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Cover letter
December 2017
The present report is a deliverable for the Horizon 2020 project “Investigating the
Impact of the Innovation Union” (work package 1, deliverable 1.2). The document is
the revised version of a report that was initially drafted in December 2016. Two EC
project reviewers provided a set of useful comments and suggestions on the previous
draft, which the revised version of the report thoroughly takes into account.
The next section will respond in details each point raised by the reviewers and explain
the revisions done. We highlight below here the most important revisions and
differences between the first and the revised versions of the report.
The revised version contains four additional empirical analyses to investigate further
the impacts of some of the IU commitments under investigation in this work package.
These additional econometric analyses use a variety of data sources that were not
used in the previous draft of the report, and that make it possible to shed additional
light on the effects of these commitments at different levels of analysis in Europe
(countries, regions, industries, HEIs, individual researchers).
To give an idea of the extent of these additional analyses, note that the revised report
is long 115 pages in total (it was 55 pages in the previous version), it has 39 tables
presenting empirical results (19 tables in previous version), and 13 figures with
descriptive trends analysis (9 figures in the previous version). Since the revised report
has a much broader scope and variety of analyses and results, we also added one
short section called “Highlights of main results” at the end of each section presenting
the results of direct impact assessment. These additional short sections will enable a
swifter reading and summary of the analyses presented in this work.
Last but not least, we wish to acknowledge and thank the two EC reviewers for the
comments on the previous draft, and a number of EC officers that provided useful
suggestions on data sources and questions of relevance for this report.

Fulvio Castellacci
TIK Centre, University of Oslo
E-mail: fulvio.castellacci@tik.uio.no
www.i3u-innovationunion.eu
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Detailed response to reviewers’ comments
Reviewers: “It is not clear why a lot of available data sources were not taken into
account – e.g. data from relevant EC departments, EIB, Innovation institutions, - and
insufficient effort has been made by the project team to reach out to these institutions
(which was another recommendation from the 1st review period). Especially, given the
fact that during the 1st review meeting, the project participants agreed that, due to its
particular nature, much of the impacts of the project would “depend on the involvement
of the European Commission itself. The regular participation of DG policy officers at the
forthcoming meetings was discussed and welcomed by the team.” (citation from the 1st
review report).”
Authors: During the fall 2017, the project team took contact with all EC departments
and officers that were suggested. We enquired about availability and access to
additionally data sources, and received several useful suggestions. The revised
version of the report employs the following additional data sources that were not
used in the previous draft: MORE2 (for researchers), ETER, ARWU and CWTS (for
higher education institutions), Eurostat’s Labor Force Survey and OECD REGPAT (for
industries and regions). These data sources were used to carry out additional
empirical analysis of the direct impacts of the IU commitments.

Reviewers: “The analysis of those commitments should take into consideration the
interim evaluation of Horizon 2020, as well as the final evaluation report, foreseen to
be published by October 2017. Two Commission Staff working documents have been
published at the end of May 2017 (SWD (2017) 220 final and SWD (2017) 222 final –
29.05.2017. The interim evaluation is an important instrument to assess the social
economic impact of the programme, covering all the specific objectives and initiatives
lunched under H2020 (e.g EIT, ERC, ERA, researchers mobility ...) and contributing to the
implementation of several IU commitments analysed in WP1. This evaluation contains
useful elements estimating the wider IU impact with a long-term perspective and it is
important for the evaluation of the commitments impact. Hence, the above listed issues
relevant to WP1 are to be addressed in D1.2; relevant (especially those listed above and)
documents are to be consulted and information included in D1.2 correspondently.”
Authors: We considered and read all of the documents noted above. We agree that
these documents are useful. In section 1 of the revised version, we make the
following statement and reference to these documents: “It is important to point out
www.i3u-innovationunion.eu
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that the analysis presented in this report provides new empirical evidence that extends
and complements some of the analysis done in the European Commission’s Interim
Evaluation of Horizon 2020 (EC, 2017). The latter covers several of the topics studied in
this report and presents useful descriptive evidence to assess the state of
implementation of these IU commitments and their possible impacts. The present report,
however, extends and complements the interim evaluation of Horizon 2020 by using a
variety of data sources and carrying out a set of econometric analysis to investigate the
IU commitments’ impacts in a rigorous manner”. We also refer to these documents in
different parts of the revised report.

Reviewers: “The reviewers believe that, from methodological point of view, some of the
‘non-classified’ for NEMESIS integration commitments could be still integrated in the
model and included in further analysis (university ranking e.g.) (…) The most
fundamental critique relevant for the Innovation Union is that the supposed causal
mechanism leading from the ranking system to the innovative and scientific
performance of European Universities is quite unclear and hard to investigate
empirically” is not a credible reason for not investigating the university ranking further,
including making necessary inquiries with the relevant EC DGs, officers and data
sources that could have been made through these inquiries. The statement “This
commitment does not suggest any interesting question on its possible “impacts” with
regards to the university ranking” is arbitrary and has to be reconsidered.”
Authors: Following the reviewers’ suggestion, we have reconsidered this aspect, and
made a further effort to provide an empirical analysis of the University ranking
systems (IU commitment 2.1). The additional econometric analysis is based on a panel
that we have constructed combining different data sources for European HEIs: ETER,
ARWU and CWTS. The results of this additional empirical analysis are presented at pp.
56-63.

Reviewers: “Moreover, even if some of the commitments cannot be included into the
NEMESIS model, the project partners have to provide relevant recommendations to the
European policy makers on how to go about these commitments in order to make them
measurable.”
Authors: We agree with this suggestion. However, given the new empirical results
that we have in the revised version of the report, in principle all of the commitments
studied in this work can now potentially be included in the NEMESIS model.

www.i3u-innovationunion.eu
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Reviewers: “Furthermore, the decision of the partner responsible for the current WP
“not to carry out a separate study for each commitment, but rather undertake one
single empirical study that will analyse all of these commitments at the same time and
within the same framework” and the given explanation “This approach is reasonable
because all of the IU commitments considered in this report are supposed to target the
same (broadly defined) outcome variable: quality and performance of EU countries’
public scientific system” (p.21) are very arbitrary and not scientifically justified. The
main issues here are that the commitments under analysis are very diverse (not
mentioning the variety of counties in which they have been implemented and degree of
their implementation), some of them may be inter- related (no evidence of such a test
in the deliverable), data on some of them are available during different time-span,
hence throwing all the commitments directly together in one model before conducting
their individual analysis and addressing all these issues is inacceptable. Hence, the
reviewers recommend that a proper analysis of individual commitments has to be done
in this work package to clearly define and justify the variables that could ‘represent’
each commitment. The variables have to be then scientifically tested to verify if there
are no collinearity/inter-dependency or any other relationships between them, and only
after that they could be included in “the same framework” [statistical model] to
investigate their relationship with the “quality and performance of EU countries’ public
scientific system” variable.”
Authors: As noted in the cover letter above, the revised version of the report has
made a major effort to take into account these comments. The revised report
contains in fact four additional empirical analyses to investigate further the impacts of
the IU commitments under investigation in this work package (except one for which
no additional data source was found). These additional econometric analyses use a
variety of data sources that were not used in the previous draft of the report, and that
make it possible to shed additional light on the effects of these commitments at
different levels of analysis in Europe (countries, regions, industries, HEIs, individual
researchers). These individual studies for each commitment extend and complement
the cross-country analysis that was presented for all commitments in the previous
draft of the report, and that it is still present in the document since it provides a
useful way to compare different European countries.

Reviewers: “In the introduction the “scientific performance and productivity of the
research sector” variable is reported to be “the main variable that these [all]
commitments (explicitly or implicitly) target, and that we will consider as main
dependent variable in the empirical study presented in section 4 of this report.” There is
www.i3u-innovationunion.eu
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no explanation or reasoning presented on why and how then this variable becomes
‘Scientific and technical articles per 1000 R&D full-time equivalents (FTE)’ (Table 2). Is
this variable in Table 2 used as a proxy for scientific performance? What is the scientific
basis for that? How this decision has been made is not clear”.
Authors: The revised version of section 4.3 explains these methodological choices in
further details. More importantly, note that scientific productivity is not the only
dependent variable that we use in the revised report. The latter considers a variety of
different dependent variables (scientific productivity, innovation output, labor
productivity, TFP, job satisfaction) depending on the main factor on which each IU
commitment focuses.

Reviewers: “In relation to this, there is a statement in the summary of the report that
says: “We think that this limitation may be more properly addressed in the subsequent
phase of the project”, which is irrelevant and confusing as no suggestion is provided on
how this could be done.”
Authors: We have removed this sentence.

Reviewers: “Moreover, the data sources for the variable creation in Table 2 are all
ready-to-use data from a variety of the existing sources the use of which is not always
justified (World Bank e.g.) Project generated data (dummies) represent a simple
statistical exercise based on ready-available data, which raises questions about the
adequacy of the research effort of the project partner responsible for this analysis.”
Authors: As noted above, the revised version of the report does not only rely on the
indicators listed in table 2 of the previous draft, but it collects and employs the
following additional data sources that were not used in the previous draft: MORE2
(for researchers), ETER, ARWU and CWTS (for higher education institutions), Eurostat’s
Labor Force Survey and OECD REGPAT (for industries and regions).

Reviewers: “In addition, Table 1 offers 8 “Relationship to be investigated”. No
justification is provided in the deliverable on how and, for the most part, why these
relationships are then examined using the list of variables presented in Table 2. What is
the reasoning behind? Why these variables are the best ones to investigate these
relationships? This is a very important part of the analysis that has to be carried out
carefully, unambiguously to produce scientifically sound and replicable results.”
www.i3u-innovationunion.eu
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Authors: The revised version of section 4.1 elaborates and explains this aspect further.

Reviewers: “Furthermore, it is not clear why the fact of using MORE2 survey in the
D1.2 analysis is introduced only on p.33 of the report with no explanation how the
survey is relevant to the purposes of these commitments’ analysis (it is mentioned in
Table 2 for the first time in the document with no explanation either).”
Authors: During the fall 2017, we finally got access to the MORE2 survey, and used it
to carry out an additional empirical analysis for IU commitment 1.2 (working
conditions and job satisfaction of researchers in Europe).

www.i3u-innovationunion.eu
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1. Introduction
The present report focuses on the five Innovation Unions’ commitments on
promoting excellence in education, science and skills development – namely
commitments 1, 2, 3, 4 and 30. In the structure of the I3U research project that this
report is produced for, the first three of these commitments are part of work package
1 of the project, whereas commitments 4 and 30 are part of work packages 2 and 7
respectively.
We will consider all of the five commitments together in the present report, due to
the fact that they all refer to the same broadly defined theme of human capital and
public scientific research. This will make it possible to present a more coherent and
systematic analysis of this theme, instead of fragmenting it into different deliverables
of the I3U project.
The objective of this report is twofold. The first aim is to provide an updated overview
of the state of implementation of each of these IU commitments, namely summarize
the main policy initiatives that have been taken at the level of EC and/or individual
member states to put the IU policy objectives into action. This task will be carried out
by using existing policy reports and secondary data, and by organizing and
summarizing this material for each commitment.
The second objective is to carry out a set of econometric analyses of the direct
impacts of these commitments. As it will be further explained below, by direct impacts
we mean the most immediate effects that these policy objectives (if and when they
will be fully implemented by national member states) will have on EU countries’
innovation and scientific performance.
On the other hand, other indirect impacts – such as for instance feedback and
spillover effects that an improved scientific and innovation performance may have on
other economic outcomes – will not be considered in this report, but they will be
investigated in the subsequent phase of the project (in which direct and indirect
impacts will be integrated in the so-called NEMESIS model and analysed by means of
simulation analyses).
It is important to point out that the analysis presented in this report provides new
empirical evidence that extends and complements some of the analysis done in the
European Commission’s Interim Evaluation of Horizon 2020 (EC, 2017). The latter
covers several of the topics studied in this report and presents useful descriptive
evidence to assess the state of implementation of these IU commitments and their
www.i3u-innovationunion.eu
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possible impacts. The present report, however, extends and complements the interim
evaluation of Horizon 2020 by using a variety of data sources and carrying out a set
of econometric analysis to investigate the IU commitments’ impacts in a rigorous
manner.
The report is organized as follows. Section 2 will briefly restate the themes of these
five IU commitments; section 3 will present an overview of the state of
implementation of each of them; section 4 will present the results of the econometric
analysis of the direct impacts of these commitments; and section 5 will summarize the
results and point out the main conclusions of this work.

2. The five IU commitments on human capital and public
research
The background for the Innovation Union commitments investigated in this report
concerns a worry that European countries may underinvest in their knowledge base in
periods of fiscal constraints and increased global competition in science and
innovation. Particularly, several problems are noted in the EU Commission’s
communication, such as weak level of STEM competencies compared to other regions
(Asia), losing out in the global competition for talent, comparatively lower levels of
researchers in the population compared to other regions, innovation skills shortages
and lack of well-developed partnerships between higher education and businesses in
curriculum development and skill formation.
To address these concerns, the European Commission has formulated a series of
commitments – that are part of the general set of Innovation Union commitments
analysed in the I3U project – which formulate policy objectives and strategies to
promote the development of advanced scientific knowledge and skills in the public
sector in European countries. Taken together, these commitments’ overall rationale is
to increase the number and quality of individuals with high level scientific
competencies, foster high quality academic institutions and ensure good working
conditions for scientists, strengthen the flow of high level skills and advanced
knowledge from the private to the public sector, and create conditions that enhance
the mobility of researchers, thus making European countries an attractive
environment to attract foreign researchers. Specifically, the following variables are
targeted by the set of IU commitments on human capital and scientific research:
 Researchers (PhD) training
www.i3u-innovationunion.eu
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Employment conditions for researchers
Ranking of Universities
PRO’s alliances and partnership with business
E-skills
International research collaborations
Mobility of researchers
Attracting and retaining foreign talent

On the whole, the overall rationale of these policies is that – by improving the set of
country-specific conditions of the national science and technology system noted
above here – EU countries will be able to increase their scientific performance and
productivity of the research sector. The latter is therefore the main variable that these
commitments (explicitly or implicitly) target, and that we will consider as main
dependent variable in several of the empirical studies presented in section 4 of this
report.
The remainder of this section will briefly recall the main objectives of each of these
commitments. The state of implementation of these policies and the analysis of their
direct impacts will then be presented subsequently in sections 3 and 4 of the report.

Commitment 1:
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. In many European
countries, in North America and elsewhere, we have seen a massive expansion of PhD
education in the last few decades. Many EU countries have already taken steps to
achieve the goal of the Innovation Union in expanding the volume of researcher
training. It would be reasonable to expect that higher volumes of researchers with
scientific training would increase the volume of research being carried out in a
country. It would also be possible to argue that higher levels of formal scientific
qualifications might have spill-over effects, and indirectly influence innovation
performance, particularly science-based innovations. However, extant literature on
this topic does not provide clear evidence on the impacts that doctoral training have
on countries’ scientific output and productivity. The literature provides in general a
well-established understanding of the micro-level effects of investments in PhD
training (employment destinations, skills use and salary levels), but evidence on
macro-level effects is almost non-existent. The OECD points out that it is indeed hard
www.i3u-innovationunion.eu
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to identify macro-level effects of investment in PhD training, an issue that we will
consider further in section 4 of this report.
1.2: Employment conditions in public research institutions
This IU commitment points out the importance of providing researchers in public
research organizations with good working and academic conditions, in order to
motivate them further and make the research sector more attractive for skilled
individuals. The literature on this topic is mainly descriptive and comparative.
Working conditions of academics have been studied through several international
research projects, by means of detailed micro-level data from academics. The most
recent projects are the so-called MORE1 and 2 projects funded by the EC. These
projects have created new relevant survey data that will enable further investigation
of the links between academic working conditions and scientific productivity of
European countries. At present, there is however no previous evidence showing a
positive relationship between academic working conditions and scientific
performance at micro or macro-levels, and scant knowledge about the factors that
explain variations in job satisfaction among researchers in European countries.
Commitment 2:
2.1: University Rankings
The European Commission states that the creation and wider 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. Extant research on university
rankings is however critical, both of the rankings themselves, the way they are
constructed including which data they use, and the way the rankings are applied in
specific socio-economic and political settings. The most fundamental critique relevant
for the Innovation Union is that the supposed causal mechanism leading from the
ranking system to the innovative and scientific performance of European Universities
is hard to investigate empirically. There are several ways in which higher education
institutions can be good for innovation, but this does not mean that they always get a
spot in the most popular rankings. On the whole, it is not easy to assess how this
commitment will lead to direct impact on scientific performance in European
countries. In section 4, we will present the results of empirical analysis that intends to
analyse the impacts of University ranking systems on HEI’s performance in terms of
students’ enrolment.

www.i3u-innovationunion.eu
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2.2: Knowledge alliances and partnerships between business and higher
education
The study of education-business partnerships for development of entrepreneurial
skills as described by this commitment is an area with limited research and limited
available statistical data. Extant research on this topic is based on qualitative analyses,
and there are very few studies that have measured the impact of business-university
partnerships for development of skills at the micro-level in a systematic manner. We
are not aware of any studies that have looked at this issue at macro-level for
European countries. To study direct impact assessment of this commitment, the level
of private investment in universities can serve as a possible proxy indicator, but this
would have significant shortcomings as these data concerns R&D cooperation and
not development of skills, as we will argue further in section 4.
Commitment 3: E-skills
This commitment seeks to propose an integrated framework for e-skills. The
Commission initially declared that it intended to propose by 2011 an integrated
framework for the development and promotion of e-skills for research, innovation
and competitiveness, based on partnerships with stakeholders, and that this will be
“based on supply and demand, pan-European guidelines for new curricula, quality
labels for industry-based training and awareness-raising activities”. Academic
research investigating the analytical foundations of e-skills is scant and fragmented,
and there is a need of further research studying how e-skills are acquired by
individuals and scientists, transferred and diffused among agents, and what impacts
these skills have on scientific and innovation output. One of the main results in this
literature is to highlight and provide estimates of the mismatch between demand and
supply of e-skills in Europe, which according to many is an important issue
hampering the competitiveness of the European ICT sector as well as other ICT-using
industries. However, it is noticeable that most works on this topic typically assume the
existence of a positive relationship between e-skills, on the one hand, and research
and innovation performance, on the other. Though, there is a lack of research
investigating theoretical underpinnings of this relationship, and its empirical
relevance in European countries. We therefore argue that it is important to assess the
empirical relationship between e-skills and scientific and innovation performance in
Europe, and section 4 of this report will provide a first step in this direction.

www.i3u-innovationunion.eu
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Commitment 4: European Research Area Communication:
(4.1) International research collaborations; (4.2) Mobility of researchers
Commitment 4 in the Innovation Union concerns delivering the European Research
Area where the aim is to promote measures to remove obstacles to mobility and
cross-border cooperation in research. The aim is to ensure a common approach
across European countries to allow for mobility, cooperation and communication
across countries. In particular, the following elements of the ERA are highlighted:
common approach to researcher training, common employment conditions and
career opportunities, open recruitment strategies, comparable career structures and
mobility across countries, cross-border cooperation of research performers and
funders, dissemination/open access, open infrastructures for research and common
strategies towards international cooperation in science and technology. Most of the
papers in extant research discuss international research collaboration and mobility at
the micro level, focusing on mobility and collaboration between individuals, or
networks and collaborative projects, and outcomes are addressed mostly at the level
of individual researchers. There are many practical barriers and a great deal of
complexity in mobility. EU coordination is still fairly weak despite some attempts at
harmonisation, the employment status of foreign researchers may be unclear,
pension arrangements and family obligations can be a barrier, and funding is an issue.
The general finding is that the mobility in Europe is far behind that of the U.S. Section
3 will discuss the state of implementation of this commitment. Regarding the effects
of mobility on scientific performance, these have been found to be positive in
previous research, especially when it comes to individual-level scientific networks and
productivity. Though, several investigations find that mobile researchers are less likely
to land a permanent position in their home country (often an important motive),
making mobility a mixed blessing for the individual. We will reassess these patterns in
section 4 of this report.

Commitment 30: Attracting and retaining foreign talent
This commitment was initially narrowly defined in relation to improving regulations
for making it easier for researchers to move to an 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 mobility
in general, such as policies for improving HR strategies and policies targeting the
specific barriers to mobility (cf. commitment 4 above). Still the main emphasis is on
creating new or improved regulations for increasing mobility. Literature on this topic
is quite heterogeneous, and some of it is on the side of the main topic, e.g. dealing
www.i3u-innovationunion.eu
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with “talent management” within firms and public organisations. The main finding, in
short, is that home country problems are a more important source of mobility than
host country attraction factors. Studies also show that country-specific conditions, i.e.
a country’s attractiveness when it comes to working and living conditions, matter
more than characteristics of the specific University where a job is sought. This means
that attraction of talent may be seen as a somewhat poorly stated objective, since
“push” factors matter more than “pull” factors and since institutional attractiveness is
not seen as very important, with a possible exception for elite scientific institutions. At
the institutional level, there seems to be a discrepancy between the factors that
researchers find attractive in a job, and the factors that University managers use as
“bait”. Whereas researchers want academic freedom and sufficient research time,
related factors such as professional opportunities and decision-making influence are
put low on the list of Deans and University managers when they create policies for
attracting talent. A broad message from the literature is that more attention has to be
paid to “attracting talent” rather than “retaining talent” and creating good research
communities around a global group of researchers. Teamwork, skill building, career
plans and unorthodox recruitment procedures are some of the suggestions for
universities. Section 4 of this report will provide new empirical evidence on the
relationships between EU countries’ ability to attract and retain foreign talent, on the
one hand, and their scientific and innovation performance, on the other.

www.i3u-innovationunion.eu
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3. State of implementation1
There is a large number of general reports on the state of these commitments in
Europe, many of them made by various EU agencies or for such agencies by
subcontractors. One recent and important source is the European Commission’s
Interim Evaluation of Horizon 2020 (EC, 2017). However, it is easy to give substantial
and reliable assessments of their state of implementation. On the contrary, there are
many reasons why this presents a number of conceptual and methodological issues.
First, information about implementation from each EU member state is often not
compulsory but voluntarily, which means that it is very difficult to find comparative
data and analyses from the country level. Most of the EU reports use statistical data
rather than more specialised data about implementation due to this. Second, the
nature of the commitments themselves makes it difficult to say something about
implementation. Many of the commitments in this report do not concern specific
policies but rather intentions, values, generalised priorities or information. Third,
several of them concern EU level initiatives (Blue Card policy, new university ranking,
knowledge alliances, ERA) and with no, unclear or non-mandatory roles for the
individual member states. Fourth, the country level is not necessarily the right level of
analysis: most of the initiatives concern either the European level or the level of
individual higher education institutions. Fifth, the commitments themselves overlap
to a high extent and the implementation related to one of them, such as employment
conditions for researchers, may influence other commitments like mobility, talent
attraction and collaboration.
In this section, we present a general overview of the state of implementation of these
commitments based on what has already been found in various EU documents, using
quotes, examples and figures from these documents where relevant.
In the State of the Innovation Union report (2015), the status of implementation for
this set of commitments is described as follows:
“The main achievements under this priority are the implementation of the
European Research Area (ERA) and the launch of Horizon 2020, the new
research and innovation framework programme, streamlining funding and
encouraging cross border collaboration. The vast majority of European
Member States now have measures in place under ERA to train enough
researchers to meet their national targets. About half of all public research
1

This section is based on work carried out by Gulbrandsen and Thune (TIK).
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institutions in Europe have explicitly endorsed the principles underlying the
Charter & Code, which aim to improve researchers’ working conditions.
Half of the Marie Skłodowska-Curie funding in Horizon 2020 will be
dedicated to innovative doctoral training, including industrial and joint
doctorates. Moreover, U-Multirank has become the most comprehensive
information system on universities in the world, covering 1200 higher
education institutions. The fragmentation of the knowledge base is also
being reduced by pooling efforts to construct the priority European research
infrastructures. Currently, 27 research infrastructures are under
implementation, 14 of which are already providing services to their users.
Horizon 2020, the biggest R&I funding programme in the world features
simplified access rules and specific tools encouraging business and SMEs
participation.”
As the quote describes, European level initiatives have been the most important
measures that have become implemented under this priority; first and foremost the
Horizon 2020 program and the European Research Area. Most member states have
endorsed and are in the progress of implementing ERA policies, including creating
national R&D strategies and increasing efforts to meet ERA targets (see below).

Commitment 1:
1.1 Training of researchers to meet national R&D targets
As the quote above indicates, the commitment is seen as broader than what may be
seen as the initial intention (increasing the number of PhD students). For national
R&D strategies, the ERA progress report (2013:28) states:
“Based on current assessment and information provided by MS, in 21 MS a
strategy for research and development as well as innovation has been
adopted. In many cases they highlight the importance given to competition
for funding and the importance of bridging knowledge generation with
innovation. In some cases they are very comprehensive, including several
measures which address the objectives of the ERA priorities, in some other
cases they focus more specifically on the links between research and
innovation. Based on current assessment and information provided by MS,
at least twelve national strategies have been proposed and/or adopted in
2013. Some strategies are being aligned with the strategic priorities
identified in Horizon 2020”.
www.i3u-innovationunion.eu
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Even here the commitment is defined a lot more broadly to mean strategies for
research and innovation more broadly: “The Commission could identify that all
Member States with the exception of Portugal have adopted a national strategy for
R&I” (ERA Progress report 2014, p. 14). This is illustrated in Figure 1.

Figure 1: National R&D targets (Europe 2020). Source: ERA Progress Report.
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To meet these ambitious targets, member states were encouraged to increase the
investments in researcher training. According to the 2014 Researchers’ report, EU
member states and associated countries have implemented a range of plans and
initiatives to reach this goal, but that it is insufficient information available to assess
the level of implementation or the outcomes of such policies. According to the State
of the Innovation Union report from 2015: “The vast majority of countries have new
measures to train enough researchers to meet national targets – mainly under three
headings: making research an attractive career, measures to enhance the quality and
efficiency of doctoral training and measures to develop doctoral training in
collaboration with industry” (State of the Innovation Union, 2015)
According to the Researchers report (2014) “Member State and Associated Countries’
measures to ensure they train enough researchers to meet their national R&D targets
include National Action Plans, programmes, strategies, legislative acts, white papers,
thematic acts and multi-annual development plans. It is generally too early or at least
there is currently insufficient information with which to measure the direct or indirect
impact of these measures” (Researchers’ report 2014).
A result of the increased investment in researcher training can be observed at the EU
level, where a significant growth in the number of trained researchers can be
observed (a 4 percent growth per annum from 2000 to 2010) (Researchers report
2014). Growth rates and overall levels of investment in researcher training vary
substantially within Europe. The share of doctoral degree level graduates in the
relevant population in EU countries is seen in table 1.
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Figure 2: Graduates at doctoral level per 1000 of population aged 25-34. 2013.
Source: Eurostat
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1.2 Researchers’ working conditions
Commitment 1.2 on working conditions for researchers is closely related to
commitment 4.1 – implementing the European Research Area. The ERA is a set of
policies intended to remove the obstacles for free movement of researchers in
Europe and promotion of fair recruitment procedures and attractive career conditions
for researchers. Promotion of attractive working conditions is one feature of ERA, and
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according to the ERA progress report (from 2014) instruments that have been
proposed by the EU are in the process of becoming implemented in the EU and the
member states. However, as the responsibility for implementing good working
conditions resides with the individual universities and other research institutions,
policies are voluntary and normative, rather than strict requirements enforced by
member states. Three important policy tools implemented are the European Charter
for Researchers and the Code of Conduct for the Recruitment of Researchers and the
EURAXESS jobs portal, where new academic jobs are announced to an international
audience.
The ERA progress report from 2014 summarises the state of implementation on this
commitment in the following way:
«Across the EU, Member States and/or institutions have introduced a range
of measures, programmes, strategies and legislative acts. This includes, for
example, measures to make research a more attractive career option
through the implementation of the European Charter for Researchers and
the Code of Conduct for the Recruitment of Researchers. Work has also
centred on enhancing the quality of doctoral training, in particular to
prepare doctoral candidates for a career outside academia, and on
measures to improve researchers’ career development opportunities
through, for example, life-long learning. For its part, the Commission has
focused efforts on a series of policy initiatives which have contributed to the
overall progress. This includes further development of the EURAXESS
network, in particular a large increase in the publication of research job
vacancies, the revised ‘Scientific Visa Directive’, the Human Resources
Strategy for Researchers based on the Charter and Code, the European
Principles of Innovative Doctoral Training and support for a new panEuropean supplementary pension fund for researchers. Marie SkłodowskaCurie actions have also had a pronounced structuring impact on ERA by
setting standards for research training, attractive employment conditions
and open recruitment for all EU researchers, and by aligning national
resources as well as influencing regional or national programmes through
the Co-fund mechanism. Progress has nevertheless been uneven and a
number of challenges remain, in particular in a number of Member States
where the lack of open, transparent and merit-based recruitment gives
cause for concern, where inter-sectoral mobility is relatively low or where
working conditions and career opportunities are rather limited. A concerted
and coordinated effort is needed from the Member States and institutions
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together with the Commission. (ERA Progress report 2014, facts and
figures 2014, s. 22).
However, the European Commission recognises that the impact of these policies is
hard to ensure due to the voluntary nature of the actions, and the limited influence of
member states. The adherence to principles for securing fair and open recruitment
and good working conditions for researchers have been made mandatory for
recipients of EU funding for research, as well as by some other research funders have
also made such requirements. Some other incentives schemes (awards, brands/logos
etc) and information packages have also been implemented to secure adherence to
the principles and procedures laid down in these documents. The result, according to
the report State of the Innovation Union, 2015, is that “more than 730 organisations
from 35 countries in Europe and beyond have explicitly endorsed the principles
underlying the C&C. This represents about half of all public research organisations in
Europe (State of the innovation union 2015). There has also been a steady growth in
the number of jobs announced at the Euraxess jobs portal (State of the Innovation
Union, 2015).

Commitment 2:
2.1 Ranking of universities
As seen in the first quote from the State of the Innovation Union Report (2015)
referred to under commitment 2.1., “U-Multirank has become the most
comprehensive information system on universities in the world, covering 1200 higher
education institutions from 83 countries.” The point of this commitment was not to
implement a new policy intervention but to improve the information available for
assessing the state of European higher education institutions in a comparative and
multidimensional perspective. As such the commitment has been fully implemented.
At the end of 2016, more than 1300 higher education institutions are in the database,
allowing for comparisons also with universities from a large number of countries
outside Europe (more than 90 countries are now included).
A central point of the ranking is the opportunity to compare subject fields across
universities. In the 2016 database the following new subjects were covered: biology,
chemistry, mathematics, history, sociology and social work/welfare, in addition to the
subjects electrical and mechanical engineering, business studies, physics, psychology,
computer science and medicine which had been in the database from the beginning.
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Another central point of the U-Multirank system is the ability to compare universities
and/or subject fields across a range of dimensions: teaching/learning, research,
knowledge transfer, international orientation, and regional engagement. For each of
these dimensions there are 5-9 concrete variables where individual higher education
institutions and/or subject fields can be compared with all or a selection of other
institutions. Data on each of these issues is based on publication and patent data,
self-reported data from the institutions and student surveys covering more than
100 000 students. For many of the institutions specific data may be missing or not
comparable.
Finally, the database is presented at a state-of-the-art interactive web site with many
opportunities for generating comparisons. As such the U-Multirank system is
primarily intended to be an instrument for learning and improvement for each higher
education institution rather than an instrument for policy. As far as we know, there
are no investigations of the use of U-Multirank at the institutional (or other) level.

2.2 Knowledge alliances
This commitment targets the commission’s ambition to strengthen universityindustry linkages and through this reforms of higher education through setting up a
program called “knowledge alliances”. The purpose of this program is to develop new
curricula and educational programs, to support development of innovation skills
among students. The ambition was also that the program would assist higher
education institutions to develop new and interdisciplinary educational programs that
focus on needs to industry, innovation and entrepreneurship. The program was
launched in in 2011. The program made a first call for pilot networks in 2011 and
2012 (5 pilots), and the initial calls received a number of applicants. In 2013, the
scheme was implemented in the Life Long Learning and from 2014-2016 in the
Erasmus + program. Under the auspices of the Erasmus+ program, more than 120
knowledge alliances will receive funding (until 2020) (State of the innovation union,
2015). There is no role in the implementation process for individual member states.

Commitment 3: Promoting e-skills
When formulating this commitment, the European Commission initially declared that
it intended to propose by 2011 an integrated framework for the development and
promotion of e-skills for innovation and competitiveness, based on partnerships with
stakeholders, and that this will be “based on supply and demand, pan-European
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guidelines for new curricula, quality labels for industry-based training and awarenessraising activities.”
The fear that e-skills shortages will hamper the competitiveness of the European
economy has attracted substantial policy attention on this issue, and many policy
initiatives have been developed at the European level during the last few years to
raise awareness and promote actions to implement this commitment (State of the
innovation union 2015).
In June 2005, the European Commission launched the i2010 Strategy, also known as
the European Information Society 2010. This was followed by several other initiatives
and events: an European e-skills conference in October 2006; the establishment in the
same year of an ICT Task Force on competitiveness of the ICT sector, including a
working group on skills and employability; the new EC strategy in 2007 on “e-skills for
21st century: fostering competitiveness, growth and jobs”; a European e-skills
conference in 2009 on “Fostering ICT Professionalism”.
In March 2010, the Commission launched the Europe 2020 Strategy, which marks the
intensification of policy efforts to foster e-skills and the incorporation of the e-skill
issue in the Innovation Union programme. The Commission promoted in 2013 the
European e-competence framework 3.0 (EU Standardisation Committee, 2013), to be
endorsed by EU member states in 2015. These were followed by a set of proposals to
develop quality labels for IT industry training and certification, and later by another
major conference on e-skills and ICT professionalism in Brussels in March 2014.
External evaluations of the state of implementation of the e-skills strategy were
performed in 2010 and 2013. Based on this, the policy strategy was thereby revised
and extended in 2015 under the program called “Digital single market”.
Currently, several EU countries have national digital skills strategies that are more or
less in line with EC’s programs, and in particular 21 EU states have policies that
specifically target e-leadership skills for managers and professionals in domestic
private companies and organizations. The countries that have until now been more
active in the implementation of this IU commitment (or more in general targeting eskills for ICTs) are the UK, Ireland, Germany, France, Netherlands, Belgium, Denmark,
Sweden and Malta, whereas most Southern EU countries have been endorsing these
policy objectives to a much less extent.
In a recent appraisal of the state of the Innovation Union commitments, EC (2015)
points out explicitly that the main priorities for the future (2014-2020) will be “the
promotion of ICT professionalism and e-leadership and the generation of a larger talent
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pool of ICT professionals, entrepreneurs, business leaders, managers and advanced
users with a focus on the strategic use of new information and communication
technologies”.
Some of the key policy actions that should be implemented more actively in the years
ahead, according to the EC, are the following:
•
•
•
•
•
•

Continue to build awareness of e-leadership skills for innovation,
competitiveness and employability
Sharpen definitions and metrics for e-leadership skills
Improve data, monitor demand and supply
Upgrade and update curricula and educational programmes in computer
science, math and engineering, as well as e-leadership curricula
Establish an ICT Skill Certification Centre
Foster e-leadership in the context of entrepreneurship and self-employment

Commitment 4:
4.1 International research cooperation framework (ERA)
The so-called ERA framework was proposed in 2012 and it is a framework consisting
of measures to increase the quality of researchers’ working conditions and to
promote international collaboration and mobility of researchers in Europe. The initial
ambition was that the ERA measures should have been implemented by 2014 in all
member and associate countries. ERA consists of the following elements:
- Promoting high quality doctoral education, attractive employment conditions and
gender balance in academe (see 1.1 and 1.2)
- Mobility of researchers across borders by promoting open recruitment (see 1.2 and
4.2), comparable career structures and a European pension fund for researchers
- Cross-border cooperation of research performing organisations, funders etc:
Horizon 2020, ERA net, Joint programming initiatives, smart specialisation platform
- Open access and dissemination of research and open research infrastructures
- Consistency in policies among EU member states for international cooperation
with non-EU states.
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ERA consists of a wide variety of policies. Much of the effort in the implementation
has been to remove obstacles and barriers for international cooperation and mobility
of researchers in Europe. In terms of implementation, according to the many ERA
monitoring reports, 19 of 27 member states had implemented actions to adhere to
ERA in 2014. A survey among member and associate countries in 2015 showed that
80% of countries had implemented policies along the principles of ERA (ERA Facts
and figures 2014). The European framework programs and international joint funding
arrangements have been of importance for the implementation of ERA policies. .
Data from surveys to researchers and analysis of scientific publications show that
there is a high degree of international collaboration among researchers in Europe
(less than US, more than Asia) but that the volume of collaboration differs
substantially between countries (highest in Northern Europe, lower in new member
states) (Researchers’ report 2014).
The ERA has been subject to a systematic monitoring of its implementation, and
substantial information is available on the state of implementation at both the EU
level and member state level (this information has not been included here; see ERA
monitoring reports and Researchers’ reports).
4.2 International mobility
Several initiatives have been put in place regarding this commitment:
“The Commission, in cooperation with Member States, has initiated a wide
range of initiatives to facilitate researchers’ mobility and increase the
attractiveness of Europe as a destination for leading researchers. These
include measures to facilitate access to information on mobility via
EURAXESS, the ‘Scientific Visa’ package facilitating administrative
procedures for third country researchers entering the European Community
as well as Marie Skłodowska-Curie actions and Destination Europe Events
(…) In addition, many Member States have introduced national mobility
schemes to boost different types of researcher mobility (inward, outward
and cross-sectoral). Many of these schemes promote inward mobility from
both EU and non-EU countries providing financial incentives for early stage
researchers.” (ERA progress report 2014, p. 28).
In 2011, the communication Towards a European framework for researchers “set the
basis for the creation of a framework to allow better comparability for researchers’
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career structures” (Monitoring the Innovation union 2015). Consensus was reached in
2012 and all new positions at EURAXESS are advertised using the common profiles.
EURAXESS is a narrower policy than the Blue Card (cf. Commitment 30 below) and is
especially oriented at researchers: “EURAXESS continues to play a key role for
researchers wishing to pursue their careers in Europe. More than 200 EURAXESS
Service Centres in 40 European countries are responding to the increasing demand
for information and assistance with more than 900000 queries in the past six years.”
(ibid. p. 28).
Even though several initiatives have been implemented, new challenges have
emerged that probably influence the impact of the initiatives: “Mobile researchers
face obstacles related to social security, in particular with regard to their pensions. To
respond to this need, the Commission is committed to supporting stakeholders in
setting up pan-European supplementary pension fund(s) for researchers.” (ibid. p. 29).

Commitment 30: Attracting global talent
This commitment is related to developing and implementing in each member state a
so-called EU Blue Card (similar to the US Green Card) for people from non-EU
countries with high personal qualifications. This was established in 2009 to increase
admission of skilled and educated migrants, and two years later it was made into a
single permit directive by the European Council meaning that there is a uniform and
single application procedure. Most member states have joined the initiative, but the
number of successful applicants is not clear. The Blue Card web page indicates that
around 35 000 people have been part of this scheme in Germany from the beginning
and until end of 2015, but no other detailed data from other countries are available.
This commitment requires a lot of coordination between the EU and the individual
member states, and implementation here seems to be moving fairly slowly:
“Fast-track immigration is an important consideration for internationally
mobile researchers and is thus an important factor in helping attract the
best global talent to Europe. In March 2013, the Commission proposed a
recast of the Scientific Visa Directive that will set clearer time limits for
national authorities to decide on applications; provide researchers with
greater opportunities to access the labour market during and after their
stay, and facilitate mobility within the EU. The proposed Directive is under
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negotiation by the European Parliament and Council.” (ERA Progress
Report 2014, p. 28).
Two other aspects may in particular influence the implementation of this
commitment. First, there are several other similar initiatives that have been
established in recent years. One example is the Euraxess Links initiative mentioned
above, targeting specific regions of the world aiming to increase mobility and
collaboration. Most of these networking tools are oriented at a narrower target group
than the Blue Card Policy, such as researchers only. Second, the topic of migration
has become extremely visible on the political agenda. There are numerous
documents about it, and in the wake of the refugee crisis that reached its peak in
2015, the Blue Card aspect has moved to the background compared to other political
issues.
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4. Direct Impact Assessment
One of the main objectives of the I3U project is to carry out a “direct impact
assessment” for each IU commitment formulated by the EC. The present section will
focus on the five commitments discussed in the previous sections (1, 2, 3, 4 and 30),
and for each of them present the results of an empirical analysis to assess their
impacts. Specifically, section 4.1 will clarify the objectives, scope and methodological
strategy that we have followed to carry out this empirical analysis; section 4.2 will
outline the indicators and econometric methods; and section 4.3 will present the
empirical results separately for each commitment.

4.1

Objectives and empirical strategy

To understand the objectives and scope of this empirical analysis, we have first of all
to clarify the distinction between “direct” and “indirect” impacts. On the whole, the IU
commitments investigated in this part of the project seek to improve the quality and
productivity of public R&D, i.e. they mostly have a focus on scientific capabilities in
public research organizations. Hence, in terms of direct impacts, these policies
formulated by the EC are intended to increase the pool of highly skilled labor working
in the R&D sector, thus boosting its productivity and performance. But these policy
efforts will also have some indirect effects in the national innovation systems, since
they will arguably increase the number of skilled workers and researchers employed
by business firms, and thus also lead to strengthen their absorptive capacity too
(which in turn will lead to higher productivity and economic performance). However,
an empirical investigation taking into consideration both direct and indirect effects of
IU policies would require the use of longer time series data and structural equation
modelling approaches that we will not be able to use in this project. Furthermore, the
I3U project explicitly states that it intends to carry out a “direct impact assessment”,
whereas the related indirect effects will be studied by means of the NEMESIS model
in a different workpackage of the project. For these reasons, the empirical analysis
presented in this section focuses on the effects of IU commitments on European
countries’ scientific performance and productivity (direct impacts), and disregards the
possible effects on the private sector’s economic performance (indirect impacts).
Secondly, it is important to clarify the following question: “impact of what?”. As clear
from the discussion in section 3, in fact, the various commitments discussed in this
part of the project do not represent policies – i.e. concrete actions (programmes,
regulations, etc.) implemented by national or European policy-makers to achieve
certain policy goals. These commitments are in most cases simply policy statements,
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namely the EC has formulated goals and strategies that national authorities should
consider to implement (and that in most cases have only been implemented in a slow
and not uniform manner by European countries; see section 3 above). This means
that it is not possible to empirically analyse the direct impacts of the commitments
per se, since for most of these commitments there exist no concrete policy action (e.g.
investment of public resources, new regulations) that could be empirically measured
and investigated. For this reason, we interpret our task as follows: for each
commitment, we will carry out an analysis of the relationship between the main factor
identified by the IU statement (e.g. number of PhD researchers; employment
conditions; e-skills; etc.), on the one hand, and European countries’ scientific
productivity (or innovation performance), on the other.
Table 1 lists the various empirical relationships that we will empirically analyse. This
type of exercise is useful. In fact, before assessing whether or not a new policy has an
impact in the innovation system, it is important to have solid and robust evidence
that there indeed exists an empirical relationship linking the two factors upon which
the policy would supposedly act. Without such evidence, there would in fact be no
clear rationale to formulate and implement the new policy. In summary, we think that
the empirical results presented in this section will provide useful new evidence on the
links between some structural features of European countries’ scientific systems and
their scientific and innovation performance. IU commitments and policies could then
be implemented further on the basis of the empirical relationships highlighted by this
empirical evidence.
Given this background and objectives, our empirical strategy will be as follows. For
each commitment, we will carry out two related analyses. The first will be a single
cross-country empirical study that will analyse all of these commitments at the same
time and within the same econometric framework. This approach is reasonable
because most of the IU commitments considered in this report are supposed to
target the same (broadly defined) outcome variable: quality and performance of EU
countries’ public scientific system. Therefore, it makes sense to specify one single
econometric model encompassing all of the factors entailed by these IU
commitments, and use the same data, indicators and methods to test the various
relationships of interest. The second analysis will shift the focus from the country to a
finer level of analysis – i.e. the sector, region or individual researcher (depending on
data availability for each commitment). This further analysis will enable to use more
detailed information and variables to investigate the various relationships of interest.
For some of the commitments, though, data at a more disaggregated level does not
exist, and we will therefore only present country-level results.
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Table 1: Overview of relevant relationships to be investigated
IU commitment

Relationship to be investigated

1.1 Researchers (PhD) training

How PhD education affects EU countries’ scientific output

1.2 Employment conditions for researchers

How employment conditions affect EU countries’ scientific output and job satisfaction

2.1 Ranking of Universities

How University ranking systems affect HEI’s performance

2.2 PRO’s alliances and partnership with business

How private-public partnerships affect EU countries’ scientific output

3. E-skills

How supply and demand of e-skills affect EU countries’ scientific and innovation output

4.1 International research collaborations

How international collaborations affect EU countries’ scientific output

4.2 Mobility of researchers

How researchers’ mobility affects EU countries’ scientific output

30. Attracting foreign talent

How foreign skilled migrants affect EU countries’ scientific and innovation output
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4.2

Data and econometric methods

For the first type of analysis noted above (cross-country study using nation-level
data), we specify the following econometric model:
SPij = αij + βk(Ck)ij + ∑γr(Zr)ij + εij

(1)

In this model, the dependent variable is the scientific performance of country i at year
j (SPij). On the right-hand side of the equation, we include the set of variables (Ck)ij,
each of which denotes the indicator measuring the kth IU commitment, as well as a
set of r control variables Z, and a set of fixed effects αij.
To estimate this regression model, we construct a cross-country panel database for
all European countries, which combines different data sources. The list of variables
and sources for the indicators used in this cross-country empirical analysis are
reported in table 2, and some descriptive statistics for these variables are in table 3.
We measure the dependent variable by using an indicator of scientific productivity,
which is typically considered to be a key aspect defining the scientific performance of
a country. The proxy indicator that we use is the number of scientific and technical
published articles per 1000 R&D full-time equivalents (FTE). The rationale for using
this indicator is that it is a proxy for the productivity of the country’s S&T sector, since
it measures the amount of scientific output that a country’s scientific system is able to
produce with a given amount of resources invested in public research activities (which
is the main input factor to produce scientific research). This is a standard indicator of
scientific productivity in scholarly research on this subject.
As shown in the figure below, during the period 1995-2014 (longest time span for
which we have available data), scientific productivity has experienced a marked
increasing trend in all European countries. The UK had the highest productivity level
until approximately the year 2000, and it has then had a slow growth thereafter. On
the other hand, Eastern EU countries, which had the lowest productivity level at the
beginning of the period, had experienced a remarkable catch up process and have
now overtaken UK. To explain these patterns, it is of course important to emphasize
that the indicator that we have chosen to use is a measure of scientific output
(number of published articles) in relation to the amount of public resources invested
to finance this research. Hence, the high productivity levels of Eastern and Southern
EU countries reported in the figure are explained by both the rising scientific output
in these countries as well as the decreasing public funding for research that many
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countries in these regions have experienced in recent years (for a list of countries
included in each regional group, see table 2 below).

Figure 3: Time trend of scientific productivity in EU countries

Among the main explanatory variables that we include in the cross-country
regression model to investigate the determinants of these trends, we have one
indicator measuring each IU commitment (PhD training (1.1); employment conditions
for researchers (1.2); private funding of public research (2.2); international research
collaborations (4.1); mobility of researchers (4.2); share of foreign researchers (30);
researchers’ e-skills (3)).
Among the set of control variables, we include measures of each country’s economic
development level, openness to international trade and globalization, share of public
R&D, quality of institutions (transparency index), computer infrastructures, and
number of working hours per capita. We also include time dummies and region
dummies.
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On the whole, the main objective of this regression exercise is to obtain an estimate
of the vector of parameters βk. As noted above, these parameters indicate the extent
to which an increase in the factors targeted by these IU commitments would lead to
an increase in scientific productivity of EU countries – thereby providing a foundation
and justification for implementing the IU commitments that are considered in this
report. Subsequently, in a later phase of the project, these estimated parameters can
be used as inputs to the NEMESIS model, namely the latter may be extended and
calibrated by considering our empirical results.
We use two distinct econometric methods to estimate equation (1). The first and
preferred method is a fixed effects model on the panel dataset. This method includes
fixed effects and exploits the within variability of the data, namely the time variation
of the variables of interest. The application of this method requires panel data for a
sufficient number of countries and a long enough time series. Our dataset enables
the use of this method for most of the indicators, but not for others. For the few IU
commitment variables for which only cross-sectional evidence is available, we will
instead only estimate the model by means of OLS regressions.
We will test the direct impact of the relevant variables on scientific productivity
separately for each IU commitment. The reason for carrying out these tests separately
(rather than including all of the relevant variables in the same regression) is that the
variables of interest have substantially different data coverage (in terms of both
country coverage and available time span), so that if we included all of them together
in the same regression we would end up with a few observations only making the
results less precise and unreliable. We will also repeat the analysis for different
country groups by adding regional dummies interacted with each IU commitment
variable (see list of countries in table 4), in order to assess the extent to which each
estimated parameter of interest differs across countries in Europe.
It is important to point out the main advantage and drawback of this cross-country
empirical approach. The main advantage is that it estimates in a relatively easy and
efficient manner some of the impacts of interest for the I3U project, pooling together
in the same analysis all different commitments that are supposed to target the same
(broadly defined) outcome variable (scientific productivity). The drawback of this
approach, though, is that due to limited data coverage, some of the variables of
interest can only be assessed in a relatively small sample, exacerbating possible
econometric issues of multicollinearity and/or endogeneity in the regressions, and
hence making some of the results less precise and reliable.
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As noted above, to alleviate this issue and get further insights on the various
relationships of interest, we have also carried out a second analysis that shifts the
focus from the country to a finer level of analysis – i.e. the sector, region or individual
researcher – depending on data availability for each commitment. This second
analysis is based on more detailed information, richer variables and larger samples of
observations, and it thus makes it possible to gain further knowledge on the impacts
of these IU commitments.

Table 2: List of variables used in the cross-country empirical analysis
Variable code

Description

Data source

Dependent variable

Articles_1000RDFTE

Scientific and technical articles per 1000 R&D full-time equivalents (FTE)

The World Bank and
IMD Competitiveness
Database

Main explanatory variables (IU commitments)

PHDS_ST

Doctorate students in science and technology fields,
% of population (age 20-29)

Eurostat

COLLABrates

USPTO patent collaborations,
Share of total USPTO patent collaborations globally

OECD

"Knowledge transfer highly developed between companies and
universities" (survey responses reflect the perceptions of global business
executives, 1-10 scale – degree of agreement)

IMD Competitiveness
Database

ICT

Workers with ICT user skills, share of total employment

Eurostat

ATTRACT_RD

"Researchers and scientists are attracted to your country"
(survey responses reflect the perceptions of global business executives,
1-10 scale – degree of agreement)

IMD Competitiveness
Database

ACADEMsatisf

Share of researchers that are satisfied with their current academic
position (with respect to: intellectual challenge, level of responsibility,
reputation of employer, degree of independence)

MORE2

MOBILITY

Share of researchers currently employed in another country
than their country of citizenship of current employment

MORE2

KNOWLtransf

www.i3u-innovationunion.eu

Page 35 of 115

This project has received funding fro
Horizon 2020 research and innovation
agreement No 645884.

D1.2

Control variables

GDPpc_PPP

GDP per capita based on purchasing power parity (PPP)

The World Bank

TradeOpenness

Total trade (exports + imports of goods and services), % of total GDP

The World Bank

PUB_RD

Public R&D expenditure, % of total R&D expenditure

IMD Competitiveness
Database

TRANSP

"Transparency of government policy is satisfactory"
(survey responses reflect the perceptions of global business executives,
1-10 scale – degree of agreement)

PCuse

% of computers in use

IMD Competitiveness
Database

HOURS

Average total number of working hours per year

IMD Competitiveness
Database

GLOBALatt

"Globalization is positive for the society"
(survey responses reflect the perceptions of global business executives,
1-10 scale – degree of agreement)

IMD Competitiveness
Database

Year

Year dummies (varying year span for each regression, max. 1995-2016)

Generated by authors

D_Nordic

Regional dummy for Denmark, Norway, Finland, Sweden, Iceland

Generated by authors

D_Eastern

Regional dummy for Bulgaria, Croatia, Czech Republic, Estonia, Hungary,
Latvia, Lithuania, Poland, Romania, Slovak Republic, Slovenia

Generated by authors

D_Southern

Regional dummy for Italy, Portugal, Spain, Greece, Turkey

Generated by authors

D_Central

Regional dummy for Austria, Belgium, France, Germany, Netherlands,
Luxembourg, Switzerland, Ireland

Generated by authors

D_UK

Country dummy for United Kingdom

Generated by authors
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Table 3: Descriptive statistics
Variable

Mean

Std. ev

Min

Max

Obs.

Articles_1000RDFTE

180.0339

82.40425

11.12588

555.5262

498

PHDS_ST

.4049618

.2750378

0

1.4

262

COLLABrates

2.90313

4.95979

0

24.73017

540

KNOWLtransf

4.751329

1.367323

2

8.27027

583

ICT

17.89121

4.037931

6.28

31.95

289

ATTRACT_RD

4.747444

1.764279

1.297297

9.230769

207

ACADEMsatisf

86.63333

4.449977

77

93.9

30

MOBILITY

15.78667

17.57547

.5

75.6

30

GDPpc_PPP

27961.96

14979.72

5275.57

101926.4

630

TradeOpenness

98.91164

52.02512

37.10788

391.4974

629

PUB_RD

.4607591

.155161

.0739214

.8314477

521

TRANSP

4.837327

1.610821

1.297297

8.290909

583

PCuse

.969377

1.351089

.0142671

5.77

548

HOURS

1818.715

125.2078

1561

2263

542

GLOBALatt

5.758632

1.2123

2.44186

8.733334

449

NOTE: Coverage varies across variables, especially related to time span. ACADEMsatisf and
MOBILITY refer to cross sections for 2012. The remaining refers to panel data, but with variation in
length (max. 1995-2015).
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Table 4: List of countries considered in the cross-country empirical analysis
Country code

Country

AT
BE
BG
HR
CZ
DK
EE
FI
FR
DE
GR
HU
IS
IE
IT
LV
LT
LU
NL
NO
PL
PT
RO
SK
SI
ES
SE
CH
TR
GB

Austria
Belgium
Bulgaria
Croatia
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Iceland
Ireland
Italy
Latvia
Lithuania
Luxembourg
Netherlands
Norway
Poland
Portugal
Romania
Slovak Republic
Slovenia
Spain
Sweden
Switzerland
Turkey
United Kingdom
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4.3

Empirical results

IU Commitment 1
1.1: PhD training2
The indicator that we have used to measure the factor targeted by IU commitment
1.1 – the number of PhD students in science and technology as a share of the
working population – is available for a relatively short time period: 2002-2012. The
panel dataset has 224 country-year observations.
The time series graph shows that on average this variable has had a steadily
increasing trend during this period, and particularly so after 2009 (see background for
this in section 2 above). The figure shows however a decreasing trend for the UK
since 2007. The Nordic countries have the highest share of PhD students in science
and technology, whereas Southern and Eastern EU countries have the lowest levels.
The results of fixed effects regressions (see table 6, columns 1 to 7) point out that the
estimated coefficient of interest (estimated elasticity of scientific productivity with
respect to PhD training) is positive but never significant at conventional levels. The
estimated coefficient is stronger for Central and Eastern EU countries, and
substantially lower for the UK (although the related regional dummies are not
significant either).
On the whole, these results do not enable to confirm the hypothesis of a positive
relationship between PhD training and scientific productivity of European countries.
An important caveat here, however, is that it is reasonable to argue that investments
in PhD-level training will take some time before they lead to an increase in national
scientific productivity, since doctoral students typically become more productive in
terms of publications some years after the completion of their doctoral degree. This
means that it would be necessary to have a longer time span in order to assess this
empirical relationship with the due statistical precision.
Last but not least, it is interesting to highlight the peculiar results that we get for the
UK. In spite of the lack of statistical significance, the results for the UK suggest a
negative relationship between PhD level education and scientific productivity. This

2

This section is based on work carried out by Castellacci and Lie (TIK).
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pattern differs from all other country groups, and it would deserve further research in
the future.

Table 5: Bivariate correlation coefficients

Articles_1000RDFTE
PHDS_ST
GDPpc_PPP
Trade Openness
PUB_RD
TRANSP
PCuse
NOTE: n=224

Articles_
1000RDF
TE
1.000
-0.1436
-0.0425
-0.1219
0.1692
-0.2794
0.0597

PHDS_S
T

GDPpc_PP
P

Trade
Openness

1.000
0.2682
0.0018
-0.4510
0.3952
0.0022

1.000
0.2214
-0.5803
0.5959
0.1656

1.000
-0.1501
-0.0135
-0.4270

PUB_RD

1.000
-0.5215
-0.1803

TRANS
P

1.000
-0.0413

PCuse

1.000

Figure 4: Time trend
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Table 6: Regression results for IU commitment 1.1. Explanatory variable:
Doctorate students in science and technology fields as % of population
(1)
Crosssection

(2)
Fixed
effects,
All

(3)
Fixed
effects,
Nordic

(4)
Fixed
effects,
Eastern

(5)
Fixed
effects,
Southern

(6)
Fixed
effects,
Central

(7)
Fixed
effects,
UK

-23.56119
(-1.37)

19.17886
(0.81)

9.164057
(0.34)

22.52413
(0.91)

16.93117
(0.70)

21.02521
(0.89)

-

-

24.32102
(0.90)
-15.30332
(-0.39)

-

-

-

-

-

-

-

26.52122
(0.73)

-

-

-

-

-

-

-

-24.17919
(-0.45)

-

-

-

-

-

-

-

16.863
(0.37)

-

-

-

-

-

-

-

-125.3931
(-1.12)

.0008509
(1.73*)
-.3844407
(-3.38***)
5.380696
(0.13)
-11.57544
(-3.20***)
-5.64234
(-1.22)

-.0014709
(-1.14)
-.3529179
(-1.22)
185.0556
(4.23***)
6.514373
(2.26**)
85.31391
(4.40**)

-.0014811
(-1.15)
-.3692806
(-1.26)
185.7152
(4.23***)
6.571404
(2.27***)
85.00922
(4.37***)

-.0013954
(-1.08)
-.35615
(-1.23)
187.6788
(4.27***)
6.451782
(2.23**)
84.93461
(4.37***)

-.0015021
(-1.16)
-.3621732
(-1.25)
184.908
(4.21***)
6.528846
(2.26**)
85.36555
(4.39***)

-.0015237
(-1.18)
-.374212
(-1.27)
183.8304
(4.18***)
6.64118
(2.28**)
86.36272
(4.40***)

-.0012612
(-0.97)
-.3444706
(-1.19)
183.7086
(4.20***)
6.619019
(2.29**)
93.54829
(4.51***)

Year fixed effectsa
Constant

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Observations
R-squared
Within
R-squared
F-statistic

224
.2244

224
-

224
-

224
-

224
-

224
-

224
-

-

.4665

.4670

.4681

.4671

.4669

.4702

4.01***

10.49***

9.80***

9.85***

9.81***

9.80***

9.93***

PHDS_ST
PHDS_ST*
D_Nordic
PHDS_ST*
D_Eastern
PHDS_ST*
D_Southern
PHDS_ST*
D_Central
PHDS_ST*
D_UK
GDPpc_PPP
TradeOpenness
PUB_RD
TRANSP
PCuse

NOTE: t-statistic in parentheses. Significance levels: *** 1%, ** 5%, * 10% and +15%. aWe test for time fixed effects using the
command testparm in stata. The test checks if all time dummies are equal to 0; if they are, no time fixed effects are. Year span
is 2004-2012.
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1.2: Employment conditions for researchers3
Cross-country patterns
The impact of IU commitment 1.2 can be analysed by using both country-level data
and micro-level data. We begin by presenting some main patterns on employment
conditions for researchers across EU countries based on country-level data. We make
use of data from the MORE2 survey (Mobility Survey of the Higher Education Sector).
The objective of the MORE2 survey data collection project was to “provide
internationally comparable data, indicators and analysis in order to support further
evidence-based policy development on the research profession at European and
national level”. (MORE2, 2013). The data was gathered in 2012.
First, we seek to analyse the cross-country relationship between academic job
satisfaction and scientific productivity (in line with the analysis of commitment 1.1
presented above). The main explanatory variable that we use is a measure of
researchers’ perception of their satisfaction with the working conditions they have
(aggregated at the country level). As such, this survey-based variable is only available
at one point in time. Our cross-country empirical test can therefore not use a panel
dataset in this case, and it has to rely on cross-sectional evidence only (N = 28).
The scatterplot points out that, if we exclude Croatia (HR, which stands out as an
outlier in the graph), there is a positive (though rather flat) relationship between
researchers’ satisfaction with their working conditions (X axis) and their countries’
scientific productivity (Y axis). The OLS regression results (see table 8) confirm that
this correlation is indeed positive and significant in a multivariate setting (in a
regression model that does on the whole explain about 50% of the variability in
countries’ scientific performance). Hence, these cross-sectional results corroborate
the hypothesis that, after controlling for a set of other country-specific conditions,
better employment conditions for researchers are related to a better scientific
performance. This finding is in line with the rationale of IU commitment 1, which
seeks to foster and improve working conditions in the academic sector in Europe.
It is of course important to interpret this positive and significant correlation pattern
with due caution. Since this cross-sectional evidence is based on a relatively small and
static sample, some econometric issues may plague this result. First, as reported in
the table with bivariate correlation coefficients, the academic satisfaction variable is
positively correlated with a few of the other explanatory (control) variables, such as
the GDP per capita and transparency index, and negatively correlated with others
3

This section is based on work carried out by Castellacci and Viñas-Bardolet (TIK).
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(share of publicly funded R&D; number of working hours). This means that our main
result may possibly be affected by multicollinearity patterns. Second, although our
main explanatory variable (working conditions) is lagged (measured a few years
before the dependent variable), we cannot exclude that endogeneity issues between
these two variables can affect the estimated parameter.
Table 7: Bivariate correlation coefficients

Articles_1000RDFTE
ACADEM
satisf
GDPpc_PPP
Trade
Openness
PUB_RD
TRANSP
PCuse
HOURS
NOTE: n=28

Articles_
1000RDF
TE
1.000

ACADEM
satisf

GDPpc_PP
P

Trade
Openness

-0.1903

1.000

-0.3525

0.4872

1.000

-0.3910

-0.0046

0.4566

1.000

0.3753
-0.1614
-0.1406
0.3946

-0.5179
0.6459
0.1821
-0.7057

-0.3813
0.6773
0.0462
-0.3717

-0.1073
-0.0029
-0.4123
-0.0484

PUB_RD

1.000
-0.3831
-0.1855
0.3287

TRANS
P

1.000
0.1768
-0.3894

PCuse

HOURS

1.000
-0.2620

1.000

Figure 5: Scatter plot
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Table 8: Regression results for IU commitment 1.2. Explanatory variable:
Percentage of researchers that are satisfied with their working conditions.

ACADEMsatisf

9.595086*

lagGDPpc_PPP

.0010944

lagTradeOpenness

-.4726645**

lagPUB_RD

227.7668**

lagTRANSP

-17.89224*

lagPCuse

-9.165568

lagHOURS

.2834576

lagGLOBALatt

-

Constant

Yes

Observations

27

R-squared

.4847

F-statistic

4.22***

NOTE: t-statistic in parentheses. Robust standard errors.
Significance levels: *** 1%, ** 5%, * 10% and +15%. This is a
cross section for the year 2012. Lagged values for all controls
are applied to account for endogeneity issues.
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Micro-level analysis
Next, to get further understanding of employment conditions for researchers in
European countries, we seek to investigate the main factors that explain variations in
academic job satisfaction (which may in turn positively affect scientific productivity
according to the patterns highlighted in the previous section). These factors can in
principle be improved by national and EU policies, and it is therefore important to
identify the most important dimensions that shape job satisfaction in the academic
sector in Europe.
To study this, we use the MORE2 survey data at the micro-level, i.e. now focusing on
individual researchers as the unit of analysis. The dataset includes all workers older
than 18, working in the EU (27 Member States and 6 Associated and Candidate
Countries 4 ) in higher education institutions (HEI). The dataset contains 10,509
researchers.
Table 9 presents the list of indicators that we use in this micro-level analysis, the
corresponding definition and some descriptive statistics. Table 9 groups the
indicators into some main categories corresponding to some major conceptual
dimensions: job satisfaction; individual (personal) characteristics; academic mobility;
employment and working conditions; collaboration with other institutions.
Job satisfaction is the dependent variable in this study. We compute this variable as a
composite index of thirteen factors related to job satisfaction reported by researchers
on different aspects of their work and employment. These thirteen factors measure
reported satisfaction with: Job security; Salary; Benefits; Dynamism; Intellectual
challenge; Level of responsibility; Degree of independence; Contribution to society;
Opportunities for advancement; Mobility perspectives; Social status; Job location;
Reputation of employer. The Cronbach's alpha measuring the correlation among
these items is high (0.76), and it is therefore appropriate to combine the various items
together into a single composite factor measuring job satisfaction. To construct such
‘job satisfaction’ composite factor, we therefore calculated the sum of the thirteen
items (we also carried out the same exercise computing the mean of the thirteen
items, which led by and large to the same results).

4

Norway, Switzerland, Iceland, Croatia, Turkey, and the Former Yugoslav Republic of Macedonia.
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Table 9: Indicators: definitions and descriptive statistics
Variable
Job satisfaction

Description
Sum of the 13 factors related to workers satisfaction with current position. Two categories:
Dissatisfied; Satisfied.

N

Mean

Std.
Dev.

10,509

9.99

2.65

0

13

10,509 1.40
10,384 43.20
9,571
0.75
9,571
0.57

0.49
11.12
0.43
0.50

1
19
0
0

2
71
1
1

10,477

3.08

0.90

1

4

10,509
10,509
10,509

0.26
0.14
0.18

0.44
0.34
0.38

0
0
0

1
1
1

10,509
10,509
10,509
10,509
10,509

0.15
0.22
0.05
0.26
0.11

0.36
0.41
0.21
0.44
0.31

0
0
0
0
0

1
1
1
1
1

Min Max

Personal characteristics
Gender
Age
Couple
Children
Education

Gender. 1 if worker is male.
Age of respondent, in years.
Status: 1 if worker is in couple.
Status: 1 if worker has children.
Highest level of education that worker have successfully completed. Four categories: 1 'non
higher education/post-secondary'; 2 'Undergraduate'; 3 'Graduate'; 4 'Postgraduate'.
Academic mobility

Long_mobility
Long_mobility_10
Skill_migration

I have worked abroad for more than 3 months at least once in the last 10 years.
I have worked abroad for more than 3 months, but this was more than 10 years ago.
Country of employment different from country of citizenship.
Current employment and working conditions

Engineering_Technology
Medical_Sciences
Agricultural_Sciences
Social_Sciences
Humanities

FOS, Fields of Science: Engineering and technology
FOS, Fields of Science: Medical Sciences
FOS, Fields of Science: Agricultural Sciences
FOS, Fields of Science: Social Sciences
FOS, Fields of Science: Humanities
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Natural_Sciences
R1
R2
R3
R4
Full_time
Part_time
Permanent
Temporary
Other_self
Teaching
Career_Prospects

FOS, Fields of Science: Natural sciences
First stage researcher
Recognized Researcher
Established Researcher
Leading Researcher
Full-time position
Part-time position
Permanent contract
Temporary contract
Self-employed, no contract or other type of contract
Teaching activities in the current position. Four categories: from None to 100% of overall working
hours.
How confident do you feel about the future prospects for your research career?

10,509
10,509
10,509
10,509
10,509
10,509
10,509
10,509
10,509
10,509

0.21
0.21
0.21
0.32
0.27
0.89
0.11
0.56
0.39
0.05

0.41
0.41
0.40
0.47
0.44
0.32
0.32
0.50
0.49
0.22

0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1

10,509

1.82

1.15

0

4

10,509

2.99

0.80

1

4

10,509
10,509
10,509
10,509

0.84
0.44
0.76
0.20

0.37
0.50
0.43
0.40

0
0
0
0

1
1
1
1

10,509
10,509
10,509

0.15
0.20
0.62

0.35
0.40
0.49

0
0
0

1
1
1

Collaboration with other institutions
Coll_Institutions
Coll_nonAcademic
Coll_uniOther
Coll_privateOther

1 if worker collaborate with uni/public institutes in your country.
1 if worker collaborate with non-academic sector in your country.
1 if worker collaborate with uni/research institutes in other countries than yours.
1 if worker collaborate with private industry outside your countries.
Awareness of EU Policy

Euraxess
Eucharter
Mariecurie

EURAXESS services awareness
Awareness of European Charter for Researchers and Code of Conduct for Recruitment
Awareness of Marie Curie actions
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Figure 6 shows the job satisfaction mean by country. Netherlands (10.97), Switzerland
(10.91) and Denmark (10.90) have the highest reported levels of job satisfaction on
average. On the other hand, Romania (8.80), Greece (8.66) and Portugal (8.60) are the
countries with the lowest levels of job satisfaction.

12,00

10,00

10,97
10,91
10,90
10,78
10,76
10,72
10,71
10,69
10,60
10,43
10,40
10,35
10,29
10,28
10,22
10,17
10,13
9,89
9,81
9,76
9,72
9,55
9,43
9,40
9,30
9,26
9,24
8,98
8,95
8,80
8,66
8,60

Figure 6: Job satisfaction mean by country

8,00

6,00

4,00

2,00

Netherlands
Switzerland
Denmark
Sweden
Luxembourg
Belgium
Norway
United Kingdom
Malta
Germany
Iceland
France
Finland
Austria
Ireland
Estonia
Czech Republic
Latvia
Poland
Cyprus
Slovenia
Spain
Macedonia (FYROM)
Lithuania
Croatia
Turkey
Bulgaria
Hungary
Slovakia
Romania
Greece
Portugal

0,00

Figure 7 reports job satisfaction by scientific field. The histogram shows that
natural sciences researchers are those that report highest job satisfaction on average,
followed by medical sciences researchers. The least satisfied researchers are those
working in agricultural sciences and humanities.
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Figure 7: Job satisfaction mean by fields of science
10,40

10,29
10,17

10,20
10,01
10,00

9,82
9,80
9,60

9,55

9,60
9,40
9,20
9,00
Natural
Sciences

Engineering
and
Technology

Medical
Sciences

Agricultural
Sciences

Social
Sciences

Humanities

Looking at researchers at different stages of the career (see figure 8), we also note
that leading researchers are the ones most satisfied with their job, followed by young
researchers at an early stage of the career.
Figure 8: Job satisfaction mean by Career Stages
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Table 10: Regression results: baseline, whole sample
model 1

model 2
model 3
model 4
model 5
Personal characteristics
Gender
-0.259** (0.086) -0.267** (0.086)
-0.011 (0.081)
-0.003 (0.081)
-0.010 (0.081)
Age
0.014*** (0.004) 0.015*** (0.004)
0.000 (0.005)
0.000 (0.005)
-0.000 (0.005)
Couple
-0.146 (0.127)
-0.142 (0.128)
-0.113 (0.115)
-0.108 (0.115)
-0.101 (0.114)
Children
0.171 (0.114)
0.168 (0.114)
0.058 (0.108)
0.059 (0.107)
0.054 (0.107)
Education
0.314*** (0.048) 0.314*** (0.048) 0.216*** (0.045) 0.213*** (0.045) 0.206*** (0.045)
Academic mobility
Long_mobility
-0.141 (0.101)
-0.267** (0.093) -0.266** (0.094) -0.273** (0.094)
Long_mobility_10
-0.033 (0.122)
-0.245* (0.113)
-0.242* (0.112)
-0.252* (0.112)
Skill_migration
0.055 (0.134)
-0.017 (0.124)
-0.029 (0.124)
-0.023 (0.124)
Current employment and working conditions
Field of Science [Humanities, reference category]
Engineering_Technology
0.055 (0.134)
0.185 (0.157)
0.150 (0.157)
0.157 (0.156)
Medical_Sciences
0.189 (0.154)
0.160 (0.154)
0.172 (0.155)
Agricultural_Sciences
0.400+ (0.205)
0.390+ (0.205)
0.386+ (0.204)
Social_Sciences
0.130 (0.146)
0.116 (0.145)
0.121 (0.145)
Natural_Sciences
0.366* (0.145)
0.344* (0.145)
0.354* (0.146)
Research stage [R1, reference category]
R2
-0.229 (0.147)
-0.208 (0.147)
-0.206 (0.148)
R3
-0.079 (0.163)
-0.059 (0.166)
-0.063 (0.169)
R4
0.154 (0.184)
0.173 (0.188)
0.153 (0.191)
Full_time
0.110 (0.136)
0.131 (0.136)
0.118 (0.136)
Type of contract Temporary, reference category]
Permanent
0.390*** (0.109) 0.387*** (0.109) 0.387*** (0.108)
Other_type
0.396* (0.197)
0.389* (0.197)
0.376+ (0.195)
Teaching
-0.153*** (0.044) -0.154*** (0.044) -0.152*** (0.044)
Career_Prospects
1.245*** (0.056) 1.243*** (0.056) 1.239*** (0.056)
Collaboration with other institutions
Coll_Institutions
-0.060 (0.116)
-0.080 (0.116)
Coll_nonAcademic
-0.126 (0.080)
-0.133+ (0.080)
Coll_uniOther
-0.076 (0.098)
-0.076 (0.099)
Coll_privateOther
0.260** (0.094)
0.245** (0.095)
Awareness of EU Policy
Euraxess
-0.053 (0.119)
Eucharter
0.374*** (0.093)
Mariecurie
-0.040 (0.086)
Intercept
9.633*** (0.279) 9.658*** (0.309) 6.273*** (0.365) 6.363*** (0.374) 6.393*** (0.374)
R-sq
0.104
0.104
0.259
0.261
0.264
Number of observations = 9,389. Country dummies included. Robust standard errors in parentheses.
Significance levels: + p<0.10, * p<0.05, ** p<0.01, *** p<0.001.
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Table 11: Regression results by country groups
Continental

Anglo-Saxon

Mediterranean

Scandinavian

Eastern Europe

Personal characteristics
Gender

0.032 (0.140)

0.158 (0.266)

-0.206 (0.148)

0.101 (0.128)

0.074 (0.129)

Age

-0.009 (0.009)

0.000 (0.015)

-0.001 (0.009)

0.000 (0.009)

0.005 (0.007)

Couple

-0.046 (0.175)

-0.414 (0.361)

-0.017 (0.226)

0.322+ (0.188)

-0.216 (0.203)

Children

-0.061 (0.180)

0.270 (0.301)

0.020 (0.199)

0.054 (0.155)

0.168 (0.198)

Education

0.065 (0.070)

0.305* (0.131)

0.221** (0.079)

0.434*** (0.082)

0.425*** (0.086)

Academic mobility
Long_mobility

-0.177 (0.162)

-0.361 (0.281)

-0.408* (0.181)

-0.059 (0.140)

-0.210 (0.172)

Long_mobility_10
Skill_migration

-0.201 (0.191)

-0.178 (0.290)

-0.507* (0.197)

-0.124 (0.209)

-0.073 (0.207)

0.167 (0.168)

-0.492+ (0.281)

0.414 (0.419)

-0.048 (0.149)

0.219 (0.293)

Current employment and working conditions
Field of Science [Humanities, reference category]
Engineering_Technology

0.632* (0.286)

-0.595 (0.443)

0.178 (0.292)

0.377 (0.256)

0.413+ (0.244)

0.892*** (0.261)

-1.389*** (0.417)

0.489 (0.299)

0.167 (0.235)

0.567* (0.228)

Agricultural_Sciences

0.594 (0.397)

0.144 (1.032)

0.719+ (0.424)

0.308 (0.428)

0.643* (0.253)

Social_Sciences

0.434 (0.266)

-0.495 (0.404)

0.358 (0.275)

-0.053 (0.234)

0.111 (0.219)

Natural_Sciences

0.637* (0.251)

-0.338 (0.392)

0.587+ (0.303)

0.425+ (0.241)

0.385+ (0.232)

Medical_Sciences

Research stage [R1, reference category]
R2

-0.165 (0.205)

-0.000 (0.749)

-0.375 (0.319)

-0.516** (0.193)

-0.496* (0.220)

R3

-0.124 (0.272)

0.390 (0.793)

-0.188 (0.309)

-0.623** (0.223)

-0.318 (0.210)

R4

0.228 (0.308)

0.528 (0.892)

-0.035 (0.331)

-0.583* (0.259)

-0.109 (0.256)

Full_time

0.266 (0.195)

-0.675 (0.430)

0.308 (0.402)

-0.005 (0.278)

0.117 (0.212)

0.830*** (0.219)

0.226 (0.175)

0.220 (0.155)

Type of contract [Temporary, reference category]
Permanent

0.485* (0.218)

0.108 (0.365)

Other_self

0.121 (0.384)

0.674 (0.633)

1.113** (0.396)

-0.454 (0.320)

-0.149 (0.301)

Teaching

-0.057 (0.071)

-0.227 (0.145)

-0.141+ (0.080)

-0.271** (0.086)

-0.235*** (0.063)

1.025*** (0.091)

1.288*** (0.192)

1.330*** (0.094)

1.273*** (0.098)

1.430*** (0.089)

Career_Prospects

Collaboration with other institutions
Coll_Institutions

0.031 (0.179)

-0.167 (0.455)

-0.341 (0.236)

-0.045 (0.162)

0.131 (0.204)

Coll_nonAcademic

-0.220 (0.135)

-0.427+ (0.247)

0.051 (0.148)

0.015 (0.133)

-0.036 (0.131)

Coll_uniOther

-0.123 (0.162)

0.056 (0.352)

-0.053 (0.184)

-0.005 (0.160)

0.022 (0.152)

Coll_privateOther

0.041 (0.164)

0.558* (0.254)

0.341+ (0.188)

-0.214 (0.162)

0.175 (0.158)

Euraxess

-0.350 (0.236)

0.345 (0.306)

-0.121 (0.245)

0.221 (0.200)

-0.045 (0.159)

Eucharter

0.161 (0.193)

0.517* (0.226)

0.464** (0.170)

0.510** (0.167)

0.286* (0.145)

Mariecurie

0.194 (0.146)

0.116 (0.262)

-0.261 (0.159)

-0.074 (0.130)

-0.020 (0.134)

Intercept

7.065*** (0.557)

7.165*** (1.346)

5.015*** (0.763)

5.162*** (0.703)

3.207*** (0.636)

0.184

0.295

0.245

0.255

0.255

2,713
Num. Obs.
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Table 12: Regression results by Career Stage
R2 –
R3 – established
recognized
Personal characteristics

R1 – first stage
Gender
Age

R4 – leading

0.141 (0.177)

0.351* (0.156)

-0.143 (0.143)

-0.269+ (0.147)

-0.050*** (0.014)

-0.002 (0.011)

0.009 (0.009)

0.003 (0.008)

Couple

-0.211 (0.192)

-0.215 (0.231)

0.091 (0.227)

0.077 (0.247)

Children

0.275 (0.252)

0.043 (0.218)

-0.019 (0.179)

0.012 (0.208)

Education

-0.057 (0.121)

0.351*** (0.089)

0.191* (0.084)

0.224** (0.076)

Long_mobility

-0.087 (0.213)

-0.049 (0.190)

-0.213 (0.170)

-0.602*** (0.174)

0.000 (.)

-0.307 (0.356)

-0.308+ (0.184)

-0.409** (0.153)

0.030 (0.231)

0.212 (0.223)

-0.054 (0.233)

-0.202 (0.241)

Academic mobility
Long_mobility_10
skill_migration

Current employment and working conditions
Field of Science [Humanities, reference category]
Engineering_Technology

-0.209 (0.402)

-0.509 (0.319)

0.365 (0.245)

0.359 (0.297)

Medical_Sciences

-0.258 (0.410)

-0.282 (0.255)

0.037 (0.272)

0.561* (0.286)

Agricultural_Sciences

0.123 (0.490)

-0.165 (0.392)

0.216 (0.400)

1.063*** (0.323)

Social_Sciences

-0.141 (0.348)

-0.659* (0.257)

0.362 (0.247)

0.311 (0.276)

Natural_Sciences

0.077 (0.357)

-0.250 (0.248)

0.414 (0.252)

0.509+ (0.281)

0.035 (0.289)

-0.136 (0.279)

0.313 (0.331)

0.571** (0.200)

0.699*** (0.178)

-0.040 (0.261)

0.454 (0.450)

1.388*** (0.404)

0.653 (0.491)

-0.077 (0.088)

-0.100 (0.086)

-0.281*** (0.084)

-0.014 (0.075)

1.283*** (0.109)

1.254*** (0.113)

1.304*** (0.102)

1.129*** (0.113)

Full_time
0.444+ (0.228)
Type of contract [Temporary, reference
category]
Permanent
0.018 (0.337)
Other_self
Teaching
Career_Prospects

-0.394 (0.285)

Collaboration with other institutions
Coll_Institutions
Coll_nonAcademic

0.308 (0.208)

-0.141 (0.222)

-0.179 (0.226)

-0.441+ (0.257)

-0.615** (0.197)

0.063 (0.156)

0.003 (0.143)

-0.171 (0.135)

Coll_uniOther

0.063 (0.193)

-0.333+ (0.187)

-0.097 (0.179)

0.281 (0.244)

Coll_privateOther

0.151 (0.263)

0.155 (0.257)

0.120 (0.163)

0.368** (0.131)

Awareness of EU Policy
Euraxess

-0.213 (0.301)

-0.066 (0.213)

0.131 (0.230)

-0.071 (0.175)

Eucharter

0.151 (0.309)

0.172 (0.208)

0.225 (0.167)

0.538*** (0.134)

Mariecurie

-0.346+ (0.204)

-0.078 (0.175)

-0.054 (0.156)

0.139 (0.155)

Intercept

8.892*** (1.106)

5.432*** (1.065)

3.971*** (0.832)

6.335*** (0.860)

R-sq
Num. Obs.

0.261
1977

0.281
1935

0.290
2987

0.313
2490
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We now present the results of a regression analysis that we carried out in order to
investigate the factors that explain differences in job satisfaction among researchers
in Europe. In this regression analysis, the dependent variable is the composite
indicator of job satisfaction (see definition and descriptive statistics above). The
explanatory variables are indicators from the MORE2 survey measuring the following
dimensions: personal characteristics of each researcher (e.g. age, gender, education
level), employment and working conditions (career stage, type of contract, teaching
duties, scientific fields), international mobility, national and international collaboration
with other institutions (both academic and in the private sector), and awareness and
use of EU policy instruments for academic researchers (such as Euraxess and the
European Charter for Researchers and Code of Conduct for Recruitment).
Table 10 presents the baseline results for regressions run on the whole sample of
researchers. Regressions are presented in a step-wise manner, and column 5 reports
the results of the full model specification that includes all explanatory variables
together in the same model. Among the personal characteristics, education level is
positively and significantly related to job satisfaction. Regarding the mobility variables,
these indicate that researchers that have had shorter or longer mobility stays abroad
report on average lower job satisfaction than those that have not had such academic
stays abroad. Employment conditions turn out to be important predictors of
academic job satisfaction. Specifically, having a permanent contract, good career
prospects for the future, and a small teaching load, are the three factors that have the
highest correlation with job satisfaction. Last, regarding the EU policy variables,
researchers that are aware and make use of the EU charter code report on average
higher levels of job satisfaction.
Next, we run the same regression model on different sub-samples, in order to see
how the role of these explanatory factors varies in different country groups, and for
researchers at different career stages. First, table 11 shows the regression results by
country groups. These results highlight important differences across countries in
Europe. In particular, the international mobility stays variable has a strong negative
effect only for researchers in Mediterranean countries, but not in other countries.
Regarding career stages, it is somewhat surprising to see that in Scandinavian
countries, recognized (R2), established (R3) and leading researchers (R4) report on
average lower levels of job satisfaction than first stage researchers, (PhD candidates).
As for employment conditions, having a permanent contract is a more relevant factor
for researchers in Mediterranean countries (arguably due to the fact that it is typically
harder to get a permanent academic position in these economies). And teaching
duties turn out to be a more important negative factor in Eastern European and
Scandinavian countries.
www.i3u-innovationunion.eu
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Second, table 12 reports regression results for researchers at different stages of the
career. Among the most interesting findings in this table, we note that the negative
association between international mobility and job satisfaction previously discussed is
stronger for the group of leading researchers. Further, having a permanent contract is
a more important factor for middle-stage career researchers (which are those that
typically struggle to shift from temporary to permanent employment). Teaching
duties have a stronger negative effect for established researchers. Finally, with respect
to EU policy variables, the EU charter code policy turns out again to have a positive
and significant estimated coefficient, which is driven by the results for the group of
leading researchers. The latter are in fact those that are typically more actively
involved in recruitment activities, and therefore arguably make use of this EU code to
attract and hire skilled researchers.

Highlights: main results for IU commitment 1
PhD training:
 The number of PhD students in science and technology as a share of the working
population has increased since 2002, and particularly so after 2009.
 The cross-country correlation between PhD training and scientific productivity is
positive but not significant. This relationship varies substantially among EU
countries.
Working conditions for researchers:
 At the country-level, there is a positive and significant correlation between
academic job satisfaction and scientific productivity.
 At the micro-level, the most important factors explaining variations in academic
job satisfaction are the following: education level, international mobility, type of
contract (permanent vs temporary), teaching load, career prospects and EU policy
schemes (EU charter code).
 The relationships between these factors and job satisfaction vary significantly
among countries, and for researchers at different career stages.
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Commitment 2
2.1: University ranking5
Analyzing the impacts of University ranking systems is hard both on conceptual and
empirical grounds. Conceptually, the intended roles for university ranking systems are
several: they are supposed to inform the public, guide students, researchers and
professors, assist universities in self-evaluation and improvement, and objectively,
precisely and transparently evaluate the institutions’ excellence. University rankings
are also used as a self-promotion tool by well-performing universities. In spite of the
multiplicity of possible effects, it is well-known that one of the most important
objectives of ranking systems – and particularly the new U-multirank system in
Europe – is to guide prospective students and provide them with detailed information
to choose in which HEI they will enroll. Hence, we will focus our investigation in this
section on the impacts of rankings on HEI’s performance in terms of number of
enrolled students every year. The underlying idea is to study whether a good
placement in a world ranking of a HEI leads to an increase in the number of newly
enrolled students in that University in subsequent years.
Empirically, it is however hard to analyze this relationship, and there are various
methodological issues discussed frequently in this literature that it is worth to
mention before presenting our empirical analysis and results. First, quality in teaching
is something that cannot easily be measured. Without any universally agreed
measures of quality in higher education, the various ranking tables are forced to
interpret the term quality individually. Second, Universities are far from homogenous
entities that allow for seamless international comparison, or even comparison
between two universities with similar focus and size. Some of the most obvious
differences that make this task troublesome include sociological factors, differences
in size of staff, tuition fees, institutions size, school budget, publications, awards,
facilities, and differences in teaching methods. Third, it is often argued that the
rankings are self-perpetuating: universities with an already good reputation get
better reputation as a result of being highly ranked. High rankings encourage the
universities to enhance their efforts in whatever is regarded a priority in the given
ranking. In this case, short-term gains seem to be encouraged at the expense of longterm investments that are not measured in rankings.

5

This section is based on work carried out by Castellacci and Skrivervik (TIK).
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In the different university rankings, the focus varies mainly between being reputation
centered and focusing on research output. Although the main audience of the
rankings supposedly is students, some argue that the rankings with a strong research
focus is mostly aimed at policymakers. Another matter with the research focused
rankings is that the US produce a large share of the world output of scientific articles,
making them predisposed to ranking highly on these lists. There is also a debate
about whether the number of published journal articles and related citations are able
to capture the bulk of effort and societal impact that a university achieves. Although
research is easier to measure than most other factors at a university – which makes
data on research more solid than a lot of other data being measured - it is hardly the
most accurate way of measuring student satisfaction, or quality of education.
Being aware of these conceptual and methodological issues, we now shift the focus
to the specific empirical analysis that we carried out to analyze the impacts of
University ranking systems. There exist three major University ranking systems that it
is important to consider. The first is the new EU system called U-Multirank, to which
IU commitment 2.1 refers. This is a user-driven approach to international ranking of
higher education institutions. These annual rankings have been produced since 2014,
and in 2017 in total 1497 universities from 99 countries – with a large European
presence – were included. U-Multirank measures research through some main factors,
including citation rate, research publications, top cited papers, knowledge transfer
(through co-publications), and joint publications. When comparing higher education
institutions the following five dimensions are used: research, regional engagement,
knowledge transfer, international orientation, teaching and learning. U-Multirank uses
a multi-dimensional approach, instead of the classic rating scores (top 100),
comparing different kinds of institutions across a range of activities and grading them
from A (very good) to E (weak). An online comparison tool enables users – and
specifically prospective undergraduate and graduate students – to develop
personalized rankings through selecting indicators in terms of personal preferences.
However, the input data that are used to calculate U-Multirank composite indicators
and rankings are not publicly available. This means that we were not able to access
these data, and hence we were not able to analyze the impact of the U-Multirank
system.
Second, since 2011 Leiden University has produced yearly a citation-based ranking
(CWTS), ranking 500 top universities globally, based on their research performance.
The Leiden ranking offers insights into more than 900 universities in 54 countries,
including countries in Asia, the Americas, Europe and Australia. The ranking is based
on data gathered over a number of years, adjusted for size of university and
differences in citation patterns between disciplines, while taking into account
language differences and discipline. CWTS release multiple ranking lists according to
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various bibliometric normalization and impact indicators, including the number of
publications, citations-per-publication, and field-averaged impact per publication.
One of the main factors CWTS measures is core publications. CWTS also measures
impact indicators such as the proportion of university’s publications that belongs to
the top 1%, 10% and 50% most frequently cited, compared with other publications in
the same field, in the same year. CWTS also includes collaboration indicators, such as
the proportion of a university’s publications that has been co-authored with other
organizations and countries. In our exercise, we will use some variables from the
CWTS dataset (but not its “ranking” variables).
Finally, the Academic Ranking of World Universities (ARWU) was originally introduced
to address the standing of China’s research universities and to determine the gap
between Chinese universities and world-class ranked research universities. More than
1300 universities from around the world are ranked by ARWU yearly since its
introduction in 2003, and the top 500 is presented (since the year 2017, the
universities between number 501 and 800 have also been included in the ranking).
The region with the largest representation in this ranking is Asia, followed by Europe,
the Americas, and a couple of universities from the African continent. The universities
are ranked according to academic performance and achievements in research using
six indicators: numbers of alumni and staff with Nobel Prizes and Field Medals,
number of highly cited researchers (selected by Clarivate Analytics), number of
articles published in Nature and Science, papers indexed in major citation indices, and
per capita performance of the university. Since 2009, ARWU has been published by
Shanghairanking Consultancy – an independent research organization focused on
higher education.
Among these three ranking systems, our empirical analysis will focus on the ARWU,
because of two main reasons. One is that we were only able to get access to the
ARWU ranking data (differently from the U-Multirank and the CWTS), which provide
one variable measuring a HEI’s ranking position in the world, and another variable
measuring its ranking position nationally. The second reason for focusing on the
ARWU is that this ranking is based solely on variables measuring the research
performance of Universities (whereas rankings that are partly based on teaching
quality or educational variables would by construction be correlated with the
dependent variable that we seek to investigate (number of enrolled students). The
fact that we focus on ARWU does not enable us to make any conclusion regarding
the U-Multirank that is the focus of IU commitment 2.1; however, empirical results
based on ARWU will arguably provide relevant indications on the general impacts of
ranking systems, which are likely to be valid for other ranking systems too. Table 13
reports the number of HEIs that are ranked in ARWU every year since 2003. The table
shows that the number of EU Universities ranked in ARWU is on the whole quite
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stable over time – although the relative ranking position of these Universities is much
more volatile and tends to vary during this period.
To construct our dataset, in addition to the sources noted above, we also collected
data from the European Tertiary Education Register (ETER), which is a comprehensive
database on European higher education institutions created on initiative from the
European Commission, and aiming at gaining insight and transparency on higher
education institutions in Europe. ETER provides data for a large number of HEIs in 32
European countries, for the period 2011 to 2014, including variables on degree levels,
subject areas, size of university, information of research, information about funding,
and the gender, nationality, academic background and number of both students and
academic staff.

Table 13: Number of Universities in European countries ranked in ARWU.
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Our regression analysis seeks to investigate the relationship between European HEIs’
ranking position (both globally and nationally), on the one hand, and the number of
students they enroll, on the other. The idea is that a ranking system provides
prospective students with detailed information about different Universities they could
enroll to, and that a high position in a ranking can potentially increase the number of
students that decide to enroll in that University.
The unit of analysis in our dataset is the University (given that the data sources noted
above can be combined together by using the University name and ID number in
these datasets). We use three dependent variables in the regression analysis: (1)
number of Bachelor students; (2) number of Master students; (3) number of PhD
students. The main explanatory variable is the HEI’s ranking in ARWU (both global
and domestic ranking position). As control variables, we include the size of
Universities (number of research staff), a time trend and a set of country dummies.
Fixed effects panel regressions also control for other unobserved variables. The
period of investigation spans from 2011 until 2014.
Tables 14, 15 and 16 present the regression results for the three dependent variables
respectively. Table 14 does not show any significant relation between ranking
position and number of enrolled Bachelor students. Table 15 shifts the focus to
Master students. Two of the regressions find a negative and significant estimated
relationship of world ranking and national ranking with the number of enrolled
Master students – meaning that a higher ranking position is associated with a higher
number of enrolled students in subsequent years (which is in line with the overall
rationale and primary objective of University ranking systems). Finally, table 16 shows
again a negative and significant estimated effect of ranking on student enrolment,
which is however not stable and consistent among the four model specifications
reported in the table.
In summary, the results of our empirical analysis of the impacts of University ranking
systems are encouraging and they do provide some interesting evidence supporting
the idea that such ranking systems affect students’ choice to enroll in highly-ranked
and more prestigious Universities. However, the econometric results are not stable
across specifications, and some of the exercises do not lead to significant results.
Further data and evidence will be necessary in future research to extend and
corroborate the empirical patterns presented in this section.
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Table 14: Regression results. Dependent variable: Total number of Bachelor
students enrolled. Period: 2011-2012.
Ranking variable

World ranking

World ranking

National ranking

National ranking

Estimation method

GLS random
effects

Fixed effects

GLS random
effects

Fixed effects

Ranking position
Size of HEI
(total academic staff)

1,09
(0,17)
4,13
(4,83)***

-11,47
(1,33)
3,72
(1,88)*

143,44
(1,43)
4,62
(5,54)***

-140,05
(1,00)
3,81
(1,92)*

Year dummies

Yes

Yes

Yes

Yes

Country dummies

Yes

No

Yes

No

R-squared

0,36

0,06

0,37

0,08

Observations

311

311

311

311
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Table 15: Regression results. Dependent variable: Total number of Master
students enrolled. Period: 2012-2014.
Ranking variable

World ranking

World ranking

National ranking

National ranking

Estimation method

GLS random
effects

Fixed effects

GLS random
effects

Fixed effects

Ranking position
Size of HEI
(total academic staff)

-2,84
(1,88)*
0,71
(4,68)***

-2,72
(0,42)
1,07
(1,09)

-14,83
(0,73)
0,85
(6,20)***

-93,88
(2,32)**
0,89
(0,91)

Year dummies

Yes

Yes

Yes

Yes

Country dummies

Yes

No

Yes

No

R-squared

0,51

0,35

0,50

0,36

Observations

425

425

425

425
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Table 16: Regression results. Dependent variable: Total number of PhD students
enrolled. Period: 2011-2014.
Ranking variable

World ranking

World ranking

National ranking

National ranking

Estimation method

GLS random
effects

Fixed effects

GLS random
effects

Fixed effects

Ranking position
Size of HEI
(total academic staff)

-0,86
(2,54)**
0,62
(15,81)***

-0,14
(0,32)
0,59
(10,68)***

-2,42
(0,71)
0,66
(17,38)***

2,01
(0,54)
0,59
(10,73)***

Year dummies

Yes

Yes

Yes

Yes

Country dummies

Yes

No

Yes

No

R-squared

0,70

0,46

0,70

0,45

Observations

743

743

743

743

www.i3u-innovationunion.eu

Page 62 of 115

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

D1-2
2.2: PRO’s alliances and partnership with business6
For commitment 2.2, data availability is a critical factor, and our empirical analysis of
direct impacts can only rely on country-level data and indicators (see information and
definitions in section 4.2 above). The indicator that we have used to proxy for IU
commitment 2.2 is a measure of the intensity of knowledge transfer between
companies and Universities. The indicator is available in the IMD Competitiveness
Database for a relatively long period of time (1995-2015), enabling a country-level
panel data analysis for this commitment (N=425).
A problem with this indicator is that it does not represent an accurate proxy for
commitment 2.2. The latter, in fact, calls for University-industry collaborations to
foster the development of entrepreneurial skills among tertiary students. There is
arguably no available statistical indicator that can measure such policy objective in a
precise manner. The indicator that we use here is therefore meant to be a more
general proxy of the links between Universities and industries in European countries,
assuming that in countries where these interactions are stronger it will also be more
likely to find or implement new entrepreneurial curricula for tertiary students.
The figure reporting the time trend of this variable for different groups of European
countries (see below) shows that in the last two decades the intensity of knowledge
transfer between companies and Universities has on average markedly increased. The
increasing trend is particularly pronounced for the UK since 2010. In general,
countries with the highest levels of scientific performance (UK, Central and Nordic
economies) are also those that have higher intensity of University-industry
interactions.
This is reflected in the regression results. The fixed effects estimations (columns 2 to 7)
report a positive and significant correlation between the variable measuring (proxying
for) IU Commitment 2.2 and the dependent variable (scientific productivity). It is
interesting to observe, though, that important country differences exist: the estimated
elasticity is particularly strong for the UK, stronger also for Central and Eastern EU
countries, whereas it is negative for the Nordic economies (probably due to the fact
that intensity of knowledge transfer between companies and Universities has slowed
down in these countries during the last ten years, whereas scientific productivity has
accelerated).

6

This section is based on work carried out by Castellacci and Lie (TIK).
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In summary, these results provide significant support for the assumed rationale of IU
commitment 2.2, namely the existence of a positive correlation between Universityindustry interactions, on the one hand, and scientific productivity, on the other. As
noted above, though, these results must be interpreted with caution due to the fact
that the indicator used here does not represent a perfect measure of commitment 2.2.
Table 17: Bivariate correlation coefficients

Articles_1000RDFTE
KNOWL
transf
GDPpc_PPP
Trade Openness
PUB_RD
TRANSP
PCuse
NOTE: n=425

Articles_
1000RDF
TE
1.000

KNOWL
transf

-0.0233

1.000

0.0111
-0.1021
0.1951
-0.2231
-0.0408

0.5583
0.1607
-0.5602
0.6818
0.0515

GDPpc_PP
P

Trade
Openness

1.000
0.5046
-0.5274
0.4849
0.0600

1.000
-0.2792
0.1106
-0.3863

PUB_RD

1.000
-0.4399
-0.2298

TRANS
P

1.000
-0.0378

Figure 9: Time trend
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Table 18: Regression results for IU commitment 2.2. Explanatory variable:
Knowledge transfer between companies and universities

KNOWLtransf
KNOWLtransf
*D_Nordic
KNOWLtransf
*D_Eastern
KNOWLtransf
*D_Southern
KNOWLtransf
*D_Central
KNOWLtransf
*D_UK
GDPpc_PPP
TradeOpenness
PUB_RD
TRANSP
PCuse

Year fixed
effectsa
Constant
Observations
R-squared
Within
R-squared
F-statistic

(1)
Crosssection

(2)
Fixed
effects,
All

(3)
Fixed
effects,
Nordic

(4)
Fixed
effects,
Eastern

(5)
Fixed
effects,
Southern

(6)
Fixed
effects,
Central

(7)
Fixed
effects,
UK

3.896127
(1.07)

9.644464
(2.86***)

5.022339
(1.24)

9.697464
(2.72***)

6.379751
(1.78*)

8.596169
(2.52**)

-

-

17.84103
(4.91***)
-29.89022
(-5.11***)

-

-

-

-

-

-

-

13.25687
(2.03**)

-

-

-

-

-

-

-

-.3879802
(-0.05)

-

-

-

-

-

-

-

16.88658
(2.51**)

-

-

-

-

-

-

-

22.21752
(1.80*)

-.000152
(-0.41)
-.3597626
(-4.53***)
36.19708
(1.28)
-7.573986
(-2.42**)
-3.059665
(-1.17)

-.0007397
(-1.02)
-.0737206
(-0.40)
189.0445
(6.12***)
-.0971858
(-0.04)
98.84453
(9.69***)

-.0002399
(-0.34)
-.2110049
(-1.17)
175.696
(5.86***)
2.383336
(1.11)
107.5263
(10.73***)

-.0005314
(-0.73)
-.1180432
(-0.64)
185.8872
(6.04***)
.3827927
(0.18)
95.20609
(9.23***)

-.0007463
(-1.01)
-.076146
(-0.40)
188.8291
(6.04***)
-.1037314
(-0.05)
98.97046
(9.36***)

-.0012793
(-1.70*)
-.2047703
(-1.07)
179.8972
(5.83***)
.3959684
(0.18)
107.3126
(10.05***)

-.000381
(-0.51)
-.0679533
(-0.37)
184.1146
(5.96***)
-.0814856
(-0.04)
107.4658
(9.56***)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

425
.4193

425
-

425
-

425
-

425
-

425
-

425
-

-

.6784

.6996

.6820

.6784

.6838

.6812

12.03***

32.61***

34.47***

31.74***

31.22***

32.01***

31.63***

NOTE: t-statistic in parentheses. Significance levels: *** 1%, ** 5%, * 10% and +15%. aWe test for time fixed effects using the
command testparm in stata. The test checks if all time dummies are equal to 0; if they are, no time fixed effects are. Year span
is 1996-2013.
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Highlights: main results for IU commitment 2
University rankings:
 In a large panel of European HEIs for the period 2011-2014, we find empirical
evidence that a University’s ranking position affects the number of students that it
enrols (particularly at the Master level).
 This empirical result is however not stable and not always significant, and it calls
for further data collection and empirical analysis in future research.
Public-private partnership:
 In a panel of European countries, there is a positive and significant relationship
between the intensity of University-industry collaborations and national scientific
performance.
 This relationship does however vary substantially among countries in Europe.
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IU Commitment 3: E-skills7
Differently from most other IU commitments analyzed in this report, C3 has a broader
scope as it does not only intend to target e-skills and ICT competencies in public
research organizations but also in private companies. Hence, in this section we seek
to look at the effects of e-skill developments both on the scientific performance of
HEIs, and on the innovation and productivity performance of business companies.
The former aspect will be analyzed by means of country-level data (in the absence of
more disaggregated data), while the latter will be analyzed by using a richer dataset
for European industries and regions.
Cross-country patterns
First, we have made use of an indicator measuring the workers with advanced ICT
user skills, as a share of the total working population in each country (source:
Eurostat). There exists no statistical indicator measuring specifically e-skills of
scientists and researchers, but we think it is reasonable to use e-skills of the working
population as a whole as a proxy for e-skills of its S&T system.
This indicator has relatively good coverage at the country level. It is available for a
short time span (2002-2010), which however corresponds to the period in which ICTs
have diffused rapidly in work life. The panel dataset that we have available for the
empirical test of this IU commitment has 242 country-year observations.
The figure below reporting time trends of the e-skills explanatory variable shows a
slow increasing trend for most countries, with the exceptions of Southern EU
economies that have experienced a decrease in the share of ICT-skilled workers from
15% to around 13%. By contrast, Eastern EU economies have seen the most visible
increase in Europe. Regarding absolute levels of this variable, the UK is the country
with the highest share of e-skilled workers (nearly 25%), followed by Nordic and
Central EU economies (around 20%).
The results of fixed effects panel regressions (see columns 2 to 7) provide interesting
though mixed confirmation about the (often assumed) relationship between e-skills
and scientific productivity. It is of course reasonable to expect that scientists, who
now increasingly use ICTs as a main working tool, are likely to have a better scientific
performance and productivity if they have greater abilities to use these digital tools.
7

This section is based on work carried out by Castellacci, Consoli and Santoalha (TIK).
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The estimated parameter of this relationship for the whole sample of European
countries (see column 2) is positive, although not significant at conventional levels.
Results reported in the other columns suggest however that important country
differences exist in the working of this relationship. The elasticity of scientific
productivity with respect to e-skills is much stronger for the UK and for Eastern EU
countries; whereas it is negative for the Nordic economies. Statistical significance of
these patterns is weak, though.
Table 19: Bivariate correlation coefficients

Articles_1000RDFTE
ICT
GDPpc_PPP
Trade Openness
PUB_RD
TRANSP
PCuse
NOTE: n=242

Articles_
1000RDF
TE
1.000
-0.2619
-0.2133
-0.3103
0.2736
-0.3513
0.0180

ICT

GDPpc_PP
P

Trade
Openness

1.000
0.4658
-0.6359
0.5153
0.0888

1.000
-0.3089
0.1167
-0.3966

1.000
0.6508
0.4572
-0.5284
0.4005
0.1551

PUB_RD

1.000
-0.5352
-0.2154

TRANS
P

1.000
-0.0707

Figure 10: Time trend
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Table 20: Regression results for IU commitment 3. Explanatory variable:
Workers with ICT user skills, share of total employment

ICT
ICT
*D_Nordic
ICT
*D_Eastern
ICT
*D_Southern
ICT
*D_Central
ICT
*D_UK
GDPpc_PPP
TradeOpennes
s
PUB_RD
TRANSP
PCuse

Year fixed
effectsa
Constant
Observations
R-squared
Within
R-squared
F-statistic

(1)
Crosssection

(2)
Fixed
effects,
All

(3)
Fixed
effects,
Nordic

(4)
Fixed
effects,
Eastern

(5)
Fixed
effects,
Southern

(6)
Fixed
effects,
Central

(7)
Fixed
effects,
UK

.1443953
(0.11)

2.568292
(1.43)

.9411028
(0.48)

2.017865
(0.94)

3.823985
(1.80*)

2.399014
(1.34)

-

-

3.761684
(1.96*)
-7.503198
(-1.70*)

-

-

-

-

-

-

-

7.515328
(2.07**)

-

-

-

-

-

-

-

1.976102
(0.46)

-

-

-

-

-

-

-

-3.676511
(-1.11)

-

-

-

-

-

-

-

38.94861
(1.30)

.00022
(0.47)
-.498791
(-4.84***)
-10.67935
(-0.30)
-11.91223
(-3.53***)
-6.71839
(-2.01**)

.0007937
(0.77)
-.4203607
(-1.77*)
71.83986
(1.67*)
3.230952
(1.25)
45.10339
(2.93***)

.0004008
(0.38)
-.4302588
(-1.82*)
72.82169
(1.70*)
4.107641
(1.57+)
43.47531
(2.83***)

.0010305
(1.01)
-.468374
(-1.98**)
75.41614
(1.77*)
3.489182
(1.36)
35.44506
(2.22**)

.0007358
(0.71)
-.4062289
(-1.69*)
72.69096
(1.69*)
3.255641
(1.26)
46.187
(2.96***)

.0010154
(0.97)
-.4101585
(-1.73*)
74.42425
(1.73*)
3.019088
(1.17)
44.20953
(2.87***)

.0010153
(0.98)
-.3933634
(-1.65*)
69.00601
(1.61+)
3.712411
(1.43)
55.8799
(3.20***)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

242
.3152

242
-

242
-

242
-

242
-

242
-

242
-

-

.4714

.4790

.4826

.4720

.4747

.4759

6.93***

11.77***

11.32***

11.49***

11.01***

11.12***

11.18***

NOTE: t-statistic in parentheses. Significance levels: *** 1%, ** 5%, * 10% and +15%. aWe test for time fixed effects using
the command testparm in stata. The test checks if all time dummies are equal to 0; if they are, no time fixed effects are.
Year span is 2002-2010.

In summary, while we find general support for the existence of a positive relationship
between e-skills and scientific productivity (which would provide a rationale for IU
commitment 3), we also point out that important country-specific patterns exist.
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Industry- and regional level analysis
We now shift the focus to the study of the relationship between e-skills and
innovation capabilities. Instead of using country-level data as in the previous section,
the analysis presented in this section is based on a more detailed set of data at the
regional level (all NUTS2 regions in Europe). Specifically, we have built up a panel of
European regions for the period 2001-2013 by combining together data and
indicators from different data sources, such as the Eurostat's Labour Force Survey, the
OECD REGPAT database, and other available regional datasets.
The main novel characteristic of this database is that we construct new variables
measuring e-skills of the labor force for each European region, which can be used to
analyze the relationships between e-skills, innovation and economic performance at
the regional level. To construct these new e-skill variables, we matched skill data by
ESCO (https://ec.europa.eu/esco/portal/home) and occupational data from Eurostat's
Labour Force Survey (ISCO-88 occupations). Specifically, we followed this two-step
procedure: (1) we selected candidate e-skills from the ESCO classification; (2) we
matched these skills with ISCO 4 digit occupations.
Using this matrix of e-skills for each occupation, we then identified three distinct
categories of ICT users that typically have different levels of e-competencies, and that
use ICTs for different purposes in their jobs: (i) Developers: experts who modify the
nature and the use of the technology; (ii) Practitioners: advanced users who adapt a
general purpose technology to specific domains (law, health, etc.); (iii) Users: workers
that use a highly standardized technology (i.e. call-centres, use of a computer). The
first column of table 21 reports the share of e-occupations, i.e. the percentage of 4digit job that use e-skills within each 1-digit ISCO category. In the three subsequent
columns of the table, we report the same index by level of e-literacy: developers,
practitioners, and users. The right-hand side of the table reports the same variables in
standardized form.

Table 21: Share of occupations using e-skills.
All eskills
Legislators, senior officials and managers
Professionals
Technicians and associate professionals
Clerical Support Workers
Service workers and shop and market sales workers
Skilled Agricultural, Forestry and Fishery Workers
Craft and Related Trades Workers
Plant and Machine Operators And Assemblers
Elementary Occupations

www.i3u-innovationunion.eu

0,533
0,703
0,639
0,321
0,325
0,643
0,615
0,625
0,188

developer practitioner
0,140
0,220
0,157
0,000
0,033
0,000
0,154
0,197
0,000
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0,211
0,312
0,232
0,029
0,098
0,107
0,171
0,132
0,000

user

All eskills

0,182
0,171
0,250
0,292
0,195
0,536
0,291
0,296
0,188

0,286
1,762
1,194
-0,772
-0,262
-0,698
0,240
-0,305
-1,445

developer practitioner
0,449
1,682
1,093
-1,043
-0,594
-1,043
0,381
0,118
-1,043

0,509
1,676
1,129
-1,203
-0,070
-0,765
0,253
-0,327
-1,203
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user
-0,136
1,707
1,455
-0,485
-0,243
-0,485
0,220
-0,625
-1,407
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After having created this correspondence between occupations and e-skills, and
constructed the new e-skill variables, we then used the EU LFS to compute the
intensity of e-skills in each European region (NUTS 2 level; NACE 1-digit industry
level). Table 22 presents some descriptive statistics for these three e-skill variables
(that we used in standardized form in the empirical analysis), referring to a long
unbalanced panel of regions for the period between 2001 and 2013.

Table 22: Descriptive statistics

Variables

N

mean

max

min

std dev

Patents per million inhabitants

830

108,86

1348,41

0,23

171,57

Eskills intensity - Total (std)

830

0,29

0,76

-0,15

0,14

Eskills intensity - Developers (std)

830

0,26

0,70

-0,16

0,14

Eskills intensity - Practitioners (std)

830

0,30

0,73

-0,11

0,13

Eskills intensity - Users (std)

830

0,33

0,81

-0,10

0,15

Share of HE graduates

830

21,95

49,50

4,50

8,38

GDP per capita

830

23007,81

68400,00

5900,00

8806,73

R&D

830

1,36

7,09

0,07

1,15

HEIs per million inhabitants

830

6,63

72,11

0,00

6,62

Share of women in the labour force

830

0,44

0,53

0

0,04

The other variables reported in the table are those that will be used in the regression
analysis presented below. First, patents per capita and GDP per capita will be
employed as two distinct dependent variables in our analysis, the former measuring
innovation output, and the latter measuring regional labour productivity. The
dependent variable “patents” is the average of the number of patents per million
inhabitants. The average is computed for the following periods: 2002-2004, 20052007, 2008-2010 and 2011-2013.
Next, we also include three standard control variables: (i) R&D intensity (measuring
the innovation input and efforts carried out by each region); (ii) number of HEIs per
capita; (iii) share of women in the labor force. In addition, we include country and
time dummies in all regressions. All explanatory variables are collected for the year
before the starting of the previously mentioned periods (i.e. 2001, 2004, 2007 and
2010).
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Table 23: Regression results. Dependent variable: patents per capita. Estimation
method: OLS (with time and country fixed effects and standard errors clustered
by country)

ols(i)
b/se
(sum) t_std

osl(ii)
b/se

osl(iii)
b/se

osl(iv)
b/se

5.222061***
(0.629)

(sum) u_std

5.463906***
(0.641)

osl(vii)
b/se

5.311515***
(0.663)

1.368674**
(0.534)
5.082917***
(0.745)

hig_edu

3.823629***
(0.149)

3.462611***
(0.191)

3.800312***
(0.157)

4.064006***
(0.143)

-0.010009
(0.014)
0.000078***
(0.000)
0.203788***
(0.024)
-0.029542***
(0.007)
4.627746
(3.046)
0.523247
(1.409)

0.836
830

0.841
830

0.827
830

0.828
830

0.898
830

gdp_pc
rd
heis_pc
female_workers

-0.010871
(0.013)
0.000077***
(0.000)
0.202692***
(0.023)
-0.029711***
(0.007)
4.390803
(2.984)
0.531293
(1.397)

-0.005947
(0.014)
0.000081***
(0.000)
0.205637***
(0.024)
-0.029546***
(0.007)
4.733270
(3.156)
0.427499
(1.469)

1.662322***
(0.565)
-0.008663
(0.014)
0.000079***
(0.000)
0.203950***
(0.023)
-0.028477***
(0.007)
4.980603
(3.088)
0.392492
(1.424)

0.898
830

0.897
830

0.898
830

* p<0.10, ** p<0.05, *** p<0.01

www.i3u-innovationunion.eu

osl(viii)
b/se

1.888388***
(0.494)

(sum) d_std

R-sqr
N

osl(vi)
b/se

1.706338***
(0.516)

(sum) p_std

Constant

osl(v)
b/se
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Table 24: Regression results. Dependent variable: patents per capita. Estimation
method: Fixed Effects (with time and country fixed effects and standard errors
clustered by country)
i.ctry_code

_Ictry_code_1-25

fe(i)
b/se
(sum) t_std

(_Ictry_code_1 for ctry_code==AT omitted)

fe(ii)
b/se

fe(iii)
b/se

fe(iv)
b/se

1.792087**
(0.714975)

(sum) u_std

1.833409**
(0.657416)

fe(vii)
b/se

1.727392**
(0.755451)

1.305996**
(0.501056)
1.844155**
(0.767411)

hig_edu
gdp_pc
rd
heis_pc
female_workers
2.997293***
(0.207440)
0.208
830

www.i3u-innovationunion.eu

fe(viii)
b/se

1.422146***
(0.413108)

(sum) d_std

R-sqr
N

fe(vi)
b/se

1.400634***
(0.465879)

(sum) p_std

Constant

fe(v)
b/se

2.917368***
(0.215450)
0.208
830

3.002707***
(0.224670)
0.201
830
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3.039378***
(0.199121)
0.211
830

0.008452
(0.013185)
0.000015
(0.000011)
0.092969
(0.058344)
0.002351
(0.007175)
-3.405712
(2.001694)
3.977911***
(0.850514)
0.242
830

0.009082
(0.014338)
0.000014
(0.000011)
0.087867
(0.057670)
0.002795
(0.007194)
-3.464948*
(1.999518)
3.960004***
(0.834719)
0.241
830

0.009948
(0.013447)
0.000016
(0.000011)
0.092947
(0.057953)
0.002549
(0.007165)
-3.495235*
(2.040189)
3.989725***
(0.859188)
0.237
830
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1.462290***
(0.514702)
0.008630
(0.012210)
0.000016
(0.000011)
0.098707
(0.058693)
0.001600
(0.007144)
-3.293605
(1.997390)
3.919836***
(0.856073)
0.244
830
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Table 25: Regression results. Dependent variable: patents per capita. Estimation
method: Difference GMM (controlling for time and country fixed effects)
i.ctry_code

_Ictry_code_1-25

L.ln_avg_patents
(sum) t_std

(_Ictry_code_1 for ctry_code==AT omitted)

dpd(i)
b/se

dpd(ii)
b/se

dpd(iii)
b/se

dpd(iv)
b/se

dpd(v)
b/se

dpd(vi)
b/se

dpd(vii)
b/se

0.666657***
(0.198080)
0.446407
(0.452116)

0.662709***
(0.199439)

0.668925***
(0.197843)

0.665897***
(0.198172)

0.715672***
(0.169178)
0.610398
(0.536709)

0.709887***
(0.170831)

0.722032***
(0.169255)

(sum) u_std

0.451071
(0.481301)

(sum) p_std

0.374544
(0.457785)

0.546067
(0.541877)
0.461718
(0.469524)

hig_edu

-0.021074
(0.015954)
0.000012
(0.000011)
-0.074658
(0.081968)
0.007330
(0.007302)
-2.329237
(1.449183)

gdp_pc
rd
heis_pc
female_workers

.
.
.
384

.
.
.
384

.
.
.
384

.
.
.
384

.
.
.
384

-0.020747
(0.015531)
0.000012
(0.000011)
-0.074706
(0.081496)
0.007464
(0.007345)
-2.347898*
(1.423590)
.
.
.
384

-0.019967
(0.016000)
0.000013
(0.000011)
-0.073102
(0.082168)
0.007391
(0.007405)
-2.382365
(1.466161)

0.545233
(0.570565)
-0.019806
(0.016393)
0.000013
(0.000011)
-0.071506
(0.081610)
0.007214
(0.007184)
-2.266849
(1.462559)

.
.
.
384

.
.
.
384

* p<0.10, ** p<0.05, *** p<0.01
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0.715775***
(0.168990)

0.632138
(0.554630)

(sum) d_std

AR(2) - pvalue
Sargan Test - pvalue
Hansen Test - pvalue
N

dpd(viii)
b/se
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Table 26: regression results. Dependent variable: GDP per capita of each region.
Estimation method: OLS (with time and country fixed effects and standard
errors clustered by country)
ols(i)
b/se
(sum) t_std

osl(ii)
b/se

osl(iii)
b/se

osl(iv)
b/se

1.837301***
(0.181)

(sum) u_std

1.902933***
(0.185)

osl(vii)
b/se

1.920296***
(0.193)

1.402171***
(0.322)
1.752420***
(0.202)

hig_edu

9.661607***
(0.046)

9.540269***
(0.057)

9.641209***
(0.050)

9.753202***
(0.046)

0.002850
(0.009)
0.013446
(0.018)
0.011145***
(0.002)
0.400680
(1.571)
9.442373***
(0.688)

0.830
830

0.836
830

0.821
830

0.809
830

0.846
830

rd
heis_pc
female_workers

0.002097
(0.009)
0.012177
(0.017)
0.010654***
(0.002)
0.201172
(1.493)
9.436519***
(0.658)

0.004381
(0.009)
0.015202
(0.020)
0.011574***
(0.002)
0.514011
(1.692)
9.371538***
(0.743)

1.193454***
(0.269)
0.006885
(0.009)
0.014985
(0.020)
0.012632***
(0.002)
0.671276
(1.681)
9.360383***
(0.734)

0.850
830

0.840
830

0.838
830

* p<0.10, ** p<0.05, *** p<0.01
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osl(viii)
b/se

1.535717***
(0.334)

(sum) d_std

R-sqr
N

osl(vi)
b/se

1.430317***
(0.316)

(sum) p_std

Constant

osl(v)
b/se
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Table 27: regression results. Dependent variable: GDP per capita of each region.
Estimation method: Fixed Effects (with time and country fixed effects and
standard errors clustered by country)
fe(i)
b/se
(sum) t_std

fe(ii)
b/se

fe(iii)
b/se

fe(iv)
b/se

0.519484**
(0.195795)

(sum) u_std

0.547659***
(0.188400)

fe(vii)
b/se

0.501059**
(0.203935)

0.293146**
(0.114778)
0.471974**
(0.210152)

hig_edu
rd
heis_pc
female_workers
9.679079***
(0.064277)
0.763
830

9.651120***
(0.067950)
0.765
830

9.680561***
(0.068327)
0.760
830

9.705545***
(0.063752)
0.760
830

0.005584
(0.004246)
0.004244
(0.014526)
0.005053**
(0.002267)
-1.258203**
(0.510654)
10.136711***
(0.207349)
0.797
830

0.005350
(0.004319)
0.003050
(0.014366)
0.005072**
(0.002235)
-1.258447**
(0.508739)
10.118380***
(0.203338)
0.798
830

0.006042
(0.004325)
0.004208
(0.014667)
0.005135**
(0.002289)
-1.283734**
(0.519547)
10.144934***
(0.209418)
0.795
830

* p<0.10, ** p<0.05, *** p<0.01

www.i3u-innovationunion.eu

fe(viii)
b/se

0.364639***
(0.099870)

(sum) d_std

R-sqr
N

fe(vi)
b/se

0.324124***
(0.108824)

(sum) p_std

Constant

fe(v)
b/se
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0.247028*
(0.139697)
0.006527
(0.004383)
0.004925
(0.014766)
0.005095**
(0.002305)
-1.268253**
(0.520134)
10.149807***
(0.213055)
0.794
830
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Table 28: regression results. Dependent variable: GDP per capita of each region.
Estimation method: Difference GMM (with time and country fixed effects)

L.ln_gdp_pc
(sum) t_std

dpd(i)
b/se

dpd(ii)
b/se

dpd(iii)
b/se

dpd(iv)
b/se

dpd(v)
b/se

dpd(vi)
b/se

dpd(vii)
b/se

0.716901***
(0.078994)
0.246283***
(0.082546)

0.724949***
(0.079636)

0.726851***
(0.077782)

0.707693***
(0.078326)

0.679666***
(0.074685)
0.256620***
(0.085012)

0.687501***
(0.075578)

0.687270***
(0.073807)

0.265260***
(0.089909)

0.250399***
(0.087043)

(sum) p_std

0.269568***
(0.083112)

(sum) d_std

0.000778
(0.003006)
-0.005527
(0.018130)
-0.002283**
(0.001143)
-0.747590***
(0.282540)

hig_edu
rd
heis_pc
female_workers

AR(2) - pvalue
Sargan Test - pvalue
Hansen Test - pvalue
N

.
.
.
384

.
.
.
384

.
.
.
384

.
.
.
384

.
.
.
384

0.001153
(0.003025)
-0.005820
(0.018234)
-0.002193*
(0.001178)
-0.755196***
(0.292163)
.
.
.
384

0.000778
(0.003015)
-0.005615
(0.018300)
-0.002316**
(0.001141)
-0.770814***
(0.283737)
.
.
.
384

* p<0.10, ** p<0.05, *** p<0.01

www.i3u-innovationunion.eu

0.674251***
(0.073614)

0.237160***
(0.088907)

0.232366***
(0.085478)

(sum) u_std

dpd(viii)
b/se
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0.277259***
(0.085611)
0.000645
(0.003002)
-0.004610
(0.018129)
-0.002413**
(0.001121)
-0.698022**
(0.275230)
.
.
.
384
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The objective of the panel regression analysis is to estimate the relationship between
e-skill intensities and regional innovation and productivity performance. The period
of investigation spans between 1999 to 2013. In each time period included in this
panel, we introduce a three-year time lag between the explanatory and the
dependent variables. We estimate this regression model by means of three different
methods: OLS, fixed effects, and difference GMM. OLS results are only provided for
comparison, whereas we regard fixed effects and GMM results as more reliable and
interesting, as these control for unobserved sources of heterogeneity, and they are
based on the dynamic development of the relevant variables over time.
Tables 23, 24 and 25 present the results for the dependent variable patents per capita.
The three variables measuring e-skill intensities – of users, practitioners and
developers, respectively, are all positively and significantly correlated with the
dependent variable. This confirms the overall rationale of IU commitment 3,
indicating that regions that have higher intensities of e-skills in their working
populations are those that have higher innovation output performance. Notably, the
e-skill variable that has the highest estimated coefficient in these regressions is the
one for developers’ skills, suggesting that regions that have higher shares of the
working population working as ICT developers are those with higher innovation
performance. This provides a clear link between advanced ICT competencies and
innovation ability, which is typically assumed in extant research but it has not been
clearly documented so far.
Tables 26, 27 and 28 shift the focus to the results for the dependent variable GDP per
capita (that we use as a proxy indicator of regional labour productivity). These results
are largely in line with those noted above, and the three e-skill intensity variables are
positively and significantly related to regional productivity. This provides further
evidence to corroborate the rationale behind IU commitment 3, suggesting a clear
link between ICT competencies of the working population and regional economic
performance. An interesting difference in these results vis-à-vis those reported in the
previous tables is however that the relative importance of the three e-skill variables is
reversed. Developers’ e-skill competencies turn out to be relatively less important
than practitioners’ and users’ e-skills. The estimated coefficient for the latter variable,
in particular, suggests the importance of basic ICT competencies that are widely
diffused among the working population (even outside of ICT producing and closely
related occupations), and which are clearly important for regional productivity
performance.

www.i3u-innovationunion.eu
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Highlights: main results for IU commitment 3
 For a panel of European countries, we find a positive relationship between e-skills
of the working population and scientific productivity. This relationship does
however differ across countries (being stronger and significant in some country
groups, but not in others)
 For a panel of European regions, we find a positive and significant relationship
between three types of e-skills (of developers, practitioners and users), on the one
hand, and innovation output and labour productivity, on the other.
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IU Commitment 48
4.1: International research collaborations
To measure the factor targeted by this commitment, we use a proxy based on patent
data, namely the number of international patent collaborations as a share of total
patents produced by each country. This indicator has good country and time
coverage (period 1995-2015), and hence it enables a panel data analysis of its
relationship with scientific productivity (N=396).
The rationale for using this indicator is that we assume that, although it is a measure
of international collaboration in innovating activities rather than scientific activities
per se, there is arguably a close collaboration between these two aspects, such that
patent collaborations can be used as a proxy for scientific collaborations (since both
of them are related to countries’ openness to international knowledge exchanges).
The advantage of using this patent-based indicator is its good coverage, which makes
the econometric analysis more reliable. By contrast, if we had used an indicator of
international scientific collaborations, the dataset would have been much more
limited and the analysis less reliable.
The figure reporting time trends of this variable (see below) shows that most country
groups have maintained a stable level of international collaborations during the last
two decades (ranging between 3% and 7%). The UK is the only country that has a
substantially higher level than other EU countries, although it has experienced a
marked decrease during this time span.
Results of fixed effects panel regressions (columns 2 to 7) indicate on average a
negative and significant correlation between international collaborations and
scientific productivity in European countries – the reason being that the former has
substantially remained stable over time, whereas the latter has visibly increased.
However, it is also interesting to point out that there are significant country
differences in this relationship. The country groups with the strongest estimated
negative elasticity are Eastern and Central EU countries and (less so) the UK. On the
other hand, for the groups of Nordic and Southern economies the estimated
relationship is positive and significant.

8

This section is based on work carried out by Castellacci and Lie (TIK).
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In short, these results cast some doubts about the assumption (implicitly made by IU
commitment 4.1) that more intensive international collaborations will necessarily lead
to a stronger scientific performance of the research system. According to our results,
this is the case for some countries but not for others. This preliminary evidence
suggests the need to carry out further research to shed light on the causal
mechanisms linking international collaborations and scientific productivity in EU.

Table 29: Bivariate correlation coefficients

Articles_1000RDFTE
COLLAB rates
GDPpc_PPP
Trade Openness
PUB_RD
TRANSP
PCuse
NOTE: n=396

Articles_
1000RDF
TE
1.000
-0.0738
0.0126
-0.1079
0.1899
-0.2289
-0.0271

COLLAB
rates

GDPpc_PP
P

Trade
Openness

1.000
0.1571
-0.2422
-0.3758
0.0891
0.9217

1.000
0.4998
-0.5517
0.4911
0.0699

1.000
-0.3025
0.1311
-0.3849

PUB_RD

1.000
-0.4531
-0.2300

TRANS
P

1.000
-0.0518

Figure 11: Time trend
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Table 30: Regression results for IU commitment 4.1. Explanatory variable:
International patent collaborations, share of total patent collaborations

COLLABrates
COLLABrates
*D_Nordic
COLLABrates
*D_Eastern
COLLABrates
*D_Southern
COLLABrates
*D_Central
COLLABrates
*D_UK
GDPpc_PPP
TradeOpenness
PUB_RD
TRANSP
PCuse

Year fixed effectsa
Constant
Observations
R-squared
Within
R-squared
F-statistic

(1)
Crosssection

(2)
Fixed
effects,
All

(3)
Fixed
effects,
Nordic

(4)
Fixed
effects,
Eastern

(5)
Fixed
effects,
Southern

(6)
Fixed
effects,
Central

(7)
Fixed
effects,
UK

2.058122
(1.19)

-6.397368
(-1.58+)

-6.327553
(-1.54+)

-8.287651
(-1.98**)

1.64448
(0.27)

-6.708894
(-1.63+)

-

-

-7.396908
(-1.82*)
29.95393
(1.86*)

-

-

-

-

-

-

-

-3.778488
(-0.11)

-

-

-

-

-

-

-

28.93314
(1.73*)

-

-

-

-

-

-

-

-10.22753
(-1.72*)

-

-

-

-

-

-

-

3.227358
(0.49)

.000028
(0.07)
-.4090966
(-4.75***)
24.59577
(0.85)
-7.755431
(-2.73***)
-10.39548
(-1.56+)

-.0004547
(-0.58)
-.0469258
(-0.24)
173.9964
(5.24***)
.8991823
(0.40)
119.8489
(7.57***)

-.0004954
(-0.63)
-.0373452
(-0.19)
172.5781
(5.22***)
1.336503
(0.60)
122.3124
(7.72***)

-.0004593
(-0.58)
-.0453397
(-0.23)
174.1359
(5.23***)
.8963193
(0.40)
119.7589
(7.54***)

-.0005868
(-0.75)
-.094068
(-0.48)
177.5747
(5.35***)
.9970934
(0.45)
127.8693
(7.77***)

-.0007163
(-0.90)
-.0842275
(-0.43)
178.5269
(5.38***)
.8246013
(0.37)
116.8107
(7.35***)

-.000522
(-0.65)
-.0531156
(-0.27)
175.2989
(5.26***)
.8151622
(0.37)
117.6532
(7.14***)

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

396
.4177

396
-

396
-

396
-

396
-

396
-

396
-

-

.6767

.6800

.6768

.6795

.6795

.6770

11.60***

31.31***

30.37***

29.92***

30.30***

30.30***

29.95***

NOTE: t-statistic in parentheses. Significance levels: *** 1%, ** 5%, * 10% and +15%. aWe test for time fixed effects using the
command testparm in stata. The test checks if all time dummies are equal to 0; if they are, no time fixed effects are. Year span is
1996-2012.
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4.2: Mobility of researchers
It is not easy to find indicators of research mobility that are reliable and have good
country coverage. After considering different options, we have chosen to use an
indicator available in the MORE2 survey, which measures for each country the share
of foreign researchers employed in that country (for further information on this data
source, see analysis of commitment 1.2 in section 4.3 above). Since the data comes
from a cross-sectional survey dataset, we are not able to use panel data analysis for
this commitment, and we have instead to rely only on cross-sectional evidence on a
relatively small sample (N=27).
The scatterplot suggests that, if we disregard a couple of outliers (Croatia and
Luxembourg), there is a positive bivariate correlation between international research
mobility and scientific productivity across EU countries. The countries that combine a
high share of foreign researchers with a high scientific productivity are in particular
Switzerland, Netherland, UK, Ireland and the Nordic countries (excluding Finland). On
the other hand, the economies with the lowest percentage of foreign researchers are
mostly from the South and Eastern Europe.
The multivariate regression results confirm that the correlation between international
mobility and scientific productivity is positive and significant (after controlling for a
relevant set of country-specific conditions that can affect scientific productivity at the
country level). This finding provides evidence to corroborate the rationale of this IU
commitment, suggesting that EU countries should indeed try to attract foreign
researchers in order to sustain further their scientific performance (further
elaborations of this relationship will be analysed below in relation to IU commitment
30 on skilled foreign migration).
It is clear however that these econometric results should only be considered as
preliminary and non-conclusive evidence since they are based on a cross-sectional
and static sample. The nature of these data does not enable to take properly into
account some relevant econometric issues that may affect the validity of these results.
In particular, one first issue is that the mobility variable is highly correlated with other
explanatory (control) variables in the regressions, such as the GDP per capita, the
transparency index and the openness indicator. This is reasonable, since countries
with higher levels of economic and institutional development are those that tend to
attract more foreign skilled researchers. In econometric terms, this means that
multicollinearity patterns may affect the estimated parameter of interest. Second,
there is also a potential endogeneity issue at stake here, since countries with higher
scientific productivity are arguably those that may attract more skilled foreign
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researchers. Although we have lagged our main explanatory variable to alleviate this
issue, we cannot disregard that this endogeneity issue may bias the estimated
parameter of interest.

Table 31: Bivariate correlation coefficients

Articles_1000RDFTE
MOBILITY
GDPpc_PPP
Trade Openness
PUB_RD
TRANSP
PCuse
GLOBAL
_ATT
NOTE: n=28

Articles_
1000RDF
TE
1.000
-0.3067
-0.3525
-0.3910
0.3753
-0.1614
-0.1406

MOBILIT
Y

GDPpc_PP
P

Trade
Openness

1.000
0.9279
0.5213
-0.4108
0.7045
-0.0676

1.000
0.4566
-0.3813
0.6773
0.0462

1.000
-0.1073
-0.0029
-0.4123

1.000
-0.3831
-0.1855

1.000
0.1768

1.000

0.5022

0.4193

0.0493

-0.1524

0.7640

-0.0719

0.0032

PUB_RD

TRANS
P

PCuse

Figure 12: Scatter plot
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Table 32: Regression results for IU commitment 4.2. Explanatory variable:
Percentage of foreign researchers employed in each country.

MOBILITY

4.446778*

lagGDPpc_PPP

-.0022788

lagTradeOpenness

-.8048345**

lagPUB_RD

134.2044+

lagTRANSP

-27.78926*

lagPCuse

-13.85764*

lagHOURS

-

lagGLOBALatt

10.21603

Constant

Yes

Observations

27

R-squared

.4874

F-statistic

2.82**

NOTE: t-statistic in parentheses. Robust standard errors. Significance levels:
*** 1%, ** 5%, * 10% and +15%. This is a cross section for the year 2012.
Lagged values for all controls are applied to account for endogeneity issues.
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Highlights: main results for IU commitment 4
International research collaborations:
 In a panel of European countries, we find a negative and significant correlation
between international collaborations and scientific productivity in European
countries.
 This negative relationship does however vary substantially among countries in
Europe, being negative for some and positive for others.
Mobility of researchers:
 In a cross-section of European countries, there is a positive and significant
correlation between international mobility and scientific productivity.
 This cross-sectional evidence 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.
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IU Commitment 30: Attracting foreign talent
Commitment 30 points out the need to ‘put in place integrated policies to ensure that
leading academics, researchers and innovators reside and work in Europe and to attract
a sufficient number of highly skilled third country nationals to stay in Europe’. In this
section, we focus on high-skill third country migrants (HS-TC), who only more
recently attracted policy interest and profited from the liberalisation of EU labour
markets. We seek to analyse the relationship between high-skilled migration and
innovation performance across EU countries and industries.
Cross-country patterns
The factor targeted by IU commitment 30, EU countries’ ability to attract foreign
skilled researchers, is closely related to the one that we have just discussed in relation
to commitment 4.2 (mobility of researchers). For commitment 30, we begin by
looking at the main cross-country patterns, and we employ a variable from the IMD
Competitiveness Database, which measures the extent to which each country is
considered attractive for foreign scientists (according to a survey-based evaluation
done by national experts and business executives). This indicator is available for a
relatively short time period (2010-2016), thus enabling a panel data analysis only for a
small sample of country-year observations (N=110).
The time trend of the “attracting foreign talent” variable shows a slow increasing
trend for most country groups, and a more pronounced growth in the UK and Eastern
EU economies since 2013. Not surprisingly, the UK is the country that reports the
highest levels of this variable throughout the whole period, whereas Eastern and
Southern EU countries have correspondingly lower levels.
The fixed effects regression results on this short panel sample point out that the
estimated parameter of interest is positive, although almost never significant at
conventional levels. The estimated parameter also suggests the existence of
substantial country differences: it is stronger for the Nordic economies and UK
(countries that combine high attractiveness and high scientific productivity), and it is
smaller for economies in the South of Europe (that have in general substantially lower
attractiveness for economic and institutional reasons). However, these country
specificities are weakly statistically significant.
In general, these cross-country econometric patterns provide interesting preliminary
evidence of a correlation between attractiveness of each country and its scientific
productivity, which is in line with the cross-sectional evidence noted in relation to
commitment 4.2 above (mobility of researchers).
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Here again, however, these results should be taken with due caution, considering that
the fixed effects estimations reported here are based on a relatively short time series,
which makes it hard to exploit the within variability of the variables of interest to
produce the estimated elasticities.

Table 33: Bivariate correlation coefficients

Articles_1000RDFTE
ATTRACT_RD
GDPpc_PPP
Trade Openness
PUB_RD
TRANSP
PCuse
NOTE: n=110

Articles_
1000RDF
TE
1.000
-0.2407
-0.3659
-0.3469
0.3552
-0.2036
-0.1246

ATTRACT
_RD

GDPpc_PP
P

Trade
Openness

1.000
0.6374
0.1313
-0.5846
0.7140
0.2472

1.000
0.4805
-0.4318
0.6212
0.0635

1.000
-0.1446
0.0575
-0.4048

PUB_RD

1.000
-0.3760
-0.2020

TRANS
P

1.000
0.0821

Figure 13: Time trend
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Table 34: Regression results for IU commitment 30. Explanatory variable:
“Researchers and scientists are attracted to your country”

ATTRACT_RD
ATTRACT_RD
*D_Nordic
ATTRACT_RD
*D_Eastern
ATTRACT_RD
*D_Southern
ATTRACT_RD
*D_Central
ATTRACT_RD
*D_UK
GDPpc_PPP
TradeOpennes
s
PUB_RD
TRANSP
PCuse

Year fixed
effectsa
Constant
Observations
R-squared
Within Rsquared
F-statistic

(1)
Crosssection

(2)
Fixed
effects,
All

(3)
Fixed
effects,
Nordic

(4)
Fixed
effects,
Eastern

(5)
Fixed
effects,
Southern

(6)
Fixed
effects,
Central

(7)
Fixed
effects,
UK

7.309416
(1.21)

6.837062
(1.34)

5.224311
(0.64)

8.657498
(1.59+)

7.620933
(1.41)

6.948274
(1.33)

-

-

4.904056
(0.91)
15.84481
(1.12)

-

-

-

-

-

-

-

2.573095
(0.25)

-

-

-

-

-

-

-

-13.35893
(-0.97)

-

-

-

-

-

-

-

-6.530257
(-0.47)

-

-

-

-

-

-

-

21.89691
(0.13)

-.0002683
(-0.43)
-.4473061
(-3.34***)
137.6536
(2.51**)
-6.219284
(-1.16)
-15.34886
(-2.50**)

.0003614
(0.21)
.4963966
(1.19)
22.74996
(0.34)
1.423931
(0.44)
23.92838
(0.77)

-.0003821
(-0.21)
.6217388
(1.44)
26.33096
(0.39)
1.344244
(0.42)
18.4083
(0.59)

.0004759
(0.27)
.4868417
(1.15)
21.11553
(0.31)
1.499696
(0.46)
22.30021
(0.70)

.0001331
(0.08)
.5499005
(1.30)
19.83609
(0.30)
2.261784
(0.68)
25.32977
(0.82)

.0004574
(0.26)
.498095
(1.19)
21.37307
(0.32)
1.15304
(0.35)
17.47085
(0.51)

.0003623
(0.21)
.4978846
(1.18)
22.31699
(0.33)
1.354306
(0.41)
26.05659
(0.74)

Yes

No

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

110
.2836

110
-

110
-

110
-

110
-

110
-

110
-

-

.0889

.1042

.0897

.1005

.0916

.0891

4.40***

1.20

1.21

1.03

1.16

1.05

1.02

NOTE: t-statistic in parentheses. Significance levels: *** 1%, ** 5%, * 10% and +15%. aWe test for time fixed effects using
the command testparm in stata. The test checks if all time dummies are equal to 0; if they are, no time fixed effects are.
Year span is 2011-2013.
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Industry-level analysis9
To provide further evidence and a more elaborated analysis of impact assessment of
this commitment, we now shift the focus to a more detailed data source at the
industry-level. Further, instead of looking at scientific activities in the public sector,
we focus on innovative capabilities of the private sector. The latter attracts in fact the
majority of HS migrants, both from the EU (EU migrants) as well as outside (TC
migrants), and it is therefore a key beneficiary of migrants’ skills and capabilities, also
in terms of creative and innovative potentials. Specifically, we seek to examine the
impact of HC-TC migrants in the EU on innovation and productivity growth at the
sectoral level.
First, we provide a descriptive analysis of how High-Skilled Third-Country Migrants
(HS-TC migrants) affect productivity growth in EU-13 economies.10 The database used
for this analysis is, firstly, the EU Labour Force Survey (EU LFS) from which we could
extract information regarding HS-TC migrants and other labour force information.
Unfortunately, the (anonymised) EU LFS only provides data at the crude NACE 1-digit
industry level and this constrained the analysis. Furthermore, in order to account for
the NACE-classification break between 2008 and 2009, we reclassified all NACE Rev.2
(1-digit) industries to the cruder NACE Rev. 1.1 (1-digit) classification. Secondly, as
regards information regarding other industry-level information, particularly on
productivity growth and control variables, we used the EU-KLEMS database (EUKLEMS Productivity and Growth Accounts, 2017), generally available at a more
disaggregated industry-level but, for the sake of compatibility with the EU LFS data, it
was also reclassified to the cruder NACE Rev. 1.1 (1-digit) level. Since information on
the country of origin (by country of birth) in the EU LFS is only available from 2004
onwards and the EU-KLEMS database is available until 2015 only, our analysis refers
to the period between 2004 and 2015.
We begin by giving a first overview of the presence of HS-TCs in EU-13 labour
markets, by country and by sector over the period 2004-2015, which also amounts to
the period over which our econometric analysis was conducted. In a second
9

This section is based on work carried out by Leitner, Landesmann and Mara (WIIW).

The EU-13 include all the ‘Old member states (OMS)’ that formed the EU prior to the countries that
entered following the Enlargement waves in 2004 and 2007. From the 15 OMS, Luxembourg and
Finland have been excluded in the following analysis. Luxembourg because of its outlier position as
regards non-natives working in that country and Finland, because no data is included in the
anonymised microdata.
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descriptive assessment, we shall present some graphs for two sub-periods 2004-2007
and 2008-2015 regarding the relationship between productivity growth and the
presence of HS-TC migrants in the EU labour force. The reason for distinguishing
these two periods was the break in statistical classification in 2008 at the NACE
industry level which did affect our employment data. We have tried to adjust the data
as much as possible to obtain ‘smooth’ time series, but we still distinguish the two
periods in the following graphs. The two time periods also roughly coincide with the
pre-crisis period and the period following the outbreak of the financial and economic
crisis.
Let us first define the various ratios regarding the presence of HS-TCs in the
employed labour forces of the EU-13 countries. The shares of interest that will be
used throughout our analysis are the following:
-

share of HS-TC migrants in overall employment
share of HS-TC migrants in total skilled employed labour force
share of HS-TC migrants in total migrant employed labour force
share of HS-TC migrants in total employment of skilled migrants

These different indicators will also be used later on in the econometric analysis. As
concerns the notion of ‘highly skilled’, we employed two indicators depending upon
whether we used ISCED or ISCO classifications, the first one identifies ‘highly skilled’
by educational attainment levels and the second whether the person is employed in
occupations that require higher skills. Hence, the two indicators defining ‘higher
skilled’ include within the ISCED and the ISCO classifications the following categories
respectively:
- Highly skilled using ISCED classification includes: ISCED categories 5-811
- Highly skilled using ISCO classification includes: ISCO categories 1-3.
One of the interesting questions we can examine using these two different indicators
of ‘high skilled’ migrants is to see whether the presence of HS-TC migrants in
employment differ when one or the other of the two definitions is used. For instance,
if we find that the share of HS-TC migrants in high-level occupations is less than the
share in high education categories, this could be interpreted in two different ways: (i)
there could be a ‘skill-occupation mismatch’ in the sense that highly educated
11

ISCED categories 5 to 8 refer to the following: Short-cycle tertiary education (ISCED 5), Bachelor’s or equivalent

level (ISCED 6), Master’s or equivalent level (ISCED 7) and Doctoral or equivalent level (ISCED 8). ISCO categories 1
to 3 refer to the following: Managers (ISCO 1), Professionals (ISCO 2) and Technicians and associate professionals
(ISCO 3).
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migrants are under-represented in high-level occupations. Thus, the high educational
attainment levels of TC migrants are not sufficiently utilised in ‘skill adequate’ jobs as
compared to other groups of workers (HS domestic workers or other EU skilled
migrants); or (ii) the fact that the HS-TC migrants get employed at proportionately
lower shares in ‘high-skill demanding occupations’ reflects the fact that formal
educational attainment levels as captured by the ISCED categories do not fully reflect
differences in ‘skills’ when it comes to performing in high-level occupational
categories. Both these two explanations are in principle possible.
Finally, as regards the indicators of ‘productivity’ that will be used in the following as
proxies for innovation, we shall use two different ones:
- Real labour productivity (at 2010 prices) defined as value added per hour worked
- Total factor productivity (TFP) that is readily available in the EU-KLEMS database.
As regards the presence of HS-TC migrants in the different EU-13 countries, four
countries have a very small share of HS-TC migrants in their total employed labour
forces, i.e. below 1%: Austria, Germany, Greece and Italy. The same countries also
show a very small share of HS-TC migrants in the total migrant workforce. Hence the
evidence is that EU (high skilled) migrants represent a significantly higher share of
migrants than third country (high skilled) migrants in these countries. The United
Kingdom sticks out with by far the highest share of HS-TC migrants in the employed
labour force in total (above 4%), and amongst the high-skilled labour force as a
whole (around 10%). Other countries that either have colonial connections (France,
Spain, Netherlands, Portugal) or generally have a high share of migrants (Ireland) or
of refugees (Sweden) also show a high share of HS-TC migrants in the overall
workforce (around 2%) and amongst the high-skilled labour force as a whole (around
5-7%). As regards the shares of HS-TC migrants in overall high-skilled migrants, we
see again a rather wide range: Austria and Germany with only about 20% or below,
while France, Netherlands, United Kingdom, Spain and Portugal rely to between 55%
and 65% on HS-TC migrants with the rest being EU migrants.
In all the countries, the shares of HS-TC migrants by educational attainment in
employment are higher than the shares of HS-TC migrants when we look at their
presence in ‘high skill demanding jobs’. As discussed above, this indicates a ‘skillsjobs mismatch’ that can be interpreted in two different ways. This discrepancy is
particularly high in Austria where the shares of HS-TC migrants in high-skill jobs is
only about half of their shares by educational attainment. The discrepancy is also
relatively high in Italy, Sweden and Germany. This phenomenon refers to high skilled
migrants as a whole. This discrepancy exists in all the more advanced West European
EU member states with the exception of the United Kingdom and the Netherlands,
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while the Southern EU member states (Greece, Spain, Portugal, and also Ireland but
not Italy) do not show such a disadvantaged job placement situation of HS-TC
migrants compared to EU migrants.
We now move on to discuss the presence of HS-TC migrants in different industrial
branches. As mentioned earlier only a NACE 1-digit breakdown was available to us.
First of all, industries A (agriculture et al), C (mining), E (electricity et al) and P (selfemployed et al) show an insignificant share of employment of HS-TC migrants. On
the other hand, industries K (real estate and business services) and N (health and
social work) are each employing about 17-18% of the HS-TC migrants in the EU-13 as
a whole. Also branches D (manufacturing), G (wholesale and retail trade), H (hotels
and restaurants), I (transport and communications), J (finance), L (public
administration and social security), M (education), and O (other social and personal
services) employ significant shares of HS-TC migrants between 5% and 12%.
Furthermore, the distribution of highly skilled migrants across branches does not
differ much between HS-TC migrants and other highly skilled migrants.
HS-TC migrants represent a high 40-60% of all high-skilled migrants across all the
branches. Hence they are a very important group overall, although – as we have seen
above – this differs quite strongly across the different EU-13 countries. As a share of
the total highly skilled workforces, they amount to between 3% and 8% depending
upon branch and whether one uses ISCED or ISCO measures. The outlier is industry H
(hotels and restaurants) where high-skilled migrants make up 17% and 8% of the HS
workforce – the first referring to the ISCED and the second to the ISCO measure. The
discrepancy between these two numbers is particularly high in this branch and can
again be interpreted as a relatively high share of the highly educated (i.e. half) not
working in ‘high-skill demanding jobs’ in this industry, i.e. there is significant ‘jobsskills mismatch’ in this branch. The tendency for such a mismatch is also visible in all
the other branches, but not to the same extent as in industry H.
The main point of these descriptive patterns is that the relationship between the
change in labour productivity levels and the change in the share of HS-TC migrants
shows up to be quite differentiated across branches and also depends on the
measure (ISCED or ISCO) used. There are a few negative relationships – i.e. higher
increases in labour productivity associated with a low increase (or fall) in the share of
HS-TC migrants in these industrial branches. On the other hand, we also find some
positive relationships, particularly in industries K (business services) and at times in
industry I (transport and communications) depending again on whether ISCED or
ISCO measures are being used. We shall leave any interpretation of the results
regarding these relationships to the more comprehensive econometric analysis that is
presented next.
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Methods
In what follows, we analyse the effects of highly-skilled third country (HS-TC)
migrants on two different productivity measures, as proxies for the innovative
performance of industries. First, in order to shed light on the labour productivity
effects of highly-skilled migration from third (non-EU) countries, we estimate a
human capital augmented production function, further augmented by four different
indicators of highly-skilled third country migration. Since HS-TC migrants bring with
them know-how and capabilities that may have an impact on the rate at which
productivity changes, we determine the impact of HS-TC migrants on the growth rate
of labour productivity. We assume a standard Cobb-Douglas production function, in
which all variables are expressed in terms of total-hours-worked, and estimate the
following specification:
Δ𝑙𝑛𝑅𝐿𝑃ℎ𝑖𝑗𝑡 = 𝛼0 + 𝛽1 Δ𝑙𝑛𝐼𝑇𝐶𝐴𝑃ℎ𝑖𝑗𝑡 + 𝛽2 Δ𝑙𝑛𝑁𝐼𝑇𝐶𝐴𝑃ℎ𝑖𝑗𝑡 + 𝛽3 Δ𝑠ℎ𝐻𝑆𝑖𝑗𝑡 +
𝛽4 Δ𝑠ℎ𝐻𝑆𝑇𝐶𝑁𝑖𝑗𝑡 + 𝜏𝑖𝑡 + 𝜑𝑗𝑡 + 𝜔𝑖𝑗 + 𝜀𝑖𝑗𝑡 ,
where Δ𝑙𝑛𝑅𝐿𝑃ℎ𝑖𝑗𝑡 refers to growth rate of real labour productivity per total hours
worked (at 2010 prices) of industry 𝑖 in country 𝑗 at time 𝑡. Total capital services are
split into ICT and non-ICT capital, whose growth rates (per total hour worked) are
captured by Δ𝑙𝑛𝐼𝑇𝐶𝐴𝑃ℎ𝑖𝑗𝑡 and Δ𝑙𝑛𝑁𝐼𝑇𝐶𝐴𝑃ℎ𝑖𝑗𝑡 respectively. Δ𝑠ℎ𝐻𝑆𝑖𝑗𝑡 is the change of
the share of highly-skilled employees in the total workforce of industry 𝑖 in country 𝑗
and time 𝑡.
The four different indicators of highly-skilled third country migration (Δ𝑠ℎ𝐻𝑆𝑇𝐶𝑁𝑖𝑗𝑡 ),
which enter our estimations separately to avoid issues of multicollinearity, are as
defined above: (i) the change in the share of HS TC migrants in the total workforce of
industry 𝑖 in country 𝑗 at time 𝑡, (ii) the change in the share of HS TC migrants in the
total high-skilled workforce of industry 𝑖 in country 𝑗 at time 𝑡, (iii) the change in the
share of HS TC migrants in the total migrant workforce of industry 𝑖 in country 𝑗 at
time 𝑡, and (iv) the change in the share of HS TC migrants in the total high-skilled
migrant workforce of industry 𝑖 in country 𝑗 at time 𝑡. Finally, 𝜏𝑖𝑡 , 𝜑𝑗𝑡 , 𝜔𝑖𝑗 refer to
country, industry and time fixed effects, respectively, while 𝜀𝑖𝑗𝑡 is the error term.
Second, we also determine the effects of (highly-skilled) TC migrants on productivity
directly, using TFP growth at the industry-level as dependent variable. In particular,
we estimate the following specification:
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Δ𝑇𝐹𝑃𝑖𝑗𝑡 = 𝛼0 + 𝛽1 Δ𝑠ℎ𝑀𝐼𝐺𝑖𝑗𝑡 + 𝛽2 Δ𝐻𝑆𝑡𝑐𝑛𝐻𝑆𝑖𝑗𝑡 + 𝛽3 Δ𝐻𝑆𝑡𝑐𝑛𝑀𝐼𝐺𝑖𝑗𝑡 + 𝜏𝑖𝑡 + 𝜑𝑗𝑡 + 𝜔𝑖𝑗 +
𝜀𝑖𝑗𝑡
where Δ𝑇𝐹𝑃𝑖𝑗𝑡 is the TFP growth rate of industry 𝑖 in country 𝑗 at time 𝑡.
The impact of HS-TC migrants is captured by (i) the change in the share of HS-TC
migrants in the total high-skilled workforce of industry 𝑖 in country 𝑗 at time 𝑡
(Δ𝑠ℎ𝐻𝑆𝑡𝑐𝑛𝐻𝑆𝑖𝑗𝑡 ) and (ii) the change in the share of HS-TC migrants in the total
migrant workforce of industry 𝑖 in country 𝑗 at time 𝑡 (Δ𝑠ℎ𝐻𝑆𝑡𝑐𝑛𝑀𝐼𝐺𝑖𝑗𝑡 ) which are the
same variables in equation (1) above. However, we also include another variable i.e.
(iii) the change in the share of migrants in the total workforce of industry 𝑖 in country
𝑗 at time 𝑡 (Δ𝑠ℎ𝑀𝐼𝐺𝑖𝑗𝑡 ). This variable is included to capture the differentiated presence
of migrants as a whole in different industries. This would otherwise be captured by
industry fixed effects. Due to the rather strong correlation between (i) and (ii) –
particularly at the industry level – these variables are included separately. Finally, 𝜏𝑖𝑡 ,
𝜑𝑗𝑡 , 𝜔𝑖𝑗 refer to country, industry and time fixed effects, respectively, while 𝜀𝑖𝑗𝑡 is the
error term.
Methodologically, to account for unobserved heterogeneity, we estimate both
random effects (RE) and fixed effects (FE) models, which differ in the way in which
unobserved industry heterogeneity is accounted for. Furthermore, we focus on a
subset of industries and exclude those industries, whose productivities are difficult to
measure accurately and reliably and lie outside the focus of our analysis. In particular,
we focus on industries A, C, D, F, G, H, I, J and K (NACE Rev. 1.1) and exclude all public
sector industries, such as E, L, M, N, O, P and Q. Estimations are conducted for the
total sample of selected industries as well as for each industry individually, which, in
the light of strong industry-heterogeneity, allows us to bring out differences across
and specificities of industries more explicitly. As key recipients of HS-TC migrants in
the EU, we focus on the group of old EU member states (OMS), which generally
comprises all EU-15 MS but Luxembourg (for its outlier position) and Finland (for its
absence in the anonymised LFS dataset). However, due to the unavailability of TFP
growth information for Ireland and Portugal, both countries are absent from the
ensuing TFP growth analysis. Furthermore, in the light of potential heteroskedasticityissues, heteroskedasticity-robust t-values are reported.
However, our estimates may be biased due to the endogeneity of the regressor of
interest, namely HS-TC migration. In particular, reverse causality may be at play since
HS-TC migration helps stimulate innovation in an industry while higher innovation
attracts more HS-TC migrants to these industries due to higher expected returns to
their skills and education. To address the potential reverse causality bias, we employ
www.i3u-innovationunion.eu
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interval regressions for three periods, where methodologically, the period-average
real labour productivity (or TFP) growth is regressed on the change in the share of
HS-TC migrants (in different workforce populations) at the beginning of the period
(see section below for results). The three periods are defined as follows: (i) period 1:
from 2005 to 2007 which not only coincides with the period before the onset of the
global financial and economic crisis but also accounts for the break in the statistical
classification between 2007 and 2008 (from NACE Rev. 1.1 to NACE Rev. 2), (ii) period
2: 2008-2011, and (iii) period 3: 2012-2015. We again estimate both random effects
(RE) and fixed effects (FE) model (with period FE) and report heteroskedasticity-robust
t-values.
Findings
Results for real labour productivity are reported in Table 35 below for the total EU-13
sample and all relevant industries together, namely A, C, D, F, G, H, I, J and K. Columns
(1) to (8) refer to high skills as defined by the ISCED classification while columns (9) to
(16) refer to high skills as defined by the ISCO classification. Generally, the results
show that, irrespective of classification considered, an increase in the share of HS-TC
migrants (either as share in total, high-skilled, migrant or high-skilled migrant
workforce) is statistically unrelated to real labour productivity growth. However, in the
light of the rather heterogeneous industry sample and the differentiated relationship
between real labour productivity growth and the change in the share of HS-TC
migrants, this finding is not particularly surprising.
Hence, in view of this pronounced heterogeneity, estimations were also run for each
industry separately to bring out prevailing differences across industries. Results are
reported in additional tables note reported in this section. For the sake of brevity,
results are only reported for the most skill-intensive industries, namely D
(manufacturing), I (transport and communications), J (finance) and K (real estate and
business services) as well as H (hotels and restaurants), which is not a particularly
skill-intensive industry but stands out in terms of the high share of HS-TC migrants in
the total high skilled workforce and the high degree of jobs-skills mismatch.
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Table 35: Real labour productivity growth (production function approach including HS TCNs): 2005-2015, OMS, total sample

ISCED-based

ISCO-based

FE

RE

FE

RE

FE

RE

FE

RE

FE

RE

FE

RE

FE

RE

FE

RE

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

Δln ICT capital

0.040*

0.051**

0.033*

0.044**

0.039*

0.051**

0.041*

0.055**

0.006

0.016

0.004

0.014

0.008

0.022

0.006

0.010

per hours worked

(1.857)

(2.345)

(1.712)

(2.241)

(1.922)

(2.445)

(1.813)

(2.418)

(0.278)

(0.716)

(0.189)

(0.602)

(0.402)

(0.988)

(0.302)

(0.452)

Δln non-ICT capital

0.263***

0.270***

0.236***

0.243***

0.251***

0.262***

0.195**

0.223***

0.304***

0.296***

0.269***

0.265***

0.321***

0.302***

0.302***

0.267***

per hours worked

(3.278)

(4.451)

(2.708)

(3.679)

(3.191)

(4.304)

(2.190)

(3.129)

(3.648)

(4.648)

(2.993)

(4.024)

(4.194)

(5.176)

(3.106)

(3.426)

Δ share of HS

0.018

0.071

-0.036

0.034

-0.090

-0.048

-0.129

-0.069

-0.014

0.049

0.000

0.032

0.006

0.074

0.023

0.024

in total WF

(0.136)

(0.607)

(-0.291)

(0.298)

(-0.674)

(-0.389)

(-1.060)

(-0.634)

(-0.166)

(0.573)

(0.004)

(0.356)

(0.071)

(0.921)

(0.313)

(0.320)

Δ share of HS TCN

-0.148

-0.157

-0.380

-0.205

in total WF

(-0.318)

(-0.350)

(-0.858)

(-0.502)

Δ share of HS TCN

0.069

0.057

0.001

0.064

in HS WF

(0.739)

(0.610)

(0.007)

(0.479)

Δ share of HS TCN

0.035

0.020

-0.019

0.006

in migrant WF

(0.590)

(0.345)

(-0.363)

(0.131)

Δ share of HS TCN

-0.012

-0.008

-0.006

0.003

in HS migrant WF

(-0.578)

(-0.402)

(-0.257)

(0.157)
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Country FE

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Industry FE

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Year FE

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Constant

1.485**

1.476**

1.347**

1.192*

1.242**

1.155*

1.083*

0.847

1.505***

1.568**

1.492**

1.667**

1.485***

1.571**

1.304**

1.406**

(2.480)

(2.273)

(2.202)

(1.776)

(2.223)

(1.809)

(1.785)

(1.223)

(2.705)

(2.542)

(2.541)

(2.575)

(2.680)

(2.537)

(2.368)

(2.304)

Observations

802

802

798

798

795

795

780

780

778

778

764

764

787

787

747

747

Adjusted R²

0.149

0.139

0.148

0.156

0.152

Robust t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1

www.i3u-innovationunion.eu

Page 98 of 115

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

0.136

0.154

0.174
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Generally, these results show that except for industries D (manufacturing) for both
classifications, J (finance) for the ISCED-based skill measure only and H (hotels and
restaurants) for the ISCO-based skill measure only, all measures of HS-TC migrant
shares are statistically unrelated to real labour productivity growth. In industry D
(manufacturing), all four different indicators reflecting the changing presence of HSTC migrants are negatively related to real labour productivity growth (particularly if
based on the ISCO classification). However, this result refers to the overall
manufacturing industry and needs to be taken with caution. The high level of
aggregation of available LFS data (1-digit level) masks the true nature of the very
heterogeneous manufacturing industry (D), which is made up of a diverse set of
industries of different skill intensities that employ HS-TC migrants to different
degrees. An analysis of all manufacturing sub-industries would certainly qualify our
findings for the overall manufacturing industry and do justice to its diversity.
Unfortunately, the high level of aggregation of available LFS data makes a more
detailed analysis of the manufacturing industry (D) impossible. Interestingly, a
comparison of results for industry D (manufacturing) shows that all (negative)
coefficients of all HS-TC migrant share indicators are higher – sometimes even twice
as high – for the ISCO-based measure than the ISCED-based one. This difference
suggests that, for the manufacturing industry (D) as a whole, HS-TC migrants – due to
the fact that native workers and EU migrants occupy an ‘insider’ position - tend to be
employed in lower level/lower productivity occupations, which reduces labour
productivity growth as a whole. A similar negative – but statistically weak relationship is also found for industry J (finance) but only for the share of HS-TC
migrants in total high skilled migrants and only for the ISCED-based skill measure.
This seems to suggest that possibly greater cultural differences and language barriers
of HS-TC migrants relative to other highly-skilled migrants (that is: EU HS migrants)
hinder the full exploitation of their skills, as measured by their educational attainment
level. In contrast, we find a positive – but statistically weak – relationship between real
labour productivity growth and the share of HS-TC migrants in the total labour force
but only for the ISCO-based skill measure in industry H (hotels and restaurants).
Hence, an increased presence of HS-TC migrants who work in high-skill demanding
occupations in the overall labour force appears conducive to real labour productivity
growth in this industry.
As expected, concerning all other relevant control variables, for the overall sample,
both the growth rate of ICT and of non-ICT capital are associated with higher real
labour productivity growth, with a stronger effect coming from non-ICT capital
growth. We observe a more diversified picture at the industry-level, with particularly
strong positive effects of non-ICT capital growth in industries H (hotels and
restaurants) and K (real estate and business services).
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Results for TFP growth are provided in Table 36 below for the total sample and all
relevant industries together (i.e. excluding all public sector industries). Columns (1) to
(4) refer to high skills as defined by the ISCED classification while columns (5) to (8)
refer to high skills as defined by the ISCO classification. In general, and in contrast to
our analysis of real labour productivity growth, the presence of HS-TC migrants
matters for TFP growth. More specifically, an increase in the share of HS-TC migrants
in the total high-skilled labour force is associated with higher TFP growth. But this
only holds for the ISCED-based measure. The size and level of significance of the
coefficients suggest that the effect is rather weak and statistically only significant at
the 10 percent level. This positive relationship points to the importance of the
composition of the skilled workforce and the importance of HS-TC migrants in the
overall HS labour force for TFP growth. However, the absence of any statistically
significant coefficients for the ISCO-based measure points to the presence and
importance of jobs-skills mismatch. It suggests that HS-TC migrants are more
strongly employed in lower level (lower productivity) occupations than other highlyskilled workers. This underutilisation of their formal educational attainment levels
then leads to no significant contribution for TFP growth.
Table 36: TFP growth: 2005-2015, OMS, total sample
ISCED-based

Δ share of migrants in total WF

Δ share of HS TCN in HS WF

ISCO-based

FE

FE

RE

RE

FE

FE

RE

RE

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

0.081

0.143

-0.026

0.025

-0.069

0.011

-0.151

-0.109

(0.580)

(1.065)

(-0.186)

(0.190)

(-0.570)

(0.097)

(-1.176)

(-0.945)

0.169*

0.149*

-0.061

0.003

(1.781)

(1.701)

(-0.430)

(0.025)

Δ share of HS TCN in migrant WF

0.023

0.006

-0.032

-0.020

(0.357)

(0.084)

(-0.858)

(-0.509)

Country FE

yes

yes

yes

yes

yes

yes

yes

yes

Industry FE

yes

yes

yes

yes

yes

yes

yes

yes

Year FE

yes

yes

yes

yes

yes

yes

yes

yes

Constant

1.218***

1.206**

1.153***

1.151***

1.169**

1.160***

1.160***

1.126***

(2.638)

(2.591)

(2.634)

(2.632)

(2.475)

(2.682)

(2.585)

(2.644)

Observations

832

823

832

823

801

817

801

817

Adjusted R²

0.143

0.150

0.154

0.148

Robust t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1
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Again, the strong observable industry heterogeneity warrants a more detailed
industry-level analysis to bring out prevailing cross-industry differences. Results for
the industries of interest are provided in separate tables not reported in this section.
In general, industry-level results for the selected industries are diverse and partly in
line with above results (see Table 35). In particular, only in industry H (hotels and
restaurants) is an increase in the share of HS-TC migrants in the total high-skilled
workforce associated with (statistically significant) higher TFP growth. However, this
positive relationship only holds for the ISCED-based skill measure – but is absent for
the ISCO-based measure - and is therefore reflective of the very pronounced jobsskills mismatch in this particular industry and the strong underrepresentation of HSTC migrants in high level occupations. In contrast, for industry D (manufacturing) for
both skill measures and industry K (real estate and business services) for the ISCObased measure only, we find a statistically significant negative relationship between
an increase in the share of HS-TC migrants in the migrant workforce and TFP growth.
This finding implies that HS-TC migrants in industry D (manufacturing) are more
strongly employed in lower level, lower productivity activities than EU migrant
workers, on average. However, as has been mentioned above already, the high level
of aggregation of our available data masks the industry’s pronounced diversity. For
industry K (real estate and business services) the difference in results in terms of skill
classifications (ISCED versus ISCO) is again a manifestation of a non-negligible jobsskills mismatch.
Addressing endogeneity
To address the potential reverse causality/endogeneity issue of HS-TC migration, we
also estimated interval regressions. However, due to the significant reduction in the
number of observations as a result of the reduction of the time dimension to three
periods only, a separate analysis by individual industry was impossible. Results for
real labour productivity growth for the total EU-13 sample are reported in Table 37
below, where columns (1) to (8) again refer to high skills as defined by the ISCED
classification while columns (9) to (16) again refer to high skills as defined by the
ISCO classification.
In general, our results confirm above findings (see Table 35) of a statistically
insignificant role of HS-TC migration for real labour productivity growth, with only
three exceptions. First, we find that an increase in the share of HS-TC migrants in the
total workforce results in lower average real labour productivity growth (particularly
for the ISCED-based measure). Second, an increase in the share of HS-TC migrants in
the HS workforce also leads to lower average real labour productivity growth, which,
however, only holds for the ISCO-based measure (and the FE model only). The
presence of a non-negligible jobs-skills mismatch helps explain this finding, with HSwww.i3u-innovationunion.eu
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TC migrants more strongly occupying lower level (lower productivity) occupations
than EU migrants, on average. Third, there is also weak evidence (at the 10% level
only) that an increase in the share of HS-TC migrants in the total HS migrant
workforce results in lower average real labour productivity growth. However, this only
holds for the ISCED-based measure (and the FE model only), which suggests that HSTC migrants and HS EU migrants occupy jobs with similar skills-requirements and
labour productivity-enhancing potentials.
Furthermore, Table 38 below reports results for TFP growth, where columns (1) to (4)
again refer to high skills as defined by the ISCED classification while columns (5) and
(8) refer to high skills as defined by the ISCO classification. Results in Table 4 show
that once endogeneity is accounted for, our results show that an increase in the share
of HS-TC migrants – either as a share in the HS workforce or the HS migrant
workforce - has no statistically significant effect on TFP growth, irrespective of
classification considered. Furthermore, our results emphasise that an increase in the
share of migrants in general (in the total workforce) matters for TFP growth,
particularly for the RE model.12 Specifically, an increase in the share of migrants in the
total workforce leads to lower average TFP growth.

The absence of any statistically significant effect for the FE models suggests that migrants predominantly work
in lower productivity industries.
12
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Table 37: Real labour productivity growth: interval regressions, OMS, total sample
ISCED-based

ISCO-based

FE

RE

FE

RE

FE

RE

FE

RE

FE

RE

FE

RE

FE

RE

FE

RE

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

Δln ICT capital

0.025

0.066**

0.044

0.078***

0.058*

0.082***

0.027

0.069**

0.046

0.085**

0.037

0.059**

0.038

0.084**

0.032

0.080**

per hours worked

(0.813)

(2.316)

(1.164)

(2.734)

(1.671)

(2.794)

(0.670)

(2.362)

(1.362)

(2.485)

(1.125)

(2.134)

(1.111)

(2.493)

(0.995)

(2.212)

Δln non-ICT capital

0.117

0.112

0.177

0.161**

0.160

0.158*

0.094

0.116

0.172

0.206***

0.106

0.214***

0.108

0.164**

0.157

0.183**

per hours worked

(0.950)

(1.400)

(1.437)

(1.979)

(1.320)

(1.921)

(0.724)

(1.300)

(1.242)

(2.709)

(0.819)

(3.179)

(0.844)

(2.305)

(1.226)

(2.232)

Δ share of HS

0.109

0.166

0.081

0.092

0.109

0.059

0.051

0.098

-0.015

-0.053

-0.046

-0.100

-0.012

-0.078

-0.014

-0.088

in total WF

(0.780)

(1.557)

(0.627)

(0.955)

(0.814)

(0.532)

(0.382)

(0.993)

(-0.149)

(-0.615)

(-0.484)

(-1.093)

(-0.132)

(-0.896)

(-0.162)

(-1.077)

Δ share of HS TCN

-1.025**

-0.961**

-0.839*

-0.345

in total WF

(-2.203)

(-2.371)

(-1.892)

(-0.887)

Δ share of HS TCN

-0.073

-0.088

-0.330**

-0.123

in HS WF

(-0.820)

(-1.072)

(-2.404)

(-1.081)

Δ share of HS TCN

-0.024

0.033

-0.003

0.023

in migrant WF

(-0.468)

(0.579)

(-0.050)

(0.433)

Δ share of HS TCN

-0.048*

-0.028

0.018

0.001

in HS migrant WF

(-1.950)

(-1.287)

(0.576)

(0.048)

yes

yes

yes

yes

Country FE

yes
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yes

yes

yes

yes

yes
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Industry FE

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Period FE

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Constant

1.020***

0.814**

0.767**

0.680**

0.697**

0.646*

0.907***

0.701**

0.967***

0.758**

0.967***

0.858**

0.845***

0.739**

0.947***

0.821**

(3.344)

(2.304)

(2.512)

(1.981)

(2.392)

(1.860)

(2.967)

(2.096)

(3.340)

(2.091)

(3.426)

(2.463)

(2.926)

(2.087)

(3.267)

(2.260)

Observations

253

253

256

256

255

255

255

255

243

243

246

246

249

249

242

242

Adjusted R²

0.07

0.058

0.069

0.068

0.076

0.07

Robust t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1
Note: Period FEs refer to the three periods over which interval regressions were estimated (1: 2005-2007, 2: 2008-2011 and 3: 2012-2015).
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Table 38: TFP growth: interval regressions, OMS, total sample
ISCED-based

Δ share of migrants in total WF

Δ share of HS TCN in HS WF

ISCO-based

FE

FE

RE

RE

FE

FE

RE

RE

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

-0.193*

-0.165

-0.331***

-0.365***

-0.158

-0.098

-0.314**

-0.291**

(-1.910)

(-1.589)

(-3.520)

(-3.253)

(-1.104)

(-0.812)

(-2.390)

(-2.355)

0.070

-0.085

-0.099

0.007

(0.782)

(-0.782)

(-0.559)

(0.045)

Δ share of HS TCN in migrant WF

0.055

0.016

-0.038

-0.024

(0.987)

(0.253)

(-0.552)

(-0.417)

Country FE

yes

yes

yes

yes

yes

yes

yes

yes

Industry FE

yes

yes

yes

yes

yes

yes

yes

yes

Period FE

yes

yes

yes

yes

yes

yes

yes

yes

Constant

1.385***

1.317***

1.727***

1.641***

1.330***

1.214***

1.625***

1.575***

(5.739)

(5.384)

(5.550)

(5.064)

(5.295)

(4.920)

(4.897)

(4.815)

Observations

256

257

256

257

246

248

246

248

Adjusted R²

0.155

0.157

0.149

0.150

Robust t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1
Note: Period FEs refer to the three periods over which interval regressions were estimated (1: 2005-2007, 2: 2008-2011 and 3:
2012-2015).
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Summary
In view of its importance for innovative and economic performance, skilled migration
has received considerable academic and policy attention. In the context of the
European Innovation Union (IU), commitment 30 addresses skilled migration and the
need for integrated policies to attract highly skilled third country nationals, in general,
and leading academics, researchers and innovators, in particular, in order to boost the
EU’s innovative capacity and competitiveness.
In our analysis, we looked at the group of HS-TC migrants to shed light on their role
for innovation and thus for productivity improvements in the private company sector.
We used EU-LFS and EU-KLEMS data at the 1-digit level (NACE Rev. 1.1) for a group
of 13 old EU member states and looked at four different indicators of HS-TC
migration for two different classifications (ISCED and ISCO) for the period 2004 to
2015. The distinction between ISCED and ISCO-based measures allowed us to identify
the presence and effects of jobs-skills mismatch of HS-TC migrants on innovation.
We show that, except for the UK, countries with colonial connections and with a high
share of migrants or of refugees, HS-TC migrants only make up a low share of the
total workforce in the EU-13. Furthermore, the importance of HS-TC migrants differs
across industries and, measured as a share in the total workforce, is highest in
industries C (mining), J (finance), K (real estate and business services) and public
services industries such as M (education) and N (health and social work).
Moreover, the extent of a skills-jobs mismatch is sizeable for HS-TC migrants. At the
individual country-level, skills-jobs mismatch is observable for all EU-13 countries, but
is particularly pronounced in Sweden, Austria, Spain and the UK. At the level of
individual industries, skills-jobs mismatch is also prevalent in all industries but
particularly strong in industry H (hotels and restaurants).
Furthermore, our econometric analysis produces somewhat mixed results as concerns
the role of HS-TC migrants for real labour productivity and TFP growth, which is
partly driven by missing data (in the EU-KLEMS) on TFP growth for the two important
host countries of HS-TC migrants Ireland and Portugal. On the one hand, for the
overall sample, we find consistent evidence that the share of HS-TC migrants (in
different workforce populations) is statistically unrelated to real labour productivity
growth. However, for individual industries separately, some negative (such as for
industry D (manufacturing) and J (finance)) but also positive (such as for industry H
(hotels and restaurants)) relationships emerge.
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A non-negligible jobs-skills mismatch but also greater cultural differences and
language barriers of HS-TC migrants relative to HS EU migrants help explain
observable results. On the other hand, our results show that an increase in the share
of HS-TC migrants in the HS workforce is associated with consistently higher TFP
growth, but only for the ISCED-based classification. This finding is reflective of the
importance of the composition of the skilled workforce and of the important role
played by HS-TC migrants in this respect but also points to the presence of a jobsskills mismatch and its negative consequences for TFP growth. The picture is again
more diverse for individual industries. Only industry H (hotels and restaurants) seems
to profit from an increase in the share of HS-TC migrants (in the total HS workforce)
in terms of higher TFP growth. The rather pronounced jobs-skills mismatch in this
industry, however, is again obstructive for its TFP growth. In contrast, in industries D
(manufacturing) and K (real estate and business services) we observe a negative
relationship between an increase in the share of HS-TC migrants and TFP growth.
Again, the prevailing jobs-skills mismatch negatively affects TFP growth.
Once potential endogeneity of HS-TC migration is accounted for and causation is
more clearly established, we find that an increase in the share of HS-TC migrants
(either as a share in the total workforce or in the high skilled workforce) even has a
partial negative effect on real labour productivity growth but no statistically
significant effect on TFP growth whatsoever.
Unfortunately, our analysis is restricted by data limitations as a result of the high level
of aggregation of EU-LFS data at the 1-digit level. This makes it impossible to
conduct a thorough analysis at the more detailed industry level, account for
prevailing industry-heterogeneity, bring to the fore important differences across subindustries and, subsequently, properly explain observable results. This limitation was
particularly strong for industry D (manufacturing), which is composed of a large set of
diverse industries.

www.i3u-innovationunion.eu

Page 107 of 115

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

D1.2
Highlights: main results for IU commitment 30
 The share of high-skilled third country (HS-TC) migrants in the total workforce is
generally low among EU-13 countries, except for the UK and countries that either
have colonial connections (France, Spain, the Netherlands and Portugal), have a
high share of migrants in general (Ireland) or of refugees (Sweden).
 The share of HS-TC migrants differs across industries and it is highest in mining,
business services and public services industries (education, health and social work).
 At the country-level, the relationship between a country’s attractiveness for foreign
workers and its scientific performance is positive but not significant. This
relationship varies substantially among countries in Europe.
 At the industry-level, there is mixed evidence about the relationship between the
sectoral share of HS-TC migrants and productivity. A positive and significant
relationship is only found in some industries, and for some of the indicators
employed in the panel econometric analysis.
 There is evidence of a jobs-skills mismatch, suggesting that HS-TC migrants are
more frequently employed in lower productivity occupations, and thus cannot
utilize their educational attainment levels sufficiently.
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5. Impact analysis: summary and conclusions
This report has presented an analysis of the state of implementation and direct
impacts of the IU commitments that aim at improving human capital and
infrastructure conditions in EU countries’ public research. Section 1 has defined the
objectives and scope of the work; section 2 has briefly recalled the themes of these IU
commitments; section 3 has presented an overview of the state of implementation of
each of them; and section 4 has presented the results of the econometric analysis
that we have carried out to assess the direct impacts of these commitments.
As noted in section 4, the direct impact assessment of these commitments is a hard
task, due to the fact that the formulation of these policy objectives is rather broad,
and it potentially encompasses various different interrelated topics and factors. To
make this empirical analysis feasible, we were therefore forced to make two specific
choices to clarify and manage our working task.
The first is that it is not possible to assess the impacts of the IU commitments per se,
since these are not clearly reflected in concrete policy actions, but they are typically
general formulation of policy objectives and intentions. Our empirical analysis has
therefore investigated the relationship between the main factor that is supposedly
targeted by each IU commitment, on the one hand, and the performance of each
country’s scientific and innovation system, on the other.
The second choice that we had to make refers precisely to the latter variable
(scientific and innovation performance). From a careful reading of the formulation of
these IU commitments, it is clear that many of them target the same broadly defined
factor – the scientific performance of national systems in EU countries. However, the
policy documents in which these commitments are formulated do not explicitly
define which specific performance variable(s) each commitment is supposed to
address. For this reason, we have adopted in some of our empirical analyses a
dependent variable that measures the scientific productivity of each country, namely
the scientific output they produce in relation to the amount of resources they invest
in public R&D. On the other hand, some of the IU commitment studied in this report
are more explicitly oriented at strengthening human capital and innovative capacity
of the business sectors (e.g. IU commitment 3 on e-skills, and commitment 30 on
skilled migration and innovation). For these commitments, our empirical analyses has
used innovation output indicators as dependent variable in regression analyses.
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Table 39 presents an overview and summary of the econometric results discussed in
section 4.3 above. Although it is important to interpret these results with caution –
due to some important data and methodological issues outlined throughout section
4.3 – our econometric findings provide support for some of the empirical
relationships that give the foundations and rationale for the formulation and further
implementation of these IU commitments (see also table 1 in section 4.1).
However, one important finding that cuts across many of the analyses presented in
this report is that we also find some noticeable differences across countries in Europe.
For instance, for the UK, University-industry links, ICT skills and attractiveness for
foreign researchers turn out to be more important factors explaining scientific
performance than for other EU countries. For the small open economies in the North
of Europe, international collaborations and attractiveness for foreign researchers
emerge as key factors. Further, for Eastern EU countries, University-industry links and
ICT skills turn out to be two key variables explaining their rapid catch up process in
terms of scientific productivity.
The existence of these country-specific patterns opens up an important question for
EU and national policy makers. IU commitments represent general policy objectives,
but the findings presented here suggest that some IU commitment will arguably have
stronger impacts in some countries and weaker effects in others. It is therefore
important that the concrete implementation of IU commitments in each EU country
will also take into account the country-specific conditions, strengths and weaknesses,
that characterize each national scientific and innovation system.
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Table 39: Overview and summary of results of direct impact assessment

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
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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

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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