitating and stimulating 
firms, organizing and funding 
the higher education system 
and the research institutes 
system, providing regulation 
and legislation 
 

Influencing system 
performance, leveraging 
innovation for the public 
good 

Finance sector Providing funding to innovative 
firms 

Risk allocation and sharing 
 

Consumers Buying innovative products 
and services 

Providing ultimate choice 
about rate and direction 
of innovation 

 
Governments play a large role in the innovation system, often by their legal functions, but 

also by an active policy that is implemented on the basis of political motivations. Their 

primary functions include organizing and funding the higher education system and the 

research institutes system, and facilitating and stimulating firms involved in innovation. 

Government policymakers are the one class of actors who explicitly look at system 

performance rather than at own performance. Their goal is to stimulate the public interest 

by the broad process of innovation, for which they need to coordinate the innovation efforts 

of all actors in the system.  

Our next class of actors is the finance sector, with bank and other financial institutions as 
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one important sub-class, and (private) investors, including venture capitalists as another 

class. The finance sector provides funding to the innovation process, especially to firms. 

Because of the substantial risks involved in the innovation process, funding is often a 

problem for firms, especially those without large internal savings. By allocating funding, the 

financial sector takes care of risk sharing and risk allocation in the innovation process.  

The final class of actors that will be taken into account are consumers. Their typical function 

is to buy innovative products and processes. By the demand they exercise on innovate firms, 

they determine the ultimate rate and direction of innovation. 

Next, we will specify a number of typical behavioural patterns for the six classes of actors 

that have been identified. These typical behavioural patterns, or roles, will provide the most 

basic input of the conceptualization of the innovation system, along with an assessment of 

the intensity of the actor class’ efforts. By empirically assessing the degree to which each of 

the behavioural roles are present in the European Union and its member states, and by 

combining the behavioural roles found in each actor category, an assessment of the nature 

and performance of the European innovation system will ultimately be possible. 

In discussing the typical behavioural roles, we will follow the same order as used in the 

introduction of the actor classes. The behavioural roles and ways of assessment are 

summarized in Table 2, and explained in detail in the next section. For the higher education 

(university) sector, we will distinguish three major behavioural patterns: research, 

education, and services to industry. On the one hand, this corresponds to the idea that 

universities can either be research universities or education-oriented universities. This does 

not mean that they exclusively perform either one of these functions, but rather that they 

excel in one of them, or that their institutional policy is more aimed at one of the two 

functions. Research universities also perform education, and often their education efforts 

interact strongly with research, for example by offering research degrees. But we also 

discuss a third role, i.e., interacting with businesses and society in general. This captures the 

idea that universities can take an active role in the economy and society at large, beyond 

their traditional roles in teaching and research. We capture this in a somewhat limited role 

by looking at how intensively universities interact with industry. 

Research universities are often seen as higher quality than education universities, much in 

line with what is often perceived about what is the most important dimension in university 

staff’s career. This is not the interpretation used here. Instead, the research, education and 

industry services dimensions will be compared in a neutral way, with the emphasis on 

relative performance of universities in each dimension.  
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Table 2. Behavioural roles for actor categories 

Actor category Typical behavioural roles 

Education institutes, especially higher 
education 
 

Research, education, industry services 

Semi-public and public research institutes Market-driven, research-driven, public 
interest driven 

Firms Science-based, supply-chain driven, 
externally-sourced, low-profile 

Governments (policymakers) Organizing role with specific instruments vs. 
facilitating role with generic instruments 
 

Finance sector Risk-taking vs. risk-averse 
Consumers Early adoption behaviour vs. conservative 

buying 

 
For research institutes, and following Nelson (1993, chapter 1), we will use three main roles: 

market-driven, research-driven and public interest driven. In the first role, research 

organizations operate mainly with market-oriented goals, for industry, even if they are not 

active themselves in products or services markets. Nelson (1993) points to the German 

Fraunhofer institutes as an example of this role, where institutes perform research mostly 

for, or in collaboration with firms, or with goals in mind that are mainly useful for firms. 

Their research lies more on the applied side than on the basic side (see also Dosi et al., 

2006). Research-driven institutes, on the other hand, are mainly oriented towards the 

opportunities that research offers, in the long run, without much explicit attention to 

application of the knowledge in markets. Nelson (1993) identifies the German Max Planck 

institutes as an example, Dosi et al. (2006) mentions the French CNRS. This role is generally 

close the traditional role of universities as institutes for basic research. Finally, public 

interest driven research covers areas of public policy that produces products and services 

that are generally not produced by the market, but have a high public interest. Defence is a 

classic example, but it can also include infrastructure or the environment. The targeting of 

“societal problems” by publicly funded research is one aspect found in this category. Nelson 

(1993) mentions the US as an example where research institutes mainly play this role, Dosi 

et al. (2006) point to France and the UK. 

These roles for the research institutes sector will be assessed mainly by data on the R&D 

that they undertake, both in terms of the amount (e.g., R&D expenditures in the institutes 

sector divided by GDP), and in terms of the kind of R&D undertaken (research targets). 

When possible, this can be complemented with information on the strategy and policy for 

the institutes sector. 
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For firms, we will draw upon the work on firm taxonomies, and apply four main categories of 

behaviour. The first one is science-based innovation, derived from Pavitt and many follow-up 

studies. The second behavioural role in the private sector is the supply-chain driven 

innovation role. This combines firms that innovate mainly with their clients’ goals in mind 

(e.g., Pavitt’s specialized suppliers), and those that rely on suppliers for innovation (e.g., 

Pavitt’s supply-driven innovators). The third role is externally-sourcing firms, i.e., those that 

rely more on external sources of innovation, such as licensed knowledge, and machinery and 

equipment, rather than internal ones (such as own R&D). Finally, we include low-profile 

innovators, which are those firms who innovate only occasionally, and do not have 

persistent innovation activities. 

In order to measure the degree to which these behavioural roles are present in the 

innovation system, we will rely on information from the community innovation surveys. In 

particular, information will be used on the type of innovation inputs (R&D and other inputs, 

internal and external), the goals, aims and perceived effects of innovation, collaboration 

patterns (type of partners, intensity), and the type and amount of innovation outputs, 

including organizational innovation.  

For government policymakers, we will use a trade-off as the characterization of behavioural 

roles. The first dimension of the trade-off is one that broadly represents the innovation 

systems perspective vs. the market failure perspective, and looks at the role of government 

policymakers as organizers of the system vs. facilitators. In this trade-off the organizing side 

of the policy role represents an active policy role in organizing the innovation system, 

through the higher education and research institutes sectors, but also by means of a wide 

array of policy instruments aimed at influencing firms’ behaviour. The latter includes, for 

example, instruments aimed at stimulating collaboration, either within or across actor 

classes. The other side of the trade-off, facilitating, is taken to represent the idea of policy as 

a correction for market failure, hence it represents a much less active role of the 

policymaker. Instead, it uses instruments that are exclusively focused on incentives, such as 

tax credits, risk sharing for finance, and (generic) subsidies. This trade-off also covers the 

generic vs. specific dimension. On the organizing side of the trade-off, policy instruments can 

be rather specific, for example, aimed at a particular sector or technology. On the facilitating 

side of the trade-off, the basic task of the government is to solve market-failure in a generic 

way, because policy instruments with a specific target are seen as distortive of the market 

equilibrium.  

Measuring these policy roles is difficult. We will rely on information taken from an inventory 

of government policy actions in country profiles. By looking at how many and which kinds of 

policy instruments are used, we will be able to assess to what extent the behavioural roles 
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are present in a specific member state. This work is ongoing and at a relatively early stage. 

For the finance sector, risk is taken as the main factor characterizing behaviour. The finance 

sector can either be aimed at taking risks, or be risk-averse. Risk-taking can be represented 

by the type of projects that will receive finance, but also by the form of finance (e.g., equity 

participation vs. loans). More risk-taking will lead to more abundant funding available for 

innovative firms, but also to alternative ways in which the credit market works. This will be 

measured by the relative abundance of traditional finance institutions such as banks, which 

are considered to be risk-averse, relative to venture capitalists. 

Finally, for consumers, we will use the willingness to buy innovative services and products as 

the main characterization of behaviour. This is not easy to measure directly, but can be 

observed indirectly by data on adoption of new and innovative products and services.  

 

4. Preliminary empirical assessments 
The empirical assessments in this section are preliminary, and only for three of the actor 

categories (higher education, research institutes, firms). Data on the other three categories 

(finance, government and consumers) is currently being collected, and the empirical 

assessments will be updated at a later stage. Nevertheless, some impressions clearly emerge 

from the data. 

4.1. The higher education sector 
We assess the university sector by looking at data on individual universities, in particular 

from the Times Higher Education universities ranking list.1 This list is particularly suitable for 

our purposes because it provides an analysis of the full range of university functions, 

including research, teaching and industry relations, summarized in a small number of 

indicators that need not be weighted, and because it covers a large set of universities. We 

use the most recently published ranking list at the time of analysis, which uses data from 

2013. The list contains 800 universities, of which 328 are European. Figure 1 shows the 

number of universities in the analysis, per (European) country. Spain, France, Italy, Germany 

and the UK each have more than 20 universities, with the UK as the country that is most 

strongly represented (78 universities). Five countries (Cyprus, Latvia, Lithuania, Luxembourg, 

and Serbia) have just one university, three other countries (Estonia, Slovakia, Slovenia) have 

2 universities. 

The ranking list scores universities on five dimensions: teaching, international outlook, 

research, citations, and industry income. Each dimension is scored on a scale 0-100, and an 

                                                
1 The methods and actual ranking are available at https://www.timeshighereducation.com/world-university-

rankings.  
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overall ranking is obtained by taking a weighted average of the dimensions. In this paper, we 

look only at the teaching, research and industry income dimensions. We do not include 

citations, because the available indicator covers a rather narrow aspect of the citation 

process. In an innovation systems context, citations are primarily useful as a way of tracing 

knowledge flows (Meyer, 2002), but this cannot be done with the indicator in the THE 

ranking. We also exclude the international outlook indicator because it does not relate very 

directly to the functions that we distinguished for the universities actor category, and 

because the indicators that were used are not very adequate (they do not measure actual 

international outlook, but rather the share of foreign students and foreign staff). 

 

 
Figure 1. Number of universities in THE ranking data, per country 

 

Figure 2 documents the observed distributions of all observations in the raw data that is 

provided in the THE ranking (800 universities worldwide) in these three dimensions (the 

industry income dimension has valid scores for only 763 cases). Each of the distributions in 

the figure has the modal value that lies significantly below 50, i.e., the half-point of the scale. 

Hence the tails on the right are longer than on the left. For teaching and research, the right 

tails are relatively thin, but for industry income the right tail is rather fat. 

This skewed nature of the distributions must be taken into account when interpreting the 

data. For example, we could simply divide the range of scores (0-100) into four equal parts 
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(say, 4 parts as in 0-25, 26-50, 51-75 and 76-100), or apply a threshold based on the score (as 

in scoring of studying results, e.g., use 6 as the threshold for passing, 8 as good, and 9 as 

excellent). But such an approach would yield relatively few observations in the top parts and 

relatively many in the low parts. Therefore, we decided to split the distribution on the basis 

of percentiles, i.e., by number of observations rather than by score value. Specifically, we 

divide the distributions into three parts: the highest 15%, the 16-50% values, and the lowest 

50% values. Each university is categorized in one of these intervals, for each of the three 

distributions.  
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Figure 2. Histograms for three assessment dimensions in THE ranking (all universities in the 
sample), the labels on the horizontal axis indicate midpoint of the bin 

This skewed nature of the distributions must be taken into account when interpreting the 

data. For example, we could simply divide the range of scores (0-100) into four equal parts 

(say, 4 parts as in 0-25, 26-50, 51-75 and 76-100), or apply a threshold based on the score (as 

in scoring of studying results, e.g., use 6 as the threshold for passing, 8 as good, and 9 as 

excellent). But such an approach would yield relatively few observations in the top parts and 

relatively many in the low parts. Therefore, we decided to split the distribution on the basis 

of percentiles, i.e., by number of observations rather than by score value. Specifically, we 

divide the distributions into three parts: the highest 15%, the 16-50% values, and the lowest 

50% values. Each university is categorized in one of these intervals, for each of the three 

distributions.  

The specific cut-off values that were used are admittedly arbitrary, but the need for an 

approach based on number of observations rather than score values is obvious from the 

actual cut-off scores that resulted from the data. The threshold score value between the 

top-15% and lower is 44.7 for teaching, 46.6 for research and 71.9 for industry income. 

Clearly, interpreted in a conventional way, 44.7 or 46.6 out of 100 would be a “bad” score, 

which implies that 85% or more of the universities would be “bad” universities in these two 

dimensions. The 50% thresholds were 27.0, 22.1 and 38.6, respectively.  
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Table 3. Classification scheme for countries in the universities sector 

Label Definition 

Excellent More than 60% of all universities in a country are in the top 50% of the 
distribution, and more than 15% of the universities are in the top-15% of 
the distribution 

Good More than 60% of all universities in a country are in the opt 50% of the 
distribution, and less than 15% of the universities are in the top-15% of 
the distribution 

Average with 
pockets of 
excellence 

The country is not excellent, good or low, and more than 10% of the 
universities is in the top-15% of the distribution 

Average The country is not excellent, good, average with excellence or low 

Low More than 60% of all universities in the country is in the bottom 50% of 
the distribution 

 

In the next step, we aggregate by country to obtain an impression of the overall country 

scores in each dimension. The threshold values that we used at the level of individual 

universities are not immediately useful in this step, because of differences in size between 

countries. Most countries have less than 10 universities, which, for example, makes the “top-

15%” a rather useless category at the country level (it is 1 or less). Therefore, we need to 

aggregate the scores of individual universities in a way that allows for quality differences 

within each country, also the smaller ones. We use the scheme presented in   
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Table 3. This scheme is partly based on visual inspection of the ranking data, i.e., the specific 

threshold values have been chosen to reflect trends that are observed in the data, at country 

level, to ensure that the outcome of the analysis shows that not all countries are top-level. 

We use the thresholds in the table to classify all countries in each of the three dimensions.2 

 

  

                                                
2 Note that although all universities worldwide are scored against each other, we only score European countries. 

However, the criteria in 

 

Table 3 refer to the worldwide universities ranking, so that when European countries are scored against each 

other in 

 

Table 4, their global standing is the criterion rather than their European standing. 
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Table 4. Country classifications for universities sector, by dimension and overall 

Country Teach Res Ind in Overall 

Cyprus Low Good Low Research oriented, otherwise low 
Latvia Low Low Low Low 

Lithuania Low Low Good Industry oriented, otherwise low 

Luxembourg Low Good Low Research oriented, otherwise low 

Serbia Low Low Good Industry oriented, otherwise low 

Estonia Low Av Av Low-Av 

Slovakia Low Low Low Low 

Slovenia Low Low Av Low-Av 

Norway Av Good Low Good - Av, research oriented 

Romania Av Low Low Low-Av 

Denmark Av++ Excel Good Very good, especially research 

Hungary Low Low Low Low 

Austria Low Low Av++ Industry oriented, otherwise low 

Belgium Good Excel Excel Good-Excel all over 

Greece Low Low Av Low-Av 

Poland Low Low Low Low 

Portugal Low Av Good Av, industry oriented 

Czech Republic Low Low Low Low 

Finland Av++ Av++ Av++ Broadly Av, with pockets of excellence 

Republic of Ireland Av Good Low Low-Av, research oriented 

Switzerland Excel Excel Excel Excel all-over 

Sweden Good Excel Excel Good-Excel all-over 

Netherlands Excel Excel Excel Excel all-over 

Spain Low Low Low Low 

France Av++ Av Low Av with pockets of excellence, low industry interaction 

Italy Low Low Low Low 

Germany Excel Excel Excel Excel all-over 

United Kingdom Av++ Av++ Low Av with pockets of excellence, low industry interaction 

 

The results from using this classification scheme are documented in   
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Table 4, which suggests that there is a large heterogeneity in the European university 

system. On the bottom, the range of qualifications starts at an overall “low”, which 

corresponds to a “low” score in all three dimensions. There are seven countries with this 

label: Latvia (which has only one university in the list), Slovakia, Hungary, Poland, Czech 

Republic, Spain and Italy. Thus, in this group, there is a heavy bias towards countries is East- 

and Central-Europe (the former members of the Eastbloc), and Southern European nations. 

This bias is reinforced if we include the low-average overall category, which includes 

countries that only score “low” or “average” in the three dimensions. This includes Estonia, 

Slovenia, Romania, and Greece. Estonia is “average” twice, and “low” once. 

In the top of the distribution, we find three countries that score “excellent” in each of the 

three dimensions. These are all countries in Western-Europe: Switzerland, Germany and 

Netherlands. Sweden and Belgium score “excellent” in two categories (research and industry 

income) and “good” in the other category (teaching). This also puts them in the top of the 

distribution. Thus, the top is dominated by “old” EU members (with the exception of 

Switzerland).  

The 12 other countries show a wider heterogeneity over the three categories. For example, 

there are four countries (Cyprus, Lithuania, Luxemburg, Serbia) that score “low” twice and 

“good” once. These are labelled as specialized university systems. Ireland, Norway and 

Portugal each score “average”, “good” and “low”, i.e., a different score in each dimension. 

France scores “average with pockets of excellence”, “average” and “low”. Denmark scores 

just below the top, and is especially strong in research. Finland is even, with an “average 

with pockets of excellence” score in each dimension. The UK is low on industry income, but 

“average with pockets of excellence” in research and teaching. Austria is the lowest ranking 

old EU member, with “low” on research and teaching, and “average with pockets of 

excellence” once. 

In summary, we observe a large amount of heterogeneity between countries in terms of 

their higher education sector. The quality of education, as assessed in the THE ranking, 

clearly differs by country, and so does the orientation of universities in terms of research, 

teaching or industry. 

 

4.2. The institutes sector 
Table 5 shows R&D intensity (R&D as a percentage of GDP) for three institutional sectors: 

business enterprises, the institutes sector (the topic of this section), and the higher 

education sector. A first feature visible in the table are the large differences between 

European countries in terms of overall (total) R&D intensity. This ranges from 0.38 in 
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Romania to 3.2 in Sweden and Finland. There is a strong tendency for the older EU members 

to rank higher, and the new member states in East and central Europe to rank lower.  

A further interesting feature is that the countries with lower R&D intensity tend to rely on 

the institutes sector in a stronger way. This can be seen by calculating the relative 

contribution of this sector, as the share of the sector in the country’s total R&D divided by 

the average EU share (28 countries, unweighted average). This is displayed in Figure 3. Thus, 

it seems to be the case that the countries that are less R&D intensive are more dependent 

on the institutes sector (this correlation is much less strong if we display the university 

sector contribution on the vertical axis). It seems to be the case that in innovation systems 

with low R&D intensity, the research institutes sector is a substitute for the business sector 

rather than complementary. 

Table 5. R&D intensity (R&D as a % of GDP), by institutional sectors, 2014 

 Business Institutes Higher  
education 

Total 

Romania 0.16 0.16 0.06 0.38 

Cyprus 0.08 0.14 0.25 0.47 

Latvia 0.24 0.16 0.27 0.67 

Serbia 0.23 0.19 0.36 0.78 

Croatia 0.38 0.21 0.20 0.79 

Bulgaria 0.52 0.21 0.07 0.80 

Greece 0.28 0.23 0.31 0.82 

Malta 0.51 0.08 0.26 0.85 

Slovakia 0.33 0.25 0.31 0.89 

Poland 0.44 0.22 0.27 0.93 

Lithuania 0.30 0.18 0.54 1.02 

Spain 0.63 0.23 0.34 1.20 

Luxembourg 0.65 0.36 0.23 1.24 

Portugal 0.59 0.11 0.59 1.29 

Italy 0.72 0.23 0.35 1.30 

Hungary 0.99 0.19 0.19 1.37 

Estonia 0.64 0.18 0.65 1.47 

Ireland 1.14 0.07 0.34 1.55 

Norway 0.92 0.26 0.53 1.71 

United Kingdom 1.11 0.16 0.45 1.72 

Iceland 1.07 0.15 0.67 1.89 

Netherlands 1.11 0.23 0.64 1.98 

Czech Republic 1.12 0.37 0.51 2.00 

EU-28 1.30 0.27 0.47 2.04 

Euro 1.35 0.30 0.46 2.11 

EU-15 1.36 0.27 0.49 2.12 

France 1.46 0.33 0.46 2.25 
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Slovenia 1.85 0.29 0.25 2.39 

Belgium 1.75 0.21 0.50 2.46 

Germany 1.93 0.42 0.49 2.84 

Switzerland 2.05 0.07 0.83 2.95 

Austria 2.11 0.14 0.73 2.98 

Denmark 1.98 0.08 1.03 3.09 

Finland 2.15 0.29 0.73 3.17 

Sweden 2.12 0.13 0.92 3.17 

Source for underlying data: Eurostat. 

 

In order to have an impression of the kind of research that is carried out in the institutes 

sector, we use data on government budgets for R&D, taken from Eurostat, which are 

available in the so-called NABS classification, which characterizes the kind of research that is 

undertaken. These data are not specific for the research institutes sector, and they can 

therefore only be an approximation of what is going on in the research institutes. We start 

by filtering out general university funds from the total government R&D budgets, and then 

re-classify the remaining categories into 3 main parts: industry; public goods; and general 

research.3 We use these data, together with R&D intensity in Table 5 to characterize the 

countries’ research institutes sector.  

 

                                                
3 Industry consists of the following classes: Agriculture; Exploration and exploitation of space; Exploration and 

exploitation of the earth; Industrial production and technology. Public goods consists of the following categories: 

Defence; Education; Energy; Environment; Health; Transport, telecommunication and other infrastructures. 

General research consists of the following categories: Culture, recreation, religion and mass media; General 

advancement of knowledge: R&D financed from other sources than General University Funds; Political and 

social systems, structures and processes. 
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Figure 3. R&D intensity and relative contribution of the institutes sector (2014) (Source for 

underlying data: Eurostat) 

 

This is done by first expressing each of the three categories of R&D expenditures (public, 

industry and general) as a share of the total, and then identifying the countries that are in 

the top-30% of the ranking of the 28 member states of the EU for each of the classes. The 

same ranking procedure is used for the institutes sector R&D intensity (R&D expenditures as 

a percentage of GDP). In the latter case, we also identify the bottom 30% in the sample of 28 

countries. We characterize the countries on the basis of these four indicators, in Table 6. 

Cells above the 70th percentile value have been coloured red, while additionally in the fourth 

column, cells below the 30th percentile have been coloured orange.  

 

Table 6. Assessment of institutes sector 

 
Public Industry General 

R&D 
intensity 

Characterization  

Austria 0.26 0.42 0.31 0.14 Weak, industry-oriented 

Belgium 0.10 0.53 0.37 0.21 Industry oriented 

Bulgaria 0.13 0.34 0.53 0.21 Industry and research oriented 

Croatia 0.01 0.02 0.97 0.21 Research oriented 

Cyprus 0.20 0.16 0.64 0.14 Weak and research oriented 

Czech Republic 0.29 0.26 0.45 0.37 Strong and broad 
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Denmark 0.44 0.19 0.37 0.08 Weak and public oriented 

Estonia 0.29 0.16 0.56 0.18 Research oriented 

Finland 0.26 0.39 0.35 0.29 Strong and industry oriented 

France 0.39 0.21 0.40 0.33 
Strong and public (defense) 
oriented 

Germany 0.33 0.35 0.33 0.42 Strong and industry oriented 

Greece 0.32 0.25 0.43 0.23 Broad 

Hungary 0.25 0.19 0.56 0.19 Research oriented 

Ireland 0.14 0.45 0.41 0.07 Weak and industry oriented 

Italy 0.38 0.51 0.11 0.23 Public and industry oriented 

Latvia 0.32 0.36 0.32 0.16 Industry oriented 

Lithuania 0.21 0.30 0.50 0.18 Research oriented 

Luxembourg 0.41 0.18 0.41 0.36 Strong and public oriented 

Malta 0.40 0.58 0.03 0.08 
Weak and industry/public 
oriented 

Netherlands 0.24 0.34 0.42 0.23 Broad 

Poland 0.41 0.16 0.43 0.22 Public (defense) oriented 

Portugal 0.41 0.20 0.39 0.11 Weak and public oriented 

Romania 0.28 0.20 0.51 0.16 Research oriented 

Slovakia 0.35 0.26 0.40 0.25 Strong and broad 

Slovenia 0.19 0.20 0.60 0.29 Strong and research oriented 

Spain 0.37 0.27 0.36 0.23 Public oriented 

Sweden 0.35 0.13 0.52 0.13 Weak and research oriented 

United Kingdom 0.62 0.18 0.20 0.16 Public (defense) oriented 

Source for underlying data: Eurostat. 

 

In conclusion, we also observe large country differences in terms of the role of the (semi-) 

public research institutes sector. In some countries, the institutes sector plays a large role, in 

others it is almost negligible. And in some countries it is very much aimed at the private 

sector (firms), while in others it is much more oriented towards basic research. 

4.3. Firms 
For the firms sector, we proceed to collect a number of indicators from the Community 

Innovation Survey (CIS-2012). This is the only source of information on innovation at the firm 

level that is available for Europe as a whole, i.e., all EU countries. We use the country-

aggregate indicators available from the Eurostat website, in order to maximize availability of 

data (although the micro data would provide much more detailed information, they are not 

available for all member states). We proceed by selecting a number of indicators for each of 

the innovation modes that we identified for firms in Table 2, and assess the countries on the 

basis of these. 
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Science-based innovation 

We use the following indicators to assess the extent to which a firm follows the science-

based innovation strategy: 

 share of firms engaged in in-house R&D activities 

 share of firms engaged in external R&D activities 

 share of firms claiming that information from clients or customers from the public 

sector is highly important 

 share of firms claiming that information from government, public or private search 

institutes is highly important 

 share of firms claiming that information from scientific journals or technical 

publications is highly important 

 share of firms claiming that information from universities is highly important 

 share of firms that collaborate with clients or customers from the public sector 

 share of firms that collaborate with government, public or private search institutes 

 

Note that all these shares are shares of the total population of firms, not just the innovators. 

Therefore, the outcome of the country comparison of these indicators will point to the 

absolute, not relative tendency of a country’s firm population to use the science-based 

innovation mode (the same approach will be used for the other innovation modes).  
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Table 7 summarizes the information on the indicators for science-based innovation. The 

colour highlights illustrate if a country is among the one-third highest performing countries 

(green) or among the one-third lowest performing countries (orange). The convention used 

to assess to which extent firms follow the science-based innovation mode is that countries 

with above-average shares of firms with R&D activities, above-average shares of firms 

claiming that information from public actors is highly important and above-average shares 

collaborating with public actors are more geared towards science-based innovation than 

those countries with below average shares. This leads to the following classification of 

countries:  

 Strongly geared towards science-based innovation: Austria, Belgium, Finland, 

Germany, Netherlands, Portugal, Slovenia, Sweden, United Kingdom, 

 Neutral towards science-based innovation: Czech Republic, Croatia, Cyprus, Denmark, 

Estonia, France, Greece, Ireland, Luxembourg, Malta, 

 Weakly geared toward science-based innovation: Bulgaria, Hungary, Italy, Latvia, 

Lithuania, Poland, Romania, Slovakia, Spain. 
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Table 7. Indicators of science-based innovation 
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prises 

engaged 
in in-
house 
R&D 

activities 
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tion 
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EU28 17.5 8.1 n/a n/a n/a n/a 2.6 3.2 4.7 
          
Belgium 26.6 15.6 3.3 1.6 3.9 2.5 2.9 6.5 8.6 
Bulgaria 1.8 1.3 1.0 0.4 1.9 0.7 0.5 0.5 0.8 
Czech 
Republic 

16.5 8.1 n/a n/a n/a n/a 2.1 2.1 5.2 

Denmark 21.1 8.8 n/a n/a n/a n/a 3.2 4.2 5.7 
Germany 26.4 10.6 3.8 1.4 4.4 4.0 2.1 5.5 7.8 
Estonia 20.8 11.1 1.7 0.7 1.2 1.7 3.8 1.9 4.2 
Ireland 27.2 13.1 n/a n/a n/a n/a 1.8 2.1 5.1 
Greece 11.7 5.6 1.3 1.0 2.7 1.8 3.6 5.5 6.5 
Spain 9.9 4.9 n/a 2.0 1.3 1.5 0.7 2.7 2.4 
France 23.7 12.5 n/a n/a n/a n/a 1.5 3.1 4.3 
Croatia 13.9 7.6 2.1 0.4 2.2 0.9 3.1 2.5 3.7 
Italy 15.5 5.2 0.9 0.9 1.4 1.2 0.8 1.2 2.3 
Cyprus 6.7 7.3 5.4 1.3 8.2 1.4 3.8 1.4 1.4 
Latvia 4.7 2.8 n/a n/a n/a n/a 1.7 1.4 1.5 
Lithuania 8.2 4.1 1.6 0.9 1.7 1.4 2.6 2.2 3.6 
Luxembourg 22.7 13.0 2.8 1.1 4.4 0.9 4.1 3.7 3.4 
Hungary 8.4 3.6 1.3 0.6 1.9 2.1 1.0 1.1 3.0 
Malta 14.0 1.8 7.1 1.7 2.6 2.2 1.4 0.9 1.8 
Netherlands 32.4 18.0 n/a 1.1 1.8 1.8 n/a 3.5 4.9 
Austria 20.0 10.3 4.5 2.3 5.5 4.1 3.7 5.2 8.5 
Poland 4.9 3.0 1.3 1.4 2.0 1.3 n/a 1.4 1.7 
Portugal 14.5 9.1 5.1 2.0 3.5 2.8 2.0 2.8 3.9 
Romania 1.5 0.2 2.1 1.1 1.5 1.3 n/a 0.5 0.3 
Slovenia 25.5 13.4 4.4 17.4 4.0 2.6 5.7 6.3 8.3 
Slovakia 8.7 4.4 1.5 0.9 2.0 1.1 2.2 1.0 2.5 
Finland 33.6 23.1 3.1 2.1 1.8 2.5 9.9 10.2 11.7 
Sweden 29.0 12.2 3.4 n/a n/a n/a 5.8 5.1 7.9 
United 
Kingdom 

n/a n/a n/a n/a n/a n/a 6.8 3.8 6.7 

Source: Community Innovation Survey 2012 
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Supply-chain driven innovation 

For supply-chain driven innovation, we use the following list of indicators:  

 Share of enterprises co-operating with suppliers of equipment, materials, 

components or software, for innovation, 

 Share of enterprises considering information from suppliers of equipment, materials, 

components or software highly important, for innovation. 

 
Table 8. Indicators for supply-chain driven innovation 

 

Enterprises co-operating with 
suppliers of equipment, materials, 

components or software 

Enterprises considering 
information from suppliers of 

equipment, materials, components 
or software highly important 

EU28 6.6 7.4 
Belgium 16.5 13.3 
Bulgaria 1.9 3.9 
Czech Republic 9.3 

 Denmark 12.2 
 Germany 5.4 7.7 

Estonia 9.4 8.8 
Ireland 7.6 

 Greece 11.0 7.9 
Spain 3.1 5.9 
France 7.6 

 Croatia 7.2 5.9 
Italy 2.8 9.0 
Cyprus 13.9 21.4 
Latvia 3.8 

 Lithuania 6.0 4.6 
Luxembourg 7.4 8.1 
Hungary 4.5 4.6 
Malta 3.1 13.4 
Netherlands 10.8 12.3 
Austria 10.0 10.5 
Poland 3.3 3.6 
Portugal 5.3 10.6 
Romania 1.1 0.6 
Slovenia 12.4 10.7 
Slovakia 6.0 5.2 
Finland 13.7 7.5 
Sweden 11.6 8.9 
United Kingdom 13.2 

 Source: Community Innovation Survey 2012 

 
 
We use the same colour-coding convention in Table 8, where the convention is that firms 

with higher values on the above indicators are more supply-chain driven. This leads to the 
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following classification of countries: 

 Strongly supply-driven innovators: Austria, Belgium, Cyprus, Czech Republic, 

Denmark, Estonia, Finland, Greece, Netherlands, Slovenia, Sweden, United Kingdom 

 Neutral supply-driven nature of innovators: Croatia, France, Ireland, Italy, Lithuania, 

Luxembourg, Malta, Portugal 

 Weakly supply-driven innovators: Bulgaria, Germany, Hungary, Latvia, Poland, 

Romania, Slovakia, Spain 

 

Externally-sourcing firms  

For the externally sourcing innovation mode, we use the following list of indicators:  

 Number of enterprises engaged in in-house R&D activities 

 Number of enterprises engaged in acquisition of machinery, equipment and software 

 Number of enterprises engaged in acquisition of other external knowledge 

In order to assess the extent to which firms use the externally-sourced mode, we express the 

last two of these indicators as the ratio to the first one, i.e., we look at the relative 

importance of firms with two types of external innovation sources compared to those using 

internal R&D as a source. Countries where ratios are among the 50% highest ratios are 

highlighted in green in Table 9, those where ratios are among the 50% lowest ratios are 

highlighted in orange. 

Combining the results we classify the countries as follows: 

 Strongly relying on external sources of innovation: Bulgaria, Croatia, Cyprus, Estonia, 

Greece, Latvia, Lithuania, Poland, Portugal 

 Neutral: Austria, Czech Republic, Denmark, Finland, Hungary, Italy, Romania, 

Slovakia, Slovenia, Sweden 

 Weakly relying on external sources of information: Belgium, Germany, France, 

Ireland, Luxembourg, Malta, Netherlands, Spain  

 

Low-profile innovators 

By its very nature, the low-profile innovators group is hard to quantify. However, the 

measurement of the other innovation modes (above) already contains some information on 

low-profile innovators. In particular, when a country scores low in one of the above 

innovation modes, this can be seen as an indication of low-profile innovators. Thus, we will 

classify those countries that score low on at least two of the three innovation modes as low-
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profile innovators.  

 
Table 9. Indicators for externally-sourced innovation mode 

 Enterprises 
engaged in 

in-house 
R&D 

activities 

Enterprises 
engaged in 
acquisition 

of 
machinery, 
equipment 

and 
software 

Enterprises 
engaged in 
acquisition 

of other 
external 

knowledge 

 Ratio of Enterprises 
engaged in 

acquisition of 
machinery, 

equipment and 
software versus 

Enterprises 
engaged in in-

house R&D 
activities (rank) 

Ratio of Enterprises 
engaged in 

acquisition of other 
external 

knowledge versus 
Enterprises 

engaged in in-
house R&D 

activities (rank) 

EU28 17.5 23.0 7.7  1.32 -- 0.44 -- 
Belgium 26.6 27.9 8.5  1.05 19 0.32 23 
Bulgaria 1.8 11.2 3.1  6.28 1 1.74 2 
Czech Republic 16.5 25.2 5.0  1.52 10 0.30 25 
Denmark 21.1 17.6 16.6  0.83 26 0.79 6 
Germany 26.4 35.5 12.1  1.34 15 0.46 16 
Estonia 20.8 30.8 30.8  1.48 12 1.48 3 
Ireland 27.2 24.3 10.9  0.90 23 0.40 19 
Greece 11.7 25.2 11.6  2.16 5 0.99 4 
Spain 9.9 6.2 0.5  0.63 27 0.05 27 
France 23.7 22.3 8.1  0.94 21 0.34 21 
Croatia 13.9 20.0 7.9  1.44 14 0.57 9 
Italy 15.5 29.5 6.2  1.90 7 0.40 18 
Cyprus 6.7 28.2 14.1  4.19 2 2.09 1 
Latvia 4.7 9.2 4.0  1.94 6 0.85 5 
Lithuania 8.2 12.1 4.5  1.49 11 0.55 11 
Luxembourg 22.7 29.2 7.4  1.29 17 0.33 22 
Hungary 8.4 12.1 2.6  1.45 13 0.31 24 
Malta 14.0 16.3 3.9  1.17 18 0.28 26 
Netherlands 32.4 28.1 12.5  0.87 24 0.39 20 
Austria 20.0 26.7 12.9  1.34 16 0.64 8 
Poland 4.9 11.3 2.8  2.29 4 0.57 10 
Portugal 14.5 25.2 7.1  1.74 8 0.49 14 
Romania 1.5 4.3 0.6  2.80 3 0.41 17 
Slovenia 25.5 23.8 12.5  0.93 22 0.49 13 
Slovakia 8.7 13.8 4.0  1.58 9 0.46 15 
Finland 33.6 29.1 17.8  0.87 25 0.53 12 
Sweden 29.0 30.2 21.9  1.04 20 0.75 7 
United Kingdom n/a n/a n/a  -- -- -- -- 

Source: Community Innovation Survey 2012 

 
Typology of firm innovation 

Table 10 summarizes the relative scores on the science-based innovation mode, the supply-

chain driven innovation mode, and the externally sourcing innovation model. The table also 

contains an assessment of the country in terms of the innovative behaviour of firms.   
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Table 10. Assessment of innovation mode of firms in European countries 

 Science-based 
innovation 

Supply-chain driven 
innovation 

Externally-
sourcing firms 

Overall assessment of 
innovation in firms 

Belgium High High Low Strong and broad 
Netherlands High High Low Strong and broad 
Austria High High Average Strong and broad 
Finland High High Average Strong and broad 
Sweden High High Average Strong and broad 
Slovenia High High Average Strong and broad 
United Kingdom High High n/a Strong and broad 
Portugal High Average High Strong and broad 
Germany High Low Low Strong and Science-based 
Czech Republic Average High Average Supply-chain driven 
Denmark Average High Average Supply-chain driven 
Cyprus Average High High Supply-chain and externally 

driven 
Estonia Average High High Supply-chain and externally 

driven 
Greece Average High High Supply-chain and externally 

driven 
Croatia Average Average High Externally driven 
France Average Average Low Average and non-

specialized 
Luxembourg Average Average Low Average and non-

specialized 
Malta Average Average Low Average and non-

specialized 
Ireland Average Average Low Average and non-

specialized 
Bulgaria Low Low High Weak with a tendency for 

external sourcing 
Latvia Low Low High Weak with a tendency for 

external sourcing 
Poland Low Low High Weak with a tendency for 

external sourcing 
Hungary Low Low Average Weak with a tendency for 

external sourcing 
Romania Low Low Average Weak with a tendency for 

external sourcing 
Slovakia Low Low Average Weak with a tendency for 

external sourcing 
Spain Low Low Low Weak 
Italy Low Average Average Average and non-

specialized 
Lithuania Low Average High Average with a tendency 

for external sourcing 

 

In conclusion, we observe different modes or styles of innovation across Europe, and 
countries seem to systematically differ with respect to how often a particular style occurs.  
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Table 11. Innovation systems: combinations of behavioural roles 

Higher education Institutes Firms Government Banks & finance Consumers Innovation system 

Research 
excellence 

Research-driven Science-based Organizing, 
specific 

Risk-taking  Science-driven 

Education-and 
research-oriented  

Market-driven Externally-
sourced 

Facilitating, 
generic 

Risk-averse  Absorption-
oriented 

 

Education-
oriented 

 

Market-driven Supply-chain-
driven 

Facilitating, 
generic 

Risk-averse Early adopters Demand-driven 

Education-
oriented 

Market-driven Low-profile Organizing, 
specific 

Risk-averse  Developmental 
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5. Innovation behaviour and innovation systems 
What can be said about the nature of innovation systems in Europe once the empirical 

assessment of the behavioural roles in the six actor classes has been completed? The key 

idea of innovation systems analysis is that interaction stimulates innovation, and determines 

the nature of innovation. In our analytical framework, interaction is represented by the 

combination of behavioural patterns that were identified in each of the actor classes. By the 

nature of the behaviour identified for each pattern, it will be able to yield a particular degree 

of complementarity with each of the other behavioural patterns. In this section, we will both 

discuss a number of these combinations in a general way, in particular those that match well 

in terms of yielding synergies between the actors. These general combinations of 

behavioural patterns (innovation systems) that are discussed are summarized in Table 11. 

We will also present the combinations of the actual empirical behavioural patterns that were 

presented in Table 4, Table 6 and Table 10, i.e., the three sectors for which we have 

empirical data at this stage. A preliminary assessment of the European innovation systems 

on the basis of these three sectors will also be briefly discussed. 

Turning to Table 11, the first combination of behavioural patterns that is presented is an 

innovation system that can be characterized as science-driven. In the higher education 

sector, this has universities that are strongly research-driven, and perform at high levels 

(excellence). Although providing education is also an important task of universities in this 

system, education is also strongly research-oriented. Also the institutes sector is research-

driven, undertaking R&D that applies the basic R&D undertaken in the university system, and 

thus providing the link to firms. In the business sector, we find science-based firms, who 

undertake a lot of R&D themselves, and are open to collaboration with universities and 

research institutes. In this system, government policy takes responsibility for organizing the 

system, particularly the university and institutes sectors. Policies that stimulate universities 

and research institutes to cooperate with firms, and which foster interaction between these 

sectors in general, are in place. Because the system generates innovations that are often 

radical and far from existing products and services, innovation is risky and the finance sector 

needs to be willing to take risk.  

The science-driven innovation system is perhaps most close to the innovation system found 

in the US (Nelson, 1993). It is also an archetype system that is seen by many (European) 

policymakers as the most ideal type, corresponding closely to what is seen as the “pure” 

type of innovation. It is also close to the type of policy scenarios that have been used in 

macroeconomic policy simulation models, e.g., as previously in the DEMETER of SIMPATIC 

projects.  
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However, the science-driven innovation system is just one of possible systems that can be 

derived from the analysis so far. A next typical innovation system is the absorption-oriented 

system. In this system, the business sector has strong externally-sourcing innovators. These 

are firms that innovate, for example, by using licensed technology, or by machinery and 

equipment, and who do not rely to a large extent on self-developed technologies. In this 

system, the university and research institutes sectors do not play their major role by original 

research on basic knowledge, but instead absorb and transfer knowledge from outside the 

sector. Universities do this both by research and by education. Their research taps into 

foreign technologies, absorbs them and transfers them, possibly after adaptation. In terms 

of education, they provide degrees that help workers in firms to absorb external knowledge. 

The research institutes sector is market-driven, in the sense that it works on technologies 

that are immediately useful for firms who are looking to source external knowledge. The 

type of government action needed in this system can be more generic and facilitating, 

aimed, for example, at a high overall level of universities rather than excellence persé. 

Because innovation based on external knowledge is less risky from an aggregate point of 

view, the finance system does not need to be very risk-taking.  

The next system that we will discuss is a demand-driven system. Here the central element 

are supply-chain-oriented innovating firms. Those firms who deliver to consumers will be 

motivated by early adopters who have an appetite for new products and services. This is 

transmitted to other firms, who are farther away from the final markets, but whose 

innovation efforts are driven by the firms who supply them and/or buy their products or 

services. University research has a relatively small role in this system, as it tends to produce 

research results that are far away from markets. Education is important, as it produces 

consumers who are savvy about innovative products and services. Research institutes are 

market-driven, they perform research that is closer to the market than universities can. 

Again, innovation is relatively low-risk, and the finance system does not have to be very risk-

taking. As in the previous case, government policy can be generic and facilitating. 

A final case that we discuss is inspired by the findings for the research institutes sector. We 

found that in countries with low overall R&D intensity, the research institutes sector often 

plays a large role in total R&D. It substitutes for private R&D expenditures, rather than being 

a complement. This finding can be interpreted as a developmental innovation system, in 

which private innovators are not very developed, and hence the business sector is mostly 

low-profile innovators. In the developmental innovation system, the government takes 

responsibility for increasing the performance of the system, and it has to do by playing an 

active, organizing role, with specific efforts. Just facilitating by a generic policy is not an 

option, because other actors are not strong enough. Because the research institutes sector is 
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closer to the market than the university sector, this sector is the most important instrument 

that government policy can use. 
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Table 12. European innovation systems, synthesis 

 Higher education Institutes Firms Overall 

Austria Industry oriented, otherwise low Weak, industry-oriented Strong and broad Industry oriented 

Belgium Good-Excel allover Industry oriented Strong and broad Broad and industry driven 

Bulgaria Not ranked (low) Industry and research 
oriented 

Weak with a tendency for external 
sourcing 

Developing and institutes 
driven 

Croatia Not ranked (low) Research oriented Externally driven Developing and institutes 
driven 

Cyprus Research oriented, otherwise low Weak and research 
oriented 

Supply-chain and externally driven Developing 

Czech 
Republic 

Low Strong and broad Supply-chain driven Tending towards demand 
driven 

Denmark Very good, especially research Weak and public oriented Supply-chain driven Demand driven 

Estonia Low-Av Research oriented Supply-chain and externally driven Tending towards demand 
driven 

Finland Broadly Av, with pockets of excellence Strong and industry 
oriented 

Strong and broad Industry oriented 

France Av with pockets of excellence, low 
industry interaction 

Strong and public (defense) 
oriented 

Average and non-specialized Public driven 

Germany Excel allover Strong and industry 
oriented 

Strong and Science-based Industry driven and 
science-based 

Greece Low-Av Broad Supply-chain and externally driven Developing and institutes 
driven 

Hungary Low Research oriented Weak with a tendency for external 
sourcing 

Developing and institutes 
driven 

Ireland Low-Av, research oriented Weak and industry oriented Average and non-specialized Developing 

Italy Low Public and industry oriented Average and non-specialized Developing and institutes 
driven 
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 Higher education Institutes Firms Overall 

Latvia Low Industry oriented Weak with a tendency for external 
sourcing 

Developing and institutes 
driven 

Lithuania Industry oriented, otherwise low Research oriented Average with a tendency for 
external sourcing 

Developing and institutes 
driven 

Luxem-
bourg 

Research oriented, otherwise low Strong and public oriented Average and non-specialized Developing and institutes 
driven 

Malta Not ranked (low) Weak and industry/public 
oriented 

Average and non-specialized Developing and institutes 
driven 

Netherlands Excel allover Broad Strong and broad Broad and strong 

Poland Low Public (defense) oriented Weak with a tendency for external 
sourcing 

Developing and institutes 
driven 

Portugal Av, industry oriented Weak and public oriented Strong and broad Developing and firm driven 

Romania Low-Av Research oriented Weak with a tendency for external 
sourcing 

Developing and institutes 
driven 

Slovakia Low Strong and broad Weak with a tendency for external 
sourcing 

Developing and institutes 
driven 

Slovenia Low-Av Strong and research 
oriented 

Strong and broad Developmental and 
institutes driven 

Spain Low Public oriented Weak Institutes driven 

Sweden Good-Excel allover Weak and research 
oriented 

Strong and broad Broad and strong 

United 
Kingdom 

Av with pockets of excellence, low 
industry interaction 

Public (defense) oriented Strong and broad Broad with emphasis on 
defence 
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Table 12 contains the summary characterizations of the three sectors (universities, institutes and 

firms) that were offered above, and combined these into a preliminary characterization of the 

innovation system in each European Union member state. Figure 4 shows these results on the 

map of the European Union. In comparison to the ideal types of Table 11, the actual combinations 

found in Table 12 are more heterogeneous and erratic, especially because they also take into 

account the relative weakness/strength of each of the sectors, in addition to their content 

orientation. 

A large number of countries in Table 12 has weak a single of the three sectors that stands out in 

the terms of the intensity of the innovation effort. In Bulgaria, Croatia, Czech Republic, Estonia, 

Greece, Hungary, Italy, Latvia, Lithuania, Luxembourg, Malta, Poland, Romania, Slovakia and Spain, 

it is the institutes sector that is the strong player in the system. We characterize these systems as 

developing, and institutes driven. In Cyprus and Ireland, none of the sectors take a leading role, 

we characterize these systems as just developing. In Portugal, the private enterprise sector takes 

the leading role, we characterize this as a developing system with a leading firm role. 
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Figure 4. Map of European innovation systems 

 In the other countries, there are multiple sectors that perform strong in the innovation system. Of 

these the Netherlands and Sweden show no particular tendency for any of the specific roles in the 

three sectors. We therefore characterize these systems as strong and broad. Belgium is close to 

this, but has an industry driven institutes sector, we characterize Belgium as broad an industry 

driven. Germany seems both industry driven and science-based.  

The other countries have generally strong systems, but with emphasis on one aspect. Austria and 

Finland appear industry-drive, Denmark demand driven. France and the UK are driven by public 

interest issues, in the UK this is mainly defence. Slovenia is characterized as developmental 

because it has a strong and broad private enterprise sector supported by an institutes sector.  

6. Summary and conclusions 
This first deliverable in WP9 of the I3U project has presented a framework for analysing the 

innovation systems of the European Union. The framework identifies a number of actors in the 

innovation system, using the theoretical contributions in this part of the literature. It then 

identifies a number of stylized roles for each of the actors, for example science-based innovators 

vs. supply-chain-based innovators for the private firms category.  

The paper proceeds by collecting empirical data for three specific actor categories, in order to 

assess which stylized roles are found in the EU. These categories are the higher education sector, 

the (semi-)public research institutes sector and private firms. Other actor categories are left for 

future deliverables. The empirical analysis of these actor categories leads to the conclusion that 
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innovation systems in Europe differ widely by country. There is no sense in analysing the EU as a 

single innovation system. A country-perspective, for which data are relatively abundant, reveals 

many differences in innovation styles across the EU.  

This led to a first assessment of innovation systems in Europe, which reveals that many countries 

have innovation systems that are still developing, while a few advanced countries in Europe have 

very well developed innovation systems. 
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