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Abstract	
	
The purpose of this paper is to assess the implementation modalities of innovation policies in 

28 EU and 6 non-EU National Innovation Systems (NIS) through a qualitative STI policy 

investigation. The techniques used in this paper have been developed in an attempt to answer 

the following questions : is it possible to categorize NISs according to the innovation policies 

shaping their institutional environment ? How to exploit this information in benchmarking 

techniques for NIS performances’ evaluation ? In a first step, a taxonomy has been built, 

concerning the NIS components that should be taken into account in policy implementation : 

the objectives, instruments and beneficiaries. In a second step, all the policy measures 

implemented in the 34 countries have been classified according to this taxonomy. Finally, a 

multiple factorial analysis and a hierarchical ascendent classification have been implemented 

on the dataset to reveal a typology of countries sharing the same characteristics or not in terms 

of public intervention in the innovation process.  

	
	
	

1. Introduction	
	

	
The main purpose of this study is to assess 28 EU and 6 non-European National Innovation 

Systems (NISs) through a qualitative STI policy investigation. By doing this, a typology of 

NIS will be built, based on innovation policy per se, and not necessarily on innovation 
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performances, like other typologies traditionally proposed in the economic literature. To that 

end, STI policy measures of each country are categorised in a first step according to a 

taxonomy including the NIS components involved in the policy-making process. This 

taxonomy has been built through a literature review on the composition of innovation systems 

in general. 

In a second step, a STI institutional classification is provided at both European and non-

European national level. Clusters of NISs targeted by same kinds of STI policy priorities will 

be highlighted. The description of these clusters will allow for a typology of all the NISs 

examined. 

The first section of this paper presents the theoretical background underlying the justification 

of public intervention in the innovation system context. Afterwards, a description of the NIS 

components involved in policy implementation is provided, followed by the description of the 

data and methodologies used to obtain a typology of countries according to the institutional 

set-up of the policy-making process. Finally the results are presented as well as perspectives 

for further research 

 

2. Literature review 

 

For decades, there has been a growing consensus on the necessity to deepen our 

understanding of the innovation process and its link with the Science, Technology and 

Innovation (STI) governance. Innovation performance is not only the result of quantitative 

inputs but also depends to a large extent on the interactions between public and private 

institutions whose activities deal with innovation. This point of view finds its roots in the 

innovation system concept, which was first used by Christopher Freeman by the end of the 

80s. Freeman examined the network of public and private institutions involved in the 

Japanese innovation process, related with R&D development, knowledge transfer from abroad 

and absorption capacity of the education system and gave a first theoretical definition of the 

innovation system as “the network of institutions in the public and private sectors whose 

activities and interactions initiate, import, and diffuse new technologies” (Freeman, 1987, 

p.1, emphasis added). Afterwards, Nelson (1993) and Lundvall (1992) set the theoretical 

background of the innovation system concept. Those two approaches, although different, 

study the determinants and factors influencing the innovation process. The authors emphasize 
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the system’s efficiency rather than firm’s productivity. Nelson’s analysis (1993) was based on 

case studies for which the indicators do not always converge, but one main common 

conclusion was that institutions involved in technology creation and diffusion, such as 

intellectual property rules are a pillar of the innovation system. Lundvall (1992) examined the 

innovation system on two levels: the economic and production structure on one hand and the 

institutional configuration on the other hand. He studied the organizations and institutions 

directly related to R&D activities (public and private laboratories, R&D departments, 

technological institutions), and adopted a wider point of view by considering the economy in 

its entirety and the institutional structure of research sector. By doing this, one conclusion of 

the analysis was that the innovation process was not only influenced by firm’s R&D activities 

but also by culture and political games. 

These studies set the theoretical backgrounds of what we call today “the innovation system 

theory”, focusing on the determinants of innovation rather than on its effect on the economic 

performances. However, Edquist and Johnson (1997) stressed out that this notion remained 

vague, as the term “innovation system” may involve a lot of aspects of the innovation process 

and the concept of “institutions” does not have the same meaning from one study to another. 

Indeed, some authors consider institutions as the actors of the NIS, while others define them 

as the institutional configuration that characterizes the system. This leads to a non-

harmonized theoretical background, making different paper results difficult to compare to 

each other.  

These authors tried to generalize the concept of the innovation system: a more general 

definition includes “all important economic, social, political, organizational, institutional 

and other factors that influence the development, diffusion and use of innovations” (Edquist, 

1997, p.14, emphasis added). The first step of this theorization was to see innovation as a 

whole system involving its components and the interactions existing between them. 

Considering this structure of the system, a distinction must be made between organizations, 

which are the actors of the system and the institutions, which are defined as the rules of the 

game within the system. Organizations are mainly research centers, universities, bridging 

institutions, public agencies, etc… The rules of the game are habits, routines, norms, 

practices, and laws that influence the organizations interactions (Edquist and Johnson, 1997; 

Edquist, 2001b, 2005). Organizations and institutions are in a strong dual causality relation: 

“Organizations are strongly influenced, colored, and shaped by institutions. Organizations 

can be said to be ‘embedded’ in an institutional environment or set of rules. This includes the 
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legal system, various norms, standards etc… (…) But institutions are also embedded in 

organizations, which may be seen as concrete host for specific institutions.” (Edquist and 

Johnson, 1997, p.59, emphasis added). Innovation policies are a good example of such 

relation in this area: its implementation by a public agency may lead to the creation of a new 

“rule of the game”, and a new rule set by government may permit the creation of a new 

organization to maintain it. Those interactions are then complex and reciprocal.	

The result of this conceptualization is that firm is no longer the focus point of economic 

analysis. Its environment has its own importance in terms of innovation system’s efficiency, 

highlighting the conclusion assessed by Metcalfe (1995), mentioned above. Regarding this, 

the systemic institutional approach developed put a particular emphasis on the institutions and 

networks of interactions as key elements shaping direction and rate of learning and innovation 

(Hirst, 1994; Laranjaa et al., 2008). Differences in innovation performances may be explained 

by differences in institutional settings and knowledge flows structure (OECD 1997), implying 

an ideal set-up for promotion of innovation and learning, as a better understanding of the 

institutional structure of the system leads to a better decisions at the innovation actors and 

government levels. (OECD, 1997; Steen, 1999; Laranjaa et al., 2008). 

Given this theoretical conceptualization, the role of the State in terms of innovation may then 

find its place in the institutional point of view of the innovation system’s efficiency analysis.  

Edquist (2001c) sees innovation policy as “a public action that influences technical change 

and other kinds of innovations” (Edquist, 2001c, p.18, emphasis added). Given this assertion, 

public action not only includes R&D and S&T policies, but also targets infrastructures, 

regional activities and education.  

Two conditions are then required for public intervention in the market economy: the existence 

of a market failure – a problem - that will be complemented by a specific policy and the 

ability of the state to solve the problem.   

Edquist (2001a, 2001c) precises that the classical market failure theory cannot be used in this 

context, as the concept of an optimal equilibrium doesn’t exist in the evolutionary innovation 

system theory. It is impossible to compare a specific situation to an optimal one. That is why 

benchmarking is commonly used in this type of analyses, making comparisons between 

systems (Edquist, 2001c; Chaminade and Edquist, 2006). The theoretical methodology 

background proposed here is based on the identification of what Edquist calls the “system 

failure”. A problem occurs when the system is not functioning well, i.e. when one of these 
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elements is inappropriate or missing: functions, organizations, institutions, interactions or 

links between the components of the innovation system. 

Thus, missing components or non-spontaneous interactions make the role of the State relevant 

within the system. The literature then talking about “system failures”, which can be described 

as follows (Arnold, 2004; Woolthuis et al., 2005): 

 
Table 1: System failures as main justifications for public intervention in an innovation 
system framework 
Infrastructural failures  
(Smith,1999; Edquist et al., 1998) 

Physical infrastructures needed for innovative 
activities are missing 

Capabilities failures  
(Smith 1999, Edquist et al., 1998, 
Malerba 1997) 

Transition failures: firms are unable to adapt to 
new technologies 
Lock-in/path dependency failures: the complete 
system is unable to adopt new technological 
paradigms 
Capabilities failures per se: inability for small 
firms to acquire rapidly and effectively new 
technologies 

Institutional failures  
(Smith, 1999; Johnson and Gregersen, 
1994) 

Hard institutional failures (formal institutions): 
problems in the framework of regulation and legal 
system 
Soft institutional failures (informal institutions): 
problems with institutions, political culture and 
social norms 

Network failures  
(Carlsson and Jacobsson, 1997; 
Malerba 1997) 

Strong network failures: actors too closed to each 
other may miss outside development 
Weak network failures (complementarities 
failures): lack of cooperation between actors 
resulting in insufficient use of interactive learning 
and synergies. 

 
However, the system failure theory described here may provide little guidance for the 

selection of specific policy instruments for the coordination of the system’s actors and the 

setting of new attitudes and changes of behaviors (Abramowsky et al., 2004; Teubal, 2002; 

Laranjaa et al., 2008). This implies that rather than using only instruments shaping 

institutions, promoting learning and alter policy and governance process, one can consider a 

mix of instruments focusing on environmental and institutional conditions to increase the 

innovation capacity of system’s actors (Bellini and Landabaso 2005; Landabaso and Reid, 

1999). This argument for a policy mix point of view has been highlighted by Edquist and 

Borras (2012) and Bikar et al. (2006) in their attempt to classify policy instruments from the 

soft and financial ones to the regulatory measures focused on legal and macroeconomic 

conditions surrounding the innovation actors. 
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The role of the state is then to correct the imperfections in the functioning of the innovation 

system (Edquist 2001a, 2001c). Subsidizing R&D is then not the only concern of public 

authorities anymore. It is also a matter of improving the institutional framework in which 

such activities take place. A growing part of the literature is now focusing on a 

complementary systemic approach to the traditional policy evaluations. Indeed, the strong 

ceteris paribus assumption made in the evaluation of policy treatments ex-ante and ex-post 

may lead to the omission of the environmental aspect of innovation policy and a 

misconception of eventual implementation problems (Arnold, 2004).  

Though, it is now widely recognised that significant institutional mismatches coexist with 

market failures. In that matter, evaluation of STI public initiatives is becoming a key decision 

support tool that provides policy makers with a better understanding of policy results, allows 

learning from past and external experiences, provides elements for improving strategy 

definition, increases the efficiency and effectiveness of policy intervention, and demonstrates 

the effects of intervention. 

If it is now obvious that institutions matter a lot in innovation systems and it is of great 

concern for governments (either local, national or supranational) to have a clear view on their 

innovation governance and efficiency.  

 

 

3. Taxonomy of the NIS components involved in the innovation policy-making 

process 

 

The taxonomy proposed in this study is based on the paradigm that the innovation process can 

be seen from a policy point of view as a complex system characterized by the objectives 

pursued by different organizations. The underlying mechanism of such a process is enhanced 

by innovation policies implemented by government through several specific instruments.  

 

3.1. Objectives 

 

Knowledge is commonly accepted in the economic literature as a key determinant of 

economic growth, and the core of all innovation system activities and performances. 
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Analyzing the national innovative capacity is then a matter of understanding the mechanisms 

of creation, distribution and use of knowledge (Furman et al., 2002). As stated by the OECD 

(1996), the main key functions of the science system consist of knowledge production, which 

involves the creation and development of new knowledge, knowledge transmission, which 

concern activities such as education and development of human resources and knowledge 

transfer, regarding the process of disseminating knowledge among others.  

Based on this theoretical rationale, the NISs’ objectives are classified into three main 

categories: 

• The creative capacity of the innovation system, which involves the aspects of the system 

related to production and development of knowledge; 

• The transfer capacity, linked to knowledge exchanges and networking between the 

actors of the innovation process; 

• The absorptive capacity, describing the ability of firms to acquire, develops and 

implements new knowledge at the internal level. 

Those three dimensions are interdependent in the sense that a good creative capacity is linked 

to high levels of transfer and absorptive capacity, and a good transfer capacity implies a high 

level of absorptive capacity (Capron and Cincera, 2001). For a more detailed description of 

each objective see Appendix 1. 

 

3.2. Instruments 

 

With the raise of the knowledge based economy and the development of the NIS literature, 

more and more innovation policies are initiated by governments to correct the innovation 

system failures (Edquist, 2005) and enhance the competitiveness of their territories.  

The systemic nature of innovation is translated through the implementation of STI measures 

that covers not only the R&D activities and performances but also, human capital investment, 

innovation incentives, clusters circumstances and the quality of linkage (Furman et al., 2002). 

Moreover, such policies may be seen as “the integral of all state initiatives regarding science, 

education, research, technological development, and industrial modernization. Thus, 

innovation policy is a broad concept that contains research and technology policy and 

overlaps with industrial, environmental, labour and social policies. “Public innovation 
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policies aim to strengthen the competitiveness of an economy, or of selected sectors, in order 

to increase welfare through economic success” (Kuhlmann and Edler, 2003).  

The information regarding the instruments used in the policy measures, available on the 

Erawatch Database, is classified according to two theoretical canvases: 

- The Demsetz (1969) criteria: a specific policy should account for the encouragement of a 

wide variety of experimentation, direct investment away from unpromising varieties of 

experimentation and promotion of the dissemination of knowledge. 

- Edquist and Borras (2012) also give a general framework for the classification of 

innovation policy instruments. They make a distinction between regulatory instruments, 

concerning the legal framework of innovation activities, the economic and financial 

instruments (by cash or kind), that describe the different pecuniary means for public 

intervention and the soft instruments, related to the indirect action of governments on the 

IS through education, labor, etc…. 

Based on this theoretical background, three main types of instruments have been identified: 

The direct and indirect Science and Technology Support Measures: the main financial 

and fiscal instruments used in isolation or combination to stimulate R&D. Those instruments 

include direct funding, fiscal incentives, risk capital, loans and equity, and public participation 

on the markets. They are systematically associated to other types of instruments in a policy 

mix point of view. 

The Science and Technology Diffusion Measures: the instruments used to create an 

infrastructure that encourages a rapid spread of awareness and knowledge of innovation. This 

concerns innovation awareness, creation of firms, valorization of R&D results, improvement 

of innovative capacities of firms, mobility, internationalization, support to collaborations and 

promotion of public science base. Speaking of internationalization, it does not only concern 

critical mass and visibilities on the global markets, leading to a worldwide open innovation 

system. Prevention of brain-drain and protection of the national science base also have to be 

highlighted. 

The Science and Technology Regulatory Framework Measures: concerning public actions 

that aim to improve the general economic performances to indirectly enhance competitiveness 

and innovation. This category includes macroeconomic conditions, workforce, socio-

economic and regulatory structures that directly influence the innovation system’s 

performances. 
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For a more detailed description of the taxonomy, see appendix 2. 

 

3.3. Organizations benefiting from the policy measures 

 

The term “organizations” designates here the actors involved in the innovation process. One 

has to mention that this term is preferred to the term “institutions”, as it is referred in the 

Erawatch database. Indeed, in a critic of the conceptual vagueness of the institution concept in 

the literature, Edquist (1997) proposed a terminology that is commonly accepted in the 

economic literature nowadays: organizations refer to the actors of the innovation process and 

institutions are the rules of the game within the environment of the actors. A systemic point of 

view on the innovation process implies that its actors are involved in different sectors of 

economic activities, varying from the industry to education or public spheres. Those 

organizations are characterized by the function they perform within the system and the 

interdependencies that exist between them. This main feature of the innovation system is 

captured by the Erawatch classification in terms of organizations or beneficiaries targeted by 

the specific policy measures. Four categories of beneficiaries have been identified for this 

dimension of the innovation system. They are listed in Appendix 3. 

 

3.4. Sectors 

 

The sectors targeted by innovation policies have also been taken into account. The categories 

have been chosen according to the ISIC Rev.4 and the NACE Rev.2 classifications available 

on the OECD and Eurostat databases. One has to bear in mind here that the defence sector is 

not considered in the taxonomy, as the information about relevant policies is often 

confidential and unavailable. The entire list of sector is included in Appendix 4 

 

4. Data and methodology 

 

The institutional set-up of the innovation policies can be drawn from this taxonomical 

information (i.e. the 4 above dimensions), as they are classified according to these dimensions 
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and all the sub-dimensions that constitute them. The idea is to get a global view on the 

governance of science technology and innovation within an innovation system by examining 

the distribution of innovation policies among the NIS components. By doing so, one should 

be able to understand the underlying institutional configurations existing between the 

different components of the system, i.e. the relative importance and nature of the NIS 

constituents involved in the policy implementation. The national level is chosen for the 

analysis, as policies are most of the time derived from national government initiatives.  

The theoretical taxonomy described above has to be verified on an empirical level. In order to 

do this, information about the objectives, instruments and beneficiaries of each national policy 

measure has been collected from the STIO and RIO databases (former Erawatch), RIM Plus, 

national sources, as well as the OECD and Eurostat datasets. Using this information, those 

policies have been classified in functional matrices crossing the four NIS dimensions 

described in the previous section. The representativeness of the obtained database has been 

checked by comparison with the GBOARD and GERD financed by government for each 

country. The total amount of public money dedicated to STI initiatives reported in the 

database should account for more than 60% of the total for the 2007-2013 period. A slight 

overvaluation has been accepted up to 120%.  

The classification of policy measures has been computed, using the Bikar et al. (2005) 

methodology, in order to obtain a distribution of measures among the NIS dimensions, both in 

absolute and budget-weighted terms. In absolute terms, each time a policy measure is 

concerned by more than one sub component in each dimension, its weight is divided by the 

number of sub-dimensions. For example, if a policy measure is concerned by two objectives, 

each objective will be given a weight of ½ in the database. And if the same measure targets 

three organizations, each of them will be given a weight of 1/3. Finally, each couple 

objective-organization will be given a weight of 1/6. This weight will be scaled by the policy 

budget in order to obtain the distribution of public money among the NIS dimensions (see 

Appendix 5).  

This is a way to obtain an overview of completeness of the policy measures within an IS. The 

results obtained through this first computation technique are expressed in terms of 

percentages of all policy measures dedicated to the considered dimension. Thus, the 

information is synthetized in contingency tables on which data analysis techniques can be 

implemented. The countries are reported on the rows, and the NIS dimensions (variables) on 

the columns. 
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As we are working on different categories of variables, a multiple factorial analysis is 

implemented on the contingency table in order to determine the variables that distinguish 

most each country from each other. This technique allow for the removal of outliers in the 

results. Afterwards, a hierarchical ascendant classification is realized to reveal clusters of 

countries sharing same characteristics concerning the variables. Those techniques have been 

implemented using the FactomineR package available on R. For more details on the variables 

codes, see Appendix 6. 

 

5. Results 

5.1. Distribution of policies in absolute terms 

The classification has been made for 3 to 10 clusters, using the distribution of policies without 

their budget. A remarkable fact is that the 4 of the non-EU countries always appear in the 

same cluster no matter the chosen partition. The same observation can be made for the Balkan 

countries and most of the Western EU Member States.  

 

Table 2. Distributions in absolute terms – Partitions from 3 to 10 clusters 
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One has to bear in mind that this classification only concerns claims of governments 

concerning the implementation of innovation policies. This is more related to public discourse 

than effective use of public money dedicated to a NIS dimension or another.  

Regarding the geographical location or performances characteristics of countries, the partition 

in 6 clusters seems to offer a possibility of interpretation.  

The following table shows the results of the tests determining the variables that make clusters 

different from each other. For each of them, the mean in the cluster is compared to the mean 

of the whole sample of countries, i.e. the average percentage of policies dedicated to the 

variables in the cluster countries is compared to the average in all countries. If the mean in 

cluster is lower than the overall mean, the variable can be interpreted as a less prioritized NIS 

dimension in the policy making process of the examined countries. On the contrary, if the 

mean in cluster is above the overall mean, it means that the variable is clearly a priority for 

the public authorities in terms of innovation policy. Moreover, in order to find a hint of 

explanation in such a classification of countries, a parallel has been made with the Global 

Competitiveness Index, through which the clusters seem to make sense. Among the indicators 

that have been used in this section, in addition to the GCI, its decomposition in sub-indicators 

has been examined. The business sophistication in particular (see Appendix 7), seems to 

explain the clusters of countries. This indicator is related to the quality of the business 

environment (networking between companies and suppliers) and the routines of the firms to 

create and diffuse knowledge and technology in the economy. As the quality of networks and 

routines increases, the transfer capacity of the entire innovation system improves.  

Cluster 1 gathers the Australia, Japan, Korea and the US, which are non-EU countries with 

relatively high scores in terms of competitiveness and capacity to innovate, as well as 

business sophistication. Those countries seem to prioritize fundamental and applied research 

in public and private non-profit organizations. They are also focused on the use of instruments 

oriented towards environmental sustainability and social interest. On the contrary, SMEs and 

startups are less prioritized in terms of public claims, such as instruments aiming at the 

improvement of innovative capacities of innovation actors and absorptive capacity in general. 

Regarding the SMEs, this can be explained by the presence of strong conglomerates in the 

economy (such as the Chaebols in Korea and the Keiretsus in Japan) and the low 

representation of small companies. 
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Table 3. Classification in 6 clusters - Results 
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Cluster 2 is composed of Bulgaria and Croatia. Contrary to the previous cluster, those 

countries are among the weakest performers in terms of competitiveness and business 

sophistication. Public authorities seem to prioritize the scientific R&D sector and private 

research organizations as well as knowledge and technology transfer, using instruments 

oriented towards mobility and internationalization. 

Cluster 3 includes Luxembourg, Denmark, Ireland, Greece, Estonia, Lithuania and Latvia. 

Luxembourg, Denmark and Ireland face average scores for the business sophistication in 

Western EU countries. So do the Balkan countries for the Eastern part. Those countries are 

characterized by a focus on knowledge and technology networking using mobility and 

internationalization instrument and targeting the universities. The aeronautics, automotive and 

downstream R&D activities are less prioritized. 

Cluster 4 only includes Cyprus, which is characterized by policy claims focused on gender 

equality and entrepreneurship, and students as beneficiaries. 

Cluster 5 is composed of Sweden, China, Romania, the Netherlands, Spain, Slovenia, 

Slovakia, Poland and Portugal. Except for Sweden and the Netherlands, the countries of this 

cluster face relatively low scores in terms of business sophistication. Public claims are 

focused on the absorptive capacity of firms in the electrical equipment and the chemicals 

sectors. On the contrary, the creation of firms, international mobility and networking seem to 

be less prioritized.  

Cluster 6 includes most of the Western EU Member States, Czech Republic, Hungary and 

Malta, which are countries with high or relatively high scores in terms of business 

sophistication. In this cluster, companies with more than 250 employees are privileged. The 

creation of startups, using risk capital instruments as well. In contrast with the cluster 1, 

research organization and fundamental research are relatively more neglected. 

Regarding this classification, a clear difference can be made between EU countries and non-

EU top performers in terms of innovation and business sophistication, the non-EU countries 

being more focused on research activities and actors. Within the EU, results are quite 

contrasted: countries with low and average scores in terms of competitiveness are more 

focused on transfer capacities of the innovation actors, and good performers are more oriented 

towards the creation of business. Cluster 5 does not show any clear-cut result. Considering 

those mixed outcomes, the classification of policy measures without budget seems to give a 

hint of explanation about difference between the EU and the rest of the world, but is not as 
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clear in clarifying dissimilarities within the EU. This can be explained by the fact that EU 

Member States tend to follow the Commission guidelines in terms of innovation policies 

objectives, especially the ones applying for structural funds, which can lead to a convergence 

of policy discourse. In the next section, the analysis is implemented on the budget-weighted 

distribution of policies, for the sake of clarification about the difference between government 

claims and the effective use of public money. 

 

5.2. Budget-weighted distribution of policies 

 

In the previous sections, results are described for distributions of policies that are not taking 

into account the budgets. However, government claims about policy implementation may be 

completely different from the actual impact of the configuration underlying the policy-making 

process. Indeed, a NIS dimension can be targeted to a large extent in terms of discourse, but 

be neglected in terms of use of public money. To look at those differences, the same analysis 

has been conducted on the budget-weighted distribution of policy measures in the 34 

countries. 

Once again, the analysis was realized for a partition from 3 to 10 clusters (see Appendix 8). It 

appears that the partition in 5 clusters offers the more plausible interpretation. 
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Table 4. Classification in 5 clusters - Results 
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In this case, the clustering is comparable to the ranking of countries related to the Global 

Competitiveness index. For example, cluster 5 gathers top performers, and on the contrary the 

weakest performers are included in cluster 3. 

Table 5. Classification of countries according to the Global Competitiveness Index 

 

Source: the Global Competitiveness Index 2013-2014 

 

The cluster 1 gathers the non-EU strong innovators (the US and Japan) and strongly 

competitive European countries (Sweden and UK). Luxembourg and Slovenia are also 

considered as strong innovators according to the EU innovation Scoreboard. Those countries 

seem to invest more in the research system: university research units, public and private non-
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profit research organization, fundamental research, and the science base are the more 

prioritized NIS dimensions. On the contrary SMEs, startups and downstream R&D activities 

are relatively less encountered. 

Cluster 2 includes relatively strong non-EU countries in terms of competitiveness and 

Western-EU countries with high scores. In those innovation systems, tax credits and 

exemptions are widely used, targeting non-SME companies in applied research and 

downstream R&D activities. All those dimensions are prioritized to the detriment of the 

absorptive capacity of innovation actors, the universities and the use of direct funding as 

instrument. 

In cluster 3 can be found the weakest performers in terms of competitiveness. This group is 

characterized by a higher focus on knowledge and technology transfer and SMEs using 

instruments fostering collaborations and partnerships. The research system seems to be 

relatively more neglected: 23% and 3% of the policy measures in those countries are 

respectively dedicated to university research units and science base, against 34% and 12% in 

the whole sample.  

Cluster 4 includes Eastern EU innovation systems with relatively lower scores in terms of 

competitiveness. STI policies are more dedicated to students, valorization of competences and 

absorptive capacities of the innovation actors, to the detriment of applied R&D. 

And, finally, the top performers in terms of competitiveness are classified in cluster 5. Those 

countries are more oriented towards the creation of firms and upstream research activities, 

using risk-capital instruments.  Direct funding in sectors other than those mentioned in the 

taxonomy are less prioritized. 

Even if the causality should be empirically verified, this classification shed some light on the 

possible correlation between the competitiveness level of a country and the NIS dimensions 

targeted by its innovation policy-making process. The clusters revealed by the analysis show 

that countries with higher GCI scores tend to invest more in the research system (both in 

fundamental and applied research activities) and the creation of new innovative businesses. 

Those results appear more accurately than in the absolute distribution of policy measures. 
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6. Conclusion and perspectives for further research 

 

The aim of this paper was to propose a typology of countries based on the NIS components 

taken into account in the innovation policy-making process.  

To do so, and in a first step, a taxonomy of NIS dimensions has been built, including the 

objectives pursued by innovation policies in the NIS: the creation, transfer and absorptive 

capacities of the innovation actors, the instruments used to implement policy measures: the 

STI support, diffusion or framework instruments, and finally the beneficiaries of the 

measures, whether from the business, education, research or other fields. The sectors in which 

policy initiatives are implemented have also been listed, based on the ISIC rev.4 and NACE 

rev.2 classifications available on the OECD and Eurostat databases.  

Afterwards, a taxonomical classification has been realized, by examining the description of all 

the policy measures implemented in 34 countries (28 EU Member States and 6 non-EU 

countries). This allowed for a complete view on the distribution of policy measures among the 

NIS dimension, for each country, in absolute and budget-weighted terms. The obtained 

contingency tables led to the implementation of data analysis techniques to reveal groups of 

countries sharing the same patterns in terms of policy distribution. As the variables are 

classified in several broad categories, the multiple factorial analyses has been implemented, 

followed by a hierarchical ascendant classification.  

Those techniques show contrasted results on the two types of distributions. Concerning the 

distribution in absolute terms, expressing the governmental claims about the priorities of 

policy initiatives, the clusters have been compared to the GCI/business sophistication 

indicator in an attempt to explain the revealed patterns. Even if a clear difference can be made 

between the EU and the rest of the world, the results remain unclear among the EU Member 

States. On the contrary, when budgets are taken into account, a correlation can be observed 

between clusters of countries and their rankings of the GCI. Countries with higher scores are 

characterized by a stronger focus of innovation policies on the research sector and the creation 

of new innovative businesses.  

This typology is a first step to quantify qualitative consideration about innovation policies in 

order to use the information in more quantitative approaches, especially in benchmarking 

techniques and assessment of the public performances in NIS. Specifically, a next step should 
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consist of making a link between the fact that a country belong to a cluster or another and the 

efficiency of its public R&D spending. The institutional set-up of innovation policy may then 

be considered as an environment factor that could explain the (in-)efficiency of the public 

R&D spending of a type of NIS in a stochastic frontier model, as proposed by Battese and 

Coelli in 1995. 
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Appendix 1. Objectives pursued by policies implemented in NIS 

Creative Capacity 
Upstream Innovative 
Activities 

Initiatives in order to ease the creation of start-ups and innovative enterprises and open 
up new markets for promising products, processes and services; improvement of the 
equity capital base of organisations; improvement of competition by innovation 
enhancement; encouraging enterprises’ STI investment; promotion for new innovative 
activities within enterprises; support for feasibility studies and highlight of innovation 
opportunities; etc. 

Technology Acquisition In order to promote technology upgrading through the introduction and utilisation of 
modern and efficient technology in the manufacturing and physical development of 
existing and new products or processes; as well as to enhance the competitiveness level 
of firms to enable them to compete globally.  Technology acquisition may include: 
technology licensing; acquisition of patent rights, prototypes and design; training; and 
foreign expert sourcing. 

Fundamental R&D It refers to the research and experimental development activities mainly carried out by 
the Higher Education Institutions. 

Applied R&D It refers to the research and experimental development activities mainly carried out by 
the Private Organisations and the Research Institutes (public or private). 

Government R&D It refers to the research and experimental development activities ordered by the public 
Authorities or performed by public research organizations. 

Downstream Innovative 
Acitivities 

Other preparations for production linked to innovative activities: tooling up and 
industrial engineering, development of prototypes, design, other capital acquisition, 
production start-up, marketing for new or improved products, training, and software 
(definition derived from the Oslo Manual).   

Upstream Innovative 
Activities 

Initiatives in order to ease the creation of start-ups and innovative enterprises and open 
up new markets for promising products, processes and services; improvement of the 
equity capital base of organisations; improvement of competition by innovation 
enhancement; encouraging enterprises’ STI investment; promotion for new innovative 
activities within enterprises; support for feasibility studies and highlight of innovation 
opportunities; etc. 

Technology Acquisition In order to promote technology upgrading through the introduction and utilisation of 
modern and efficient technology in the manufacturing and physical development of 
existing and new products or processes; as well as to enhance the competitiveness level 
of firms to enable them to compete globally.  Technology acquisition may include: 
technology licensing; acquisition of patent rights, prototypes and design; training; and 
foreign expert sourcing. 

Fundamental R&D It refers to the research and experimental development activities mainly carried out by 
the Higher Education Institutions. 

Applied R&D It refers to the research and experimental development activities mainly carried out by 
the Private Organisations and the Research Institutes (public or private). 

 

Transfer Capacity 
Knowledge Exchanges Informal interactions among the actors that facilitate upstream and downstream 

linkages on tacit knowledge. By instance: forums, scientific conferences, etc. 
Technology Exchanges Informal exchanges of technology among the actors of the innovation system. By 

instance: feedback opinions from final users on a product, process, or service. 
Knowledge Transfer Formal transfer of know-how and/or technical knowledge from one organisational 

setting to another.  It may comprise informal knowledge exchanges.  
Technology Transfer Use of the technology or technical information outputs (e.g. patents, licences, 

dissemination of equipment, technical information, related skills to users, etc) issued by 
a party external to the project.  Technology transfer may occur at each stage of the 
innovation process, as technology acquisition only takes place in the launching of new 
innovations.  It may comprise informal technology exchanges (Kingsley et al., 1996).  

Knowledge Networking When knowledge is shared, developed and evolved. It is more than access to 
information, because it also looks into the unknown. It is more than using the rules and 
inferences of expert systems, because it is about knowledge that is evolving. 

Technology Networking Share of existing technologies and development of these technologies, and related 
R&D activities, through the contribution of different innovation actors.  It builds up 
R&D group activities while tighten close co-operation.  It may comprise technology 
informal exchanges and technology transfer.   
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Absorptive Capacity 
Receptivity  
to Knowledge/Technology 

In order to enhance the human capabilities and awareness for learning new or existing 
knowledge and/or technologies. 

Accessibility  
to Knowledge/Technology 

It can be defined as a well-shaped completeness of education and training channels, as 
well as all other socio-economic process.  By instance, the society needs to offer the 
largest range of higher education institutions, vocational training institutions, and 
apprenticeship institutions that should provide a wide variety of educational and 
professional tuitions/degrees. 

Acquisition  
of Knowledge/Technology 

It embodies goods and services purchases, reverse engineering, and physical capital 
investment.  It is directly linked to the infrastructure and the operational functioning of 
the innovation institutional actors (e.g. universities, research institutes, etc), and is not 
devoted to the innovative activities in themselves. 

Distribution  
of Knowledge/Technology 

Adequacy and quality of the knowledge/technology transmission system (e.g. 
education, training, administrative procedure, etc). 

Updating 
Knowledge/Technology 

Capability of learning and applying new skills. Diffusion of new knowledge/technology 
to the innovation institutional actors (e.g. business organisations, public authorities, 
population, etc). 

Implementation  
of Knowledge/Technology 

It embodies: hiring of human capital, human capital mobility, use of new or existing 
technologies, and linkages between education, vocational training and the professional 
world. 

 

 

Appendix 2. Instruments used by the public authorities to implement policies in NIS 

 

STI Support Measures (Economic and Financial Instruments) 
Direct measures Grants; Funding through procurement; Subsidies; Innovation prizes; Premium 

voucher based grants; Scholarships for PhD students 
Indirect measures Tax incentives; Fiscal incentives in support of the diffusion of innovative and 

technological products and services 
Risk capital measures Venture capital; Support to risk capital and seed funding 
Loan and equity measures Subsidized loans; Reimbursable loans; guarantees 
Public participation on the market (Green) Public procurement 
 

STI Diffusion Measures 
Raise STI Awareness Increasing awareness on S&T; Awareness and understanding of innovation 

perspectives 
Creation of innovative firms Support to innovative start-ups; Support to academic spinoffs; promoting business 

angels 
Valorisation of R&D results 
and competences 

Implementation of new product or service; Commercialization of R&D; Bridging the 
gap between laboratories and markets 

Improvement of innovative 
capacities of firms 

Support to organizational innovation; Support to innovation management and advisory 
services; Business support through workshops, training and consultancy; Recruitment 
of skilled personnel in entreprises; Direct/Indirect support to business R&D; Support of 
sectoral innovation in manufacturing; Support to innovation in services 

Mobility  Mobility of researchers (e.g. brain-gain, transferability of rights ) 
Internationalization  Prevention of brain-drain; Measures targeting the return of researchers working abroad; 

International competition; Integration to the European innovation programs; Measures 
to attract foreign scientists in the domestic innovation system; International 
attractiveness; Measures targeting the entry on foreign markets 

Support to stimulate 
collaborations, partnerships 
and synergies 

Cluster framework policies; R&D cooperation (joint projects); Collaborations between 
universities and entreprises; Stimulation of university/industry linkages; International 
cooperation;  

Public science base Cooperation between public research units and industry; Public-private investment 
around research projects; Measures to attract researchers in the public sector; 
Application of public research results; public-private partnerships; Valorisation of 
public research 
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STI Framework and regulatory measures 
Standards and Regulations Support to the innovative use of standards; Legislation (regulation instruments);  
Infrastructure Support to the creation of a favourable innovation climate; Support infrastructure 

(transfer office; training of supporting staff); Innovation strategies; Strategic 
technology policies, Horizontal policies in support of financing; Other horizontal 
policies 

Support to policy making Strategy policy documents; Policy advisory services; Activities of official advisory and 
consultative forum 

Intellectual Property Rights Measures to raise awareness and provide general information on IPR; Consultancy and 
financial incentive to the use of IPR; Drafting and implementation of legislation which 
provides intellectual property right; Promotion of IPR 

Entrepreneurship Climate for entrepreneurship;  
Education and  
Science Base 

Awareness of creation and science education; Relation between teaching and research; 
Policy measures concering excellence,elevance and management of research in 
universities; Stimulation of PhDs; Recruitment of PhDs; Valorisation of knowledge 
production in universities 

Labor market  Recruitment of researchers; Job training of researcher and other personnel involved in 
innovation; Raise of salaries; bonuses and promotions; Employment condition for 
researchers; Career development (long term contracts with university researchers); 
S&T formation promotion; Fighting unemployment of the highly skilled; Increasing the 
availability of qualified research workforce; Improve productivity and quality of 
working life 

Gender Equality Human resources solutions for women; increasing women employment in the 
innovation sector;  

Environmental  
sustainability 

Support and guidelines on innovative green public procurement; Developing research 
in sustainable energies 

Social interests Stimulation of entreprises in disadvantaged communities; Steering course of 
technological development in a more human direction 

 

 

Appendix 3. Actors of the NIS 

Business Organisations 
Large companies Private or public firms (> 250 persons) whose prime activity is the market 

production of goods and services (other than higher education) for sale to the 
general public at an economically significant price. 

SMEs Private firms (< 250 persons) whose prime activity is the market production of 
goods and services (other than higher education) for sale to the general public at 
an economically significant price.  

New technology based firms / New 
knowledge intensive service firms 

Namely the same category than above, but specifically SMEs at their early stage 
(startups and spinoffs). 

Private research centres and 
competence poles 

Business organisations may carry out R&D activities in direct purpose of 
profitable commercialisation of R&D results.  Competence poles group the 
R&D infrastructure of several companies in order to gain scale economies in the 
production, distribution, and all other services connected to R&D activities. 

Venture capital providers Service providers whose aim is to ensure the access to finance for companies in 
their early-stage of development. This category includes risk capital 
organizations, venture capitalists, business angels, equity markets and 
commercial banks. 

Consultancies and other service-
providers 

Their main purpose consists in technical expertise, advisory services, technology 
brokering, etc. 

	
Education organizations  
Higher education institutions It is composed of all universities, colleges of technology, and other institutes of 

post secondary education, whatever their source of finance or legal status.  They 
provide post-secondary education and carry out R&D activities. It also includes 
all research institutes, experimental stations and clinics operating under the 
direct control of or administered by or associated with higher education 
establishments (Frascati Manual, 2015). 

Other public education institutions Other institutions providing primary and secondary education. This level is 
taken into account in S&T awareness activities. 
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Lifelong learning institutions Lifelong learning encompasses all purposeful learning activity, whether formal, 
non-formal or informal, undertaken on an ongoing basis with the aim of 
improving knowledge, skills and competence. Within the domain of lifelong 
learning, formal education covers education and training in the regular system of 
schools, universities and colleges. Non-formal education and training includes 
all taught learning activities which are not part of a formal education 
programme. (Eurostat, 2016) 

 
Research and Technology Organisations (RTO) 
Higher education institution 
research units 

Mainly the universities in their research activities, distinct from the education 
ones. It may cover the whole unit as well as researchers and PhD students 
working on a selected project. 

Private and public non-profit 
technology and innovation centres 

Centres not owned by the State, and pursuing non-profit activities 

 

Other organizations 

Scientists and researchers as individuals This category includes: citizens, students, individual researchers, but also 
entrepreneurs, consumers, etc. 

NGOs Organizations which are not part of a government or a for-profit 
institution, usually founded by individuals and pursuing charitable or 
socio-economic interests. A distinction has to be made with general non-
profit organizations. 

 

Appendix 4. Sectors included in the taxonomical classification (OECD) 

 



	 27	

Appendix 5. Example of policy taxonomical classification 

 

i.e. 1.63%*1/4 + 5.6%*1/7= 1.2% of policy measures concern applied R&D objective of HEI 
research units (universities).  

Afterwards, the total weight per dimension is collected for all countries allowing for a 
distribution of policy measures per NIS : 

 

		

Upstream	
Innovation	
Activities	

Fundamental	
R&D	 Applied	R&D	

Downstream	
Innovation	
Activities	

Knowledge	and	
Technology	
Exchanges	

Knowledge	
and	

Technology	
Tranfers	

Knowledge	and	
Technology	
Networking	

Absorptive	
Capacity	 Total	

2007	 69.674.564,00	€	
235.459.100,00	

€	
437.856.379,37	

€	
138.612.358,03	

€	
107.558.042,83	

€	
68.603.993,20	

€	
128.794.615,87	

€	
151.170.638,03	

€	
1.337.729.691,3

3	€	

2008	 24.664.000,00	€	 78.754.500,00	€	
547.904.016,67	

€	 68.780.350,00	€	 57.956.000,00	€	
17.648.833,33	

€	 75.443.974,83	€	
230.223.641,50	

€	
1.101.375.316,3

3	€	

2009	 73.805.209,97	€	
201.916.135,93	

€	
604.135.709,73	

€	
152.460.906,17	

€	
178.455.096,10	

€	
157.928.190,7

3	€	
204.068.597,63	

€	
273.812.354,07	

€	
1.846.582.200,3

3	€	

2010	 73.949.097,27	€	
231.995.635,93	

€	
688.300.529,20	

€	
136.318.958,50	

€	
180.897.433,77	

€	
159.035.928,7

0	€	
225.694.616,27	

€	
274.295.761,70	

€	
1.970.487.961,3

3	€	

2011	 77.981.177,97	€	
244.177.112,12	

€	
695.352.951,34	

€	
180.143.819,96	

€	
189.270.525,96	

€	
168.865.714,3

4	€	
208.804.524,07	

€	
275.123.933,90	

€	
2.039.719.759,6

7	€	

2012	
602.710.622,64	

€	
786.403.253,52	

€	
1.477.723.218,

51	€	
704.136.268,89	

€	
218.674.471,26	

€	
190.181.597,9

4	€	
244.108.344,17	

€	
299.424.614,73	

€	
4.523.362.391,6

7	€	

2013	
647.802.209,27	

€	
786.596.537,72	

€	
1.283.959.712,

14	€	
696.921.245,69	

€	
226.040.299,96	

€	
195.179.694,4

1	€	
233.861.471,27	

€	
302.556.237,87	

€	
4.372.917.408,3

3	€	
Total	2007-

2013	
1.570.586.881,

12	€	
2.565.302.275,

24	€	
5.735.232.516,

95	€	
2.077.373.907,

24	€	
1.158.851.869,

87	€	
957.443.952,6

5	€	
1.320.776.144,

12	€	
1.806.607.181,

80	€	
17.192.174.729,

00	€	

%	 9%	 15%	 33%	 12%	 7%	 6%	 8%	 11%	 100%	

Source : Authors’ own calculation for the Austrian example 
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Appendix 6. Variable codes used in the AFM and HAC techniques 
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Appendix 7. Classification of countries – GCI / Business sophistication  

 

Source: the Global Competitiveness Index 2014 

Appendix 8. Partition from 3 to 10 clusters – Budget-weighted distributions of policies 

 


