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Introduction
One of the objectives of the I3U project is to analyse innovation systems in EU countries, and
assess the extent to which the Innovation Union commitments have an impact on different aspects
of such innovation systems. Two reports previously produced for this project built up a general
framework for analysing EU innovation systems (report D9.1 and report D9.3).
The main idea of this framework is that there are six categories of actors that are central in
innovation systems: (1) higher education institutes, (2) semi-public and public research institutes,
(3) firms, (4) governments (policymakers), (5) the finance sector, and (6) consumers. Each of these
actors can pursue different strategies, depending on country-specific factors like national policies,
regulations and available resources.
Hence, each actor type is characterized by distinct behavioral patterns (or “actors’ roles”). For
instance, as explained in report D9.1, higher education institutes can be more or less oriented
towards research, education and/or industry; semi-public and public research institutes can in
different countries be market-driven, research-driven, and/or public interest-driven; and innovative
firms can be science-based, supply-chain driven, externally-sourced, or low-profile.
The underlying idea is that actors’ performance should not only be assessed and measured with
respect to one single dimension, as it is often done in research and policy benchmark exercises, but
rather studied by using a multi-dimensional assessment and a taxonomic classification. Applying
this logic, report D9.3 shows that innovation systems in EU differ with respect to a number of
dimensions – defined by the relative importance of actors and actors’ roles – and they can
therefore be grouped into four clusters: (1) Strongly developed (Austria, Belgium, Denmark, Finland,
Germany, the Netherlands, Slovenia, Sweden, UK); (2) Publicly policy-led: France, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta and Portugal; (3) Developing: Bulgaria, Croatia, Cyprus, Czech
Republic, Hungary, Romania, Slovakia, Spain; (4) Lagging behind: Estonia, Greece, Poland.
The present report will use the framework previously presented in D9.1 and D9.3 to assess the
extent to which the Innovation Union commitments have an impact on different aspects of
innovation systems in EU countries. Since this report is produced for WP1 of the project, it will
focus on the five IU commitments that relate to human capital and public scientific research: (C1)
Training of researchers and employment conditions in public research institutions; (C2) University
rankings, and partnership between business and higher education; (C3) e-skills; (C4) international
research collaborations and international mobility of researchers; (C30) attracting and retaining
foreign talent.
For each commitment, the report will contain the following elements: (i) a reflection about where
the policy works (capabilities of actors, interaction between actors, conditions and obstacles in the
system); (ii) a reflection on the direct and indirect effects of the policies; (iii) a reflection on what the
results of the impact assessment of these commitments have to say about the roles by each of the
actors; (iv) a reflection on what the results of the impact assessment of these commitments have to
say about weaknesses or strengths of innovation systems in the EU.
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Before presenting this analysis, it is worth to recall that the results of the impact assessment of
these five IU commitments was previously presented in the project report D1.2 (to which the reader
should refer for further details on data and methodologies used in the econometric analysis). For
the reader’s convenience, we report in the appendix of this document a table with an overview and
summary of these empirical results, which represent the background material that will be used for
the policy analysis in the present report.
The report is organized as follows. The following eight sections will consider each commitment (or
sub-commitment) separately, and analyse its direct and indirect effects on different actors, roles,
and on different innovation systems in Europe. The last section will then provide a summary and
overview of the results of this discussion by considering all five IU commitments as a whole.

Commitment 1.1: Training of researchers
The objective of this IU commitment is to increase training of researchers, and specifically the
number of researchers with a Doctoral degree. As such, this policy targets primarily the two
categories of actors higher education institutes and semi-public and public research institutes,
since these are the type of organizations that typically employ PhD students and PhD graduates.
The underlying idea of this commitment is that the policy works in two ways. First, by increasing
the number of researchers with a PhD, it increases the overall capability (human capital level) of
these actors. Second, by improving working conditions and quality of doctoral education (which is
also noted as an additional rationale of the commitment), the policy does also intend to improve
conditions for young researchers in HEIs and public research organizations.
Regarding the expected direct effects of this policy, it is reasonable to expect two types of impacts
on the innovation system. First, higher volumes of young researchers with scientific training at the
doctoral level (as well as higher quality of such doctoral programs) will increase both the
productivity and the quality of research being carried out in European countries. Second, a larger
pool of highly educated researchers will also increase the quality of educational programs offered
by HEIs, and particularly research-based teaching. In terms of the classification of innovation
systems presented by reports D9.1 and D9.3, the first effect is stronger for innovation systems that
are research-oriented, and the second is more relevant for higher education institutions that are
more teaching-oriented (see report D9.1, table 4).
Regarding indirect effects, higher levels of formal scientific qualifications typically have spillover
effects in the private sector, since an increasing share of PhD graduates are later employed in
private companies. This increases the pool and quality of advanced human capital in the business
sector, leading to a stronger innovation performance (and thereby leading to productivity increases
and economic performance). These indirect effects are more relevant for science-based companies,
and therefore they will benefit relatively more those countries whose innovation systems are
“strongly geared towards science-based innovation” (see report D9.1, table 7).
The impact assessment analysis of this commitment (see report D1.2, and the appendix of the
www.i3u-innovationunion.eu
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present document) provides basic empirical evidence on these expected effects. The number of
PhD students in science and technology as a share of the working population has increased in
Europe since 2002, and particularly so after 2009. However, the numbers of PhD students is
relatively lower in Eastern and Southern EU countries, which according to report 9.3 belong to
developing and lagging behind innovation systems. Our cross-country regression analysis found
that the correlation between PhD training and scientific productivity is positive (although weakly
statistically significant), and that the estimates of the correlation between PhD training and
scientific productivity varies substantially among different groups of EU countries.
In a nutshell, our analysis indicates that those innovation systems (countries) that will more actively
implement IU commitment 1.1 are more likely to increase the performance of their researchoriented public institutes, teaching-oriented HEIs, as well as science-based firms that recruit and
employ PhD graduates. This objective is particularly important for those innovation systems that
are still at a development stage, and those that are lagging behind.

Commitment 1.2: Employment conditions in public research
institutions
This IU commitment points out the importance of providing researchers in public research
organizations and HEIs with good working conditions, in order to motivate them further and make
the research and education sector more attractive for skilled individuals. In terms of the actors
noted in reports 9.1 and 9.3, the policy obviously targets the two categories of actors higher
education institutes and semi-public and public research institutes.
The rationale of this policy is that it is expected to works in two ways. First, this IU commitment
calls for better conditions in the public research system, which will make the public R&D sector
more attractive for skilled and highly educated workers. Hence, a first main direct effect of this
policy is that better working conditions in this sector will increase skilled workers’ incentives to seek
employment in public R&D and HEIs instead of working in other sectors. Second, it may also be
argued that the policy will also improve the capabilities of actors, since public researchers that have
better working conditions will increase their job satisfaction, which will in turn increase their
motivation and scientific productivity. This second direct effect will act on the same actors as the
first, i.e. higher education institutes and semi-public and public research institutes.
The impact assessment analysis previously presented in D1.2 carried out an analysis of these effects
both on a cross-section of European countries, and on a micro-level survey dataset (MORE2) of
thousands of researchers in Europe. The country-level analysis found a positive and significant
correlation between academic job satisfaction and scientific productivity (in line with the second
effect noted above). As for the micro-level analysis, this focused on the first effect noted above,
and investigated the most important factors explaining variations in academic job satisfaction of
researchers in Europe. The microeconometric analysis pointed out the following key determinants
of job satisfaction: education level, international mobility, type of contract (permanent vs
temporary), teaching load, future career prospects, and the EU charter code.
www.i3u-innovationunion.eu
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The empirical analysis also showed that the relationships between these factors and job satisfaction
vary significantly among European countries. In particular, the countries in which researchers report
on average a higher level of satisfaction with their working conditions are the Netherlands,
Switzerland, Denmark, Sweden, Luxembourg, Belgium, Norway, UK, Germany and Iceland, most of
which are countries that belong to the group of strongly developed innovation systems noted in
report 9.3. On the other hand, the countries with lowest academic job satisfaction are mostly from
South and Eastern EU, corresponding to the groups of developing and lagging behind innovation
systems in report 9.3.
In short, our analysis suggests that improving working conditions for public researchers in HEIs and
research institutes is an important policy objective. If implemented, this commitment will make this
sector more productive, and more attractive for highly educated workers. This is particularly
important in innovation systems that are developing and lagging behind, in which national
authorities should set this commitment high in the policy agenda.

Commitment 2.1: University Rankings
The European Commission states that the creation and wide use of a multidimensional ranking
system of European Universities will foster information and transparency about these institutions,
and hence lead to a greater effort of national authorities to strengthen their respective Universities.
This is the rationale for the recent construction of the U-multirank system, which is a web-based
ranking system that is meant to compare and rank European Universities along a number of
different criteria and indicators (and thereby called multirank). According to the EC, the Umultirank system is primarily intended for prospective students, i.e. it is an instrument that is
supposed to facilitate students’ choice about which HEIs to enrol in Bachelor and Master programs.
With respect to the innovation system framework developed in project reports D9.1 and D9.3, this
IU commitment clearly targets one type of actor in the innovation system: higher education
institutions. The underlying idea of the policy is that, by providing rankings to compare the
characteristics and performance of HEIs, it provides a stimulus to these institutions to improve their
characteristics and performance in the future, since this will have the effect to attract a larger
number of domestic and international students. A larger demand from students, in turn, will
typically imply a higher enrolment ratio, and a stronger financial support from national authorities.
It is also important to note that U-multirank, as well as most other popular University ranking
systems, are constructed by taking into consideration HEIs’ characteristics that relate to both
research performance (e.g. publications, citations, prizes) and quality of educational activities. This
means that this IU commitment will in principle have the effect to spur both types of activities
(research and education), since both of them will contribute to improve a HEIs’ placement in an
international ranking system. Hence, in terms of actors’ roles (or behavioural patterns; see report
D9.1), the policy will have a primary direct effect on teaching-oriented HEIs, but it can also be
expected to have an indirect impact on HEIs that are research-oriented (and that can for instance
use such ranking systems as a marketing tool to increase their research funding and/or attract
research talents from other Universities).
www.i3u-innovationunion.eu
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In project report D1.2, we presented the results of an empirical analysis investigating the
relationship between European HEIs’ ranking place, on the one hand, and their performance in
terms of number of students (Bachelor, Master, PhD) enrolled in subsequent years. This analysis
took into consideration a large panel of European HEIs for the period 2011-2014, and used panel
data econometric methods. As we noted there, this type of empirical investigation presents
formidable methodological challenges, as it is indeed hard to empirically identify a causal effect
running from a ranking placement to educational performance. Nonetheless, and acknowledging
this caveat, our analysis found a significant relationship according to which HEIs that occupy a
higher place in a ranking system tend to increase the number of Master students that they enroll in
subsequent years.
Regarding differences in innovation systems across EU countries, our empirical results suggest that
strongly developed innovation systems, which are typically those for which several HEIs occupy
higher places in University ranking systems, will use such ranking systems as a way to strengthen
their competitive position further (both in terms of research funding and capabilities, and of
educational resources and quality). On the other hand, for developing and lagging behind
innovation systems, in which only a small number of HEIs make it to the top, University ranking
systems are not likely to represent a relevant opportunity to increase their resources and
competitive position. In short, and in line with extant research on this subject, we regard ranking
systems as a tool that can indeed provide incentives to increase HEIs’ performance, but it is more
likely to do so for institutions in already strong and well developed scientific systems, and thereby
potentially widening up the gap between scientific frontier countries and lagging behind systems.

Commitment 2.2: Knowledge alliances
between business and higher education

and

partnerships

This commitment has the objective to strengthen university-industry linkages, and to reform higher
education through setting up a program called “knowledge alliances”. This program intends to
develop new curricula and educational programs, with a closer tie to industry needs, and so to
support development of innovation skills among students. The ambition is that the program,
initiated in 2011, will assist higher education institutions to develop new and interdisciplinary
educational programs that focus on needs to industry, innovation and entrepreneurship.
Similarly to the previous commitment (2.1), this policy focuses primarily on one type of actor in the
innovation system: higher education institutions. In addition, innovative firms also represent an
important actor that is considered by this IU commitment. Differently from previous commitments,
though, this policy is not supposed to work on actors’ capabilities, or on conditions and obstacles
in the system, but rather by strengthening interactions between actors (HEIs and private
companies).
Links between HEIs’ teaching activities and industry needs are often weak, so that the policy
identifies a relevant objective, which will primarily benefit teaching-oriented and industry-oriented
HEIs. The former role will be enhanced by revising educational programs and making them closer
www.i3u-innovationunion.eu

Page 7 of 18

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

D1-3 | Integration in the Eco-System
to industry dynamics and needs, which will increase job opportunities for young graduates. The
latter behavioural pattern will be strengthened as University-industry links will get closer, e.g. by
increasing public scientists’ patenting activities, and commercialization of innovation.
The intended effects noted above are mainly direct. Regarding possible indirect effects, it is
reasonable to expect that as HEIs will develop in such a way to get closer to industry needs,
scientific knowledge and advanced human capital produced by Universities will be important to
foster innovative activities carried out by business companies, and particularly so for science-based
innovators that recruit and employ workers with strong scientific skills.
The policy was gradually implemented starting from 2011, and its degree of implementation differs
substantially across countries in Europe, given different characteristics, cultures and regulations of
educational programs in EU innovation systems. The empirical analysis that we previously
presented in report D1.2 shows that University-industry links are relatively stronger in Nordic
economies, and Central European countries, and hence it is in this type of innovation systems (that
report D9.3 defines strongly developed) that it is more likely to observe direct impacts on
educational programs’ curricula, as well as indirect effects on science-based firms capabilities and
innovation output. In particular, the countries that were pointed out in report D9.1 as excellent in
terms of HEIs’ industry-orientation (Belgium, Switzerland, Sweden, Netherlands, Germany) are also
among those that report D1.2 found to have stronger University-industry interactions and higher
degree of implementation of this IU commitment.

Commitment 3: E-skills
This commitment seeks to propose an integrated framework for the development and promotion
of e-skills for research, innovation and competitiveness. The scope of the commitment is quite
broad, since e-skills represent a generic and pervasive type of capability that are becoming
increasingly important for different categories of actors in the innovation system, and for several
different occupational groups of the workforce.
Among the actors that are noted in the project’s innovation system framework (see reports D9.1
and D9.3), e-skills are certainly important for researchers working in HEIs and research institutes,
since the ability to master ICTs is currently a key competence to carry out successful and effective
research and dissemination activities. Further, teaching personnel with advanced e-skills can use
these to provide more effective and better quality tuition and supervision services with the help of
ICT-based educational tools. Third, e-skills are crucial capabilities that foster innovative firms’ ability
to produce new technologies and services, and to increase the efficiency of existing production
lines and methods.
In addition to these three effects, which mainly enhance actors’ capabilities, e-skill enhancing
policies may also strengthen interaction among actors, since one of the main functions of ICTs is
precisely to allow online remote communication among agents that are not co-located. This is an
effect that is admittedly important for public researchers, teaching personnel in HEIs, and skilled
workers in business companies, and that favours the diffusion of advanced scientific and technical
www.i3u-innovationunion.eu
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knowledge among researchers and firms, within each industry, across sectors, as well as among
countries.
Regarding actors’ role (or behavioral patterns, see report D9.1), e-skills are so pervasive capabilities
that they are not only important to foster a specific behavioral pattern, but they actually strengthen
several roles at the same time. For instance, HEIs can be research-, teaching- and/or industryoriented; each of these roles can be enhanced by e-skills because these, as noted above, will
strengthen both research and scientific capabilities, educational and dissemination skills, as well as
the ability of researchers to interact with industry actors.
Although the role of e-skills for scientific research, innovation and competitiveness is conceptually
clear, empirical research on this topic is limited, mostly due to the lack of reliable and good quality
statistical data to measure e-skill patterns in the working population. In our impact assessment
analysis (project report D1.2), we constructed new indicators of e-skills for industries and regions in
all European countries, and investigated the relationship between e-skill intensities, on the one
hand, and economic performance, on the other.
For a panel of European regions, our fixed effects econometric analysis found a positive and
significant relationship between three types of e-skills (of developers, practitioners and users,
respectively), on the one hand, and innovation output and labor productivity, on the other.
Although this result is not surprising and in line with much conceptual research on ICTs, human
capital and economic growth, the empirical evidence is important because it provides support for
the rationale of IU commitment 3, indicating that innovation systems should actively invest to build
up and develop such skills in the working population, since this will result in greater scientific,
innovation and economic performance.
Regarding differences among innovation systems in EU, an interesting finding of our analysis is
that the effect of e-skills on innovation and labor productivity is stronger for countries/regions that
have a lower level of economic development compared to more advanced countries/regions. In
other words, we find that e-skills represent an important factor that enables catch up through the
diffusion of advanced knowledge and technologies, and which should therefore be regarded as
particularly relevant for developing and lagging behind innovation systems in Eastern and
Southern EU countries.

Commitment 4.1: International research collaborations
Commitment 4 in the Innovation Union relates to the European Research Area. One of the aims of
the ERA is to promote measures to remove obstacles to cross-border cooperation in research, by
ensuring a common approach across European countries to allow for greater scientific cooperation
and communication across borders. In particular, the following elements of the ERA are relevant for
commitment 4.1: cross-border cooperation of research performers and funders, open
infrastructures for research, and common strategies towards international cooperation in science
and technology.

www.i3u-innovationunion.eu
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By focusing on scientific collaborations, the policy focuses on two main actors in the innovation
system framework developed by reports D9.1 and D9.3: HEIs and semi-public and public research
institutes. The rationale of this policy is that it is meant to work by creating incentives and
conditions that will foster greater international scientific cooperation among researchers located in
different European countries. In turn, stronger interaction among actors located in different
innovation systems is supposed to strengthen the actors’ capabilities and scientific performance,
with mutual benefits for both countries involved in the cooperation.
These direct effects are arguably more relevant for HEIs that are highly research-oriented (more
than teaching- and industry-oriented), which are more likely to reap the benefits of policies that
support research cooperation. In addition to these direct effects, and similarly to what noted in
relation to previous commitments above, an important indirect effect is that stronger international
scientific cooperation will enhance the European countries’ pool of scientific knowledge and
advanced human capital, thereby also providing greater opportunities to science-based innovative
firms to recruit researchers and employ them in R&D activities.
Our empirical analysis of the direct impacts of IU commitment 4.1 provided mixed and nonconclusive evidence, and it is therefore important that policy implications are cautiously drawn in
the lack of more robust findings. In the period 1995-2010, on which our analysis has focused due
to data availability for a panel of European countries, international research collaborations have
been strongest in the UK and Central European countries (so-called strongly developed innovation
systems, in the terminology of report D9.3), and much weaker for Eastern and Southern EU
countries. Such developing and lagging behind innovation systems can in principle try to exploit the
opportunities provided by European cooperation programs – such as Horizon 2020 research
funding – although it is often hard for HEIs in these countries to become part of well-established
international research networks led by HEIs in more advanced countries.
In short, in spite of potential opportunities offered by EU research cooperation programs, the
benefits are more often reaped by actors that have stronger scientific capabilities and a wellestablished position in already established research networks. Such a tension between
cumulativeness and persistence of scientific research, on the one hand, and the EU’s objective to
narrow the gap between leaders and followers countries in Europe, on the other, represents an
important trade-off that EU policy makers should carefully assess.

Commitment 4.2: Mobility of researchers
Commitment 4.2 also relates to the European Research Area, and it focuses on measures to remove
obstacles to international mobility of research. These measures call among others for a common
approach to researcher training, common employment conditions and career opportunities, open
recruitment strategies, comparable career structures and mobility policies in Europe.
Similarly to IU commitment 4.1, 4.2 policy primarily targets two actors in the innovation system,
HEIs and semi-public and public research institutes, since these are the type of institutions that
typically employ public researchers and scientists. The main objective of the policy is to remove
www.i3u-innovationunion.eu
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obstacles and create framework conditions fostering international mobility of scientific personnel
among institutions located in different European countries. By creating better conditions for
international mobility, the commitment will also strengthen the actors’ capabilities and scientific
performance, given that research stays abroad is an important tool to get access to foreign
advanced knowledge and scientific expertise, and which is relevant for career development of
scientific researchers. Third, when researchers travel to foreign institutions for shorter or longer
stay, they expand their international network in the host country, and this leads to stronger
interaction among agents located in different European countries, and new international research
collaborations (which is the topic of commitment 4.1, see previous section).
It is also reasonable to argue that these direct effects are more beneficial for HEIs and public
research institutes that are highly research-oriented, because these are more likely to exploit the
opportunities provided by policies in support of international research mobility (which is arguably
less relevant for institutions that have a focus on teaching activities and the industry). Further,
similarly to previous commitments, it is worth to point out an important indirect effect. Greater
international scientific mobility, and the resulting increase in scientific capabilities and interactions
among agents, will increase European countries’ pool of scientific knowledge and advanced human
capital, which in turn will provide greater opportunities to science-based innovative firms that use
this scientific knowledge base and employ scientists in R&D activities.
In report D1.2, we carried out a cross-country empirical analysis to assess the impacts of
international mobility on the scientific performance of European countries. The cross-sectional
evidence indicates that there is a positive and significant correlation between international mobility
and scientific productivity. This cross-sectional result is in line with the rationale behind this IU
commitment (although data limitations do not enable to corroborate a causal pattern between
mobility and scientific performance, and policy implications should therefore be drawn with the
due caution). Regarding differences among innovation systems in EU countries, our empirical
results point out that the countries characterized by stronger international mobility (e.g.
Luxembourg, Switzerland, Netherlands, UK, Sweden, Denmark, Norway) are by and large those that
belong to the group of strongly developed innovation systems according to the taxonomy
developed in report D9.3. Hence, it is important that countries in developing and lagging behind
innovation systems make an active effort to implement this commitment, in such a way that they
will foster international mobility of their researchers, which is one of the several channels through
which they will gradually close the gap with more advanced innovation systems in the coming
years.

Commitment 30: Attracting and retaining foreign talent
This commitment was initially defined with the objective to improve regulations and make it easier
for researchers to get a job and move to another EU country, e.g. by means of the EU Blue Card,
which is a European variety of the US Green Card Scheme. More recently, the commitment has
broadened its scope by including policies that support international mobility more in general, such
as policies for improving HR strategies and policies targeting the specific barriers to international
mobility. As such, the objectives and scope of commitment 30 are in general quite similar to those
of commitment 4.2 discussed in the previous section.
This project has received funding from
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However, a major difference is that policies to attract and retain foreign research talents are meant
to create better conditions for researchers and skilled workers to get a job in another country
(rather than simply having a temporary research stay abroad, which is the core focus of
commitment 4.2). Another difference is that commitment 30 does not intend to focus only on
researchers working in HEIs and the public research institutes, but more in general highly skilled
workers including those working in business companies – and in particular science-based
companies that typically employ scientists and highly skilled workers.
To create more favourable conditions for international flows of skilled workers, the policy seeks to
remove obstacles and introduce incentives and standards that make it easier for skilled workers to
apply for a job in another country. By creating a more open and competitive European market for
talents, the commitment will also strengthen the actors’ capabilities and scientific performance,
since skilled foreign workers can have positive effects on domestic workers by bringing new ideas
and advanced knowledge. Attracting and retaining foreign talents is therefore a policy that can in
principle lead to positive spillover effects for those European countries that will manage to attract a
larger pool of highly skilled workers.
The direct effects of this commitment on public research organizations will be more important for
HEIs and public research institutes that are highly research-oriented, given that these are more
likely to exploit the opportunities provided by policies in support of international mobility of
research talents. As for the direct effects of the commitment on private companies, we can expect
that countries’ ability to attract and retain highly skilled foreign workers will increase the innovation
system’s pool of technical knowledge and advanced human capital, which in turn will greatly
benefit science-based innovative firms that may use advanced foreign knowledge for their R&D and
innovation activities. These direct effects – on public research and/or on business companies – will
then have cascade (indirect) effects on several other parts of the innovation system, since a higher
rate of scientific performance and technological innovation will increase the systems’ international
competitiveness, and boost its economic growth, employment and trade performance.
Report D1.2 carried out an empirical analysis of the direct effects noted above, using two related
datasets and methodological approaches. In a first and more aggregated analysis, we investigated
the relationship between European countries’ ability to attract foreign talents and their scientific
performance in a panel cross-country dataset. At the country-level, we found that the relationship
between a country’s attractiveness for foreign workers and its scientific performance is positive
(although not statistically significant).
In a second more disaggregated analysis, we considered a panel of industries in EU countries, and
investigated the relationship between the share of high-skilled third country migrants in EU
countries, on the one hand, and their innovation and productivity performance (labor productivity
and TFP), on the other. In this industry-level econometric analysis, we found mixed and nonconclusive evidence about the relationship between the sectoral share of highly skilled foreign
workers (from countries outside of Europe) and performance. A positive and significant relationship
was only found for some industries and for some of the indicators employed in the panel
econometric analysis. The results indicate in general that there is evidence of a jobs-skills
mismatch, suggesting that HS-TC migrants are more frequently employed in lower productivity
www.i3u-innovationunion.eu
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occupations, and thus cannot utilize their educational attainment levels sufficiently.
In other words, these findings suggest that European countries have not yet removed obstacles
and introduced the necessary incentives to attract foreign skilled workers, as indicated by C30. The
share of high-skilled third country migrants in the total workforce is still quite low among EU
economies. However, European innovation systems differ substantially in terms of their ability to
attract and retain foreign talents. We note in general that the countries characterized by more
open labor markets according to our empirical analysis are also those that belong to the group of
strongly developed innovation systems in the classification presented in report D9.3. On the other
hand, developing and lagging behind innovation systems are also those that show in general lower
attractiveness for international research talents and highly skilled workers. Therefore, European and
national authorities must be aware that policies like the one defined by C30, although important,
they present the risk of exacerbating differences between more advanced countries and laggards.

Summary and conclusions
This report has carried out an analysis to point out how the five IU commitments on human capital
and public research (which are studied in WP1 of this project) affect innovation systems in EU.
Using the framework previously developed in project reports D9.1 and D9.3, we have discussed the
direct effects that each commitment has on the main actors of the innovation system, the actors’
roles (or behavioral patterns) that are more likely to be affected by the implementation of these
five commitments, the indirect effects of these policies on other parts of the innovation systems,
and the consequences in terms of cross-country differences among European systems.
Table 1 below presents a summary and overview of our analysis. The table shows clearly that the
five IU commitments have much in common, since they all relate to human capital and public
research, while at the same time they supposedly act on different parts of the innovation systems.
First, regarding the actors that are targeted by these policies, all five commitments focus on HEIs
and public and semi-public research institutes (see first column of table 1). However, two of the
commitments – C3 on e-skills, and C30 on attracting and retaining foreign talents – have a broader
scope, and they also target skilled workers in business firms in addition to scientists working in the
public R&D sector.
Second, the policies described by these five commitments work slightly differently. Some of them
primarily seek to foster actors’ capabilities (e.g. C1.1, C2.1, C3); others focus on working conditions
or system’s conditions more in general (C1.2, C4.2, C30); yet others aim at fostering interactions
among agents (C2.2, C4.1). However, it is also important to notice that such distinction should not
be emphasized too much, because in general these three distinct effects will typically reinforce
each other. For instance, a policy that increases interactions among agents will also foster
knowledge diffusion and hence strengthen agents’ capabilities; on the other hand, policies that
increase agents’ capabilities will also have positive effects on these agents’ propensity and
capability to interact with each other. Hence, it is important to regard these five IU commitments as
a set of policies that will have interrelated and complementary effects in the innovation system
(rather than alternative policy measures that will have distinct effects on different parts of the
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system).
Shifting the focus to the next columns of table 1 (direct and indirect effects), our analysis has
identified the key variables upon which these five IU commitments will have an impact on, and that
we have also previously analyzed in our empirical analysis of direct impact assessment (see project
report D1.2). One key variable that is a common target for several of these commitments is
scientific performance (productivity), since a larger and higher quality pool of skilled human capital
in the public R&D sector will first and foremost have a direct impact on HEIs’ and research
institutes’ scientific performance. However, some of the commitments also have a direct effect on
other important target variables that are crucial for teaching-oriented HEIs (e.g. quality of
educational programs; students’ enrolment ratios; job relevance of educational programs).
Regarding indirect effects, for nearly all of the five commitments these refer to innovation activities
of science-based firms. The reason for this, as noted throughout the report, is that science-based
firms are those that typically recruit and employ scientists that have a research background and/or
an advanced degree from HEIs; hence, an increase in the size and quality of highly qualified public
researchers will also provide skilled human capital for innovative business firms.
Finally, the last column of table 1 summarizes our reflections on what effects these five
commitments will have on different innovation systems in EU. A general pattern that we observe
for all of these IU commitments is that there exists a large gap in Europe between strongly
developed and lagging behind innovation systems. The key variables that measure the target of
these policies confirm in most cases the existence of substantial cross-country differences in
Europe. Further, for some of the policies (such as University ranking systems; University-industry
links; international collaborations; attractiveness for foreign talents) we have also pointed to
cumulative effects that may make these policies more beneficial for strongly developed systems
than for others, hence exacerbating the gap between scientific frontier and lagging behind
systems.
In short, we point out the existence of a trade-off between cumulativeness mechanisms that drive
scientific research and innovation, on the one hand, and the EU’s objective to narrow the gap
between leaders and followers countries in Europe, on the other. This is an important aspect that
EU policy makers should consider, in such a way that the Innovation Union commitments will not
turn out to support only, or more strongly, innovation systems that are already well-developed.
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Table 1: Integration in the eco-system: an overview
IU commitment

Actors

Where the policy works

Direct effects on

Indirect effects on

Differences among EU innovation
systems

1.1

HEIs and research
institutes

Actors’ capability;
Working conditions

Scientific productivity;
Quality of educational programs

Innovation of sciencebased firms

Large gap between strongly developed
and lagging behind systems

1.2

HEIs and research
institutes

Working conditions;
Actors’ capability

Attractiveness of public R&D
sector; Researchers’ motivation
and productivity

Innovation of sciencebased firms

Large gap between strongly developed
and lagging behind systems

2.1

HEIs

Actors’ capability and resources

Students’ enrolment ratios;
Research funding

Innovation of sciencebased firms

This policy may benefit strongly
developed systems more than others

2.2

HEIs and business firms

Interaction among actors

Job relevance of HEIs’ educational
programs; University-industry links

Innovation of sciencebased firms

This policy may benefit strongly
developed systems more than others

3

HEIs, research institutes
and business firms

Actors’ capability;
Interaction among actors

Scientific productivity;
Quality of educational programs;
Firms’ innovation and productivity

Economic growth;
employment creation

E-skills benefit relatively more lagging
behind systems (catch up policy)

4.1

HEIs and research
institutes

Actors’ capability;
Interaction among actors

Scientific productivity

Innovation of sciencebased firms

This policy may benefit strongly
developed systems more than others

4.2

HEIs and research
institutes

Working conditions;
Actors’ capability;
Interaction among actors

Scientific productivity

Innovation of sciencebased firms

Large gap between strongly developed
and lagging behind systems

30

HEIs, research institutes
and business firms

Working conditions;
Actors’ capability

Share of foreign skilled workers;
Scientific productivity;
Firms’ innovation and productivity

Economic growth;
employment creation

Strongly developed innovation systems
are more attractive to foreign skilled
workers
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Appendix table A1: Overview and summary of results of direct impact assessment (source: report D1.2)

IU
commitment

Key explanatory variable

Unit of
analysis

Dataset

Number of
observations

Main estimated relationship

1.1

PhD students
in science and technology

Country

Panel
2002-2012

224

Positive, but not significant, relationship between number of
PhD students and countries’ scientific productivity

1.2

Researchers’ satisfaction
with working conditions

Country

Cross-section

28

Positive and significant relationship between job satisfaction
and scientific productivity

1.2

Employment conditions

Researcher

Cross-section

10000 (ca.)

Various significant relationships between different types of
employment conditions and job satisfaction.
Important country differences exist

2.1

University ranking

HEIs

Panel
2011-2014

700 (ca.)

Positive relationship between HEIs’ ranking position and the
number of students they enrol (particularly at Master level)

2.2

Knowledge transfer between
Universities and firms

Country

Panel
1995-2015

425

Positive and significant relationship between Universityindustry links and scientific productivity.
Important country differences exist

3

Share of workers
with advanced ICT skills

Country

Panel
2002-2010

242

Positive relationship between e-skills and scientific productivity
for UK and Eastern EU; Negative for Nordic economies

3

Share of workers
with advanced ICT skills

Region

Panel
2001-2013

830

Positive and significant relationship between e-skills,
innovation and labour productivity

4.1

International collaborations

Country

Panel
1995-2015

396

Positive relationship between international scientific
collaborations and scientific productivity for Nordic and
Southern EU countries; Negative for UK, Central and Eastern EU
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4.2

Share of foreign researchers

Country

Cross-section

27

Positive and significant relationship between share of foreign
researchers and scientific productivity

30

Attractiveness to
foreign researchers

Country

Panel
2010-2016

110

Positive, but not significant, relationship between a country’s
attractiveness to foreign researchers and its scientific
productivity. Stronger impact: Nordic countries & UK

30

High-skilled foreign
migration

Industry

Panel
2005-2015

800 (ca.)

Positive, but not significant, relationship between high-skilled
foreign migration, innovation and productivity
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