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1. Introduction1
The three classic references for innovation systems theory are Freeman (1987), Lundvall (1992)
and Nelson (1993). It is an approach in which the role of government, public policy2, institutions
and private investments for innovation are central. 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. It also stresses the nature of innovation as an interactive process
(e.g., Lundvall et al., 2002; Nooteboom, 2002, Meyer, 2002). 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 and the public policy that it implements are also seen as central 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, public policy 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 optimization
The introduction draws on a previous deliverable in this work package, D9.1 (Verspagen et al. 2016).
As it is, this literature has no connection to the separate body of literature known as “public policy
analysis” (e.g., Dunn, 2016). Although this literature may provide insights for the topic at hand, we do not
elaborate this beyond the use of Borrás and Edquist (2013), which partly addresses this literature, because
this would require a separate analysis that is outside the scope of the current deliverable.
This project has received funding from the European
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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.
A previous deliverable (D9.1) in this work package (Verspagen et al., 2016) proposed to use the
idea of taxonomies of behavioural patterns for a number of actor categories in the innovation
system. The approach outlined a number of actor classes, and for each of them to specified a
number of typical behavioural patterns. These behavioural patterns were then identified using
data on the European Union member states. In this way, an empirical assessment of how frequent
a particular behavioural pattern is in a member state was obtained. By combining the typical
behavioural patterns found most often in the system, the nature of the system in the particular
member states was characterized in terms of the way in which typical interactions take place in
the system, and how much and what kind of innovation the system will tend to produce.
The previous deliverable (D9.1) provided an empirical analysis of the higher education sector
(universities), the (semi-)public research institutes sector, and the private firms sector. Public
policy was missing as a separate category before, and will be added here. Together, D9.1 and the
current D9.3 will complete the analysis, and provide an overall characterization of the innovation
systems in the European Union member states. A separate aim is to use this characterization as a
way to provide recommendations for macroeconomic modelling of the impact of Research and
Development (R&D), which is an important part of the I3U project. This part of the current D9.3
follows on D9.2.
With the strong emphasis on public policy in the current work, we follow the approach of Borras
and Edquist (2013) by focusing on a categorization of public policy instruments based in the policy
analysis literature (e.g., Vedung, 1998; Bemelmans-Videc, 2003). This means that we classify the
potential policy instruments in the field of Science, technology and Innovation (STI), and then use
descriptions of the actual policies in the European Union member states to see which kind of
policies are implemented. We use the ERAWATCH country reports as a source for these
descriptions. We then use principal components analysis to characterize public policy in the STI
field based on our data.
The rest of this paper is organized as follows. In the next section, we will briefly present the data
www.i3u-innovationunion.eu
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that will be used to analyse the role of public policy in the member states of the European Union.
That section will also explain how the data are organized according to a classification scheme that
derives from the literature on public policy analysis, and in particular the innovation systems
literature on Science, technology and Innovation (STI) policy. Section 3 will present the results of
our two-stage principal components analysis. The aim of this section is to classify public policy
mixes in the member states of the Union. Section 4 will relates the findings of this analysis to the
conclusions of the previous (companion) deliverable (D9.1; Verspagen et al., 2016), in order to
arrive at a characterization of the complete innovation systems in the member states. In
particular, we will present four groups of innovation systems that are found in Europe: advanced
systems, public policy-led systems, developing systems and lagging systems. The final section 5 will
discuss the implications for policy evaluation in light of the 34 Innovation Union commitments and
for macroeconomic policy modelling, which adds to D9.2. This section will first discuss how the
commitments are related to the findings on innovation systems, and then derive a number of
recommendations for quantitative policy modelling in the I3U project.

2. Data and methods
We use the ERAWATCH country reports to collect data on the role of government in the
innovation system using a categorization that is similar to the one proposed by Borrás and Edquist
(2013). ERAWATCH was the predecessor of the Research and Innovation Observatory (RIO), which
is a service of the European Union that provides information on research and innovation policies
in the European Union. The primary target of ERAWATCH and RIO are policymakers in Europe that
work in the innovation field. Part of the ERAWATCH service were country reports that described in
a detailed way which policy initiatives in the innovation field were being developed in each
member state in the period 2012-2013. The country reports (we use the 2013 versions) provide
factual information about policy initiatives, their goals and their implementation. The reports
provide a qualitative overview of science, technology and innovation policies at the national level
in Europe. Detailed references are provided in the reference list below.
The ERAWATCH reports provide a unique set of data on European STI policy at the country level.
No other datasource provides comparable data on public policy in the SRTI field. Moreover, the
data from the ERAWATCH reports can be put into a format that is very similar to what is proposed
by Borrás and Edquist (2013), which makes them suitable for the analysis that we have in mind.
The first step in our approach is to make an inventory of the measures discussed in the country
reports and assign them to one of 26 categories of policy measures. We will present the categories
and their relation to innovation systems theory below. In a second step, we simply count the
number of measures in each category in each country. These numbers are taken as an indicator
for where the country directs its STI policy efforts during the period under consideration. Note
that this indicator focuses on new policy initiatives undertaken during the period, rather than a
complete inventory of all policies that are in effect. The country reports do not present a complete
www.i3u-innovationunion.eu
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state-of-the-art of all existing policies, but instead focus on new or changed policies. To our
knowledge, no database exists where data on the total set (“stock”) of policy measures can be
obtained.
In the third step, we use principal component analysis to find a number of latent factors that
summarize the trends in science, technology and innovation policy in the countries under
consideration. This methodology is particularly suited because our goal is to a large part
exploratory, i.e., without clear hypotheses or expectations about which patterns will be revealed
in the data. Principal component Analysis will then simply let the data speak, and summarize
which main trends are found in the database. We will use a two-stage analysis, in which the
categories are grouped a priori based on theoretical insights from the innovation systems field. In
the second stage of this analysis, we will obtain a picture of trends in innovation systems. This
picture can be merged with the quantification of the other dimensions of the European innovation
systems that was presented in D9.1 of this project.

www.i3u-innovationunion.eu
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Table 1. Public policy instruments and their characterization
No. Financial instruments

Regulatory instruments

Soft instruments

1

"En block" support to
universities & other RO's

Competition (anti-trust) policy
regulations concerning R&D

Campaigns

2

Cash grants & competitive
research funding

Other government regulations
concerning RDI

Codes of conduct

3

Government provision of
goods & services

Regulation of intellectual
property rights

Contractual relations commitments towards
certain goals

4

Loan guarantees

Regulation of
universities/higher
education/PRO's: Researchers'
employment regulation

Monitoring , evaluation of
policies and instruments

5

Participation in European
Research Infrastructures or
other international
collaborations

Regulation of
universities/higher
education/PRO's: statutes

Public-private
partnerships to share risk,
costs, benefits

6

Private provision of goods &
services under government
contracts

Recommendations

7

Public procurement

Voluntary agreements

8

Reduced interest loans

Voluntary technical
standards

9

Subsidies

10

Support to technology
transfer

11

Support to ventures & seed
capital

12

Tax exemptions for R&D

13

Vouchers

Note: instruments that are underlined are also found in Borrás and Edquist (2013).

Borras and Edquist (2013) follow a conventional categorization of policy instruments (e.g.,
Bemelmans-Videc et al. 2003) which discerns economic and financial instruments, regulatory
instruments and soft instruments, which are also commonly shorthanded as the carrot, the stick
www.i3u-innovationunion.eu

Page 7 of 26

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

D9-3 | Report on how the 34 IU commitments
relate to the European Innovation system
and the sermon. Examples of each category are found abundantly in science, technology and
innovation policy. Under economic and financial instruments, one finds the funding of university
systems, and all sorts of incentives provided to firms, e.g., subsidies or tax cuts. Often, these
financial instruments are aimed at solving some kind of perceived market failure, such as the
existence of externalities. Regulatory instruments use law to force actor behaviour. A prime
example are laws on intellectual property rights such as patents, copyrights and trademarks. Soft
instruments do not fall in either of the two other categories. Borras and Edquist note that their
importance has been rising over the last two decades, bit they remain largely complementary to
the other categories.
Table 1 summarizes the instruments and their categorization that will be used in the analysis. The
table includes a total of 26 policy instrument categories, of which 9 are taken from Borras and
Edquist’s summary table of example instruments. Two of Borras and Edquist’s 11 instrument
categories (ethical regulations and ‘en block’ support for innovation-promotion) are not found in
our dataset. We add 17 specific instruments that are not mentioned by Borras and Edquist. The
fact that we have to add these 17 instruments illustrates that the analysis in Borrás and Edquist
(2013) is far from complete. We will now briefly discuss each of the instruments in our analysis.
The first instruments in the category of financial instruments is “en block” support to universities
and other research organizations. This is a very common instrument, found in almost all developed
countries. It encompasses the general system by which universities and (semi-)public research
institutes are funded. But note that in our database we only record changes or new policy
initiatives. The second instrument found in this category is cash grants and competitive research
funding. In terms of the actual data, this instrument often refers to the activities of research
councils or similar organizations. Often, universities are the main user of these policies, although it
also happens that firms use these instruments (sometimes in collaboration with universities).
Government provision of goods and services is classified as a financial instrument because it
operates in the market, and complements goods and services that firms would otherwise obtain
from private agents. This includes the provision of consultancy services (advise or brokerage).
Loan guarantees are provided to firms that undertake risky innovation projects for which it is hard
to obtain credit in the private market. Participation in European Research Infrastructures or other
international collaborations is often a government policy instruments for science and innovation
projects that require international collaboration made possible by large investments. CERN is
perhaps the most well-known example, but many more of such projects exist in Europe. Private
provision of goods & services under government contracts and Public procurement are closely
related but still considered as separate categories. Under the first of these, governments acquire
private firms to supply goods and services for a common purpose. An example is a training
program for young entrepreneurs. Under public procurement, private firms provide goods and
services directly to the government. Reduced interest loans also solve a potential market failure in
the credit market that innovators may fail. Subsidies are a common instrument used to incentivize
firms that undertake R&D and other innovation projects. Support to technology transfer is aimed
www.i3u-innovationunion.eu
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at firms that operate behind the technological frontier and want to acquire state-of-the-art
technologies. Support to ventures & seed capital is a financial policy instrument aimed at
entrepreneurship. Finally, tax exemptions for R&D provide tax credit to firms that undertake R&D.
This often comes in lieu of subsidies.
In the regulatory category, we find five instruments. Competition (anti-trust) policy regulations
concerning R&D often addresses alliances and other forms of cooperation between firms, which
are often ruled out by anti-trust laws. Policymakers often want to make exceptions to this for R&D
and innovation-related projects, which gives rise to regulatory policies. Other government
regulations concerning RDI often concern the role of specific agencies aimed at a particular role in
the innovation system, such as research councils or coordinating bodies. Regulation of intellectual
property rights concerns patents, copyrights and trademarks. Regulation of universities/higher
education/PRO's is split into two separate categories: researchers' employment regulation and
statutes. The latter often refers to the basic tasks of universities and other research organizations.
Under the soft instruments, the first one is campaigns. Examples of these are campaigns aimed at
the role of gender, or to encourage young people to take up a career in science and technology.
Codes of conduct often concern scientific integrity or issues such as open access to literature.
Contractual relations - commitments towards certain goals are agreements made between
government and private parties, or between private parties (encouraged by policymakers). This
often takes the form of public declarations aimed at promoting science, technology and
innovation. Monitoring , evaluation of policies and instruments refers to evaluations of policies
and instruments undertaken for the government, with the aim to provide better justification of
public policy. Public-private partnerships to share risk, costs, benefits are formal partnerships
aimed at a specific outcome, which is often a perceived societal issue, or activities that are
considered to be of strategic importance. Recommendations are often signalling declarations for
general issues, such as the importance of STI in solving societal problems. Voluntary agreements
often concern university-industry cooperation or the provision of specific educational forms such
as vocational training. Voluntary technical standards are aimed at providing access to technology,
especially for small and medium-sized firms.

www.i3u-innovationunion.eu
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Table 2. Summary statistics on the raw data for policy instruments
No. Financial instruments Regulatory instruments Soft instruments
1

1.6, 1.4 (4)

0.1, 0.3 (25)

1.3, 1.5 (12)

2

6.4, 4.1 (0)

3.0, 2.9 (5)

1.7, 1.7 (11)

3

4.3, 2.4 (1)

1.0, 0.9 (8)

0.3, 0.9 (24)

4

0.8, 1.2 (18)

1.5, 1.9 (12)

4.3, 3.9 (6)

5

12.4, 8.0 (1)

1.8, 1.5 (9)

0.5, 0.8 (20)

6

0.1, 0.6 (27)

1.3, 1.7 (14)

7

0.6, 1.1 (19)

0.4, 0.7 (21)

8

0.6, 0.9 (16)

0.1, 0.3 (26)

9

3.5, 2.3 (2)

10

9.9, 5.5 (1)

11

3.6, 5.1 (2)

12

4.0, 9.3 (5)

13

0.7, 1.0 (15)

Notes: in each cell, the first number is average policy measures taken, the second number is the standard deviation of
this and the third number (between brackets) is the number of countries (out of 28) with zero policy measures taken;
cells with underlined content are variables that are excluded from the principal components analysis.

Table 2 presents some summary statistics of the basic count data (number of policy measures
recorded in the ERAWATCH reports. There are 28 countries in the database. The table documents
the average number of policy measures recorded, per policy instrument category, the standard
deviation of this, and the number of countries with zero policy measures per category. Although
the standard deviations are usually smaller than the mean, the data are strongly influenced by
outliers. For example, Hungary records 51 policy measures in the tax exemptions for R&D
category, which brings the mean up by about 1.7 (from 2.3 to 4.0). This happens for other
variables as well, although the effect is usually a bit weaker. For this reason, we decided to
perform the principal components analysis using rank correlations: the underlying correlation
matrix used in the analysis was based on a Spearman rank correlation rather than the normal
Pearson correlation coefficients.
We also decided to leave out a number of variables that make the dataset unsuitable for factor (or
principal components) analysis. This was decided on the basis of the KMO statistic, which looks at
www.i3u-innovationunion.eu
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the sample-wide correlation and partial correlation coefficients. In order for a dataset to be
suitable for principal components (factor) analysis, we need a minimum amount of high
correlations (so that meaningful factor/components can be formed) but also a suitable amount of
partial correlations to be zero (so that distinct components/factors can be formed). Within each of
the three categories of policy instruments, taking all variables into account yields low (<0.5) KMO
statistics. By omitting variables, the KMO statistics could be increased to values near to (and
usually above) 0.6, which is the usual rule-of-thumb threshold. The omitted variables are
underlined in the table.
In the first category (financial instruments), we omit the following variables from the analysis:
Private provision of goods & services under government contracts, Public procurement, Reduced
interest loans, and Tax exemptions for R&D. In the regulation category, we exclude Competition
(anti-trust) policy regulations concerning R&D and Regulation of intellectual property rights.
Finally, in the soft instruments category, we exclude Codes of conduct, Voluntary agreements and
Voluntary technical standards. These variables have little discerning power and/or little correlation
to other variables in the dataset. Thus, they are not very suitable to characterize countries relative
to each other with regard to their public policy in the STI field.

3. Results
We start by undertaking principal components analysis on each of the three policy instrument
categories. We always select all components for which the eigenvalue is larger than one, and apply
an oblique rotation to the results (we document the pattern matrix). Table 3 documents the
analysis for the financial policy instruments, in which there are 9 variables. The first component
accounts for about 27% of the total variance, and loads high (>0.5) on 4 of the 9 variables
(government provision, loan guarantees, support to ventures and vouchers). What these variables
have in common is that they indicate a willingness of the policymakers to influence STI in a
market-based way. The instruments are mostly aimed at firms, and impact the system in a marketconform way. This is why we label this component the Market component.
The second component accounts for an additional 20% of variance, and loads high on 3 variables,
of which one (technology transfer) is negative. The two variables with positive loadings are
support to universities and grants and competitive funding. This means that this component has a
clear research-oriented focus, with emphasis on universities and research institutes rather than
firms. The component also correlates negatively to technology transfer, which means it is more or
less exclusively oriented towards the non-private sector. We label this component Research. The
final component loads high on European infrastructural projects, and (negatively) on subsidies. We
label this component Europe.

www.i3u-innovationunion.eu
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Table 3. Principal components analysis on financial policy instruments (KMO=0.621)
Variable

Comp 1

Comp 2 Comp 3

Markets Research

Europe

"En block" support to universities & other RO's

0.275

0.709

0.008

Cash grants & competitive research funding

0.150

0.741

0.070

Government provisions of goods & services

0.638

0.104

-0.119

Loan guarantees

0.739

0.174

0.248

0.360

-0.397

0.589

0.383

-0.184

-0.792

Support to technology transfer

0.427

-0.601

0.112

Support to ventures & seed capital

0.724

.0194

-0.058

Vouchers

0.648

-0.261

-0.144

27.3

46.9

58.9

Participation in European
international collaborations
Subsidies

Research

Infrastructures

or

other

Cumulative % variance explained

For the regulation category, we extract only one component, which loads high (>0.5) on all three
variables, and explains about half of the total variance. We simply label this component
Regulation.

Table 4. Principal components analysis on regulation policy instruments (KMO=0.687)
Variable

Comp 1
Regulation

Other government regulations concerning RDI

0.564

Regulation of universities/higher education/PRO's: Researchers'
employment regulation
Regulation of universities/higher education/PRO's: statutes

0.829

Cumulative % variance explained

0.689
49.3

In the soft policy instruments category, we extract two components, with a total of 63% of the
www.i3u-innovationunion.eu
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variance explained. The first component (39%) loads high on 3 of the 5 variables. Two of these
variables have a direct bearing on public-private partnerships (PPP), and the third refers to
monitoring and evaluation. We label this component PPP. The second component loads high on
the two other variables, campaigns and recommendations. Both of these variables have a
persuasive nature, and hence we label this component Persuasion.

Table 5. Principal components analysis on soft policy instruments (KMO=0.572)
Variable

Comp 1

Comp 2

PPP Persuasion
Campaigns

0.035

0.811

Contractual relations - commitments towards certain goals

0.640

0.431

Monitoring , evaluation of policies and instruments

0.711

-0.009

Public-private partnerships to share risk, costs, benefits

0.883

-0.159

-0.078

0.757

39.4

63.5

Recommendations
Cumulative % variance explained

Next, we use the component scores in a second round principal component analysis.3 This
combines the main trends (components) from the three separate categories, and hence provides
an overall picture of the public policy on STI in each of the countries. We have 6 components to
include in the analysis, but in order to raise the KMO statistic, we exclude one component, i.e., the
third finance component (Europe). This variables does not have a large power to discern policy
patterns between the countries.
Table 6 documents the results from the second stage analysis. We have two components,
explaining a total of 58% of the total variance. The first component loads high on 4 of the 5
variables: Markets, regulation, PPP and Persuasion. The second component loads high research
only, although the loading on Persuasion is also relatively high and close to the loading of the first
The results that are reported here are robust to a different rotation method (varimax). However, when a single
stage procedure is used instead of the two-stage method, the ultimate results vary considerably. In the single
stage procedure all variables from all categories are entered in a single principal components analysis. This
results in a low KMO value (0.41), and 6 components with eigenvalue > 1, of which the first two explain 34% of
the variance. Using the scores on the 6 components in a multidimensional scaling plot yields a graph that bears
some similarities to Figure 1 below (but also has clear differences). We prefer the 2-stage procedure because it
yields higher KMO values, because it is less influenced by the number of instruments in each category, and
because it yields only two dimensions (components) for the final plot (Figure 1).
This project has received funding from the European
www.i3u-innovationunion.eu
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component. In summary, what distinguishes the two components in the second stage is the
general intensity of the policy, as well as the specific focus on the non-private research system.

Table 6. Second stage principal components analysis on all policy instruments (KMO=0.604)
Variable

Comp 1

Comp 2

Markets, PPP and regulation Research
Markets

0.842

-0.079

Research

-0.124

0.940

Regulation

0.610

0.001

PPP

0.638

-0.071

Persuasion

0.532

0.443

36.5

57.6

Cumulative % variance explained

Using the scores from the second stage, we can position the 28 countries in policy space by
plotting the two components against each other. This is done in Figure 1. The horizontal (vertical)
axis contains component 1 (2). The blue-shaded area in the centre of the figure indicates the area
in which the cores in both dimensions are less than a standard deviation (1) away from the mean
(0). This is the area in which neither of the two dimensions are very strong, i.e., where the policy
efforts in terms of its spread over policy instruments is close to the average in Europe. Many (11
out of 28) countries are found in this area of the graph. The orange shaded areas indicate parts of
the graph where observations are more than a standard deviation away from the mean on both
dimensions. Only two countries are located in one of these orange parts: Slovenia (strong on both
dimensions) and Romania (strong on markets and general intensity, weak on non-private
research).

www.i3u-innovationunion.eu
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Figure 1. Principal components scores from the second stage plotted against each other
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Policy intensity and orientation on markets, regulation and PPPs

15 countries far above or below on one dimension, and close to the mean on the other dimension.
Three of these (Finland, United Kingdom and Spain) score relatively high on non-private research,
while another four (Ireland, the Netherlands, Luxembourg, Hungary) are below average on this
dimension. Four countries (Latvia, Portugal, Sweden and Malta) are strong on general intensity
and market orientation, and another four are weak in this dimension (Greece, Poland, Estonia and
Austria).

4. Integration into previous results: European innovation systems
In a previous paper for this project (D9.1; Verspagen et al., 2016), the innovation systems of the
European Union member states were characterized on three other dimensions: the university
system; (semi-)public research institutes; and the private sector (firms). The aim was to combine
these characterizations with the current characterization of public policy in the STI field, in order
to arrive at a more or less complete characterization of the member states’ innovation systems,
and to derive implications from this for macroeconomic modelling of the impact of STI. In this
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section, we will undertake the first of these two goals (characterization), while leaving the other
goal for the next section.
Based on the previous deliverable (especially Table 12 in D9.1) and the analysis in the previous
section, we arrive at four main groups of innovation systems that are found in European Union
member states. These four groups can be broadly characterized as Strongly Developed;
The Strongly Developed group consists of a number of countries that are usually highly-developed
in the general economic sense: Austria, Belgium, Denmark, Finland, Germany, the Netherlands,
Slovenia, Sweden, and the United Kingdom. In this group, all parts of the innovation system are
well-developed and perform strongly in an internationally comparable context. Slovenia and
Austria are somewhat of an exception to this rule, as they tend to have a somewhat weaker
university system (Slovenia) or a weaker role for public policy and the institutes sector (Austria).
All countries in this group have a strongly innovative firm population at their core, and have
various other functions that can work with this firm population.
Some countries in the group have a particular emphasis on an innovation style or a specific part of
the system. In Germany, we find a strong emphasis on science-based innovation, supported by
public policy and strong universities and an institutes sector that works in close recognition of firm
interests. In Austria, universities and institutes are strongly industry-oriented. In Finland, the
institutes sector and public policy in general are much aimed at firm interests. In Denmark, firms
tend to be supply-chain driven innovators. In the United Kingdom, we find a strong orientation on
defense and on private firms. In other countries, Belgium, the Netherlands and Sweden, we do not
find any particular emphasis but instead a rather balanced system.
A next group of countries can be characterized as having Publicly policy-led innovation systems. In
this group we find France, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta and Portugal.
Innovation in the private sector (firms) is not developed particularly well in this group of countries,
but public policy in the STI field is developed and active. Innovation therefore primarily becomes a
public policy interest. As innovation intensity in the firm sector is “average”, public policy
initiatives have a potential impact of raising them to higher levels, but this depends on the
effectiveness of policy.
Again, there are some differences within the group. Ireland, Latvia, Luxembourg and Malta have
public policy geared towards market-based innovation. France and Lithuania have public interests
and (semi-)public research at the core of their public policy. Portugal and Italy have overall
balanced public policies.
The third group of countries are Developing innovation systems. This includes Bulgaria, Croatia,
Cyprus, Czech Republic, Hungary, Romania, Slovakia and Spain. Firms in these systems generally
tend to have innovation styles that are strongly dependent on external knowledge and
competencies, such as supply-chain based innovation and external sourcing. Public policy is
developed in a stronger way in these countries, which makes them also public policy-led.
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However, with the particular style of innovation in the firms sector in these countries, innovation
policy must be more aimed at absorption in the private sector. Public policy in this group often
runs through (semi-)public research in the institutes sector, while the university system tends to
be weakly developed. In terms of the so-called technology gap theory (e.g., Fagerberg, 1994), the
countries with these innovation systems can benefit from international technology diffusion,
provided that their innovation systems provide absorptive capacity.
Finally, a fourth group of countries can be characterized as the Lagging behind group. Here we
find three countries: Estonia, Greece and Poland. In this group, firms tend to be either supply
chain driven innovators or externally sourcing (as in the previous group), but public policy is
weakly developed in a comparative perspective. Thus, public policy does not provide a strong
perspective to stimulate innovation in the private sector in this group of countries.

5. Implications for impact evaluation and modelling
The innovation systems perspective, and in particular the results from applying this perspective to
the European Union member states as documented above, has a number of implications for
impact evaluation and for macroeconomic modelling of the impact of STI. We will discuss these
implications, starting with a general discussion on the innovation union commitments, followed by
some pointwise recommendations for modelling. The discussion and recommendation here
complements the analysis in D9.2 of the workpackage and project (Mohnen, 2016).
In terms of the 34 innovation union commitments, we will discuss these at the level of the 13
groups into which the commitments are commonly divided. Looking at the commitments and the
goals they set to achieve, one can divide these into two broad categories. A first category is aimed
at increasing capabilities of the actors in the system and stimulating interaction between them. A
second category is aimed at the conditions that enable innovative activities, or obstacles that
hinder them.
In the specific context of the European Union, these two categories can be expected to have
widely different impacts on innovation activities, because of the wide variety of innovation
systems between the member states. A large number of member states (all those who are not in
the advanced systems category) have elements of their innovation system that are weakly
developed. Policy actions (at the European level, in the context of the Innovation Union) may be
taken to address these weaknesses. Such policy actions, when undertaken long enough and with
sufficient intensity, will lead to less heterogeneity between the development levels of the
innovation systems in the EU.
On the other hand, policy actions aimed at general conditions for innovation, or at removing
obstacles for innovation, may reinforce the differences between member states, because they
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provide better opportunities for innovation actors in systems that are already well-developed. For
example, in an innovation system where firms are mostly focused on innovation using external
sources of knowledge (whether from the supply chain or otherwise), policies aimed at removing
obstacles for mobility of researchers may not be very effective, simply because these firms do not
rely on research as a source for innovation. Therefore, policies in the second category will be most
effective when combined with policies in the first category.
It will therefore be useful to look at how the 34 Innovation Union commitments address policies in
each of the two categories. Because these commitments are formulated in a broad sense without
specific commitments on the resources devoted to the policies, and without specific targets in
terms of member states or actors within them, it is only possible to sketch a general picture.
Nevertheless, such a general assessment using the innovation systems perspective will be useful
when monitoring and evaluating the mix of policies in the Innovation Union (as opposed to
evaluating individual policies).
Table 7 summarizes the 13 groups of commitments in terms of their focus on the two categories
of measures. We find four categories in which there are only actions aimed at conditions or
obstacles for innovation: Delivering the ERA, Enhancing access to finance for innovative
companies, Reforming research and innovation systems, and Measuring Progress. The first two of
these can be seen as major parts of the Innovation Union strategy. Seen from an innovation
systems perspective, these measures are expected to be most effective in the group of member
states with advanced innovation systems, while they leave behind innovation actors in the
developing or weak innovation systems groups. The effects and outcomes of the actions in these
categories must be seen in the broad context of the 34 commitments, which contains also an
abundance of measures aimed at innovation capabilities. The emphasis on capabilities in the
general policy mix dampens the risk of leaving behind specific member states. However, it is
important to explicitly take into account the combination of policy actions in the conditions group
and the capabilities group when monitoring and evaluating policies in these groups.
On the other hand, there are five categories in which we exclusively find policy actions aimed at
conditions: Focusing EU funding instruments on IU priorities, Promoting the EIT as a model of
innovation governance in Europe, Spreading the benefits of innovation across the Union, Increasing
social benefits, and Pooling forces to achieve breakthroughs: European Innovation Partnerships. Of
these, the first and the third focus on large-scale programmes that can be used for research and
other innovation activities. These programmes may benefit actors in advanced systems, but the
specific implementation (in both the Framework- or Horizon research programs and in the
Structural Funds) is towards including actors from regions and member states that lag behind the
European frontier. In the specific innovation systems context applied here, this means that firms
and other actors from the developing and weak innovation systems may benefit from these policy
actions to increase their innovation capabilities. From the point of view of creating a more
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homogenous European innovation system, this is a particular aspect to look at in monitoring and
evaluation of the commitments in these categories. It is also of particular interest to investigate
whether an interaction with policy actions aimed at the general conditions and obstacles for
innovation can increase the effectiveness of policy actions in these categories.
Table 7. The Innovation Union commitments in the context of innovation systems
Commitment group

#
comm.

Actions aimed at
Actions aimed at conditions
capabilities and interaction or obstacles

Promoting excellence in
education and skills
development
Delivering the ERA

3

Training researchers; promoting
attractive employment
conditions; promotion of e-skills

Focusing EU funding
instruments on IU
priorities

3

Promoting the EIT as a
model of innovation
governance in Europe
Enhancing access to
finance for innovative
companies

1

Creating a single
innovation market

5

Promoting openness and
capitalising on Europe's
creative potential

5

Spreading the benefits of
innovation across the
Union
Increasing social benefits

2

Using structural funds for
research and innovation

3

Pooling forces to achieve
breakthroughs: European
Innovation Partnerships
Leveraging policies
externally

1

Social innovation pilot; public
sector innovation; consulting
social partners
European Innovation
Partnerships

2

Remove obstacles for cross-border
mobility and cooperation; research
infrastructures
Research programmes; industrydriven and societal priorities;
ERC; access for SMEs; strengthen
science base for public policy
EIT as a showcase

4

3
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cooperation with third countries
Reforming research and
innovation systems
Measuring Progress

1

Self-assessments of innovation
systems by member states
Developing new indicator(s)

1

The remaining four categories of commitments combine policy actions from both categories. Here,
the category Promoting excellence in education and skills development seems to be of particular
relevance. Many of the developing innovation systems among European Union member states
have weakly performing higher education systems. To enhance the capabilities of these higher
education institutions may be expected to have strong direct and indirect effects in these
innovation systems, especially when combined with policy actions aimed at other actor categories.
In summary, the innovation systems perspective suggests that the distinction between policy
actions aimed at increasing innovative capabilities on the one side, and actions aimed at general
conditions and obstacles for innovation on the other side is particularly relevant. A major policy
challenge for the Innovation Union initiative is to remedy the large heterogeneity in terms of
development levels of innovation systems found among European Union member states. An
effective policy aimed at strengthening especially the developing and weak innovation systems in
Europe will combine policy actions from both categories, and the evaluation of these policy
actions should be done from the point of view of this larger systems perspective.
With regard to the quantitative evaluation of the 34 commitments using macroeconomic (or
sectoral) policy models, the following five specific recommendations are made.
1. The impact of innovation runs through a number of other channels than just R&D. This is a point
that is not exclusively related to innovation systems, but it is clearly brought out by the finding
(Verspagen et al. 2016) that firms in many member states of the European Union rely on other
than science-based innovation modes. In particular, it is found that firms in the group of member
states with developing innovation systems often rely on innovation modes in which (their own)
R&D is unimportant. Instead, they rely on knowledge from within the supply chain (suppliers and
customers), or from externally developed knowledge (acquired, for instance, by license or the
acquisition of machinery and equipment, or through fairs and exhibitions). These firms will not
benefit directly from any policy measures aimed at R&D, and it follows that such R&D-based
policies will not be very effective in the context of the developing innovation systems found in the
European Union. These innovation systems are especially found in the Eastern part of the Union.
The implication for macroeconomic modelling is that in order to be more comprehensive in their
coverage of the relevant effects, macroeconomic policy models need to incorporate other
innovation modes than just R&D-based innovation, and that R&D may be a relatively ineffective
channel for innovation to impact the macro economy in some contexts (in particular the
developing innovation systems of the European Union).
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2. The Community Innovation Surveys (CIS) that are commonly implemented in the European
Union provide innovation count based measures as an alternative to R&D. There is ample
evidence at the microeconomic level that (e.g., following in the tradition of Crépon et al., 1998)
these innovation measures can be causally linked to productivity growth at the firm level.
However, it is not straightforward to aggregate these results to the macroeconomic level because
there may be externalities from the innovation efforts of individual firms, both positive and
negative. While we have a reasonable idea of how these positive externalities work, and how they
affect the macroeconomic rate of return to, in particular, R&D (e.g., Griliches, 1992), there is little
existing work on how negative externalities affect the macroeconomic returns to R&D. It is likely
that successful innovation by one firm will affect the market position of other firms negatively,
unless they innovate themselves. This was called the market-stealing effect by Aghion and Howitt
(1992). For empirical macroeconomic policy models to be able to incorporate innovation
indicators from the CIS into their effect-modelling, it will be necessary to empirically explore such
negative externalities from innovation, so that a credible macroeconomic rate of return to
innovation can be established.
3. The finding that there are differential innovation systems in the European member states
implies that there are also different ways in which innovation has an effect in the member states.
Related to this, innovation will have larger macroeconomic effects in some member states than in
others. In the group of countries with strongly developed innovation systems a wide range of
innovation modes exist in the firm population, and public policy may affect this behaviour through
a wide range of channels. In the public-policy led innovation systems, firms play a less prominent
role, and the largest macroeconomic effects may come from efforts towards particular goals that
public policy sets. In the developing innovation systems, a large potential exists for catching-up
based growth, but this depends on other processes than pure innovation, i.e., absorption of
knowledge attains a crucial role. In the lagging innovation systems, innovation may not be a very
effective way of stimulating macroeconomic growth, and structural reforms may be necessary to
change this state of affairs. In summary, a macroeconomic policy model for the effects of
innovation and R&D in the European Union must acknowledge that the mechanisms through with
this impact realizes itself is diverse between the member states of the Union.
4. Publicly-funded R&D in the European Union works in very different ways. A first distinction is
between R&D carried out in the institutes sector, and R&D carried out in universities. In addition
to this, there are large differences in terms of the orientation of R&D towards particular topics. In
some member states, publicly-funded R&D is aimed at specific public goals, which may range from
defense to the environment, while in other member states, publicly funded R&D is aimed at the
service of private firms. This implies that the impact of publicly funded R&D runs through a set of
diverse channels, which differ by member states. There are two ways in which these diverse
impacts can be incorporated into macroeconomic policy models. The first is by explicit modelling
of the institutes and universities sectors, and in particular the goals that are set for their R&D
efforts. The second way is to distinguish differential rates of return to publicly funded R&D, as was
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found, e.g., by Khan and Luintel (2006). While the first of these options may be preferable in the
longer run because it is able to explicitly model the differential channels of impact, the second way
may be a more feasible option in the shorter run.
5. Macroeconomic policy models are calibrated or econometrically estimated in order to arrive at
an actual parameter set that can be used in simulation experiments. Taking into account the
previous two points, this process of calibration or estimation will be most effective when
performed at the level of individual member states, or groups of member states as indicated by
the innovation systems analysis above. While this “differential calibration” exercise will not lead to
new theoretical insights about the working of innovation systems, it will enable model builders to
make their models more relevant by obtaining a differentiated impact of innovation and R&D in
different member states. This will lead to a more realistic analysis of R&D and innovation policy in
these models.

6. Summary and conclusions
This D9.3 deliverable of the I3U project follows on D9.1 by completing the analysis of European innovation
systems that was started with D9.1, and complements D9.2 by summarizing some implications for
macroeconomic policy modelling from the innovation systems analysis. The addition provided here to the
innovation systems analysis is the inclusion of public policy in the STI field. While D9.1 already found that
there are large differences between EU member states in terms of their innovation systems, the inclusion
of public policy reinforces this picture. Based on the results of D9.1 and D9.3 together, we discern 4 basic
types of innovation systems in the EU: Strongly Developed (Austria, Belgium, Denmark, Finland,

Germany, the Netherlands, Slovenia, Sweden, and the United Kingdom); Publicly policy-led
innovation systems (France, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta and Portugal);
Developing innovation systems (Bulgaria, Croatia, Cyprus, Czech Republic, Hungary, Romania,
Slovakia and Spain); and Lagging behind innovation systems (Estonia, Greece and Poland).
In order to apply the innovation systems analysis to the IU commitments, we propose to divide the
34 commitments into two broad categories: (i) commitments aimed at increasing capabilities of
the actors in the system and stimulating interaction between them, and (ii) commitments aimed
at the conditions that enable innovative activities, or obstacles that hinder them.
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