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1 GENERAL INTRODUCTION 

The European Research Area (ERA) Monitoring Handbook of Indicators has been developed to 
accompany the 2018 ERA Monitoring Report. It provides guidance on the theoretical underpinnings, 
the collection of data and the calculation of all indicators presented in the main report and the 
individual country profiles. Also included is a discussion of any pertinent considerations for the use 
of data on progress towards the common ERA at the organisational, Member State/Associated 
Country and/or European level. 

Current version of the handbook - ERA Monitoring 2018 

The 2018 ERA Monitoring Report gathers, systematises and analyses internationally comparable 
data and indicators to monitor, at the pan-European level, progress towards a common ERA since 
its last monitoring in 2016. It covers a wide range of themes, aligned with the six key priorities 
underpinning the achievement of the ERA (European Commission, 2012, ERAC Secretariat, 2015b), 
including indicators on the effectiveness of national research systems, optimal transnational 
cooperation and competition, the openness of labour markets for researchers, gender equality and 
gender mainstreaming in research, optimal access to and circulation and transfer of scientific 
knowledge, including via digital ERA and international cooperation. The ERA Progress Report 
provides a crucial evidence base for policies in these areas. 

Multiple lines of evidence have been used to triangulate the findings: the compilation of quantitative 
data, a desk research and document review, interviews, as well as an assessment of progress of 
implementation on the basis of the National Action Plans (NAPs). This Handbook serves as a 
resource detailing the relevant guidelines for the collection of quantitative and qualitative data 
pertaining to relevant information in implementing the ERA Monitoring Mechanism. Upon future 
developments and new additions to the ERA Monitoring Mechanism (EMM), the data collection 
instruments included in the Handbook will be revised accordingly. As such, it is designed to reflect 
the state of the art in the mapping and monitoring of the ERA. 

1.1 Aim and scope 

Aim 

This Handbook aims to provide specific guidelines and recommendations concerning the necessary 
data and indicators for monitoring progress around the six ERA priorities for each Member 
State/Associated Country at country and organisational level. 

In particular, the Handbook promotes cross-country uniformity in terms of data collection, indicator 
computation and data-validation procedures. Furthermore, it provides interested stakeholders with 
detailed information on the data needed to examine multiple dimensions of progress in the six key 
priorities underpinning the ERA. It serves as a reference document and provides users with the 
methods needed to undertake the following: 

• Calculate the indicators, so as to increase consistency of ERA monitoring indicators across 
countries and time periods 

• Analyse and synthesise the collected quantitative data 
• Assess and ensure the quality of the collected quantitative data 
• Conduct the desk research and document reviews required to gather the qualitative 

information intended to clarify the quantitative findings 
• Conduct interviews with relevant stakeholders to complement the information gathered in 

the desk research and document reviews 
• Conduct an assessment of progress of implementation on the basis of the National Action 

Plans (NAPs) 

Scope 

The Handbook is not intended to be specific to any version of the ERA Progress Reports. However, 
some indicators are added or replaced from one version to another. It remains nevertheless a live 
document intended to be used as the basis for the computation of indicators in current and future 
versions of the ERA Progress Report. 
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The analysis of ERA progress in this study covers a timespan of approximately 10 years (2007-
2017). Data from all 28 EU Member States and 16 Associated Countries have been used to examine 
progress at the European, regional, country and organisational levels. In addition to analysis of 
indicators foreseen in the ERA Monitoring Mechanism, this report is the first one to assess the 
progress of implementation of the National Action Plans adopted by ERA countries. The evidence 
base presented in this report is expected to support ongoing policy developments and efforts 
towards the improved implementation of ERA. 

Current version of the Handbook 

Although intended to act as a stand-alone document (i.e., untied to any of the specific versions of 
the ERA Progress Report), the current version of the Handbook was created to accompany the 2018 
edition of the publication and thus includes some details specific to that edition. In the 2018 version, 
data are presented at the individual country (Member States and Associated Countries) level and 
the broader EU level for the current 28 EU Member States. 

1.2 History and background of the ERA Progress Report 

History 

The ongoing European Research Area (ERA) Monitoring Mechanism aims to document and assess 
the recent progress in the ERA implementation process, while taking into account changes both in 
the key ERA priorities and in the corresponding responsibilities and actions of the ERA Partnership 
actors — the European Commission, the Member States and the Associated Countries, research 
funding and research performing organisations. As such, the overarching objective of this year’s 
report is to assist the European Commission in implementing the 2018 ERA Monitoring Mechanism 
to assess the recent progress made towards achieving six ERA priorities. 
 
Since the ERA’s conception in 2000, the EU Member States and Associated Countries have made 
substantial progress on the implementation of relevant policies and initiatives, and the conditions 
for the completion of the ERA are now in place. Yet continuous progress requires balancing efforts 
and speeding up the pace of implementation among the various actors. For example, a 2014 
analysis of the state of play in each Member State and a selection of Associated Countries 
highlighted that only half of the Member States had implemented measures to at least a medium 
degree, and that progress was particularly slow regarding gender issues in research. Additionally, 
regional differences in implementation were identified among Western European countries, which 
fared better than Central and Eastern European Member States. Notably, the distinction between 
Member States and Associated Countries did not appear to be relevant. 

The European Council has declared that realising the ERA necessitates the monitoring of progress 
in close connection with the European Semester and invited the European Commission to establish 
such a monitoring mechanism. Consequently, the EMM was developed by the European Commission 
in close collaboration with Member States, with the aim of assessing compliance to the ERA at the 
levels of national and regional policies, RFOs and RPOs. 

In this context, in September 2013, the European Commission published the results of the first ERA 
Progress Report, which presented an overview of the political context, actions taken and recent 
progress towards achieving the ERA. The report was accompanied by the ERA Facts and Figures 
report, where the state of play in each of the ERA priorities in EU Member States and Associated 
Countries were presented, with more detail on the situation in each country presented in ‘country 
fiches’. The 2014 and 2016 ERA Progress Reports followed a similar structure and approach to the 
2013 version; however, they included some important adaptations and additions, such as the state 
of play of support provided by RFOs for the adoption of ERA measures. The ERA progress reports 
have been produced using qualitative and quantitative information from various sources, including, 
but not limited to, information contained in National Reform Programmes, results from ad hoc ERA 
surveys, official internationally comparable statistics from Eurostat, and measures identified by the 
Institute for Prospective and Technological Studies of the Joint Research Centre. 

Building on the monitoring approach suggested by the ERA Progress Report 2016 and using multiple 
lines of evidence to triangulate the findings, the study team gathered, coded, structured and 
analysed internationally comparable data and indicators to monitor progress in the implementation 
of the six ERA priorities. The primary focus of this study is on the quantitative headline and 
complementary ERA Monitoring Mechanism indicators identified by the European Research Area 
and Innovation Committee (ERAC). The quantitative findings have been enriched by substantial 
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qualitative data collected through document review and interviews with key stakeholders across 
national and sectoral contexts within ERA. 
 
For the first time, this ERA Progress Report 2018 has also provided an assessment of progress with 
implementation of the National Action Plans. The study found that the following group of countries 
has progressed substantially with the implementation of their NAPs: Austria, Belgium, Finland, 
France, Ireland, the Netherlands, Norway, Switzerland and the United Kingdom. Among other 
things, this was also due to establishing very tangible objectives, which were possible to measure 
and follow-up. The majority of countries fell into the group, which managed to achieve around half 
of the objectives indicated in their respective NAPs (medium progress): Czech Republic, Denmark, 
Estonia, Germany, Greece, Italy, Latvia, Luxembourg, Malta, Portugal, Romania, Slovenia and 
Spain. NAPs of these countries tended to be well-written with tangible objectives, however, they 
have achieved less progress in our view mainly due to low status of the NAP as a strategic document 
in these countries. A positive finding was that the majority of NAPs were clearly structured according 
to ERA priorities, which means that the ERA countries do think and plan in terms of EU-level 
objectives aimed at achieving ERA. This can be seen as a clear success of the whole ERA 
implementation process. 

While mainly building on the methodology developed for the 2016 Progress Report, the 2018 report 
has also dropped the so-called “composite” indicators due to difficulties in interpreting them. 

Data in the ERA Progress Report 

A portion of the ERA Progress Report is dedicated to reporting back on a core set of indicators, 
elucidated throughout by qualitative information gathered through document reviews, interviews 
and an assessment of progress of implementation on the basis of the National Action Plans (NAPs). 
This portion serves as the foundation for exposing progress at the organisational and national levels 
toward the common ERA. However, each year, the ERA Progress Report builds on previous versions 
by improving on the definition of indicators, introducing new indicators where there is a need, or 
refining the scope of the methods and approaches used for data collection and analysis. 

1.3 Structure of the Handbook 

The Handbook of Indicators on ERA monitoring is made up of eight sections and three annexes: 

• The first (current) section provides a brief overview of the aim and scope of the Handbook, as 
well as a background to the ERA priorities and progress. 

• The second section describes all indicators used in the ERA Monitoring publication, including 
definitions, rationale and computation method (with the necessary data, data source, formulas 
and any calculation specifications or comments that may be of relevance). The indicators are 
organised by the data source of their numerator. 

• The third section describes the general approach used to analyse and present quantitative 
indicators, in particular the analysis of progress towards achieving the ERA. 

• The fourth section provides relevant details concerning the indicators (e.g., limits and possible 
biases) 

• The fifth section details the general quality plan of the ERA Monitoring publication, focusing on 
the methodological principles employed in the verification and validation of data. 

• The sixth section presents the approach taken to conduct the desk research and document 
reviews. 

• The seventh section presents the approach taken to conduct interviews with relevant ERA 
stakeholders. 

• The eight section presents the approach taken to assess progress of implementation on the 
basis of the National Action Plans (NAPs). 

• The first annex provides an overview of how key terms are defined. 

• The second annex provides lists of the indicators sorted by priority, type (Headline, EMM, etc.) 
and alphabetical order. 

The sections and annexes are followed by the bibliography.  
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2 INDICATORS 

In May 2015, the consulting group ICF International (henceforth referred to simply as ICF) 
performed an appraisal of available or potential indicators and proposed a core set of 22 indicators 
with which to monitor progress across ERA priorities (ICF International, 2015). Building on ICF’s 
work, the European Research Area and Innovation Committee (ERAC) selected eight core high level 
indicators (one per priority, or sub-priority for Priorities 2 and 5) that are regarded as being the 
most relevant in monitoring progress in achieving the ERA (ERAC Secretariat, 2015b). In addition 
to these Headline indicators, the ERAC selected two complementary ERA Monitoring Mechanism 
(EMM) indicators per priority (including the sub-priorities for priorities 2 and 5; selected at an ad 
hoc workshop of the ERAC in March 2016) for a total of 24 EMM indicators (including the Headline 
indicators). Table 1 lists the Headline and EMM indicators for each priority. Note that some of the 
complementary indicators for priority 5 and priority 6 are different from the ones originally selected 
by the ERAC, and that some indicators have been updated, modified or replaced due to changes 
and discontinuities in data collection. 

A first modification was introduced for the complementary EMM indicators of Priority 2b (Make 
optimal use of public investments in research infrastructures). Here, findings are now provided on 
a combined indicator that better illustrates how level of engagement in ESFRI developing Projects 
and Landmarks are connected rather than independent. 

For the headline indicator of Priority 5a, the underlying data coming from Eurostat was for the first 
time aggregated in a manner that made it possible to present a single metric (in terms of 
performance) merging both of its underlying dimensions (1); that is the share of product and/or 
process innovative firms cooperating with 1) universities or higher education institutions, or 2) with 
government, public or private research institutes. For growth, these two dimensions still had to be 
kept separated in this edition. 

The indicators on the share of a country’s peer-reviewed scientific papers that are available in Open 
Access (i.e. Total, Gold and Green OA) in Priority 5b have all been impacted by a revised definition 
of what constitute Green Open Access papers (see Section 2.9.3 for a description of this change). 
The indicator on the inclusion of OA policies in RIO policy repositories was discontinued since the 
new reporting guidelines for RIO policy reports no longer ask the experts to report on OA 
specifically. It has been replaced by a qualitative assessment of the NAPs and other information 
sources. New indicators were also added to Priority 5B to fill a data gap in the 2016 ERA Progress 
Report; no data was available in 2016 for the share of research funding organisations (RFOs) that 
provide funds to cover the costs of making publications available in OA and the share of research 
performing organisations (RPOs) making their research data available in OA. The share of research 
funding organisations (RFOs) that provide funds to cover the costs of making publications available 
in OA has been replaced by an identification of the RFOs (i.e. members of Science Europe or other 
important sources of national funding) that provide funds to cover costs of OA publishing along with 
an estimation of the share of the papers they supported that are available in OA. The share of 
research performing organisations (RPOs) making their research data available in OA has been 
replaced by the share of life sciences papers to which a country contributed and that have at least 
one open dataset in Figshare. 

Due to discontinued data, the indicator on “Licence and patent revenues from abroad as a share of 
GDP” in Priority 6 has been replaced by two new indicators: “knowledge intensive services exports 
as percentage of total services exports” and “exports of medium and high technology products as 
a share of total product exports”; this modification coincides with a similar replacement in the 2018 
European Innovation Scoreboard (EIS). Changes in the data for some countries also led to changes 
in EU28 aggregate scores the following two indicators: the share of doctoral candidates with a 
citizenship of another EU Member State (Priority 3) and non-EU doctorate students as a share of 
all doctorate students (Priority 6). Additional modifications in the approach used in computing EU-
28 aggregate scores (e.g. imputation of missing data) led to some changes in the GBARD (EUR) 
allocated to Europe-wide transnational, as well as bilateral or multilateral, public R&D programmes 
per FTE researcher in the public sector (Priority 2a). 

                                                

1 The new aggregation provided by Eurostat enabled this change by removing duplicated count of firms falling 
in both types of partnerships. 
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Finally, the composite indicators combining findings from headline and complementary indicators 
within and across ERA priorities have not be computed in the 2018 ERA monitoring exercise. 

The following sub-sections present the indicators according to the data source used for their 
computation. Refer to Annex 2 for a complete list of the indicators covered in this Handbook, sorted 
by priority, type (Headline or EMM) and alphabetical order. 
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Table 1 Matrix of Headline and complementary EMM indicators 

Priority Input Indicator Output Indicator Outcome/Impact 
Indicator 

Priority 1: More 
effective national 
research 
systems 

GBARD as percentage of 
GDP (Eurostat) 

Adjusted Research 
Excellence Indicator (REI) 
(source: JRC) 

European Innovation 
Scoreboard Summary 
Innovation Index (SII) 
(source: EIS) 

Sub-priority 2a: 
Optimal 
transnational 
cooperation 

Member States 
participation in public-to-
public collaborations per 
FTE researcher in the 
public sector (Eurostat and 
ERA-Learn 2020 report on 
P2P) 

GBARD allocated to 
Europe-wide transnational, 
as well as bilateral or 
multilateral, public R&D 
programmes per FTE 
researcher in the public 
sector (Eurostat) 

International co-
publications with ERA 
partners per 1 000 
researchers in the public 
sector (WoS and Eurostat) 

Sub-priority 2b: 
European 
Strategy Forum 
on Research 
Infrastructures 
(ESFRI) 

Share of developing ESFRI 
Projects in which a 
Member State or an 
Associated Country 
participates (ESFRI) 

Availability of national 
roadmaps with identified 
ESFRI projects and 
corresponding investment 
needs (ESFRI) 

Share of operational ESFRI 
Landmarks in which a 
Member State or an 
Associated Country is a 
partner (ESFRI) 

Priority 3: Open 
Labour Market 
for Researchers 

Share of doctoral 
candidates with a 
citizenship of another EU 
Member State 

Researcher’s posts 
advertised through the 
EURAXESS job portal per 
1 000 researchers in the 
public sector (EURAXESS 
and Eurostat) 

Share of researchers 
expressing satisfaction that 
the hiring procedures in 
their institution are open, 
transparent and merit-
based (MORE2 and MORE3 
Survey) 

Priority 4: 
Gender equality 
and gender 
mainstreaming 
in research 

Share of female PhD 
graduates (Eurostat)  

Gender dimension in 
research content (WoS) 

Share of women in grade A 
positions in HES (WiS—
Women in Science 
database) 

Sub-priority 5a: 
Knowledge 
circulation 

Share of product and/or 
process innovative firms 
cooperating with higher 
education institutions or 
public/private research 
institutions (Eurostat) 

Share of public research 
financed by the private 
sector (Eurostat) 

Number of public–private 
co-publications per million 
population (EIS) 

Sub-priority 5b: 
Open access 

RFOs providing funds to 
cover costs of OA 
publishing and share of 
RFOs’ publications 
available in OA* 
Share of life sciences 
papers to which a country 
contributed and that have 
at least one open dataset 
in Figshare* 

Share of publications 
available in open access 
(green and gold) (1findr 
and WoS) 

Qualitative assessment of 
OA policies in NAPs and 
other information sources* 

Priority 6: 
International 
cooperation 

International co-
publications with non-ERA 
partners per 1 000 
researchers in the public 
sector (WoS and Eurostat) 

Non-EU doctorate students 
as a share of all doctorate 
students (Eurostat) 

Exports of medium and 
high technology products 
as a share of total product 
exports* and Knowledge-
intensive services exports 
as percentage of total 
services exports* (EIS) 

Note:  The cells in light green represent Headline indicators while the cells in light grey hold EMM complementary 
indicators. For a discussion of the biases affecting the Headline and EMM complementary indicators, refer to 
Table 4 of the 2018 ERA Monitoring Handbook (Section 4). 
* Due to data limitation, the indicators identified by an * replace the indicators originally identified by the 
ERAC. Refer to section 2 of the 2018 ERA Monitoring Handbook for full details on these indicators including 
the rationale behind the changes. 

Source: Assembled by Science-Metrix from ERAC documentation 

2.1 ESFRI 

National roadmaps form part of the European Strategy Forum on Research Infrastructures (ESFRI) 
and are the blueprints for the setting of national priorities and funding strategies for pan-European 
research infrastructure activities. The ESFRI is a forum comprising EU Member States (MS) and 
Associated Countries (AC) that supports and guides policy relating to research infrastructures in 
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Europe. It also aims to encourage the effective use of research infrastructures through collaboration 
between EU countries and internationally. In 2012, the mandate of the ESFRI was expanded to 
include support for the implementation of projects and to maintain Europe’s leadership role in 
research and innovation. ESFRI Member States have been encouraged to link national roadmaps 
to the European ESFRI roadmap in an effort to better allocate resources and efforts. 

2.1.1 P2b – Headline indicator – Availability of national roadmaps with identified ESFRI 
projects and corresponding investment needs 

Definition of indicator 

This indicator presents the availability of national roadmaps for research infrastructures for each 
Member State and assesses if the national roadmap contains identified ESFRI projects with 
corresponding investment needs. 

Rationale 

This indicator pertains to sub-priority 2b (ESFRI), which aims to improve the effectiveness with 
which ESFRI regional and national research infrastructures (RIs) of pan-European interest are 
financed and shared across all MS/AC. It serves as a measure of the presence and 
comprehensiveness of national roadmaps and compliance to the request made by the European 
Commission for Member States to link their roadmaps to the ESFRI roadmap (European 
Commission, 2012). This relates to the key priority of increasing the effectiveness of investments 
in and use of RIs identified by the European Commission for the reinforcement of the ERA (European 
Commission, 2012). 

Computation method 

Data needed 

(NRM) National roadmap document 

(RM) ESFRI Roadmap 

Source of data 

For national roadmaps: ESFRI website 

(https://ec.europa.eu/research/infrastructures/index_en.cfm?pg=esfri-national-roadmaps) 

Specifications 

This indicator reports three dimensions: the year that the roadmap was published (or latest 
update), a binary value (yes/no) if the roadmap identifies ESFRI projects and another binary value 
(yes/no) about the roadmap identification of funding requirement for ESFRI projects. 

Comments/critical issues 

Note that not all MS/AC have submitted a national roadmap to ESFRI (BE, CY, LV, LU, MT, SK, AL, 
AM, BA, FO, MK, GE, IS, MD, RS, TR, TN and UA are missing) and the last update varies from 2007 
to 2018. 

2.1.2 P2b – EMM indicator – Share of developing ESFRI Projects in which a Member 
State or an Associated Country participates 

Definition of indicator 

This indicator is the proportion of ESFRI projects in which a given country participates. 

Rationale 

This indicator pertains to sub-priority 2b (ESFRI) and relates to financial commitments for the 
construction and operation of ESFRI, national and regional research infrastructures (RIs) to improve 
access to RIs of pan-European interest. In an increasingly competitive, globalised and knowledge-
based economy, the goal of ESFRI is to fully exploit the Member States’ potential for scientific and 
technological innovation by structuring their research objectives, developing common protocols, 
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sharing expertise, fostering multidisciplinarity and maintaining competitiveness (ESFRI, 2016). 
Member States are therefore encouraged to take part in ESFRI projects, that is, early development 
phase projects aiming to establish RIs. 

Computation method 

Data needed 

(PROJ) Number of ESFRI projects in which the country is participating in: Unit=Total; 

(PROJTOT) Total number of ESFRI projects: Unit=Total. 

Source of data 

ESFRI Executive Secretary 

Specifications 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝐸𝑆𝐹𝑅𝐼 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑖𝑛 𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑒𝑠 =
𝑃𝑅𝑂𝐽

𝑃𝑅𝑂𝐽
× 100 

EU-28 computation 

The EU-28 score is computed as an average of the MS scores. 

Comments/critical issues 

Between 2016 and 2018, eight developing ESFRI Projects became Landmarks and five new Projects 
were initiated. There was a total of 21 developing ESFRI Projects and 29 operational ESFRI 
Landmarks in 2016. For 2018, there were 18 Projects and 37 Landmarks. Note that since a country’s 
participation in ESFRI Projects that matured into ESFRI Landmarks since 2016 might not have been 
renewed by participation in new projects, it is possible for this country’s share of ESFRI Project 
participations to have decreased in absolute and relative terms. In such cases, care was taken not 
to conclude too rapidly to a disinvestment in RIs since the decrease in project participations simply 
reflects maturation into implementation phase projects in which a country is a partner. This was 
done by computing a combined indicator (Section 2.1.4) that better illustrates how level of 
engagement in ESFRI developing Projects and Landmarks are connected rather than independent. 
Note that using the total number of ESFRI Projects across countries as the denominator introduces 
a bias in favour of larger economies (e.g. the UK, Germany, France). Future editions of the ERA 
Progress Report should consider using the GDP or GBARD of countries as a denominator for this 
indicator. 

2.1.3 P2b – EMM indicator – Share of operational ESFRI Landmarks in which a Member 
State or an Associated Country is a partner 

Definition of indicator 

This indicator is the proportion of ESFRI landmarks in which a given country is a partner. 

Rationale 

This indicator pertains to sub-priority 2b (ESFRI) and relates to financial commitments for the 
construction and operation of ESFRI, national and regional research infrastructures (RIs) to improve 
access to RIs of pan-European interest. In line with the previous indicator on ESFRI projects, ESFRI 
landmarks are successfully implemented ESFRI projects that are delivering science services or 
effectively advancing in their construction (ESFRI, 2016). 

Computation method 

Data needed 

(LAND) Number of ESFRI landmarks in which the country is a partner: Unit=Total; 

(LANDTOT) Total number of ESFRI landmarks: Unit=Total. 
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Source of data 

ESFRI Executive Secretary 

Specifications 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝐸𝑆𝐹𝑅𝐼 𝑙𝑎𝑛𝑑𝑚𝑎𝑟𝑘𝑠 𝑖𝑛 𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖𝑠 𝑎 𝑝𝑎𝑟𝑡𝑛𝑒𝑟 =
𝐿𝐴𝑁𝐷

𝐿𝐴𝑁𝐷
× 100 

EU-28 computation 

The EU-28 score is computed as an average of the MS scores. 

Comments/critical issues 

Observer countries are not counted as partner countries on Landmarks. Between 2016 and 2018, 
eight developing ESFRI Projects became Landmarks and five new Projects were initiated. There was 
a total of 21 developing ESFRI Projects and 29 operational ESFRI Landmarks in 2016. For 2018, 
there were 18 Projects and 37 Landmarks. Note that since the denominator of this indicator (total 
number of landmarks across countries) increased between the 2016 and 2018 assessments, it is 
possible that a country’s relative participation to landmarks decreased even though the number of 
landmarks to which it participated remained constant between 2016 and 2018. Care was taken to 
highlight such cases in the ERA Progress Report. Note that using the total number of ESFRI 
Landmarks across countries as the denominator introduces a bias in favour of larger economies 
(e.g. the UK, Germany, France). Future editions of the ERA Progress Report should consider using 
the GDP or GBARD of countries as a denominator for this indicator. 

2.1.4 P2b – EMM indicator – Share of developing ESFRI project and operational ESFRI 
Landmarks in which a Member State or an Associated Country is a partner 

Definition of indicator 

This indicator is the proportion of ESFRI project and landmarks in which a given country is a partner. 

Rationale 

This indicator pertains to sub-priority 2b (ESFRI) and relates to financial commitments for the 
construction and operation of ESFRI, national and regional research infrastructures (RIs) to improve 
access to RIs of pan-European interest. Tracking the total share of ESFRI projects and ESFRI 
landmarks allows for a more complete assessment of a country participation to research 
infrastructures than tracking the projects and landmarks individually. This is because ESFRI projects 
eventually mature into ESFRI Landmarks and a decrease in the former can be explained by an 
increase in the latter. 

Computation method 

Data needed 

(PROJ_LAND) Number of ESFRI projects plus the ESFRI landmarks in which the country is a 
partner: Unit=Total; 

(PROJ_LAND TOT) Total number of ESFRI projects and landmarks: Unit=Total. 

Source of data 

ESFRI Executive Secretary 

Specifications 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝐸𝑆𝐹𝑅𝐼 𝑙𝑎𝑛𝑑𝑚𝑎𝑟𝑘𝑠 𝑖𝑛 𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖𝑠 𝑎 𝑝𝑎𝑟𝑡𝑛𝑒𝑟 =
𝑃𝑅𝑂𝐽_𝐿𝐴𝑁𝐷

𝑃𝑅𝑂𝐹_𝐿𝐴𝑁𝐷
× 100 

EU-28 computation 

The EU-28 score is computed as an average of the MS scores. 
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Comments/critical issues 

Observer countries are not counted as partner countries on Landmarks. Between 2016 and 2018, 
eight developing ESFRI Projects became Landmarks and five new Projects were initiated. There was 
a total of 21 developing ESFRI Projects and 29 operational ESFRI Landmarks in 2016. For 2018, 
there were 18 Projects and 37 Landmarks. Note that using the total number of ESFRI Projects and 
Landmarks across countries as the denominator introduces a bias in favour of larger economies 
(e.g. the UK, Germany, France). Future editions of the ERA Progress Report should consider using 
the GDP or GBARD of countries as a denominator for this indicator. 

2.2 EURAXESS Portal 

EURAXESS is a pan-European initiative providing a diversity of support services to assist 
researchers in their career development in Europe or in maintaining their connection to European 
research. As part of the EURAXESS initiative, a job portal provides easy access to all open job 
offering throughout the ERA (2). 

2.2.1 P3 – Headline indicator – Number of researcher postings advertised through the 
EURAXESS job portal, per 1 000 FTE researchers in the public sector (2012-2016) 

Definition of indicator 

This indicator is the ratio of the number of researcher posts advertised through the EURAXESS job 
portal to the number of researchers in the public sector. 

Rationale 

This indicator pertains to priority 3 (open labour market for researchers) and measures active 
international recruitment efforts by a given country’s institutions. This relates to the goal of creating 
an open labour market for researchers established by the Commission for reinforcing the European 
Research Area (European Commission, 2012). Evidence suggests that researchers who have moved 
internationally have a greater research impact than those who have not and that countries with 
more open research systems perform better in terms of innovation (DG Research and Innovation, 
2014). It is therefore interesting to monitor the effort made by a MS/AC to recruit international 
researchers. The indicator is normalised by 1 000 researchers (FTE) in the public sector in order to 
allow for a better comparison between MS/AC. 

Computation method 

Data needed 

(RPA) Number of researcher’s posts advertised through the EURAXESS job portal: 
Unit=Total; 

(RESHES) Researchers in the higher education sector: Unit=Full time equivalent 
(FTE); 

(RESGOV) Researchers in the government sector: Unit=Full time equivalent (FTE). 

Source of data 

For (RPA): the European Commission provided historical data from the EURAXESS portal; 

For (RESHES or GOV): Eurostat—Statistics on research and development (online data code 
rd_p_persocc). 

Filters applied 

For (RESHES): SECTPERF set to “Higher education sector” 
PROF_POS set to “Researchers” 

                                                

2 http://ec.europa.eu/euraxess/ 
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SEX set to “Total” 
UNIT set to “Full-time equivalent (FTE)” 

For (RESGOV): SECTPERF set to “Government sector” 
PROF_POS set to “Researchers” 
SEX set to “Total” 
UNIT set to “Full-time equivalent (FTE)” 

Specifications 
𝑅𝑒𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑟’𝑠 𝑝𝑜𝑠𝑡𝑠 𝑎𝑑𝑣𝑒𝑟𝑡𝑖𝑠𝑒𝑑 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝐸𝑈𝑅𝐴𝑋𝐸𝑆𝑆 𝑗𝑜𝑏 𝑝𝑜𝑟𝑡𝑎𝑙 𝑝𝑒𝑟 1 000 𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑟𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑢𝑏𝑙𝑖𝑐 𝑠𝑒𝑐𝑡𝑜𝑟 

=
𝑅𝑃𝐴

(𝑅𝐸𝑆 + 𝑅𝐸𝑆 ) 1000⁄
 

EU-28 computation 

(RPA) Sum of the 28 MS job postings 

(RESHES) & (RESGOV) European Union (current composition) score from Eurostat table 
rd_p_persocc. 

Malta’s EURAXESS researcher job posts are missing in the numerator for years 2013-2015. This 
has a negligible impact given Malta’s very low number of RPAs. 

Comments/critical issues 

None identified. 

2.3 European Commission, Joint Research Centre, Competence Centre on 
Composite Indicators and Scoreboards (JRC-COIN) 

The JRC-COIN of the European Commission develops and implements various methodologies to 
produce composite indices summarising multi-dimensional phenomenon into simplified pictures. 
These simplified pictures convey key messages to decision makers on key European issues, thereby 
assisting the development of policies and the monitoring of progress towards key objectives (3). 

2.3.1 P1 – Headline indicator – Adjusted Research Excellence Indicator (AREI) 

Definition of indicator 

This indicator defines the research excellence of a country through a composite indicator integrating 
four components: share of top 10% most highly cited publications per total publications (data 
source: CWTS); PCT patent applications per population (OECD); European Research Council (ERC) 
grants per public R&D (DG-RTD, Eurostat, OECD) and participation in Marie Skłodowska-Curie 
fellowships (DG-EAC). 

Rationale 

This indicator pertains to priority 1 — that is, to more effective national systems. As one of the key 
types of actions promoted under the ERA to achieve this priority, it relates to the establishment of 
Research Performance Based Funding (RPBF) systems (i.e. systems applying the core principles of 
international peer review in grant competitions), and it becomes highly relevant to monitor the 
establishment of such systems and their impact on research excellence across ERA countries. The 
adjusted REI does this by integrating four dimensions of high relevance to monitor progress towards 
more effective national R&I systems, looking at both the funding mechanisms and the resulting R&I 
outputs (Vértesy, 2018). It covers ERC grants per public R&D, which is a good proxy to appreciate 
the success of countries in securing ERA-wide project-based competitive funding. It covers 
participation in Marie Skłodowska-Curie fellowships, which is a good proxy to appreciate the extent 
of researcher exchanges across national, sectoral and disciplinary boundaries (regardless of career 
stage), which are themselves expected to foster more integrated and efficient R&I ecosystems. It 
                                                

3 https://ec.europa.eu/jrc/en/coin 
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covers PCT patent applications per population, which is a good output indicator to capture the 
inventiveness of national R&I systems. Finally, it covers the share of top 10% most highly cited 
publications per total publications (HICIT), which is a good proxy of the excellence of the research 
output of a nation. 

Computation method 

Data needed 

For details on the methodology, please refer to Vértesy (2018). 

Source of data 

Calculations by European Commission, DG Joint Research Centre, Competence Centre on 
Composite Indicators and Scoreboards (JRC-COIN). 

Specifications 

For details on the methodology, please refer to Vértesy (2018). 

EU-28 computation 

Precomputed in the JRC data. 

Comments/critical issues 

From Vértesy (2018): 

“We note that countries on the ERA periphery with a low number of publications and PCT patents 
show a high degree of fluctuation for the HICIT and PCT components. We noticed that PCT data 
should be considered unreliable for some or all of the years for the following countries: AL, AM, BA, 
CY, EE, GE, LT, LV, MD, ME, MK, MT, TN. It is also important to note that the trend of AREI score 
growth over time is driven, to a large extent, by the expansion of the ERC program. This gives reason 
to treat growth over time with caution and use as a benchmark the compound average growth 
(CAGR) figures of the EU28.” 

2.4 European Innovation Scoreboard (EIS) 

Formerly called the Innovation Union Scoreboard, the European Innovation Scoreboard provides 
an international benchmark of the innovation performance of ERA countries, taking account of the 
multi-faceted nature of innovation (http://ec.europa.eu/growth/industry/innovation/facts-
figures/scoreboards_en). 

2.4.1 P1 – EMM indicator – European Innovation Scoreboard Summary Innovation 
Index (SII) 

Definition of indicator 

The Summary Innovation Index (SII) is composite indicator produced every year by the European 
Commission as part of the European Innovation Scoreboard (DG Internal Market, Industry, 
Entrepreneurship and SMEs, 2018). It is used to benchmark MS/AC, accounting for a wide spectrum 
of innovation indicators. 

Rationale 

This indicator pertains to priority 1 (More effective national research systems). It integrates a 
multitude of indicators distributed across ten dimensions covering framework conditions (Human 
resources; Attractive research systems; and Innovation-friendly environment), investments 
(Finance and support; and Firm investments), innovation activities (Innovators; Linkages; and 
Intellectual assets) and impacts (Employment impacts; and Sales impact). It thus presents a 
comprehensive picture of the state of a country’s R&I system along the full path from inputs, 
through outputs, and on to outcomes/impacts. It is therefore highly relevant to monitor progress 
towards more effective national research systems under priority 1. 
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Computation method 

This composite indicator encompasses 27 innovation indicators collected from various sources. The 
reader is referred to the latest European Innovation Scoreboard report (DG Internal Market, 
Industry, Entrepreneurship and SMEs, 2018) for more details. 

Source of data 

DG Internal Market, Industry, Entrepreneurship and SMEs. 

EU-28 computation 

Precomputed in the European Innovation Scoreboard data. 

Comments/critical issues 

The very broad set of indicators (27 in total) covered by this composite indicator mean that it covers 
a wider set of issues than those specific to Priority 1; in fact, some of the indicators included in the 
SII are also EMM indicators in other ERA priorities (e.g. public–private co-publications per million 
population (Priority 4) and international scientific co-publications (Priority 2a and Priority 6)). It is 
therefore less specific to this priority than the adjusted REI, which is truly focused on the input and 
output indicators of highest relevance to the performance of domestic R&I systems under Priority 
1. In fact, the SII is less suited to the monitoring of this priority than the adjusted REI, since it is 
primarily designed to capture the performance of R&I systems rather than their effectiveness (ERAC 
Secretariat, 2015a). 

2.4.2 P5a – EMM indicator – Number of public-private co-publications per million 
population 

Definition of indicator 

This indicator is the number of publications co-authored by at least one researcher from the public 
sector and one researcher from the private sector per capita, according to their affiliation address 
and by full counting (refer to Annex 1 for a definition of full counting). 

Rationale 

This indicator pertains to sub-priority 5a (optimal access to and circulation and transfer of scientific 
knowledge) and relates to open innovation and knowledge transfer between the public and private 
sectors. In order to align needed skills with training, Member States have put in place measures, 
such as joint programmes and research training in private companies, to stimulate the partnership 
between universities, research institutions and the private sector (DG Research and Innovation, 
2015). This indicator may serve as a proxy to measure the level of sharing of scientific knowledge 
and the level of collaboration between research institutions, scientists and businesses. 

Computation method 

Data needed 

(PAPPUB-PRIV.COLLAB) Number of co-publications between the public and the private sectors: 
Unit=Total (full counting); 

(POP) Total population: Unit=Total. 

Source of data 

DG Internal Market, Industry, Entrepreneurship and SMEs. 

EU-28 computation 

Precomputed in the European Innovation Scoreboard data. 

Comments/critical issues 

None identified. 
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2.4.3 P6 – EMM indicator – Exports of medium and high technology products as a share 
of total product exports 

Definition of indicator 

This indicator is the ratio of the value of medium and high technology exports in national currency 
and in current prices to the value of total product export. The medium and high technology exports 
include products from the following SITC Rev3 category: 266, 267, 512, 513, 525, 533, 54, 553, 
554, 562, 57, 58, 591, 593, 597, 598, 629, 653, 671, 672, 679, 71, 72, 731, 733, 737, 74, 751, 
752, 759, 76, 77, 78, 79, 812, 87, 88 and 891 

Rationale 

This indicator pertains to priority 6 (international cooperation) and it reflects the ability of a country 
to commercialise medium and high technology products in international markets. Medium and high 
technology products are usually the results of innovation and R&D efforts. The ability to 
commercialise such products in the international market will play a role on the competitiveness of 
a country as well as on the attractiveness of its R&D system to foreign partners and talents (i.e. 
brain gain). Due to discontinued data, this indicator, together with “Knowledge-intensive services 
exports as % of total services exports”, replaces the indicator “Licence and patent revenues from 
abroad as a share of GDP” from the last ERA Progress Report. 

Computation method 

Data needed 

(EXPMID-HIGH-TECH) Value of medium and high technology exports (products from the following 
SITC Rev3 category: 266, 267, 512, 513, 525, 533, 54, 553, 554, 562, 57, 
58, 591, 593, 597, 598, 629, 653, 671, 672, 679, 71, 72, 731, 733, 737, 
74, 751, 752, 759, 76, 77, 78, 79, 812, 87, 88 and 89): Unit = national 
currency and current prices 

(EXPTOT) Value of total product export: Unit = national currency and current 
prices. 

Source of data 

DG Internal Market, Industry, Entrepreneurship and SMEs. 

EU-28 computation 

Precomputed in the European Innovation Scoreboard data. 

Comments/critical issues 

None identified. 

2.4.4 P6 – EMM indicator – Knowledge-intensive services exports as % of total services 
exports 

Definition of indicator 

This indicator is the share of knowledge-intensive services exports in total service exports. The 
knowledge-intensive services exports are defined as the sum of credits from items SC1, SC2, SC3A, 
SF, SG, SH, SI, SJ and SK1 of the Extended Balance of Payments Services Classification (EBOPS) 
2010. 

Rationale 

This indicator pertains to priority 6 (international cooperation). It can be seen as a proxy to measure 
the competitiveness of the knowledge intensive service sector in the international market. As 
highlighted by the European Innovation Scoreboard: 

“this indicator reflects the ability of an economy, notably resulting from innovation, to export 
services with high levels of value added, and successfully take part in knowledge-intensive global 
value chains.”  
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In turn, this indicator informs, to some extent, on the attractiveness of its R&D system to foreign 
partners and talents (i.e. brain gain). Along with “Exports of medium and high technology products 
as a share of total product exports”, this indicator replaces the indicator “Licence and patent 
revenues from abroad as a share of GDP” from the last ERA Progress Report. 

Computation method 

Data needed 

(EXPKNOW-INTEN-SERV) Knowledge-intensive services exports (SC1, SC2, SC3A, SF, SG, SH, SI, SJ 
and SK1 of EBOPS 2010): Unit=Euro 

(EXPTOT-SERV) Total services exports: Unit=Euro. 

Source of data 

DG Internal Market, Industry, Entrepreneurship and SMEs. 

EU-28 computation 

Precomputed in the European Innovation Scoreboard data. 

Comments/critical issues 

None identified. 

2.5 Eurostat 

Eurostat is the official statistical office of the European Union. It provides reliable and objective 
statistics on European Member States and Associated Countries, allowing for comparison at the 
country and regional level. Most statistics are freely available online through the Eurostat website. 
The statistics produced at Eurostat cover a wide range of topics divided among nine primary 
themes: General & regional statistics, Economy & finance, Population & social conditions, Industry, 
trade & services, Agriculture and fisheries, External trade, Transport, Environment & energy, and 
Science & technology. 

2.5.1 P1 – EMM indicator – GBARD as a percentage of GDP 

Definition of indicator 

This indicator is the government budget allocations for R&D (GBARD) divided by the gross domestic 
product (GDP) of a given country. GBARD represents budget provisions and not actual spending. 

Rationale 

This indicator pertains to priority 1 (More effective national research systems). Public funding for 
R&D is a key driver, if not the key driver, of the strength and international competitiveness of 
domestic R&I systems. It is therefore highly relevant to consider input indicators of R&D 
investments to contextualise the strength of national R&I systems as measured by output 
indicators. The GBARD covers all government financed R&D (including government financed R&D 
performed in business enterprise, private non-profit or HES sectors), giving a complete 
representation of government investment in R&D. Normalising by GDP accounts for the relative 
size of a country’s economy and allows comparing the scores across MS/AC. 

Computation method 

Data needed 

(GBARD) Government budget allocations for R&D: Unit=Euro; 

(GDP) Gross domestic product at market price: Unit=Euro. 



ERA Monitoring Handbook, 2018 

   Page 16 
 

Source of data 

For (GBARD): Eurostat— Statistics on research and development (online data code: 
gba_nabsfin07); 

For (GDP): Eurostat—Annual national accounts (online data code: nama_10_gdp). 

Filters applied 

For (GBARD): NABS07 set to “Total R&D appropriations” 
UNIT set to “Million euro” 

For (GDP): UNIT set to “Current prices, million euro” 
NA_ITEM set to “Gross domestic product at market prices” 

Specifications 

GBARD as a percentage of GDP =
𝐺𝐵𝐴𝑅𝐷

𝐺𝐷𝑃
× 100 

EU-28 computation 

Eurostat pre-computed EU-28 score were used for both the denominator and the numerator. 

Comments/critical issues 

This indicator is reported for year 2017 when available. However, nearly all 2017 scores are flagged 
as provisional by Eurostat. 

2.5.2 P2a – Headline indicator – GBARD allocated to transnational cooperation per 
researcher in the public sector. 

Definition of indicator 

This indicator is the government budget allocations for R&D (GBARD) allocated to transnational 
cooperation normalised by the number of researchers from the public sector. Transnational 
coordinated R&D contains GBARD allocated to Europe-wide, bilateral or multilateral transnational 
public R&D programmes and GBARD allocated to transnational public R&D performers. However, 
for this indicator, only the GBARD allocated to Europe-wide transnational public R&D programmes 
and the GBARD allocated to bilateral or multilateral public R&D programmes are taken into account. 
This is because these latter two components address cooperation through programmes, while the 
third sub-category (GBARD allocated to transnational public R&D performers) does not involve joint 
programming and therefore does not contribute to ERA sub-priority 2a (implementing joint research 
agendas). 

Rationale 

This indicator pertains to sub-priority 2a — that is, implementing joint research agendas to address 
grand challenges of high importance to Europeans. It reflects a given country’s emphasis on 
collaboration and sharing of experiences in R&D across borders, whether national, regional or 
organisational. Europe-wide transnational public R&D programmes include R&D programmes that 
involve the flow of funds across borders for research purposes, as well as those that include 
transnational cooperation. Bilateral or multilateral public R&D programmes comprise non-European 
Commission funded R&D research conducted jointly by at least two Member State governments, 
involving either the flow of funds or transnational cooperation. Thus, this indicator is a good proxy 
to measure government support to transnational collaborations across the ERA. 

Computation method 

Data needed 

(GBARDTRANS(EU-WIDE)) Amount of GBARD allocated to Europe-wide transnational public 
R&D programmes: Unit=Euro; 

(GBARDTRANS(BI-MULTI)) Amount of GBARD allocated to bilateral or multilateral public R&D 
programmes: Unit=Euro; 
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(RESHES) Researchers in the higher education sector: Unit=Full time 
equivalent (FTE). 

(RESGOV) Researchers in the government sector: Unit=Full time 
equivalent (FTE). 

Source of data 

For (GBARDTRANS): Eurostat—Statistics on research and development (online data 
code: gba_tncoor); 

For (RESHES or GOV): Eurostat—Statistics on research and development (online data code 
rd_p_persocc). 

Filters applied 

For (GBARDTRANS(EU-WIDE)): NABS07 set to “National contributions to Europe-wide 
transnational public R&D programmes” 
UNIT set to “Million euro” 

For (GBARDTRANS(BI-MULTI)): NABS07 set to “National contributions to bilateral or multilateral 
public R&D programmes” 
UNIT set to “Million euro” 

For (RESHES): SECTPERF set to “Higher education sector” 
OCCUP set to “Researchers” 
SEX set to “Total” 
UNIT set to “Full-time equivalent (FTE)” 

For (RESGOV): SECTPERF set to “Government sector” 
OCCUP set to “Researchers” 
SEX set to “Total” 
UNIT set to “Full-time equivalent (FTE)” 

Specifications 
𝐺𝐵𝐴𝑅𝐷 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑡𝑜 𝑡𝑟𝑎𝑛𝑠𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑐𝑜𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑢𝑏𝑙𝑖𝑐 𝑠𝑒𝑐𝑡𝑜𝑟 

=
𝐺𝐵𝐴𝑅𝐷 ( ) + 𝐺𝐵𝐴𝑅𝐷 ( )

𝑅𝐸𝑆 +  𝑅𝐸𝑆
 

EU-28 computation 

The numerator is the sum of all MS’ GBARDTRANS(EU-WIDE) and GBARDTRANS(BI-MULTI). Note that DE 
(2007-2010, 2016); HU (2013); IS (2008, 2009, 2011, 2013); NL (2012-2016) GBARDTRANS(BI-MULTI) 
portion is missing but the MS were kept in the EU-28 computation, contributing only their 
GBARDTRANS(EU-WIDE) portion. This may result in a slight underestimation of the EU-28 scores. 
However, the time-series does not appear to be affected. 

The numerator is the sum of all MS’ RESHES and RESGOV. 

To maximize the number of MS included in the EU-28 average, data was imputed for PL (2016). 
Imputation follows the rules as outlined in sub-section “Computation of EU-28 aggregate scores” 
under Section 4. Also, France was not included in the EU-28 average due to missing data. 

Comments/critical issues 

The portion of GBARD allocated to bilateral or multilateral public R&D programmes was not available 
for DE (2007-2010, 2016); HU (2013); IS (2008, 2009, 2011, 2013); NL (2012-2016) so it was 
not taken into account in the computation of the indicator. This may result in a slight 
underestimation of these countries scores in those years as well as for the EU-28 scores. However, 
the time-series do not appear to be affected. 
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2.5.3 P3 – EMM indicator – Share of doctoral candidates with a citizenship of another 
EU Member State 

Definition of indicator 

This indicator is the proportion of doctoral candidates with a citizenship of another Member State 
to the total number of doctoral candidates in a given country. 

Rationale 

This indicator pertains to priority 3 (open labour market for researchers). This priority seeks to 
improve framework conditions for researcher mobility across Europe in order to retain highly skilled 
Europeans rather than have them pursue career goals in other competitive economies (Science-
Metrix, 2016). Actions are expected from Member States to expand structured doctoral training 
programmes and remove barriers for cross-border mobility. This indicator can act as a proxy to 
monitor the extent to which a country’s academic system is open to other European doctoral 
candidates (the openness may be in the portability of a national grant or other mechanism that 
may facilitate the switch to a new country academic institution). By promoting an open academic 
system, a MS/AC can attract and retain skilled students who will eventually contribute to the R&I 
workforce either in academia or the industrial sector.  

Computation method 

Data needed 

(PhDF.MS) Number of doctoral candidates from another Member State: Unit=Number; 

(PhDTOT) Number of doctoral candidates: Unit=Number. 

Source of data 

For (PhDF.MS): Eurostat—Learning mobility (online data code: educ_uoe_mobs02); 

For (PhDTOT): Eurostat—Participation in education and training (online data code: 
educ_uoe_enrt01). 

Filters applied 

For (PhDF.MS): UNIT set to “Number” 
PARTNER set to each Member State separately 
SEX set to “Total” 
ISCED11 set to “Doctoral or equivalent level” 

For (PhDTOT): UNIT set to “Number” 
WORKTIME set to “Total” 
ISCED11 set to “Doctoral or equivalent level” 
SEX set to “Total” 
SECTOR set to “Total” 

Specifications 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝑑𝑜𝑐𝑡𝑜𝑟𝑎𝑙 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒𝑠 𝑤𝑖𝑡ℎ 𝑎 𝑐𝑖𝑡𝑖𝑧𝑒𝑛𝑠ℎ𝑖𝑝 𝑜𝑓 𝑎𝑛𝑜𝑡ℎ𝑒𝑟 𝐸𝑈 𝑀𝑒𝑚𝑏𝑒𝑟 𝑆𝑡𝑎𝑡𝑒 =
∑ 𝑃ℎ𝐷 .

𝑃ℎ𝐷
× 100 

EU-28 computation 

Numerator is the sum of all Member State’s number of doctoral candidates from another MS. 

Denominator is the sum of all Member State’s number of doctoral candidates. 

To maximize the number of MS included in the EU-28 average, data was imputed for EL (2013-
2014); LU (2013); SI (2016); ES (2014-2015). Imputation follows the rules as outlined in sub-
section “Computation of EU-28 aggregate scores” under Section 4. 
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Comments/critical issues 

At the time of computation, the “PARTNER” filter did not include an option for “Europe (excluding 
reporting country)”. Therefore, to obtain the total number of doctoral candidates with a citizenship 
of another Member States, it was necessary to sum the number of doctoral candidates of the 27 
Member States partners for individual Member States (or 28 Member States partners for Associated 
countries). 

ISCED 

The International Standard Classification of Education (ISCED11) categorises education 
programmes by level. ISCED level 8 covers: 

 Programmes leading to advanced research qualifications devoted to advanced study and 
original research. Includes academic and professional Doctoral programmes and can be referred 
to as ‘Doctoral or equivalent’ for international comparison purposes. 

2.5.4 P4 – EMM indicator – Share of female PhD graduates 

Definition of indicator 

This indicator is the proportion of women PhD graduates to the total number of PhD graduates. 
Some of the text below has been taken directly from the She Figures Handbook 2015 (DG Research 
and Innovation, 2016a). 

Rationale 

This indicator pertains to priority 4 (and relates to gender balance in career progression) through 
measuring the rate of graduation of women from the highest level of tertiary education. The 
European Commission has noted that ‘[t]he persistence of gender bias in careers, of gender 
imbalance in decision-making roles, and the lack of a gender dimension in research programmes 
remain common challenges’ (DG Research and Innovation, 2014). In light of this, a key priority for 
reinforcing the European Research Area is emphasising gender equality and gender mainstreaming 
in research (DG Education and Culture, 2011). This indicator aims to characterise the rate and 
progress of women’s graduation from doctoral programmes. 

Computation method 

Data needed 

(PhDF) Number of women PhD graduates: Unit=Total; 

(PhDTOT) Total number of PhD graduates: Unit=Total. 

Source of data 

For F and T: Eurostat – Education Statistics (online data code: educ_uoe_grad02). 

For F and T for AL, BA, AM, GE, IL, MD and UA: UNESCO – Tertiary graduates by level of education 

Filters applied 

For Eurostat (PhDF): UNIT set to “Number” 
AGE CLASS set to “Total” 
SEX set to “Females” 
ISCED11 set to “Doctoral or equivalent level” 
ISCEDF13 set to “Total” 

For Eurostat (PhDTOT): UNIT set to “Number” 
AGE CLASS set to “Total” 
SEX set to “Total” 
ISCED11 set to “Doctoral or equivalent level” 
ISCEDF13 set to “Total” 
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For UNESCO (PhDF): INDICATOR set to “Graduates from ISCED 8 programmes in tertiary 
education, female (number)” 

For UNESCO (PhDTOT): INDICATOR set to “Graduates from ISCED 8 programmes in tertiary 
education, both sexes (number)” 

Specifications 

𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝑤𝑜𝑚𝑒𝑛 𝑃ℎ𝐷 𝑔𝑟𝑎𝑑𝑢𝑎𝑡𝑒𝑠 =
𝑃ℎ𝐷

PhD
 x 100 

EU-28 computation 

Eurostat pre-computed EU-28 scores were used for years 2014-2016. For 2013 the numerator is 
the sum of all Member State’s number of female PhD graduates and the denominator is the sum of 
all Member State’s number of PhD graduates. No MS is missing from the 2013 EU-28 computation. 

Comments/critical issues 

The 2016 ERA monitoring used the International Standard Classification of Education (ISCED) 1997 
to report on educational data from 2005 to 2012. Although ISCED 2011 was available, the She 
Figures used ISCED 97 and this classification scheme was used for consistency. Since the She 
Figures 2018 report used ISCED 2011, this classification was also applied here. Historical data 
based on ISCED 2011 only goes back to 2013. 

ISCED 

The International Standard Classification of Education (ISCED11) categorises education 
programmes by level. ISCED level 8 covers: 

Programmes leading to advanced research qualifications devoted to advanced study and original 
research. Includes academic and professional Doctoral programmes and can be referred to as 
‘Doctoral or equivalent’ for international comparison purposes. 

2.5.5 P5a – Headline indicator – Share of product and/or process innovative firms 
cooperating with higher education institutions or public/private research 
institutions 

This indicator underwent a change between the ERA progress report 2016 and the 2018 version. 
Due to the nature of the data source (microdata not available), this indicator was divided into two 
indicators in the 2016 ERA progress report; (a) Percentage of product or process innovative firms 
cooperating with public or private research institutes, and (b) Percentage of product or process 
innovative firms cooperating with universities or other higher education institutions. Merging 
Eurostat pre-aggregated data at the country level for these two categories of firms would have led 
to double counting of firms falling under both categories. However, for the most recent data of the 
community innovation survey (CIS9), Eurostat compiled a new category that is adequately 
aggregating the two categories previously used to compute indicators a and b. The new category, 
"Enterprises co-operating with universities, other higher education institutions, Government, public 
or private research institutes" now enables the computation of only one indicator to cover this 
dimension. Therefore, only one value is now reported for assessing performance. However, since 
historical data does not contain this new category, the growth was computed separately for 
indicator a and b.  

Definition of indicator 

For performance (2014): 

The indicator is the proportion of product and/or process innovative firms co-operating with 
universities, other higher education institutions, Government, public or private research institutes 
to the total number of product and/or process innovative firms. 

For growth (2012–2014): 
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(a) The indicator is the proportion of product and/or process innovative firms cooperating with 
universities or higher education institutes (HEIs) to the total number of product and/or process 
innovative firms. 

(b) The indicator is the proportion of product and/or process innovative firms cooperating with 
Government, public or private research institutes (PRIs) to the total number of product and/or 
process innovative firms. 

Rationale 

This indicator pertains to priority 5 (knowledge circulation) and helps to assess the potential for 
knowledge transfer and open innovation between the public and private sectors within a given 
country. A higher rate of private firm engagement with HEIs or PRIs should better facilitate the 
transfer of research results to the market in line with the goal of optimising circulation of, access 
to and transfer of scientific knowledge established by the European Commission (2012). This 
indicator represents the degree of cooperation between private industry and other sectors and can 
be used as a proxy for the willingness of private firms to collaborate with higher education and/or 
public/private research institutes and the potential for knowledge transfer. 

Computation method 

Data needed 

(COOPHEI, PRI or HEI & PRI) Product and/or process innovative firms cooperating with HEIs, PRIs or 
either one of the two (or both): Unit=Total; 

(FIRM)  Total number of product and/or process innovative firms: Unit=Total. 

Source of data 

For (COOPHEI, PRI or HEI & PRI): Eurostat—Community innovation survey (online data codes: 
inn_cis9_coop, inn_cis8_coop); 

For (FIRM): Eurostat—Community innovation survey (online data codes: inn_cis9_type 
inn_cis8_type). 

Filters applied 

For (COOPHEI, PRI or HEI & PRI): SIZECLAS set to “Total” 
NACE_R2 set to “Innovation core activities (Com.Reg. 995/2012)” 
or “Innovation core activities (Com.Reg. 1450/2004)” (for 2012 
COOPPRI only4)  
TYPE_INN set to “Product and/or process innovative enterprises, 
regardless of organisational or marketing innovation (including 
enterprises with abandoned/suspended or on-going innovation 
activities” 
INDIC_IN set to “Enterprises co-operating with universities or other 
higher education institutions”,  “Enterprises co-operating with 
Government, public or private research institutes” or "Enterprises 
co-operating with universities, other higher education institutions, 
Government, public or private research institutes" 
UNIT set to “Number” 
TIME set to “2014”, “2012” (depending on which table is used) 

For (FIRMHEI, PRI or HEI & PRI): SIZECLAS set to “Total” 
NACE_R2 set to “Innovation core activities (Com.Reg. 995/2012)” 
or “Innovation core activities (Com.Reg. 1450/2004)” (for 2012 
FIRMPRI only5) 

                                                

4 See Comments/critical issues for an explanation of why Com.Reg. 1450/2004 is used for COOPPRI and FIRMPRI 

5 Ibid. 
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TYPE_INN set to “Product and/or process innovative enterprises, 
regardless of organisational or marketing innovation (including 
enterprises with abandoned/suspended or on-going innovation 
activities” 
INDIC_IN set to “Total number of enterprises in the population in 
2014” (change 2014 for 2012 depending on which table is used) 
UNIT set to “Number” 
TIME set to “2014”, “2012” (depending on which table is used) 

Specifications 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝑖𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑣𝑒 𝑓𝑖𝑟𝑚𝑠 𝑐𝑜𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑤𝑖𝑡ℎ 𝐻𝐸𝐼 =
𝐶𝑂𝑂𝑃

𝐹𝐼𝑅𝑀
× 100 

𝑆ℎ𝑎𝑟𝑒 (%)𝑜𝑓 𝑖𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑣𝑒 𝑓𝑖𝑟𝑚𝑠 𝑐𝑜𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑤𝑖𝑡ℎ 𝑃𝑅𝐼 =
𝐶𝑂𝑂𝑃

𝐹𝐼𝑅𝑀
× 100 

𝑆ℎ𝑎𝑟𝑒 (%)𝑜𝑓 𝑖𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑣𝑒 𝑓𝑖𝑟𝑚𝑠 𝑐𝑜𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑤𝑖𝑡ℎ 𝐻𝐸𝐼 𝑜𝑟 𝑃𝑅𝐼 =
𝐶𝑂𝑂𝑃  & 

𝐹𝐼𝑅𝑀  & 
× 100 

EU-28 computation 

For performance (2014): 

The numerator was computed as the sum of all MS COOPHEI & PRI and the denominator was computed 
as the sum of all MS FIRMHEI & PRI. However, IE, ES and UK had no data available for COOPHEI & PRI, 
so they were imputed by taking the maximum value of the other two categories taken separately 
which will always be smaller than the true value. This resulted in COOPHEI being used for IS and UK 
while ES was given the value of COOPPRI. Using the data for the MS where all data was available 
(i.e. merged and by sub-categories), we could estimate that the average underestimation of the 
scores using this approach roughly equals 15% across MS. However, the underestimation varies 
substantially across countries. Accordingly, the score of EU-28 which includes the above exceptions 
for IE, ES and UK might be slightly underestimated.  

For growth (2012–2014): 

(a) The numerator was computed as the sum of all MS COOPHEI and the denominator was computed 
as the sum of all MS FIRM. No MS had missing data. 

(b) The numerator was computed as the sum of all MS COOPPRI and the denominator was computed 
as the sum of all MS FIRM. DE, IE, NL, SI and SE were not included in the EU-28 numerator and 
denominator due to missing data. 

Comments/critical issues 

At the time of producing the data, the category “Innovation core activities (Com.Reg. 995/2012)” 
of the NACE R2 filter was unavailable for the data on cooperation with Government, public or private 
research institutes in table inn_cis8_coop. Therefore, the category “Innovation core activities 
(Com.Reg. 1450/2004)” was used instead. This small difference in definition is stated in the table 
note. Additionally, note that the component focusing on cooperation with research institutes does 
not only capture public research institutes as would be desirable in order to focus on knowledge 
transfer between the public and private sectors. Instead, it also covers cooperation with private 
research institutes.   

2.5.6 P5a – EMM indicator – Share of public research financed by the private sector 

Definition of indicator 

This indicator is the share of the total amount of research funds allocated to the public sector from 
all sources coming from the private sector. 

Rationale 

This indicator pertains to priority 5 (Knowledge circulation) and relates to the open innovation and 
knowledge transfer between the public and private sectors. In Europe, the private sector employs 
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relatively few researchers. Young graduates have little experience outside academic circles and 
often lack the skills to pursue a career in the private sector (DG Research and Innovation, 2015). 
Enterprises are encouraged to fund research in the public sector to align their needs with academic 
training and facilitate the transition of young graduates to the job market. This indicator can be 
used as a proxy for cooperation and knowledge transfer between the public and private sectors. 

Computation method 

Data needed 

(FHEI-BES) Amount of research funds allocated to the higher education sector by the business 
enterprise sector: Unit=Euro; 

(FHEI-ABES) Amount of research funds allocated to the higher education sector by the abroad 
business enterprise sector: Unit=Euro; 

(FGOV-BES) Amount of research funds allocated to the government sector by the business 
enterprise sector: Unit=Euro; 

(FGOV-ABES) Amount of research funds allocated to the government sector by the abroad 
business enterprise sector: Unit=Euro; 

(FHEI) Amount of research funds allocated to the higher education sector by all sectors: 
Unit=Euro. 

(FGOV) Amount of research funds allocated to the government sector by all sectors: 
Unit=Euro. 

Source of data 

Eurostat—Statistics on research and development (online data code rd_e_gerdfund). 

Filters applied 

(FHEI-BES) SECTPERF set to “Higher education sector” 
SECTFUND set to “Business enterprise sector” 
UNIT set to “Million euro” 

(FHEI-ABES) SECTPERF set to “Higher education sector” 
SECTFUND set to “Abroad - Business enterprise sector” 
UNIT set to “Million euro” 

(FGOV-BES) SECTPERF set to “Government sector” 
SECTFUND set to “Business enterprise sector” 
UNIT set to “Million euro” 

(FGOV-ABES) SECTPERF set to “Government sector” 
SECTFUND set to “Abroad - Business enterprise sector” 
UNIT set to “Million euro” 

(FHEI-TOT) SECTPERF set to “Higher education sector” 
SECTFUND set to “All sector” 
UNIT set to “Million euro” 

(FGOV-TOT) SECTPERF set to “Government sector” 
SECTFUND set to “All sector” 
UNIT set to “Million euro” 

Specifications 
𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝑝𝑢𝑏𝑙𝑖𝑐 𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ 𝑓𝑖𝑛𝑎𝑛𝑐𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑝𝑟𝑖𝑣𝑎𝑡𝑒 𝑠𝑒𝑐𝑡𝑜𝑟 

=
𝐹 +  𝐹 + 𝐹 +  𝐹

𝐹 + 𝐹
× 100 
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EU-28 computation 

Eurostat pre-computed EU-28 scores were used. Note that the financing from the abroad business 
enterprise sector is missing for EU-28 (see comments/critical issues below) 

Comments/critical issues 

FHEI-ABES is missing for BG (2009); NL (2011-2014) and RO (2007) but the indicator was still 
computed for these MS. This may result in a slight underestimation in the score. 

FGOV-ABES is missing for BG (2013, 2014); 2015 (LU, EE); PL (2011, 2013, 2015); TR (2007, 2008) 
and UK (2007-2010) but the indicator was still computed for these MS. This may result in a slight 
underestimation in the score. 

FHEI-ABES and FGOV-ABES are both missing for 2007-2015 (EU-28, DE); 2012-2014 (BA, RS); 2007-
2008 (BG, HU); 2007, 2009 (LU, NL); CH (2008, 2010, 2012, 2014); EL (2012, 2014), IS (2007-
2009, 2011); LV (2007-2011); ME (2011, 2013-2015); PL (2007) but the indicator was still 
computed for these MS. This may result in a slight underestimation in the score. Note that the 
financing by the abroad business enterprise sector is usually small compared to the financing by 
the local business enterprise sector and the above issues did not appear to create breaks in series 
or noticeable outliers (i.e. those that would point to an underestimation). 

2.5.7 P6 – EMM indicator – Non-EU doctorate students as a share of all doctorate 
students 

Definition of indicator 

This indicator is the proportion of Non-EU doctoral students to the total number of doctoral students 
in a given country. 

Rationale 

This indicator pertains to priority 6 (international cooperation) identified by the Commission for 
reinforcing the European Research Area. By attracting outstanding researchers from international 
locations, the EU will improve its capacity to address grand challenges and increase its 
competitiveness. Enrolling international students represents the first step toward this goal. 
However, approaches to increasing international collaboration vary from MS to MS and are 
uncoordinated. As such, it is interesting to monitor the openness and attractiveness of each 
country’s education system and research institutions with this indicator.  

Computation method 

Data needed  

(PhDWorld) Foreign doctorate students: Unit= Number; 

(PhDEU28) EU28 doctorate students (excluding reporting country): Unit= Number; 

(PhDTOT) Total EU doctorate student: Unit= Number. 

Source of data 

For (PhDWorld): UNIT set to “Number” 
PARTNER “World total except for the reporting country” 
SEX set to “Total” 
ISCED11 set to “Doctoral or equivalent level” 

For (PhDEU28): UNIT set to “Number” 
PARTNER set to each Member State separately 
SEX set to “Total” 
ISCED11 set to “Doctoral or equivalent level” 

For (PhDTOT): UNIT set to “Number” 
WORKTIME set to “Total” 
ISCED11 set to “Doctoral or equivalent level” 
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SEX set to “Total” 
SECTOR set to “Total” 

Specifications 

𝑁𝑜𝑛 − 𝐸𝑈 𝑑𝑜𝑐𝑡𝑜𝑟𝑎𝑡𝑒 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠 𝑎𝑠 𝑎 𝑠ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝑎𝑙𝑙 𝑑𝑜𝑐𝑡𝑜𝑟𝑎𝑡𝑒 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠 =
𝑃ℎ𝐷 − ∑ 𝑃ℎ𝐷

𝑃ℎ𝐷
× 100 

EU-28 computation 

Numerator is the sum of all Member State’s number of doctoral candidates from a foreign non-EU 
country. 

Denominator is the sum of all Member State’s number of doctoral candidates. 

To maximize the number of MS included in the EU-28 average, data was imputed for EL (2013-
2014); LU (2013); SI (2016); ES (2014-2015). Imputation follows the rules as outlined in sub-
section “Computation of EU-28 aggregate scores” under Section 4. 

ISCED 

The International Standard Classification of Education (ISCED11) categorises education 
programmes by level. ISCED level 8 covers: 

Programmes leading to advanced research qualifications devoted to advanced study and original 
research. Includes academic and professional Doctoral programmes and can be referred to as 
‘Doctoral or equivalent’ for international comparison purposes. 

Comments/critical issues 

None identified. 

2.6 Third ERA-Learn 2020 Annual Report on P2P Partnerships 

The mission of the ERA-Learn 2020 project — an initiative started in January 2015 that builds upon 
previous ERA-NET projects — is to provide an integrated framework that will strengthen the 
community of P2P (public-to-public) partnerships and support national funding organisations (ERA-
Learn, 2015). 

2.6.1 P2a – EMM indicator – Member States participation in Public-to-public 
partnerships per researcher in the public sector 

Definition of indicator 

This indicator is the amount of combined funds committed to Cofunds, Art. 185s, JPIs, FP7 ERA-
NETs and self-sustained networks and budgets for joint calls relative to the number of FTE 
researchers in the public sector. 

Rationale 

This indicator pertains to sub-priority 2a (transnational cooperation) and relates to the 
implementation of joint research agendas. ERA-NET projects, JPIs and Article 185 initiatives are all 
P2P partnerships. Article 185 is a reference to the Treaty on the Functioning of the European Union. 
Data on the amount of funds committed by Member States to these joint research programming 
efforts are captured in each edition of the ERA-Learn 2020 Annual Report on P2P Partnerships (ERA-
Learn, 2017 for the latest edition) and can therefore be used to assess the state of play in regard 
to P2P partnerships in all Member States within the ERA. 

Computation method 

Data needed 

(CBUDG) Committed budget to ERA-NET, JPIs and Article 185 initiatives: Unit=euro; 

(RESHES) Researchers in the higher education sector: Unit=Full time equivalent (FTE); 
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(RESGOV) Researchers in the government sector: Unit=Full time equivalent (FTE). 

Source of data 

For (CBUDG): 3rd Annual Report on Public-Public Partnerships (ERA-Learn, 2017). 

For (RES): Eurostat—Statistics on research and development (online data code: 
rd_p_persocc). 

Specifications 

𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑃𝑢𝑏𝑙𝑖𝑐 − 𝑡𝑜 − 𝑝𝑢𝑏𝑙𝑖𝑐 𝑝𝑎𝑟𝑡𝑛𝑒𝑟𝑠ℎ𝑖𝑝𝑠 𝑝𝑒𝑟 𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑢𝑏𝑙𝑖𝑐 𝑠𝑒𝑐𝑡𝑜𝑟 =
(𝐶𝐵𝑈𝐷𝐺)

(𝑅𝐸𝑆  ) +  (𝑅𝐸𝑆 )
 

EU-28 computation 

Numerator is the sum of all Member State’s Committed budget to ERA-NET, JPIs and Article 185 
initiatives. Denominator is Eurostat pre-computed EU-28 score. No MS are missing from the EU-28 
score. 

Comments/critical issues 

Data are only available for Member States. Note that since the 2016 edition of the ERA Progress 
Report, the amount and quality of information for joint calls was greatly improved, both for current 
and past data (personal communication with Optimat representative in charge of the data). 
Therefore, there can be notable differences in this report when compared to the previous ERA 
Progress Report (Science-Metrix, 2017). 

2.7 MORE2 and MORE3 surveys 

The MORE3 Global survey, conducted in 2016, succeeded the MORE2 HEI survey. The MORE 
surveys collected data on mobility patterns, career paths and working conditions of researchers 
working in HEIs. The surveys were designed and implemented in order to offer maximum accuracy 
at the EU and individual country levels. The MORE3 survey reached more than 10 000 individual 
researchers located in the EU-28 and the Associated Countries.  

2.7.1 P3 – EMM indicator – Share of researchers expressing satisfaction that the hiring 
procedures in their institution are open, transparent and merit-based  

Definition of indicator 

This indicator represents the proportion of researchers having answered positively to the three 
following questions from the MORE2 and MORE3 surveys: 

MORE2: “What is your opinion on the following issues: 1) Are you satisfied with the extent to which job vacancies 

are publicly advertised and made known by your institution? 2) Do you think that the recruitment process at 

your home institution is sufficiently transparent? 3) Do you think that recruitment at your home institution is 

sufficiently merit-based?”, with answer categories “yes”, “no” and “N/A / no opinion”. 

MORE3: “What is your opinion on the following issues with respect to recruitment in your home institution: 1) 

Research job vacancies are sufficiently externally and publicly advertised and made known by the institution. 

2) The recruitment process is sufficiently transparent. 3) Recruitment is sufficiently merit-based.”, with answer 

categories “I agree”, “I don’t agree” and “N/A”. 

 

Note that the questions were stated slightly differently between the two editions, in particular on 
question 1 with regard to the “externally” wording. However, as stated in the MORE 3 indicators 
report (DG Research and Innovation, 2017), these differences are unlikely to have caused the large 
differences observed between the 2012 and 2016 scores. 
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Rationale 

This indicator pertains to priority 3 (Open labour market for researchers) and relates to the 
perception that researchers have regarding their respective institution. Institutions with recruitment 
processes that are open, transparent and merit based are considered more attractive for 
researchers and may thus provide a better and more open labour market. Most attractive 
institutions also have the potential to interest researchers from abroad and contribute to 
international and inter-sectoral mobility, which is thought to boost the competitiveness of research 
systems. 

Computation method 

Data needed 

(Npi) Respondent having answered positively to the three questions on openness, transparency 
and merit-based recruitment procedures. Unit=Head count; 

(Nni) Respondent having answered negatively to at least one of the three questions on 
openness, transparency and merit-based recruitment procedures among those who 
responded “I agree” or “I don’t agree” to all three questions. There are more cases 
combining positive answers with “N/A” then cases combining negative answers with “N/A”. 
Accordingly, counting respondents having answered negatively to at least one of the three 
questions among those who did not respond “I agree” or “I don’t agree” to all three 
questions would overestimate the denominator relative to the numerator. For this reason, 
any respondent with at least one “N/A” is excluded from the computation. Unit=Head 
count; 

(Wi) Sampling weight at the country level (provided in the raw data of the MORE2 [column 
weihc] and MORE3 [column weifos] surveys). For both the MORE2 and MORE3 survey, 
these weights differ per country and per field of science. 

Source of data 

MORE2 and MORE3 Survey raw datasets 

Specifications 
𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑟𝑠  expressing satisfaction that the hiring procedures 

in their institution are open, transparent and merit based 

=  
∑(𝑁𝑝 × 𝑊 )

∑(𝑁𝑛 × 𝑊 + 𝑁𝑝 × 𝑊 ) 
 

Where the sums are taken over all the respondents i of a given Member State or Associated Country. 

EU-28 computation 

Numerator is the sum of all Member State’s weighted respondent having answered positively to the 
three questions. 

Denominator is the sum of all Member State’s weighted respondent having answered positively to 
the three questions plus the respondent having answered negatively to at least one of the three 
questions. 

No MS are missing from the EU-28 score. 

Comments/critical issues 

Weighting procedures are described in the document ‘Guidelines for the data analysis of the EU HEI 
survey data’ (IDEA Consult, 2013) and (IDEA Consult & WIFO, 2017). The sampling weight used 
was the one to be applied for the computation of results at country level and field of science (i.e., 
weihc for the 2012 dataset and weiFOS for the 2016 data). It serves to increase accuracy when 
aggregating results at this level. 
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2.8 She Figures 

The She Figures provide statistics on the state and the progression of gender equality in science 
and technology (S&T) across Europe. Women are still well under-represented in S&T, but even 
more so in decision-making positions in research institutions. In an effort to have a more balanced 
gender representation in scientific research, such statistics provide information on the progress to 
correct this gender bias. Some of the text below has been taken directly from the She Figures 
Handbook 2015 (DG Research and Innovation, 2016a). 

2.8.1 P4 – Headline indicator – Share of women in grade A positions in HES 

Definition of indicator 

This indicator presents the proportion of women occupying the highest-level research positions 
(Grade A) in HES to the total of Grade A positions. 

Rationale 

This indicator pertains to priority 4 (gender equality in research) and relates to gender balance in 
career progression. This indicator enables tracking the progress made with regard to women’s 
presence at the highest level of academia by analysing its trend through time. According to the DG 
Research and Innovation (2016b), women represented a majority of university graduates in the 
first stage of tertiary education (~60 %), while still representing close to half of them in the second 
stage of tertiary education (~47 %) in the EU-28 in 2013. Despite this figure, women represent a 
small minority of Grade A professors (21 %, 2013), heads of higher education institutions (20 %, 
2014) and board members (including leaders) in research decision-making (28 %, 2014) (DG 
Research and Innovation, 2016b). Therefore, it is relevant to monitor the proportion of women 
present at each level of academia in order to observe whether there is progress toward reducing 
vertical segregation, defined as the under- or over-representation of a clearly identifiable group of 
workers in occupations or sectors at the top of an ordering based on ‘desirable’ attributes (EGGE, 
2009). 

Computation method 

Data needed 

(GRADE.AFEM) Number of women in grade A academic position (reference population = 
researchers): Unit=Head count; 

(GRADE.AMALE) Number of men in grade A academic position (reference population = researchers): 
Unit=Head count. 

Source of data 

DG Research and Innovation—WiS—Women in Science database (for reference year 2016). 

Additional data provided by Helsinki Group in the context of the ERA Progress Report 2016 were 
used for reference year 2014 and 2015. When divergence occurred between the two sources of 
data, the WiS database was prioritised.  

Specifications 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑜𝑚𝑒𝑛 𝑖𝑛 𝑔𝑟𝑎𝑑𝑒 𝐴 𝑎𝑐𝑎𝑑𝑒𝑚𝑖𝑐 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠 =
𝐺𝑅𝐴𝐷𝐸. 𝐴

𝐺𝑅𝐴𝐷𝐸. 𝐴 + 𝐺𝑅𝐴𝐷𝐸. 𝐴
 × 100 

EU-28 computation 

Numerator is the sum of all Member State’s number of women in grade A academic position. 

Denominator is the sum of all Member State’s number of researchers in grade A academic position. 

No MS are missing from the EU-28 score for 2016. Luxembourg and the UK are missing from the 
EU-28 aggregate growth score. 
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Senior grades/Academic staff 

The grades presented in ERA monitoring are based upon national mappings according to the 
following definitions: 

(A) The single highest grade/post at which research is normally conducted. 

Comments/critical issues 

The classification of academic positions into grades may vary across countries. This should be taken 
into account when comparing or aggregating statistics. 

It is important to note that these data are not always completely cross-country comparable as the 
seniority of grades is not yet part of a formal international classification. Furthermore, it is not 
always possible to distinguish research staff from teaching staff, although the target population is 
researchers in higher education institutions (excluding staff involved in teaching or administration 
only and not at all in research). 

Also, note that in the growth computation, the reference population changed for the following 
countries: IE, EE, LT researchers (2014 score) to academic staff (2016 score) and ES, RO Academic 
staff (2014) to researchers (2016). Caution is advised when analysing the growth of these 
countries. 

2.9 Web of ScienceTM (WoSTM) 

The Web of Science (WoSTM), produced by Clarivate Analytics, was used as the main data source 
for computing the indicators presented in this section. The version of the WoSTM used in this 
monitoring exercise includes three databases: the Science Citation Index Expanded (SCI 
Expanded), the Social Sciences Citation Index (SSCI), and the Arts & Humanities Citation Index 
(A&HCI). Together these databases index some 12 000 journals whose publications are peer 
reviewed and cover all major fields of scientific research in the natural sciences and engineering 
(NSE), health sciences (HS) and social sciences and humanities (SSH). The WoSTM includes 
comprehensive bibliographic information on peer-reviewed scientific publications, such as their 
titles, abstracts, authors, author affiliations and references. This information can be analysed and 
tracked to measure an entity’s (e.g. a country, an institution, a researcher) contribution to the 
scientific literature and its collaboration behaviour with other entities. For the purpose of this 
project, only high-quality and original contributions to scientific knowledge are considered. This 
covers two types of peer-reviewed documents: research articles and reviews, which are collectively 
referred throughout as ‘publications’ (or ‘papers’). Note that a licence from Clarivate Analytics is 
required to access WoSTM for the purpose of producing large-scale bibliometric datasets. 

2.9.1 P2a – EMM indicator – International co-publications with ERA partners per 1 000 
researchers in the public sector 

Definition of indicator 

This indicator measures, using fractional counting (refer to Annex 1 for a definition of fractional 
counting), the number of publications of an ERA country (or region within the ERA) involving at 
least one co-author from another ERA country. The number is presented relative to the given 
country’s (or region’s) researcher population size. 

Rationale 

This indicator pertains to sub-priority 2a, which relates to the implementation of joint research 
agendas within the ERA. The number of international co-publications with ERA partners per 1 000 
researchers in the public sector is a good proxy to measure the outcomes resulting from the 
transnationally allocated research funding that is promoted under sub-priority 2a. The 
normalisation by the number of researchers accounts for size differences across countries, allowing 
their direct comparison. 



ERA Monitoring Handbook, 2018 

   Page 30 
 

Computation method 

Data needed 

(PAPERA.COLLAB) Number of co-publications with another ERA country: Unit=Total 
(fractional count); 

(RESHES) Researchers in the higher education sector: Unit=Full time equivalent 
(FTE); 

(RESGOV) Researchers in the government sector: Unit=Full time equivalent (FTE). 

Source of data 

For (PAPERA.COLLAB): WoSTM (Clarivate Analytics); 

For (RESHES or GOV): Eurostat—Statistics on research and development (online data code 
rd_p_persocc). 

Filters applied 

For (RESHES): SECTPERF set to “Higher education sector” 
OCCUP set to “Researchers” 
SEX set to “Total” 
UNIT set to “Full-time equivalent (FTE)” 

For (RESGOV): SECTPERF set to “Government sector” 
OCCUP set to “Researchers” 
SEX set to “Total” 
UNIT set to “Full-time equivalent (FTE)” 

Specifications 

𝐼𝑛𝑡𝑙. 𝑐𝑜 − 𝑝𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑤𝑖𝑡ℎ 𝐸𝑅𝐴 𝑝𝑎𝑟𝑡𝑛𝑒𝑟𝑠 𝑝𝑒𝑟 1 000 𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑟𝑠 =
𝑃𝐴𝑃 .

𝑅𝐸𝑆 + 𝑅𝐸𝑆
1000

 

EU-28 computation 

Numerator is the sum of all Member State’s Number of co-publications with another ERA country. 
Note that since fractional count is used this calculation does not lead to double counting. 

Denominator is the sum of Eurostat pre-computed EU-28 scores for researchers in the higher 
education sector and the researchers in the government sector. 

No MS are missing from the EU-28 score. 

Comments/critical issues 

As most peer-reviewed scientific publications involve an actor from the public sector (at least 97 % 
in recent years; Science-Metrix, unpublished data), the denominator for this indicator was limited 
to the government and higher education sectors. 

2.9.2 P4 – EMM indicator – Gender dimension in research content 

Definition of indicator 

This indicator relates to the proportion of a given country’s scientific production (measured by the 
number of peer-reviewed scientific publications by full counting, see Annex 1 for more details) in 
which a gender dimension has been identified in the research content relative to the same 
proportion at world level. The resulting indicator is a specialisation index (SI), whereby a score 
above 1 means that a country is specialised — i.e. it puts more emphasis on the gender dimension 
in its research output — relative to the world, while a score below 1 means that it is not specialised 
relative to the world. 
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The concept of the gender dimension in research covers both the biological characteristics (i.e. the 
sex) and social/cultural aspects (i.e. the gender) of men and women. Scientific publications that 
involve a gender dimension are extracted by performing keyword-based queries in the titles, 
abstracts and author keywords of scientific publications. The selected keywords focus on well-
defined gender topics (e.g. feminism, gender pay gap, gender equality, LGBT), as well as research 
content in which a distinction, or a comparison, is made between men and women (e.g. publications 
reporting sex-disaggregated data). Excluded from the gender dimension are studies pertaining to 
the animal kingdom (e.g. feminisation of fish populations) and other non-human biological entities, 
such as plants. Papers investigating specific medical conditions (e.g. menopause, erectile 
dysfunction) were also specifically excluded as they would return a very large number of scientific 
publications in the medical fields. 

This indicator was presented for the first time in She Figures 2015 (DG Research and Innovation, 
2016b). At the time, the indicator was simply presented as the proportion of a country’s research 
output integrating a gender dimension in its research content (GDRC). This was adequate since the 
data were reported by main field of science. In the context of the ERA monitoring exercise, the data 
are only presented for all fields combined. Since the gender dimension in research content is more 
frequently observed in particular subfields (e.g. Nursing, Cultural Studies, Clinical Medicine) relative 
to others (e.g. Acoustics, Civil Engineering, Mining & Metallurgy), it is important that the GDRC 
indicator accounts for the distribution of a country’s publication output across subfields so as to 
optimise cross-country comparability of the scores. For example, if one country publishes most of 
its output in the medical sciences, and another country publishes most of its output in the physical 
sciences, it is obvious that the former country will have a greater proportion of its total output 
integrating the GDRC than the latter. In the context of the ERA Monitoring Mechanism, the GDRC 
takes care of this issue by comparing the proportion of a given country’s output integrating the 
GDRC to the world reference by subfield, and subsequently aggregates the subfield scores 
accounting for how prevalent each subfield is in the corresponding country’s total output. 

More specifically, the ratio of publications including a gender dimension to the total number of 
publications is first computed at the subfield level (according to the Science-Metrix classification; 
Archambault, Caruso and Beauchesne, 2011) for each MS/AC as well as for the world (all countries 
combined). The ratios are then normalised by the world ratios (for each subfield) to obtain a SI for 
each subfield. The SIs of each country across subfields are then multiplied by the corresponding 
subfield proportion in the given country’s total output; if the SI of a country for GDRC in the Social 
Sciences Methods subfield equals 1.14 and this subfield represent 3 % of the country’s total output, 
then the weighted SI for this country and subfield will equal 0.0342 (i.e. 1.14 * 0.03). 
Subsequently, the weighted SI scores of a given country are summed across subfields to obtain an 
aggregated SI score reflecting the country’s emphasis on GDRC research relative to the world, while 
accounting for differences in the specialisation patterns of countries across scientific subfields. 

Rationale 

This indicator pertains to priority 4 (gender equality in research) and relates to the promotion of 
cultural and institutional change on gender. Since 2014, applicants to Horizon 2020, the latest EU 
Research and Innovation funding programme, are required to specify how they intend to integrate 
a gender dimension in their research content. This new requirement makes it relevant to start 
monitoring the extent to which researchers in different countries incorporate this aspect in their 
research content to provide baseline figures against which to measure progress in the future. 

Computation method 

Data needed 

(PAPCO-GD-SUB) Number of papers with a gender dimension in a given subfield for a given country 
(i.e. a MS or AC): Unit=Total (full counting); 

(PAPCO-SUB)  Total number of papers for a given country (i.e. a MS or AC) in a given subfield: 
Unit=Total (full counting); 

(PAPW-GD-SUB) Number of papers with a gender dimension in a given subfield for the world (all 
countries combined): Unit=Total (full counting); 

(PAPW-SUB)  Total number of papers in a given subfield for the world: Unit=Total (full 
counting); 
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(PAPCO-TOT)  Total number of papers for a given country (i.e. a MS or AC): Unit=Total (full 
counting). 

Source of data 

Computed using WoSTM (Clarivate Analytics). 

Specifications 

𝐺𝑒𝑛𝑑𝑒𝑟 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 𝑖𝑛 𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =

𝑃𝐴𝑃
𝑃𝐴𝑃

𝑃𝐴𝑃
𝑃𝐴𝑃

× 
𝑃𝐴𝑃

𝑃𝐴𝑃
 

Comments/critical issues 

Note that full counting is used (refer to Annex 1 for a definition of full counting). Also note that this 
indicator is characterised by strong yearly fluctuations, especially for the smaller countries, which 
make it difficult to analyse trends in the short term. To circumvent this issue in the analysis of 
growth, as well as to maximise the coverage of countries, a four-year rolling window (or four-year 
moving average of the scores) was applied in presenting the data. 

2.9.3 P5b – Headline indicator – Share of publications available in open access 

Definition of indicator 

This indicator is the proportion of a country’s research publications that are available in open access 
(OA) as per Peter Suber’s definition (6) of gratis OA, which refers to the removal of barriers to 
access; gratis OA thus includes libre OA, which refers to the removal of price barriers as well as 
permission barriers. In addition to the proportion of total OA, the indicator is also produced for two 
sub-types of OA: gold and green. The former refers to  

papers made available for free by the publishers themselves, be it on their website (e.g., in fully gold 
OA journals on Springer Open and BioMedCentral, or as hybrid OA, that is, OA papers from otherwise 
paywalled journals on, for example, Springer’s website) or on the site of an aggregator (e.g., Scielo, 
and also PubMedCentral, on which the majority of papers are archived by the publishers themselves) 
(Archambault et al., 2016).  

Green OA refers to  

papers made available for free by parties other than publishers, usually the authors themselves, who 
archive papers in institutional repositories or subject repositories such as arXiv, or commercial 
repositories such as ResearchGate. (Archambault et al., 2016). 

Note that social media repositories such as ResearchGate and Academia are no longer indexed in 
the 1findr database (which is the data source that was used to compute this indicator, see below). 
However, OA papers from such repositories were included in this indicator in the last ERA progress 
report. Therefore, the share of papers available in OA is lower in many instances in this report than 
it was in the last edition. 

In brief, 1science provided an index list of peer-reviewed publications available in OA through their 
1Findr database.7 The URLs pointing to the OA version of these publications were harvested and 
coded by OA type: gold or green. The sum of the proportions for gold and green OA add up to more 
than the total proportions of OA since there can be overlap in the categories;8 though a single 
repository can be only green or gold in type, some papers can be accessible through multiple URLs, 
some of which may be coded as gold OA, while others may be coded as green OA. A single paper 

                                                

6 http://sparcopen.org/our-work/gratis-and-libre-open-access/ 

7 https://1findr.1science.com/home 

8 In computing the total share of OA papers for a country, papers available in both green and gold OA were not 
double counted. 
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available through multiple online sources can thus be both green and gold, even though a single 
online source can only be green or gold. 

Not all OA sources could be exhaustively tagged as green or gold given that the database covers 
hundreds of thousands of distinct URL domains, and thus a certain portion of these domains 
remained of unknown type prior to data production. Given the presence of these unknowns varied 
across countries, ranging from a few percentage points to up to 20, Science-Metrix designed an 
approach to account for these unknowns to avoid underestimating green and gold open access for 
the most affected countries. Because notably stronger efforts were made to code gold than green 
URLs in 1findr,9 Science-Metrix hypothesised that green OA sources heavily dominated among the 
remaining unknown URLs. After manually validating this hypothesis using randomly selected URLs 
of an unknown type, we decided to automatically tag all the remaining URLs of an unknown type 
as green sources to avoid underestimating this category. This decision was strongly supported by 
the fact that about 90% of all remaining URLs on ERA publications could be tagged as green sources 
in the manual validation. To account for possible variation of the proportion of green OA sources 
among the URLs of an unknown type across countries, manual validations were also performed for 
some of the smallest ERA countries. This additional validation step confirmed that green sources, 
while still dominant (i.e. 70%), were less present for these countries than they were across the 
ERA. This is because previous efforts to code gold URLs were targeting URLs pointing to large 
number of papers. Accordingly, gold sources from smaller countries and with less content had less 
chances to be tagged during this initial coding effort. To alleviate any problem that could arise when 
trying to properly measure gold and green OA for these countries, the 30 most frequent unknown 
sources for each country were manually codified, ensuring that any notable remaining sources for 
each country were coded.  

In the end, it is important to note that the effect of automatically attributing the remaining sources 
to the green category, while notable, is still small. Indeed, the maximal overestimations and 
underestimations of green and gold OA that could result from this decision is around 2 percentage 
points in both cases, and this is true for each country and the EU-28.  

The OA papers, identified through the 1findr database, were then matched to a large-scale 
bibliographic database of peer-reviewed literature — the WoSTM — to enable computation of the 
proportion of all publications that is available in OA: total, green and gold.  

Three scores are computed for the headline indicator for P5b: the share of all papers that is available 
in OA (all types), the share of all papers that is available in gold OA, and the share of all papers 
that is available in green OA. These indicators are simple to compute as they are the number of 
papers in the WoS that are also indexed in 1findr (total OA), and retrieved from gold sources (gold 
OA) or green sources (green OA), divided by the overall number of papers in the WoS. 

Rationale 

This indicator pertains to sub-priority 5b (optimal access to and circulation and transfer of scientific 
knowledge) and relates to the open access of publications and data resulting from publicly funded 
research. Open access articles are publicly accessible online without restrictions (DG Research and 
Innovation, 2015). Articles published in open access format can be freely read by anyone who can 
access the web. It therefore facilitates the mobility, transfer and circulation of knowledge between 
scientists, research institutions, the private sector and citizens who might lack the resources 
necessary to access the scientific literature, including circulation across national borders. 

ERA members are expected to implement legal frameworks with the intention of making scientific 
research openly available (Science-Metrix, 2016), but open access may require more financial 
support from funders (DG Research and Innovation, 2015) since the publication costs related to 
open access publishing are otherwise covered by the authors. Several prominent organizations in 
the landscape of European research—including the European Commission—recently adopted Plan 
S, which sets an ambitious agenda for “all scholarly publications resulting from public research 
funding [to] be published in Open Access journals or on Open Access platforms” as of 2020.10 This 

                                                

9 Gold URLs are generally easier to identify compared to green sources. 

10 https://www.scienceeurope.org/making-open-access-a-reality-by-2020/ 
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indicator enables assessing the state of play as regards the extent to which ERA countries 
disseminate the results of their research via OA channels. 

Computation method 

Data needed 

(PAPOA) Number of publications in OA (includes gold and green OA publications): 
Unit=Total (full counting); 

(PAPGold) Number of publications in gold OA (Publication that can be retrieved through at 
least one URL pointing to a gold website): Unit=Total (full counting); 

(PAPGreen) Number of publications in green OA (Publication that can be retrieved through at 
least one URL pointing to a green website): Unit=Total (full counting); 

(PAP) Total number of publications: Unit=Total (full counting). 

Source of data 

For (PAPOA, PAPGold, PAPGreen): 1findr (https://1findr.1science.com/home) matched to the 
WoSTM; 

For (PAP): WoSTM (Clarivate Analytics). 

Specifications 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝑇𝑜𝑡𝑎𝑙 𝑂𝐴 𝑝𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 =
𝑃𝐴𝑃

𝑃𝐴𝑃
× 100 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝐺𝑜𝑙𝑑 𝑂𝐴 𝑝𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 =
𝑃𝐴𝑃

𝑃𝐴𝑃
× 100 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝐺𝑟𝑒𝑒𝑛 𝑂𝐴 𝑝𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 =
𝑃𝐴𝑃

𝑃𝐴𝑃
× 100 

Comments/critical issues 

The share of publications available in OA can be provided by the publication year of the papers. 
However, a 2005 publication might only become available in OA years after its original publication 
date. This phenomenon, referred to as ‘delayed OA’ or the ‘backfilling effect’, makes it impossible 
to study the growth in the share of OA publications using a single snapshot (e.g. Summer 2018 in 
the case of this study) of those papers in the WoSTM that are available in OA. Although an analysis 
of the trend in the share of papers available in OA based on their publication year shows a strong 
increase based on this study’s 2018 snapshot, the yearly shares (even those of earlier publication 
years) will continue to change with future snapshots; it is also normal for older papers to be less 
accessible via OA. To adequately study the growth of OA availability, it would be necessary to use 
trends based on the production year (or date) of the snapshots instead of only the publication year 
of the papers. Unfortunately, since the sources of OA harvesting for 1findr changed since the last 
ERA report (see definition section of this indicator) the two snapshots from 2016 and 2018 are not 
comparable and a growth analysis is not yet possible. 

Nevertheless, in this study the analysis of trends based on the publication year revealed a striking 
drop in the share of OA papers in the most recent year (i.e. 2016, refer to the study’s technical 
report for more details). This drop is particularly pronounced for green OA and appears to be due 
to short-term delayed OA, which is mostly attributable to embargo periods. These embargoes are 
a period following publication, after which publishers release the copyright of traditional 
subscription-based journals, thereby either making their full content directly available to the public, 
or making the content partially available by allowing researchers to post their papers online on 
various archives or personal websites. However, even after an embargo period elapses, it often still 
requires some further time before a paper will be available in green OA. The slightly lower levels of 
OA measured for recent years is a very common finding, known as the ‘embargo effect’. 

Finally, note that the proportions of OA papers computed in this study are slightly underestimated 
since, like any harvester, the 1findr database does not capture 100 % of all OA papers. A 2016 
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study estimated that the recall of the 1findr harvesting technology was approximately 75% 
(Archambault et al., 2016), though a similar study conducted in the past year showed that the 
recall has increased to roughly 80% with slight variations across subject areas (Science-Metrix, 
2018). The figures presented in this study are unadjusted measurements; no correction factor has 
been applied.   

2.9.4 P5b – EMM indicator – Share RFOs’ (i.e. members of Science Europe or other 
important sources of national funding) publications that are available in OA 

Definition of indicator 

The indicator is the share of the publications supported by an RFO (identified through the funding 
acknowledgements) that are available in OA. 

Rationale 

This indicator pertains to sub-priority 5b (optimal access to and circulation and transfer of scientific 
knowledge) and relates to the open access of publications resulting from publicly funded research. 
It complements the indicator presented below (Section 2.10.1: Main RFOs that provide funds to 
cover the costs of making publications available in OA) by providing an output measure that can 
be used to assess whether the provision of funding to offset costs of OA publishing are contributing 
to the objective of higher levels of OA. This indicator, along with the identification of the RFOs (i.e. 
members of Science Europe or other important sources of national funding) that provide funds to 
cover costs of OA publishing replaced the indicator “share of RFOs that provide funds to cover the 
costs of making publications available in OA” originally identified by the ERAC as an EMM indicator 
for priority 5b. 

Computation method 

Data needed 

(RFO_PAPOA) Number of RFO-supported publications in total OA (includes gold and green OA 
publications): Unit=Total (full counting); 

(RFO_PAPGold) Number of RFO-supported publications in gold OA (Publication that can be retrieved 
through at least one URL pointing to a gold website): Unit=Total (full counting); 

(RFO_PAPGreen) Number of RFO-supported publications in green OA (Publication that can be 
retrieved through at least one URL pointing to a green website): Unit=Total (full 
counting); 

(RFO_PAP) Number of RFO-supported publications: Unit=Total (full counting); 

Source of data 

For (RFO_PAPOA, RFO_PAPGold, RFO_PAPGreen): 1findr (https://1findr.1science.com/home) matched 
to the WoSTM; 

For (RFO_PAP): WoSTM (Clarivate Analytics). 

Specifications 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝑅𝐹𝑂 𝑝𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝑂𝐴 =
𝑅𝐹𝑂_𝑃𝐴𝑃

𝑅𝐹𝑂_𝑃𝐴𝑃
× 100 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝑅𝐹𝑂 𝑝𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝐺𝑜𝑙𝑑 𝑂𝐴 =
𝑅𝐹𝑂_𝑃𝐴𝑃

𝑅𝐹𝑂_𝑃𝐴𝑃
× 100 

𝑆ℎ𝑎𝑟𝑒 (%) 𝑜𝑓 𝑅𝐹𝑂 𝑝𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝐺𝑟𝑒𝑒𝑛 𝑂𝐴 =
𝑅𝐹𝑂_𝑃𝐴𝑃

𝑅𝐹𝑂_𝑃𝐴𝑃
× 100 

Comments/critical issues 

The publications that were supported by an RFO were identified through WoSTM funding 
acknowledgements. Note that the coverage of funding acknowledgement by WoSTM is not 
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exhaustive and may vary across disciplines. However, recall rates (i.e., papers with a funding 
acknowledgement section that are actually found in WoS funding acknowledgement table) of more 
than 90% were observed in one study of UK researchers by Science-Metrix in 2018 (unpublished 
data) and in another study on UK cancer research in 2011 (Rotolo et all, 2016). One of the main 
concerns with funding acknowledgements is that the funding organisation names are sometimes 
misspelled, or a name variant was used. To maximize recall Science-Metrix performed a fuzzy 
search of the RFOs’ names and acronyms in WoS’ acknowledgements data. 

2.9.5 P5b – EMM indicator – Share of life sciences papers to which a country contributed 
and that have at least one open dataset in Figshare 

This indicator replaces the indicator “Share of RPOs making their research data available in OA” 
originally identified by the ERAC as an EMM indicator for priority 5b. The computation of the original 
indicator was not possible without an exhaustive list of RPOs for each country of the ERA as well as 
an assessment of open data availability for each of them. The new indicator covers a part of the 
open access data dimension that should have been captured by the original indicator. 

Definition of indicator 

The indicator is the proportion of life science papers to which a country contributed and that have 
at least one open access dataset available through the Figshare repository. 

Rationale 

This indicator pertains to priority 5b (optimal access to and circulation and transfer of scientific 
knowledge) and focuses on the open access status of the data used by researchers to perform their 
research. Research data is an integral part of scientific research ecosystem and the principles of 
access, circulation and transfer under priority 5b should also apply to research data. It is therefore 
relevant to track this dimension of open access. 

Computation method 

Data needed 

(PAPOA_data) Number of publications for which a dataset is available in OA on FigShare (note that 
the paper itself does not have to be available in OA): Unit=Total (full counting); 

(PAP) Total number of publications in the life sciences: Unit=Total (full counting). 

Source of data 

For (PAPOA_data): DOIs of peer-reviewed papers linked to open datasets (type = dataset) in FigShare 
(https://figshare.com/account/home) matched to the WoSTM; 

For (PAP): WoSTM (Clarivate Analytics) with Science-Metrix’ subfields (Archambault, Caruso 
and Beauchesne, 2011) set to: Agronomy & Agriculture, Dairy & Animal Science, 
Fisheries, Food Science, Forestry, Horticulture, Veterinary Sciences, Bioinformatics, 
Biotechnology, Biomedical Engineering, Medical Informatics, Anatomy & 
Morphology, Biochemistry & Molecular Biology, Biophysics, Developmental Biology, 
Genetics & Heredity, Microbiology, Microscopy, Mycology & Parasitology, Nutrition 
& Dietetics, Physiology, Toxicology, Virology, Allergy, Anesthesiology, Arthritis & 
Rheumatology, Cardiovascular System & Hematology, Complementary & 
Alternative Medicine, Dentistry, Dermatology & Venereal Diseases, Emergency & 
Critical Care Medicine, Endocrinology & Metabolism, Environmental & Occupational 
Health, Gastroenterology & Hepatology, General & Internal Medicine, General 
Clinical Medicine, Geriatrics, Immunology, Legal & Forensic Medicine, Neurology & 
Neurosurgery, Nuclear Medicine & Medical Imaging, Obstetrics & Reproductive 
Medicine, Oncology & Carcinogenesis, Ophthalmology & Optometry, Orthopedics, 
Otorhinolaryngology, Pathology, Pediatrics, Pharmacology & Pharmacy, Psychiatry, 
Respiratory System, Sport Sciences, Surgery, Tropical Medicine, Urology & 
Nephrology, Behavioral Science & Comparative Psychology, Clinical Psychology, 
Developmental & Child Psychology, Experimental Psychology, General Psychology 
& Cognitive Sciences, Human Factors, Psychoanalysis, Social Psychology, 
Epidemiology, Gerontology, Health Policy & Services, Nursing, Public Health, 
Rehabilitation, Speech-Language Pathology & Audiology, Substance Abuse, 
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Ecology, Entomology, Evolutionary Biology, Marine Biology & Hydrobiology, 
Ornithology, Plant Biology & Botany, Zoology, Medicinal & Biomolecular Chemistry, 
Environmental Sciences, Oceanography, Paleontology. 

Specifications 

Share of life sciences papers that have at least one open dataset in Figshare =
𝑃𝐴𝑃 _

𝑃𝐴𝑃
× 100 

Comments/critical issues 

FigShare is a digital repository where researchers can store and share their datasets, figures, 
papers or other digital materials. For the computation of this indicator, only the dataset file type 
was used. Most datasets contain a DOI that links them to a published paper. Using the DOIs, the 
papers associated to a dataset were matched to the WoSTM database. Roughly 70% of the DOIs 
were matched to the WoSTM database; the remaining 30% were either recent papers not yet 
indexed in WoSTM or papers from sources that are not covered by the WoSTM. 

In total, 78 318 papers linked to at least one OA dataset were matched to WoSTM for the 2013–
2017 period. Note that the majority of these papers (94%) were published in PloS journals such as 
PloS One (88%), PLoS Neglected Tropical Diseases (2.4%), PLoS Genetics (1.3%) and PLoS 
Computational Biology (1.3%). Since all these journals focus on the life sciences,11 it is fair to say 
that the indicator based on this data focuses on life sciences as well. Note that the share of papers 
in the life sciences for each country is highly correlated (r2 = 97%) with the share of papers with 
an OA dataset, and therefore there is no notable bias against countries that publish less in life 
science. Although Figshare is a generalist repository for datasets in any field of science, it does not 
equally cover all areas of science and the number of papers with at least one OA dataset in Figshare 
must therefore be normalised by the total number of a country’s papers in the life sciences. 

The predominance of PloS One in Figshare is likely due to its policy requiring researchers to share 
the data underlying their papers (Federer et al., 2018). Thus, before the proposed indicator on OA 
datasets can be applied more broadly to all fields of science in monitoring progress on Priority 5b 
of the ERA, governments will likely need to take actions to substantially increase the adoption of 
policies similar to those of PloS One among a wide range of publishers. Ideally, these policies should 
specify the preferred pathway to release research data in OA. Such a pathway should ideally be 
uniform across publisher to centralise access to open research data. The use of a common platform 
across all fields of science would carry many benefits such as: uniformity of quality (e.g. standard 
format) of OA datasets and a centralised repository to track progress. To ease the process for 
researchers, the publishers could offer an integrated submission system to the centralised 
repository. Since Figshare provides almost 90% of OpenAire—a network of OA repositories—content 
on research data, and because OpenAire was developed to implement the European Commission’s 
and the European Research Council’s OA policies, Figshare appears as a key choice for such a 
centralised repository for all fields of science. 

2.9.6 P6 – Headline indicator – International co-publications with non-ERA partners per 
1 000 researchers in the public sector 

Definition of indicator 

Using fractional counting (refer to Annex 1 for a definition of fractional counting), this indicator 
measures the number of publications of an ERA country (or region within the ERA) involving at 
least another co-author from a non-ERA country. The number is presented relative to the given 
country’s (or region’s) researcher population size. 

Rationale 

This indicator pertains to priority 6, which promotes the openness of MS/AC for international 
cooperation beyond the ERA. The number of international co-publications with non-ERA partners 
per 1 000 researchers in the public sector is a good proxy to measure the outcomes resulting from 

                                                

11 While PloS One is a generalist journal, its content is mostly concentrated in the life sciences. 
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actions designed to achieve this priority. The normalisation by the number of researchers accounts 
for size differences across countries, allowing their direct comparison. 

Computation method 

Data needed 

(PAPNON-ERA.COLLAB) Number of co-publications with non-ERA countries: Unit=Total 
(fractional count); 

(RESHES) Researchers in the higher education sector: Unit=Full time equivalent 
(FTE); 

(RESGOV) Researchers in the government sector: Unit=Full time equivalent (FTE). 

Source of data 

For (PAPNON-ERA.COLLAB): WoSTM (Clarivate Analytics); 

For (RESHES or GOV): Eurostat—Statistics on research and development (online data code 
rd_p_persocc). 

Filters applied 

For (RESHES): SECTPERF set to “Higher education sector” 
OCCUP set to “Researchers” 
SEX set to “Total” 
UNIT set to “Full-time equivalent (FTE)” 

For (RESGOV): SECTPERF set to “Government sector” 
OCCUP set to “Researchers” 
SEX set to “Total” 
UNIT set to “Full-time equivalent (FTE)” 

Specifications 

𝐼𝑛𝑡𝑙. 𝑐𝑜 − 𝑝𝑢𝑏𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑤𝑖𝑡ℎ 𝑛𝑜𝑛 − 𝐸𝑅𝐴 𝑝𝑎𝑟𝑡𝑛𝑒𝑟𝑠 𝑝𝑒𝑟 1 000 𝑟𝑒𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑟𝑠 =
𝑃𝐴𝑃 .

𝑅𝐸𝑆 + 𝑅𝐸𝑆
1000

 

EU-28 computation 

Numerator is the sum of all Member State’s number of co-publications with non-ERA countries. 
Note that since fractional count is used this calculation does not lead to double counting. 

Denominator is the sum of Eurostat pre-computed EU-28 scores for researchers in the higher 
education sector and researchers in the government sector. 

No MS are missing from the EU-28 score. 

Comments/critical issues 

As most peer-reviewed scientific publications involve an actor from the public sector (at least 97 % 
in recent years; Science-Metrix, unpublished data), the denominator for this indicator was limited 
to the government and higher education sectors. 

2.10 Directory and registry of open access policies (MELIBEA & ROARMAP) 

2.10.1 P5b – EMM indicator – RFOs (i.e. members of Science Europe or other important 
sources of national funding) providing funds to cover costs of OA publishing as of 
August 2018 

The ERAC originally identified the “Share of RFOs that provide funds to cover the costs of making 
publications available in OA” and the “Share of RPOs making their research data available in OA” 
as the two input indicators for priority 5b. However, to compute these shares for each ERA country, 
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one would need the list of all RFOs and RPOs in each country as well as the status of OA publications 
fund provision for all RFOs and OA data availability for all RPOs. Such data was impossible to obtain 
at reasonable cost and in a timely manner when the ERA progress report 2016 was produced. 
Therefore, these two indicators were not computed. 

In the 2018 edition, the “Share of RPOs making their research data available in OA” was replaced 
with the “Share of life sciences papers to which a country contributed and that have at least one 
open dataset in Figshare” (see Section 2.9.5). The “Share of RFOs that provide funds to cover the 
costs of making publications available in OA” was replaced with “RFOs (i.e. members of Science 
Europe or other important sources of national funding) providing funds to cover costs of OA 
publishing as of August 2018”. 

Definition of indicator 

The indicator is reported as a list of 58 RFOs with a binary value (yes/no) that indicates if the RFOs 
provide funds to cover the costs of OA publishing. Other information is also reported, such as 
membership of Science Europe, presence or absence on MELIBEA and ROARMAP databases and 
mechanisms of OA publishing cost coverage. 

Rationale 

This indicator pertains to sub-priority 5b (Open Access) under priority 5 (Optimal circulation, access 
to and transfer of scientific knowledge). In order to fulfil priority 5, researchers are encouraged to 
publish their research results in open access venues (see rational indicator 2.9.2). However, 
publishing in such venues is usually more expensive than publishing in a traditional journal. There 
are many reasons for these increased costs, but the chief concern is that the fees required to 
publish in these venues represent a shift in financial burden from those who read journals to those 
who publish in them. It is therefore of primordial importance that researchers are given the 
incentives and tools to publish in OA venues, including measures to help them offset increases to 
the cost of publishing their work. Accordingly, it is highly relevant to track the RFOs across the ERA 
that financially support OA publishing for their researchers. 

Source of data 

Registry of Open Access Repository Mandates and Policies (ROARMAP) database 
(https://roarmap.eprints.org/) 

Directory of institutional open access policies (MELIBEA) database 
(http://www.accesoabierto.net/politicas/?idioma=en) 

Science Europe Open Access Survey Report (https://www.scienceeurope.org/wp-
content/uploads/2016/10/SE_OpenAccess_SurveyReport.pdf) 

Specifications 

MELIBEA and ROARMAP were the main sources of data for this indicator. Complete extractions from 
each source were made in August 2018. 

The “State of Play” table in annex to the 2016 Open Access Survey Report from ScienceEurope 
(https://www.scienceeurope.org/wp-
content/uploads/2016/10/SE_OpenAccess_SurveyReport.pdf) was used as a supplemental source. 
It was used primarily to fill in fields still empty after the analysis of MELIBEA and ROARMAP. 
Additionally, it provided a tiebreaker in the case of the Netherlands Organisation for Scientific 
Research (NWO), about which MELIBEA and ROARMAP disagreed; it also referenced a more recent 
policy for the Research Council of Norway (RCN), and therefore trumped the older information 
extracted from MELIBEA.  

Finally, manual web searching was used to fill in empty fields and to validate data collated from the 
sources discussed above. This manual searching included the names of the funders (in English as 
well as in the local language of the funder, when that language used the Latin alphabet), along with 
terms such as “open access” + “policy” + “APC” + “article processing charge” + “author publishing 
cost” and so forth. 
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Comments/critical issues 

It is worth considering that reducing policy mechanisms to binary variables often levels off 
interesting variations among them. For instance, among the funders that provide supplemental 
funding, some accept researcher applications directly to offset their article processing charges 
(APCs), whereas other funders have the application process managed locally through the 
institutions at which the researchers are working. Variation of these types cannot be reflected in 
such a condensed format. 

3 GENERAL APPROACH TO THE ANALYSIS AND PRESENTATION 
OF QUANTITATIVE INDICATORS 

The general time frame to be assessed was the 2007-2017 period, with each results table providing 
an assessment of static performance in the most recent year for which high-quality data was 
available across countries, as well as a longitudinal assessment of evolving performance, where the 
length of this assessment period was again determined by quality of available data. As very up-to-
date data was often unavailable to compute a given indicator for certain countries, the selection 
processes for performance snapshots required balancing country coverage with the timeliness of 
assessment, to ensure that the need for a very timely snapshot did not exclude the coverage of too 
many countries, and that the need for exhaustive coverage across countries did not lead to the 
assessment of outdated results. 

The quantitative results tables present two growth measures; one covers the long-term period, i.e., 
2007-2017 when the data is available, and the second growth measure covers a short-term period 
which intends to assess the evolution of a country performance since the 2016 ERA monitoring 
exercise up to the most recent available year. Both growth measures are displayed as a compound 
annual growth rate (CAGR), which shows the average year-over-year change in a country’s 
performance, taking compounding effects into account. The CAGR assumes an exponential growth 
between the starting and ending year of a reference period, which is rarely the case across all 
countries, especially for the smaller ones. Additionally, there is some temporal heterogeneity 
among the selected indicators: some measure the structural aspects of a nation that change in the 
long term, whereas others show high short-term fluctuations in many countries. The long-term 
CAGR measures growth using the longest available period for each indicator (from 2007 onward) 
and therefore, it might indicate an upward or downward trend that no longer holds in the most 
recent years, especially for the smaller countries and indicators subjected to short-term 
fluctuations. The short-term growth addresses this issue by indicating the most recent trend of a 
country along an indicator. In this ERA Progress Report’s tables, a micro bar chart showing the 
actual trend for each country is presented next to the CAGR to help detect both long-term and 
short-term progress towards realising the ERA. 

As no explicit, quantitative targets have been established as a definition of having ‘achieved the 
ERA’, the static assessment of performance in the ERA Progress Report cannot meaningfully speak 
of how well one country or region is standing relative to that target, nor how fast one country or 
region is progressing or regressing relative to that target in the longitudinal assessment. This issue 
stems from the fact that the goals to be reached in achieving the ERA constitute moving targets 
(e.g. ERA priorities and actions to achieve them are continuously evolving along with the needs of 
European societies). As such, it is difficult to establish reference values to be attained in relation to 
specific ERA policy actions; some of these targets could become obsolete in between each EMM 
round. Thus, both the performance and progress of countries are benchmarked against one another 
and against the EU-28 average (12), displayed in percentage point difference for the CAGR 
(displayed in the ERA Progress Report’s tables). This lead/gap analysis for growth has been colour-
coded, from blue for the lowest scores to orange for the highest scores, to facilitate visual 
identification of patterns in performance (13). Performance scores in the most recent available year 
are colour-coded in a similar fashion from blue for the lowest scores to orange for the highest 

                                                

12 Weighted averages are usually used to ensure representativeness of the whole (i.e. as if the EU-28 was a 
single country). Refer to Section 2 for details on how EU-28 scores were computed by indicator. 

13 Assuming progress is reflected by increased scores over time for all indicators, except those characterised by 
a tipping point after which further increases lead to greater imbalance (e.g. share of women researchers). 
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scores. Additionally, performance in the most recent year is also benchmarked relative to each ERA 
member. This benchmarking is conveyed through the clustering approach implemented throughout 
the ERA Progress Report (14). As mentioned above, because explicit targets are not defined for 
these indicators, the distance to such a target cannot be measured. When country-level 
performance is compared to the ERA (unweighted) and EU-28 (weighted) averages, these averages 
should not be conflated with targets. For instance, the EU-28 (weighted) averages is close to 20 % 
for some gender parity indicators, while a reasonable target would likely lie between 40 % and 
60 %, which would reflect absolute parity. 

The following guide to reading the quantitative results tables was added to the technical report of 
the 2018 ERA Progress Report. 

Guide to reading the quantitative results tables 

Because the goals to be reached in achieving the ERA constitute moving targets (e.g. the ERA priorities and 
actions to achieve them are continuously evolving along with the needs of European societies), it is difficult to 
establish reference values to be attained in relation to specific ERA policy actions; some of these targets could 
become obsolete in between each EMM round. Consequently, it is not possible to directly speak of a country’s 
level of compliance in achieving each of the six priorities towards realising the ERA. Instead, the current state 
of play, as well as trends, are presented for all indicators in order to monitor the performance and progress (15) 
of countries relative to one another, and to the ERA average (unweighted) — instead of relative to country-
specific targets. This is done for each ERA priority, or more specifically the ERA action, they each intend to 
measure. 

Thus, each table shows country-by-country scores for national performance based on the indicator in question. 
The average of performance for the EU-28 (16) is also presented, as is a lead/gap analysis showing how much 
further ahead or behind a given country is relative to the EU-28 performance. The lead/gap in performance is 
presented as a percentage of the EU-28 score by which a given country is ahead/behind that score. Countries 
are sorted in descending order of performance, meaning that the strongest performers appear at the top, with 
softer and softer performance results as one reads down the table. Note that the EU-28 score might not 
represent an appropriate target for many of the smaller countries, although care was taken to use normalised 
indicators, usually by incorporating the size of a country’s population, researcher population or economy in the 
denominator of an indicator. Also, the EU-28 score might in some cases be lower than the level of performance 
that would be optimal towards achieving the ERA; for instance, gender equality might not have been reached 
in all relevant aspects at the EU-wide level. Thus, the comparisons to the EU-28 score are intended to help 
individual countries situate themselves relative to the core of the EU, so as to inform their decisions on which 
targets are most appropriate to them and on the ways to achieve them. 

                                                

14 The strongest performances are found in Cluster 1, which is more than one standard deviation above the ERA 
(unweighted) mean; the next strongest performances are found in Cluster 2, which is above the ERA mean, 
but within one standard deviation of it; performances listed in Cluster 3 are below the ERA mean, but within 
one standard deviation thereof; and finally the performances listed in Cluster 4 are the lowest, being more 
than one standard deviation below the ERA mean. Under this clustering approach, and assuming a normal 
distribution of the scores, 16 % of the countries should fall in each of Cluster 1 and Cluster 4, while there 
should be 34 % of countries in each of clusters 2 and 3. This approach therefore aims to highlight the few 
countries that really stand out above or below the ERA average (i.e. respectively those in Cluster 1 and 
Cluster 4). In some cases where results are highly skewed (i.e. with a few countries showing very high 
scores and the rest being concentrated in the low scores; in other words, the distribution is not normally 
distributed), it would be mathematically impossible to be more than one standard deviation below the 
mean, and in these cases, there is no Cluster 4. In such cases, Cluster 3 can in fact be interpreted as a 
merge of clusters 3 and 4. In exceptional circumstances, some data points (i.e. outliers) were presented 
and categorised, although they were not used in computing the ERA average (and the associated standard 
deviation) to determine the clusters’ boundaries. Data points were considered as outliers if they were more 
than four standard deviations away from the ERA average. In a normal distribution, 100 % of data points 
must lie within four standard deviations of the average. 

15 Assuming progress is reflected by increased scores over time for all indicators, except those characterised by 
a tipping point after which further increases lead to greater imbalance (e.g. share of women researchers). 

16 In cases where data for EU-28 Member States were not available, the weighted average (see Footnote 12 for 
explanation on the choice of a weighted average) is based on fewer countries and footnoted accordingly, 
though still labelled ‘EU-28’ for consistency. For some indicators, the EU-28 score is not a weighted average 
(see Section 2). 
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For the same purpose, the countries are also clustered into groups based on performance. This clustering 
operation is based on the distribution of scores for all ERA countries for which data are available; countries 
more than one standard deviation above the ERA average (unweighted (see Footnote 14) average across the 
MS/AC for which data are available) for a given indicator are in Cluster 1, the strongest cluster; those at or 
above the ERA average but within one standard deviation are in Cluster 2; those below the average but within 
one standard deviation are in Cluster 3; those more than one standard deviation below the ERA average are in 
Cluster 4, being the least performing cluster (17). For each country and cluster, the percentage of the ERA GDP 
that is accounted for by each country and cluster is provided as a reference of the country/cluster GDP weight 
among the ERA countries (18); at the cluster level, this helps in appreciating the share of the ERA’s global 
economy that is found in each performance cluster, as well as the importance of the progress — from an ERA-
wide perspective — made in each cluster (19). 

In addition to a measurement of performance in 2017 (or the most recent reference year for which sufficient 
data were available at the time of producing this report (20)), the indicator tables also assess changes in national 
performance over time, computed as a Compound Annual Growth Rate (CAGR). Note that progress is measured 
both in the long and short term. The long-term CAGR is obtained by comparing the latest available data to 2007 
— that is, at the same time as the launch of the European Commission’s Seventh Framework Programme for 
Research and Technological Development (FP7) — or the earliest available year for each indicator, rather than 
in relation to achieving a specific target. The short-term CAGR aims to assess recent progress made since the 
ERA Progress Report 2016. Accordingly, it compares the latest available year in the 2016 report to the latest 
available year in this report using the updated time series (for some indicators, there have been retrospective 
changes in the data). As with the analyses on the performance of countries, a lead/gap analysis for short-term 
growth shows the difference between each country’s CAGR and the CAGR of the EU-28 score. This comparison 
in growth is intended to inform individual countries on the extent to which the gap between their level of 
performance and that of the EU-28 is closing or widening so that they can better assess the extent to which 
new actions are required to help them achieve their respective targets. 

The CAGR assumes an exponential growth between the starting and ending year of a reference period, which 
is rarely the case across all countries, especially for the smaller ones. Additionally, there is some temporal 
heterogeneity among the selected indicators: some measure the structural aspects of a nation that change in 
the long term, whereas others show high short-term fluctuations in many countries. Since the long-term CAGR 
measures growth using the longest available period for each indicator (from 2007 onward, where data were 
available), it might indicate an upward or downward trend that no longer holds in the most recent years, 
especially for smaller countries and indicators subjected to short-term fluctuations. In the ERA Progress Report’s 
tables, a micro bar chart showing the actual trend for each country is presented next to the long-term CAGR to 
help detect both long-term and short-term progress towards realising the ERA. For the indicator on Gender 
dimension in research content, where short-term fluctuations were particularly pronounced, moving averages 
have been used to measure performance and growth (e.g. average scores across 2007-2009, 2008-2010 … 
2015-2017). In such cases, the CAGR measures the year-on-year per cent change in the rolling average of an 
indicator between the starting and ending periods (e.g. between 2007-2009 and 2015-2017). 

Note that the lead/gap analysis in growth is simply the percentage point difference between a given country 
and the EU-28 short-term CAGR (directly shown in the ERA Progress Report’s tables). For example, if a given 
country has a performance score of 0.75 and the EU-28 average is 0.50, the country’s lead would be 50 %. 
However, if a country’s short-term CAGR is 7.5 % and the EU-28 average is 5.0 %, the country’s lead would be 
2.5 percentage points. 

Country-by-country results for performance and short-term growth have been colour-coded to ease the reading 
of tables, with blue representing the lower scores and orange representing the higher scores. The connection 
between performance and short-term growth is a point of interest to follow throughout the ERA Progress Report, 

                                                

17 For each indicator, countries for which sufficient data were not available have not been included in the 
respective results table. Furthermore, these countries have not been integrated into the calculation of 
averages or standard deviations, which are used to delineate the thresholds between the clusters. For 
further information on the clustering methods, refer to Footnote 14. 

18 The ERA GDP is equal to the sum of GDP across the countries for which data are available for each indicator. 
Because this set of countries varies across indicators, the percentage of the ERA GDP that is accounted for 
by each country/cluster varies slightly across indicators. Also, the reference year used for the GDP matches 
that of the presented indicator; in cases where no GDP data are available for the reference year of an 
indicator, 2016 was used for computing the GDP weight. 

19 It is worth noting that the clustering is based on ERA averages (unweighted), while the lead/gap analysis is 
relative to the EU-28 scores (weighted); accordingly, it is possible for a country to be in Cluster 2 but have 
a negative lead/gap score, signifying that they are above the ERA average, but below the EU-28 average. 

20 Refer to Table 9 for the extraction dates of the presented data. 
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as it shows whether countries lagging somewhat behind are catching up to their stronger counterparts in 
progressing towards the ERA, or whether the stronger performers are pulling further away from the pack. 

The performance–short-term growth connection for each indicator can be assessed visually based on the colour-
coding of results: performance scores will always be sorted from orange at the top to blue at the bottom, so if 
short-term growth scores are predominantly orange at the top and blue towards the bottom, one can conclude 
that the leaders are pulling away from the pack; contrarily, if short-term growth scores are predominantly blue 
at the top and orange towards the bottom, this finding shows that those behind are catching up, closing the 
gap to the leaders. 

An example of a typical indicator table that is used throughout the ERA progress report 2018 is 
shown in Table 2. In this table, the current performance (i.e., most up to date data that was 
available for most of the countries) is reported for 2016, the short-term growth spans from 2014 
(performance year reported in the ERA progress report 2016 for this indicator) to 2016 and the 
long-term growth covers 2009 to 2016. There are some exceptions, for example, the situation for 
Iceland (IS) is particular; in 2014 there was a break in time series that resulted in a drastic change 
of the indicator value for the following years. The short-term growth was not affected, but the long-
term growth was not computed because the change was too drastic and would induce a false 
impression of negative growth. Poland (PL) is also a great example of how the micro bar chart can 
show a different situation than what is conveyed by both the short and long-term growth. Indeed, 
Poland score for the last reported year (2016) is drastically lower than in all previous years (it was 
flagged as a potential outlier, see table’s note) resulting in negative CAGRs. However, a visual 
examination of the micro bar chart shows that the country has actually increased its score if we 
only consider years up to 2015. Therefore, the picture for Poland is probably not as bad as the 
values show (except if the 2016 data point, as well as the preceding data points, are accurate) and 
interpretation of this result must be done cautiously. 
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Table 2 Sample table showing the presentation layout used to report the data 
for each indicator — GBARD as a percentage of GDP (2009–2016) 

 
Note:  Break in time series: EE (2016); PL (2012); RO (2013); IS (2014) 
 Definition differs: AT (2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016) 
 Estimated: DK (2015, 2016); EE (2009, 2010, 2011, 2012, 2013, 2014, 2015) 
 Provisional: 2016 (CY, FR, PT, RO, MK); EL (2011, 2012, 2013, 2014, 2015, 2016); ES (2015, 2016) 
 Potential outlier: HU (2013); PL (2016) 
 Exception to reference year: MK (2014); CH (2015) 
 Exception to long-term reference period: CH (2010-2015) 
 Data unavailable: AL, AM, FO, GE, IL, MD, ME, TN, UA 
 (:) = missing data 
Source:  Computed by Science-Metrix using Eurostat data (online data codes: gba_nabsfin07 and nama_10_gdp) 

Short-term
(2014-16)

Lead/Gap to 
EU-28 CAGR

Long-term
(2009-16) Trendline

EU-28 0.64% -2.4% N/A -2.3%
Cluster 1 30.6% 0.89% -0.5% 1.8 0.2%
Cluster 2 56.9% 0.62% -0.7% 1.6 -0.8%
Cluster 3 9.3% 0.34% 0.5% 2.8 -4.1%
Cluster 4 3.2% 0.14% -9.7% -7.3 -3.0%
Cluster 1

NO 2.0% 0.99% 7.7% 10.1 2.3%
DK 1.7% 0.92% -4.0% -1.6 -0.9%
PT 1.1% 0.91% -1.8% 0.5 -1.4%
CH 3.6% 0.90% : : 3.3%
DE 18.8% 0.87% 0.2% 2.6 -0.1%
FI 1.3% 0.85% -6.5% -4.1 -3.2%
AT 2.1% 0.81% 1.2% 3.6 1.2%

Cluster 2
SE 2.8% 0.78% -3.3% -0.9 -1.4%
HR 0.3% 0.74% 2.0% 4.4 0.9%
NL 4.2% 0.70% -2.1% 0.3 -1.6%
EE 0.1% 0.69% -2.1% 0.3 0.1%
BE 2.5% 0.64% -3.5% -1.1 -0.5%
FR 13.3% 0.63% -4.4% -2.0 -5.0%
LU 0.3% 0.61% -1.9% 0.5 1.9%
CZ 1.1% 0.59% -3.7% -1.3 0.0%
IS 0.1% 0.57% 2.5% 4.9 :
EL 1.0% 0.54% 11.4% 13.8 6.2%
ES 6.7% 0.54% -1.4% 1.0 -5.5%
UK 14.4% 0.52% -3.2% -0.8 -2.3%
IT 10.0% 0.52% -0.1% 2.2 -2.5%

Cluster 3
SI 0.2% 0.40% -3.1% -0.7 -7.2%
HU 0.7% 0.40% 19.0% 21.4 -1.9%
RS 0.2% 0.38% -3.9% -1.6 :
SK 0.5% 0.37% -1.0% 1.4 0.6%
CY 0.1% 0.33% -3.4% -1.0 -4.4%
LT 0.2% 0.32% -4.2% -1.9 -6.8%
TR 4.7% 0.29% 2.4% 4.8 -3.2%
RO 1.0% 0.28% 14.8% 17.2 -0.5%
IE 1.6% 0.26% -16.4% -14.0 -9.5%

Cluster 4
LV 0.1% 0.21% 14.2% 16.6 0.6%
BG 0.3% 0.20% -10.2% -7.8 -6.4%
MT 0.1% 0.20% -6.3% -4.0 3.7%
PL 2.5% 0.16% -39.1% -36.8 -9.9%
BA 0.1% 0.04% -6.8% -4.5 :
MK 0.1% 0.01% : : :

Country
Weight
in GDP

Score
(2016)

CAGR
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4 ADDITIONAL RELEVANT DETAILS 

Computation of EU-28 aggregate scores 

When reporting EU-28 aggregates, two core methods have been used to compute the score for the 
EU-28, depending on the data composing the reported indicator. If an EU-28 aggregate was already 
available from the data source, then the already aggregated score was used. It is often the case 
for data produced by Eurostat. For example, Eurostat provides EU-28 aggregate scores for GBARD 
and GDP that are used in computing the “GBARD as a percentage of GDP” indicator.  

When a pre-aggregated score was not available, Science-Metrix computed it by summing the score 
of each MS separately for each part of the indicator (i.e. the numerator and the denominator). For 
example, when an indicator is a ratio between two values, the EU-28 numerator will be the sum of 
all MS numerators and the EU-28 denominator will be the sum of all MS denominators resulting in 
a weighted average across MS. This is the case for the indicator Share of doctoral candidates with 
a citizenship of another EU Member State for the year 2013. Also, since a trend analysis is provided, 
special care was taken to ensure that the MS constituting the EU-28 score stayed the same 
throughout the presented period; for a few indicators, some MS are excluded from the EU-28 
aggregate scores due to missing data. The reporting periods were chosen to maximise the number 
of MS with available data. The footnote of each table describes which MS were excluded from the 
EU-28 score, if any.  

Note that in some cases, when a Member States was missing a year or two of data, the missing 
scores were imputed from the previous or subsequent year. This way, the EU-28 aggregate includes 
data from all MS for all years. Note that imputation was performed only when one or two data 
points were missing, otherwise the MS was not included in the EU-28 average. In those cases, the 
tables’ notes clearly state which MS is missing or which MS and year were imputed. The imputation 
was done according to the same rules as in the EIS, that is: 

 missing data point at the beginning of series -> set to the next available year; 
 missing data point at the end of series -> set to the latest available year; or 
 missing data point between two available points -> set to prior year. 

Some indicators may also include both methods — that is, a part is computed by summing each 
MS value and the other part comes from a pre-aggregated score. This is the case for the indicator 
Member States participation in Public-to-public partnerships per researcher in the public sector, the 
numerator was computed by summing all MS participation in public-to-public partnerships and for 
the denominator, the EU-28 aggregated score from Eurostat was used. 

There are a few other instances where the EU-28 score is an unweighted, rather than a weighted, 
average of the MS scores. One such example is the Share of developing ESFRI projects and 
operational ESFRI Landmarks in which a Member State or an Associated Country is a partner 
(Section 2.1.2). In that case, a weighted average is not applicable since all MS share a fixed value 
in the denominator. 

Limits and possible biases in Headline and EMM indicators 

Although the Headline and complementary EMM indicators were chosen as those most relevant in 
measuring progress towards the ERA, and as those most objective and impartial in performing 
cross-country comparisons among MS/AC, it is possible that some indicators present some biases 
favouring specific countries to the detriment of others. Among the possible biases, it is recognised 
that a country’s size, geographic location and home language can exert a significant effect on, for 
example, the extent to which a country gets involved in various types of cross-country partnerships. 
Table 3 lists the biases that can most likely affect the selected EMM indicators (including the 
Headline indicators). In Table 4 the reader will find a matrix of the Headline and complementary 
EMM indicators organised by priority and type. The coloured capital letter or letters at the end of 
each indicator indicate which biases from those listed in Table 3 may apply to the indicator. 
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Table 3 List of possible biases applicable to the headline and EMM 
complementary indicators 

Problem Definition 

Question of optimum 

O 

What is the optimum? It is not necessarily 100 % for project-
based funding or 100 % for the share of females. 

Question of balance 

B 

As regards gender, one should aim at gender balance, not at 
maximising the share of one gender. Is a perfect balance/an 
optimum 50 %? (Women are, however, more than 50 % of the 
population, but below 50 % in the younger cohorts.) One might 
need to develop an indicator that reaches its maximum at 50 %. 
For PhD graduates, the share of female graduates might soon 
exceed 50 %.  

Country size bias (in favour of 
small countries)  

CS 

Small countries tend to be more international than larger 
countries, especially if they share a common language with a 
larger country. 

Country size bias (in favour of 
large countries)  

CL 

Some indicators make use of a fixed denominator across countries 
resulting in an advantage for the larger economies. 

Country location bias 

L 

Countries at the geographic centre of the EU might have a higher 
share of intra-EU cooperation, while countries at the periphery of 
the EU or bordering non-EU countries might have a higher share 
of non-EU cooperation. There may be additional 
linguistic/historical biases: countries with international languages 
or countries that have been colonial powers might have a higher 
share of non-EU cooperation.  

Economic structure bias 

S 

Countries with a high share of manufacturing industry tend to 
have a higher propensity to commercialise product than countries 
with a lower share of manufacturing. Countries that host the 
headquarters of large companies tend to have a higher level of 
patenting than countries that do not. Countries with a high share 
of pharma, biotech, ICT, software and electrical machinery 
companies tend to have more scientific publications issued from 
the private sector than countries without such industries. 

Country level data only in 
binary form  

BI 

In some cases, indicators can take a binary form (e.g. 0/1 or 
yes/no), such as for the availability of national roadmaps with 
identified ESFRI projects and corresponding investment needs 
(ESFRI). This is too little information for benchmarking countries. 

Periodicity of data collection  

P 

Data might not be updated annually (for example, results of the 
MORE study, She Figures is 3-yearly only, some of the She 
Figures data might, however, be available annually, Cooperation 
innovative survey is biannual). 

Historical factors 

 H 

Some data might be influenced by historical factors; e.g. the UK 
and France have many non-ERA students and PhDs from former 
colonies. 

Note:  The coloured capital letters are matched to headline and EMM indicators in Table 4. 
Source:  Assembled by Science-Metrix from ERAC documentation  
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Table 4 Matrix of Headline and complementary EMM indicators with potential 
bias(es) identified 

Priority Input Indicator Output Indicator Outcome/Impact 
Indicator 

Priority 1: More 
effective national 
research 
systems 

GBARD as percentage of 
GDP (Eurostat) 

Adjusted Research 
Excellence Indicator (REI) 
(source: JRC) 

European Innovation 
Scoreboard Summary 
Innovation Index (SII) 
(source: EIS) 

Sub-priority 2a: 
Optimal 
transnational 
cooperation 

Member States 
participation in public-to-
public collaborations per 
FTE researcher in the 
public sector (Eurostat 
and ERA-Learn 2020 
report on P2P) CS 

GBARD allocated to 
Europe-wide transnational, 
as well as bilateral or 
multilateral, public R&D 
programmes per FTE 
researcher in the public 
sector (Eurostat) CS 

International co-
publications with ERA 
partners per 1 000 
researchers in the public 
sector (WoS and Eurostat) 
CS, L 

Sub-priority 2b: 
European 
Strategy Forum 
on Research 
Infrastructures 
(ESFRI) 

Share of developing ESFRI 
Projects in which a 
Member State or an 
Associated Country 
participates (ESFRI) CL 

Availability of national 
roadmaps with identified 
ESFRI projects and 
corresponding investment 
needs (ESFRI) BI 

Share of operational 
ESFRI Landmarks in 
which a Member State or 
an Associated Country is 
a partner (ESFRI) CL 

Priority 3: Open 
Labour Market 
for Researchers 

Share of doctoral 
candidates with a 
citizenship of another EU 
Member State 

CS, L 

Researcher’s posts 
advertised through the 
EURAXESS job portal per 1 
000 researchers in the 
public sector (EURAXESS 
and Eurostat) 

Share of researchers 
expressing satisfaction 
that the hiring procedures 
in their institution are 
open, transparent and 
merit based 
(MORE2 and MORE3 
Survey) P 

Priority 4: 
Gender equality 
and gender 
mainstreaming 
in research 

Share of female PhD 
graduates (Eurostat) B 

Gender dimension in 
research content (WoS) O 

Share of women in grade 
A positions in HES (WiS—
Women in Science 
database) B, P 

Sub-priority 5a: 
Knowledge 
circulation 

Share of product and/or 
process innovative firms 
cooperating with higher 
education institutions or 
public/private research 
institutions (Eurostat) S 

Share of public research 
financed by the private 
sector (Eurostat) S 

Number of public-private 
co-publications per million 
population (EIS) S 

Sub-priority 5b: 
Open access 

RFOs providing funds to 
cover costs of OA 
publishing and share of 
RFOs’ publications 
available in OA BI 
Share of life sciences 
papers to which a country 
contributed and that have 
at least one open dataset 
in Figshare 

Share of publications 
available in open access 
(green and gold) (1findr 
and WoS) 

Qualitative assessment of 
OA policies in NAPs and 
other information sources 

International 
dimension 
outside ERA 
(Priority 6)  

International co-
publications with non-
ERA partners per 1 000 
researchers in the public 
sector (WoS and 
Eurostat) CS, L, H 

Non-EU doctorate 
students as a share of all 
doctorate students (EIS) 
CS, L, H 

Exports of medium and 
high technology products 
as a share of total product 
exports and Knowledge-
intensive services exports 
as percentage of total 
services exports (EIS) S 

Note:  The capital letters in colour refer to Table 3. The cells in light green represent Headline indicators while the 
cells in light grey hold EMM complementary indicators. 

Source: Assembled by Science-Metrix from ERAC documentation  

Aside from the biases, indicators may also contain drawbacks or limits inherent to the data used in 
their construction or by their relevancy to effectively represent and monitor the progress of ERA 
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members toward the achievement of an ERA priority. The remaining part of this section aims to 
highlight the limits of each headline indicator and some of the EMM indicators.  

The Headline indicator for priority 1, the adjusted research excellence, is a composite built of four 
components: highly cited publications, PCT patents, ERC grants and number of Marie Skłodowska-
Curie Actions (MSCA) grants. Although the four components capture the main aspects of research 
effectiveness and excellence it can be argued that priority 1, more effective national research 
systems, needs more than these four components to be fully represented and evaluated. Moreover, 
the component highly cited publications have an intrinsic lag associated with it; a time window of 
two or three years is necessary to record the citations to scientific articles. Consequently, the latest 
available year for this indicator is 2015 while the reported year for the AREI is 2016. One of the 
EMM indicators associated with priority 1 is the Summary Innovation Index (SII) from the European 
Innovation Scoreboard. This indicator provides an innovation performance score of the MS based 
on 27 indicators, which are divided across the following categories: framework conditions, 
investments, innovation activities and impacts. The principal concern about using this indicator to 
monitor priority 1 is that it includes many dimensions that are not covered by priority 1. Moreover, 
the primary goal of the SII is to measure the performance of both research and innovation systems 
rather than to measure the effectiveness of research systems alone. 

Sub-priority 2a is represented by the Headline indicator GBARD allocated to Europe-wide 
transnational, as well as bilateral or multilateral, public R&D programmes per FTE researcher in the 
public sector. This indicator informs on the budgetary effort of governments toward joint 
programming processes and it reflects the transnational cooperation between governments. 
However, it might undervalue the real amount of transnational research budgets as many research 
programmes might include a transnational dimension while their associated funding might not be 
tagged with a transnational component. The funding of such research programmes will not be taken 
into account by the transnational GBARD. In addition, the indicator does not show how the 
transnational funding directly links with the European grand challenges. It also does not provide 
information on increases in government research expenditure. Lastly, this indicator may suffer from 
a potential country-size bias, as the lack of RIs or expert knowledge within the small countries may 
make them turn to larger countries in order to carry out research projects. Hence smaller countries 
tend to collaborate more internationally than larger ones, and thus their need for budget allocations 
to transnational R&D programmes may be different.  

A similar country-size bias is applicable to the EMM indicator on internal co-publications with ERA 
partners, and in this case another country bias related to the location of a country may apply. When 
a country is centrally located in Europe, it will likely show a preference, in relative terms, towards 
cooperation with European (or ERA) rather than with non-European countries; alternatively, a 
country located on the periphery of Europe will likely show a more even preference, in relative 
terms, towards cooperation with European or non-European countries. 

Sub-priority 2b focuses on a coordinated approach to transnational research infrastructures. In this 
context MS/AC are encouraged to actively participate in ESFRI projects and landmarks and reflect 
this participation in their RI national roadmap. The headline indicator of sub-priority 2b seeks to 
identify the MS/AC that have (a) a national roadmap, (b) identified ESFRI projects, and (c) 
corresponding investment needs. Although this indicator is very useful to identify MS/AC who 
effectively provided a roadmap regarding their RIs and who provide information on ESFRI projects 
in addition to their national RI, it does not cover the financial details of ESFRI investment needs 
such as the quantity or the progress of financial investment. It is only a binary indicator. The 
availability of such roadmaps is a good starting point, but they are more a measure of 
communication effort than investment effort. Moreover, this indicator does not inform on the 
transnational accessibility to RIs, which is an important point when assessing optimal use of public 
investment in RIs. Regarding the complementary indicators (participation to ESFRI projects and 
landmarks), there is a clear bias in favour of countries with large economies. Since these indicators 
are normalised by the total number of ESFRI Projects and/or Landmarks across Europe rather than 
by the size a country’s population/GDP, the largest countries will dominate as they naturally 
participate in a larger number of RIs. See the following sub-section for a suggestion on how to 
improve these indicators for future ERA Progress Reports. 

As the Headline indicator for priority 3, the ERA committee selected Researcher’s posts advertised 
through the EURAXESS job portal per 1 000 researchers in the public sector. This indicator fits very 
well with the priority, as EURAXESS is an open and transparent recruitment system. Moreover, it 
can serve to directly measure a country’s institutions’ willingness to be open about recruitment. 
However, since the portal only displays the job vacancies, there is no information to assess if the 
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recruiting procedures are really merit based. In addition, some MS institutions may prefer to use 
national job portals and these vacancies will not be reported in EURAXESS. The jobs posted by 
private companies will also not show up on the portal. One of the accompanying EMM indicators for 
this priority is the share of researchers expressing satisfaction that the hiring procedures in their 
institution are open, transparent and merit based. This indicator, constructed using data from the 
MORE2 and MORE3 surveys, directly measures the extent to which recruitment mechanisms are 
perceived as open, transparent and merit-based by the researchers from the HEI themselves. With 
more than 10 000 respondents, the MORE2 and MORE3 surveys were designed to provide maximum 
accuracy at the EU and country levels. The downsides of using this data are that they only cover 
researchers from the HEI (GOV not covered), and the survey is not carried out periodically, so data 
availability is limited. The second EMM complementary indicator under priority 3 is the Share of 
doctoral candidates with a citizenship of another EU Member State. It was pointed out by the ERAC 
that this indicator is loosely connected to the priority (Open labour market for researchers); it does 
not refer directly to open, transparent and merit-based recruitment procedures but rather to the 
training of students from other EU countries. In this sense, it is somewhat more of a mobility 
measure than an open, transparent and merit-based recruitment measure. That said, the cross-
border mobility of highly qualified personnel indirectly reflects the openness of national research 
systems. 

Moving to priority 4, gender equality and gender mainstreaming in research, the Headline indicator 
is Share of women in grade A positions in HES. This indicator illustrates well the priority action of 
addressing gender imbalances in research institutions and decision-making bodies. It focuses on 
senior-level positions, which are positions that women may have more difficulty accessing than 
men. Also, the methodology to gather the data behind this indicator has been refined for more than 
a decade so one can expect the data to be very accurate and representative of the reality. On the 
downside, this indicator only covers positions in HEI and, accordingly, it does not provide 
information on the government or business enterprise sectors. 

In addition, the interpretability of this indicator may not be obvious, because a higher score does 
not necessarily translate to a better situation. For example, a score above 50% may indicate a bias 
in the recruitment process for men. This raises the question of balance: What is the right balance? 
50 %/50 %? Or should women in grade A positions be represented in the same proportion as 
women in the population? The answer is still unclear. Also, this indicator does not take into account 
or act as a proxy for monitoring the inclusion of the gender dimension in research content, which 
is another part of the top action priority. However, this aspect is covered by the EMM indicator 
Gender dimension in research content. Note that this indicator uses research articles (from the 
WoSTM) in which a gender dimension has been identified by a keyword query. The keyword query 
is not flawless (as is always the case when identifying articles by keywords queries) and a 
vocabulary bias might in practice affect the results. For example, if a keyword connected to the 
gender dimension has been omitted in the query, and if this word is used more often in one country 
relative to another country, then this might result in country biases. In addition, although the WoSTM 
databases used in this study cover a wide range of scientific journals, they almost exclusively index 
articles written in English, which may lead to a language bias (resulting in underrepresentation) for 
countries publishing more heavily in local- and non-English-language journals. The next EMM 
indicator of priority 4 is the Share of female PhD graduates. This indicator does not cover the full 
aspect of gender imbalance since it accounts only for students and not working positions. Yet, it is 
a good complement to the Headline indicator. 

The Headline indicator for sub-priority 5a (knowledge circulation) is Share of product and/or process 
innovative firms cooperating with higher education institutions or public/private research 
institutions. This indicator acts as a good proxy to measure the collaboration level between private 
firms and HEI or research institutions. Moreover, it is readily available through the biannual 
Community Innovation Survey (CIS). One of the issues with this indicator is that the data do not 
distinguish between large and small or medium firms; however, larger firms are known to 
collaborate more with HEI or research institutions because of their larger R&D capacities. Hence 
countries with a higher proportion of SMEs are likely to observe a bias linked to this indicator. In 
addition, the data from CIS do not distinguish the level or extent of cooperation and record the 
cooperation in a binary form (yes/no). The two EMM indicators for this priority are Number of public-
private co-publications per million population and Share of public research financed by the private 
sector. Although the first of these is interesting in terms of public-private cooperation, it covers 
only one type of knowledge transfer: that which ends up in a co-publication. It misses other types 
of knowledge transfer such as that used for the creation of a new product or new process. The 
second EMM indicator may convey a misleading picture as MS/AC may have different approaches 
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to bring R&D to industry. For example, some countries have put in place an established system 
with private (or semi-private) research organisations to provide commissioned R&D to industry. 

Priority 5b, open access, is represented by the headline indicator Share of publications available in 
open access (green and gold). This indicator is produced by matching OA papers to the WoSTM 
database; as a result, most limits of the WoSTM database are applicable here (e.g. coverage and 
language bias). In addition, a field of science bias may also apply; if OA is more predominant in a 
particular field of science. In this case, countries that publish in this field in greater proportion will 
benefit from a higher score. Although the data behind the indicator can easily be obtained annually 
(or even more frequently), there is a certain OA lag that obscures the most recent years. Indeed, 
some journals impose an embargo of a fixed time period (usually between 6 months and 2 years) 
on scientific publications before they officially become open. The maximal availability of OA paper 
is thereby shifted back by one or two years. One of the accompanying EMM indicator under this 
priority is RFOs (i.e. members of Science Europe plus other important sources of national funding) 
providing funds to cover costs of OA publishing. While this indicator covers a large portion of a 
country’s main RFOs, some RFOs will inevitably be excluded. Since the portion of uncovered RFOs 
is unknown, this indicator cannot be extrapolated to the country level. The next EMM indicator of 
priority 5b is the Share of RFOs’ (i.e. members of Science Europe or other important sources of 
national funding) publications that are available in OA. Again, this indicator focuses on a subset of 
a country’s RFOs such that the scores can hardly be extrapolated at the country level. That said, 
this information is already embodied in the Headline indicator. With this complementary EMM 
indicator, the goal is to assess whether RFOs covering the cost of OA publishing outperform those 
who do not. Also note that the RFOs publications were identified through WoS funding 
acknowledgements which can also result in some biases. For example, the coverage of funding 
acknowledgements might not be equal across the disciplines. Therefore, if a RFO funds more 
research in disciplines for which the funding acknowledgements are less covered, and if the share 
of OA is higher in those disciplines, its share of OA papers could be underestimated. Also, some 
RFOs require the supported researchers to report the source of their funding, while for other RFOs 
it might not be required. The different acknowledgement requirements and the level of compliance 
of the supported researcher to these requirements will also impact the retrieval of RFOs’ 
publications. 

Lastly, the Headline indicator of Priority 6, international co-publications with non-ERA partners per 
1 000 researchers in the public sector, deals with the international dimension. This headline 
indicator is well suited to act as a proxy for scientific cooperation at the international level. Because 
it is built upon the WoSTM database, the WoS limitations introduced above must also be taken into 
consideration. Adding to these limitations, we can add the small-country bias (usually, smaller 
countries tend to be more international than larger ones), the location bias (countries situated at 
the periphery of Europe will have a larger propensity to collaborate with non-European countries) 
and the language bias (English-speaking countries may collaborate more internationally). 
Additionally, this indicator does not provide any information about the impact of the scientific 
publications. Finally, it was also pointed out by the ERAC that this indicator will react slowly to 
policy change since there is usually time lag between a policy being implemented, the funding 
mechanism engaging, and the publication of a research article. 

Fluctuating denominators — Recommendations for future improvement 

Most of the 24 EMM indicators presented in this study are computed either as a share or as a 
normalised indicator. This ensures comparability between countries with economies/populations of 
different size. The majority of indicators are normalised by the number of FTE researchers in the 
public sector. Researchers from the public sector are the vehicles from which public research is 
performed in a nation and therefore, from a logical point of view, it makes perfect sense to use this 
normalisation unit when assessing the research landscape. However, from a practical standpoint, 
the situation might be a little more hazardous than it seems. Indeed, the research team noticed 
that historical trends of researcher counts are often fluctuating, diverging or incomplete. For some 
countries, the fluctuations are so pronounced that, when used as a denominator to normalise an 
indicator, they may end up obscuring the signal that was meant to be measured. For example, 
Greece’s number of public sector researchers dropped by 20% from 2015 to 2016, Iceland saw a 
bump of 36% between 2008 and 2009 and Finland’s number of researchers increased by 7% in 
2010 to decrease back to 7% in 2011. One of the countries whose trend in number of researchers 
is the most impacted is Ireland. This member state experienced a drastic increase of more than 
60% of its public-sector researchers from 2013 to 2014 and the increase continued in 2015 at 
roughly the same rate. Therefore, for all indicators that were normalised by the number of FTE 
researchers from the public sector, Ireland will appear to significantly drop when compared to its 



ERA Monitoring Handbook, 2018 

   Page 51 
 

pre-2014 scores (ERA progress report 2016) and this, even if the indicator numerator remained 
stable or slightly increased. This information does not necessarily indicate that Ireland regressed 
in its effort to achieve ERA objectives if, for example, there was a non-documented change in the 
definition applied to count its public-sector researcher. Special care was taken when analysing the 
results normalised by FTE number of public researchers to ensure that the signal observed is not a 
consequence of a drastic change in the denominator. 

For future editions of the ERA Progress Report, it would be worth considering normalization by an 
indicator of the structural aspect of a nation that is less prone to short-term fluctuations. For 
example, normalising by the population or GDP of a country would ensure a smooth historical trend, 
and it would increase the availability of data for many countries in the most recent years. Another 
benefit of this approach is that it would be easier to detect countries whose growth in the numerator 
of a given indicator does not follow their overall growth (i.e. in population or GDP). The main 
downside of this approach is that such a normalisation would convey less information on the relative 
effectiveness of national research systems. The normalization per capita or GDP would also be very 
useful for the priority 5b indicator Share of developing ESFRI Projects and operational ESFRI 
Landmarks in which a Member State/Associate Country is a partner. For this indicator, the large 
economies are all the top performing countries since a fixed denominator is currently applied across 
countries (see Sections 2.1.2 to 2.1.4). This is not surprising as countries with more financial 
resources will participate in more research infrastructures. 

Additionally, for indicators related to scientific publications (i.e., international co-publication with 
ERA and non-ERA partners per thousand FTE researchers in the public sector), the total number of 
publications could be used as the normalization unit instead of the public-sector researchers. This 
normalization was applied to the indicators of priority 5b (e.g., share of publication available in 
open access, share of RFOs’ publications that are available in OA and Share of life sciences papers 
to which a country contributed and that have at least one open dataset in Figshare). 

5 QUALITY PLAN: VERIFICATION AND VALIDATION OF DATA 

During the data gathering phase, the data quality was assured via a multi-faceted quality 
framework. The data quality framework involves various tests applicable on three dimensions: data 
relevance, data accuracy and data availability. Each indicator was evaluated by grading it for each 
dimension and by an overall assessment. 

Relevance: Compared to the 2016 ERA Progress Report, the 2018 monitoring exercise only covers 
the 24 EMM indicators identified by the ERAC to assess progress towards realising the ERA. These 
indicators were specifically chosen to maximize the relevance to the six ERA priorities, the 
comparability between countries, and the availability of data across years and countries. By 
reducing the number of indicators to those that are most relevant to the ERA, it was possible to 
simplify the reporting mechanism leading to a more convivial presentation of progress.   

Accuracy: the accuracy of an indicator may be seen as the capacity of the indicator to adequately 
represent or describe the quantities it is designed to measure. We define two dimensions related 
to data accuracy: the data collection method and the degree of cross country standardisation. The 
former dimension was deemed fit if the data correctly estimated the quantities it was designed to 
represent. In other words, the accuracy of the data collection method evaluates how close the given 
values represent the (unknown) true values.  

Since most of the data were collected from high-quality databases originating from international 
organisations, the European Commission and its agencies, or well-established bibliographic sources 
(i.e. WoSTM), one can expect the accuracy of the data collection method to be on par with the 
highest standard. 

Next, data accuracy was also assessed for cross-country comparability. Data are said to be 
comparable across countries when the methods of data collection were the same or very similar 
across the countries of interest and when they do not introduce biases. Some biases are inevitable 
and these biases are documented in Section 4 (under the “Limits and possible biases in Headline 
and EMM indicators” sub-section). 

To ensure data quality over the course of the project, additional validity checks were performed 
once the data were gathered and the indicators were computed. The two tests that were 
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implemented — namely, the detection of unreliable data point and coherence check — are explained 
below. 

Availability: The availability of a particular dataset can be defined as the accessibility to data 
points for each country for a given time frame. Ideally, data would be available for each Member 
State at the benchmark year (2017). 

Table 5 Dimensions of the data quality framework   

 Depends on Addressed by 

RELEVANCE 

• Relevance of indicator 
to the six ERA 
priorities in terms of 
content/policies 
perspective 

• Discussions with the 
Commission’s officials 

ACCURACY OF DATA 
COLLECTION 
METHOD/COMPARABILITY 

• Alignment between 
countries in reporting 
system, classifications 
used, etc., by data 
source 

• Trying to rely as much as 
possible on existing official 
classifications and manuals for 
data collection (e.g. Frascati 
Manual); international 
standards; etc. 

• Validity/coherence checks 
after data gathering and 
computation of indicators 

AVAILABILITY 
• Availability of data up 

to benchmark year 
across ERA countries 

• Relying on international 
databases offering EU 
coverage 

• Flagging system (to 
systematically register 
missing data and other issues 
in the data) 

 

Identification of unreliable data points through detection of outliers 

Non-sampling errors (e.g. processing errors such as cleaning errors, wrong denominator in 
normalising an indicator, wrong units) could lead to inaccurate data points. In order to detect 
aberrations in the time series, an automated test for detecting potential outliers was applied to the 
time series of each MS/AC for each indicator. A linear regression model was fitted on the time series 
of each country. Subsequently, a statistical procedure was applied to test the null hypothesis that 
the studentised residual of each data point could have been generated by the fitted model; when 
the p-value of a test was smaller than 0.05, the hypothesis was rejected implying that the data 
point is likely an outlier. Subsequently, the potential outliers were visually inspected by a seasoned 
analyst to assess the degree to which they may represent real variations; in other words, the 
potential outliers automatically identified using the above statistical test were validated manually 
to differentiate real outliers (bad data or incorrect definition) from false outliers (data points likely 
representing real fluctuations). Note that this exercise is very complex, as some outliers may 
naturally arise as a result of a precise political and/or economic condition unknown to the analyst 
performing the manual validation. Therefore, actions were only taken on data points for which there 
was no ambiguity regarding their outlier status. When outliers were identified, the data source(s) 
used for the computation of the indicator was analysed to detect where the aberrant values might 
come from. Subsequently, the faulty data points were labelled with a flag (identified in the tables’ 
notes as “potential outlier”). Note that only a small proportion of the outliers detected with the 
automated method were flagged as such. 

Next, a method was applied to identify breaks in a time series and other possible outliers. A stepwise 
analysis was conducted via a script that compares the (y axis) difference between two successive 
points to the average (y axis) difference of the points before and after. The analysis highlighted 
undocumented breaks in a time series or changes of regime that were not detected through the 



ERA Monitoring Handbook, 2018 

   Page 53 
 

first method. Again, when the result was above a particular threshold, a manual validation was 
applied to each point before flagging them. 

Special care was taken when analysing data points flagged by the above validation procedures. For 
example, if a severe break in time series was detected, the reference period in the growth analysis 
could be shifted or reduced in order to avoid using data points that would lead to inaccurate results. 
Whenever a change was applied either in the reference period (for growth) or reference year (for 
performance), it was clearly indicated in the corresponding table notes. 

Coherence checks 

For data broken down in sub-categories, the sum of sub-categories should add up to the 
corresponding total. When data for all sub-categories and totals across sub-categories were 
available, coherence checks were computed by summing across sub-categories and comparing the 
sum to the corresponding total. This was mostly feasible for data coming from Eurostat. For 
example, the sum of the GBARD funding modes should be equal to the total GBARD. Sub-categories 
that were used in the coherence checks can be defined along the following dimensions: 

• Sex 

• Institutional sectors 

• Country aggregate (i.e. EU-28) 

Table 6 lists the coherence checks that were applied to each dataset before the production of the 
indicators.   
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Table 6 List of coherence checks 

 
Source: Compiled by Science-Metrix 

Most of the tables passed the coherence checks. Note that some very small discrepancies (0.999 
< ratio between expected value and real value < 1.001) were not reported as the impact associated 
with them is minimal. The following section lists the table and the coherence checks applied to each 
of them with the results. For the values that did not pass the coherence checks, an explanation or 
the action taken to correct the table is given. 

Tables Dimensions Computations

educ_uoe_enrt01 Verify doctoral enrolment EU28 totals

educ_uoe_mobs02 Verify doctoral enrolment EU28 totals

gba_nabsfin07 Verify GDP EU28 totals

gba_nabsfin07 Verify GBARD EU28 totals

gba_tncoor
Verify funding for all transnationally 

coordinated R&D

{National contributions to 
transnational public R&D performers} 
+ {National contributions to Europe-

wide transnational public R&D 
programmes} + {National 

contributions to bilateral or multilateral 
public R&D programmes} = {National 

public funding to transnationally 
coordinated R&D}

Inn cis9 coop Verify the EU28 enterprises totals

inn_cis9_type Verify the EU28 enterprises totals

nama_10_gdp Verify GDP EU28 totals

rd_p_persocc Verify EU28 researchers totals

rd_e_gerdfund Verify funding from all sectors

{Business enterprise sector} + 
{Government sector} + {Higher 

education sector} + {Private non-
profit sector} = {All sectors}

rd_e_gerdfund Verify funding from all sectors

{Abroad} + {Business enterprise 
sector} + {Government sector} + 

{Higher education sector} + {Private 
non-profit sector} = {All sectors}

rd_e_gerdfund Verify EU28 funding totals

rd_e_gerdfund Verify EU28 funding totals 
disagragated by dimension

educ_uoe_grad02 Pre-calculated totals equal sum of 
individual gender figures

Grade A position / She 
Figures 2018 data

Pre-calculated totals equal sum of 
individual gender figures

{AT} + {BE} + {BG} + {CY} + {CZ} + 
{HR} + {DE} + {DK} + {EL} + {EE} + 
{ES} + {FI} + {FR} + {HU} + {IE} + 
{IT} + {LT} + {LV} + {LU} + {MT} + 
{NL} + {PL} + {PT} + {RO} + {SE} + 

{SI} + {SK} + {UK} = {EU-28}

{AT} + {BE} + {BG} + {CY} + {CZ} + 
{HR} + {DE} + {DK} + {EL} + {EE} + 
{ES} + {FI} + {FR} + {HU} + {IE} + 
{IT} + {LT} + {LV} + {LU} + {MT} + 
{NL} + {PL} + {PT} + {RO} + {SE} + 

{SI} + {SK} + {UK} = {EU-28}

{AT} + {BE} + {BG} + {CY} + {CZ} + 
{HR} + {DE} + {DK} + {EL} + {EE} + 
{ES} + {FI} + {FR} + {HU} + {IE} + 
{IT} + {LT} + {LV} + {LU} + {MT} + 
{NL} + {PL} + {PT} + {RO} + {SE} + 

{SI} + {SK} + {UK} = {EU-28}

{Women}+{Female} = {Total}
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Educ_uoe_enrt01 

The sum across MS in the number of doctoral students for 2015 differs from the EU-28 total 
reported by Eurostat by 9 044. The ratio of the sum across MS to the Eurostat pre-aggregated 
figure equals 1.012 (734 582 over 725 538). 

Action: Science-Metrix calculated EU-28 totals by adding individual country counts so the 
incoherence had no effect. 

educ_uoe_mobs02 

Numbers of foreign doctoral students by individual country seldom add up to the aggregate levels 
provided by Eurostat. 

Action: Science-Metrix calculated EU-28 totals by adding individual country counts so the 
incoherence had no effect. 

gba_nabsfin07 

Member States GDP and GBARD figures add up to the pre-calculated EU-28 totals. 

gba_tncoor 

The aggregated category “national public funding to transnationally coordinated R&D” is generally 
equal to the addition of the contributing sub-categories. Three inconsistencies in the dataset have 
nonetheless been detected (see Table 7 below). 

Table 7 Incoherence for sum of transnational and multilateral public R&D 
(gba_tncoor), in Million Euro 

 
Source: Science-Metrix 

Action: No action taken, the differences are very small and had no impact on the indicators. 

inn_cis9_type 

The sum of individual enterprise counts for Member States equals the Eurostat pre-calculated score 
for EU-28. 

inn_cis9_coop 

The sum of counts of “Enterprises co-operating with universities or other higher education 
institution” for individual Member States equals the Eurostat pre-calculated score for EU-28. Eu-28 
totals are not provided for the two other categories of enterprises. 

nama_10_gdp 

The sum of Member States GDP roughly equals to the Eurostat pre-calculated EU-28 score across 
years. 

Action: No action taken has the observed differences were outside the reportability thresholds. 

rd_p_persocc 

The sum researcher counts across MS is close to (outside the reportability thresholds) or equal to 
the Eurostat pre-calculated EU-28 score. 

Country Year

National 
contributions to 

bilateral or 

multilateral public 

R&D programmes

National 
contributions to 

Europe-wide 

transnational public 

R&D programmes

National 
contributions to 

transnational public 

R&D performers

National public 
funding to 

transnationally 

coordinated R&D

Difference Ratio

Latvia 2009 0.011 0.806 0 0.818 -0.001 0.999

Lithuania 2014 0.037 1.978 0.009 2.015 0.009 1.004

Poland 2012 2.581 5.114 33.694 41.413 -0.024 0.999
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Action: No action taken, the differences are very small and had no impact on the indicators. 

rd_e_gerdfund 

Sum of sectors (for SECTPERF): minor differences (see Table 8). 

Action: No action taken, the differences are very small and had no impact on the indicators. 

Table 8 Incoherence for sum sector (SECTPERF) (rd_e_gerdfund) 

  
Source: Science-Metrix 

Sum of sectors (for SECTFUND): minor differences (data not shown). 

Action: No action taken, the differences are very small and will have no impact on the indicators. 

The sum of MS’ figures corresponds to the Eurostat pre-calculated EU-28 score. 

educ_uoe_grad02 

Sum of MS, both for women and total, differs by 2% or less from the Eurostat pre-calculated EU-
28 score. However, this table was used only to compute the share of female PhD graduates and 
both the numerator (number of women PhD graduates) and the denominator (number of total PhD 
graduates) were affected. In the end, the difference of the indicator values for EU-28 calculated by 
summing each MS or by using pre-calculated Eurostat data differs only by 0.1% or less (e.g., 2018 
EU-28 share of female graduates by summing the MS = 0.48002 VS 0.47895 when using the 
Eurostat pre-calculated EU-28 scores). Given this small difference, no action was taken to correct 
the data. The Eurostat pre-calculated EU-28 scores were used for the years 2014-2016. For 2013, 
the sum across MS was used (see Section 2.5.4). 

Data on Women in Grade A positions  

The sum of women and men counts were comparable to the pre-calculated total across sex. There 
was only one negligible (outside the reportability thresholds) inconsistency.  

Action: None taken, differences are too small to impact the headline indicator of Priority 4. 

Additional data considerations 

Rounding error 

In some cases, the row or column totals do not match the sum of the data. This may be due to 
rounding error. 

Cut-off date 

At the beginning of the project, a cut-off date for each data source was established in collaboration 
with the Commission in order to maximise the chance of having the most up-to-date data while not 
delaying the project. All data were extracted at a time past, but near, the cut-off date; the actual 
extraction dates are provided in Table 9. The project lasted for several months. It is therefore 
possible that some data sources will have been updated between the time the data was extracted 
(slightly passed the cut-off date originally planned) and the release of the ERA Progress Report. 

GEO SECTFUND TIME
Business 

enterprise 
sector

Government 
sector

Higher 
education 

sector

Private 
non-profit 

sector

All 
sectors

Sum 
sectors Diff Ratio

Former Yugoslav Republic 
of Macedonia, the

Abroad - Business 
enterprise sector 2015 0.000 0.003 0.033 0.002 0.037 0.038 0.001 1.027

Estonia Higher education sector 2015 0.020 0.020 0.560 0.060 0.650 0.660 0.010 1.015

Poland Higher education sector 2007 0.408 1.322 1.771 0.026 3.515 3.527 0.012 1.003

Slovakia Higher education sector 2007 0.042 0.039 0.326 0.000 0.406 0.407 0.001 1.002

Bosnia and Herzegovina All sectors 2014 6.811 6.903 22.410 0.516 36.686 36.640 0.046 0.999

Montenegro Government sector 2015 0.100 2.540 5.230 0.020 7.900 7.890 0.010 0.999

Montenegro All sectors 2015 4.160 2.620 6.390 0.480 13.670 13.650 0.020 0.999

Bosnia and Herzegovina Business enterprise sector 2014 6.136 2.301 6.800 0.026 15.288 15.263 0.025 0.998

Bulgaria Higher education sector 2011 0.023 0.265 0.149 0.000 0.438 0.437 0.001 0.998

Montenegro Business enterprise sector 2015 4.050 0.000 0.020 0.000 4.080 4.070 0.010 0.998

Bosnia and Herzegovina Abroad 2014 0.077 3.017 0.972 0.031 4.116 4.097 0.019 0.995
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Table 9 Data source extraction dates 

 
Source: Science-Metrix 

6 DESK RESEARCH AND DOCUMENT REVIEW 

Desk research and document review provided the framework for the ERA Progress Report 2018, 
situating the assessment exercise in the policy context of the movement towards an ever-more 
integrated European Research Area. Desk research consisted of review of relevant documents that 
allowed ERA progress to be monitored for each of the ERA priorities at EU and country level as well 
as level of research organisations. 

Refer to Table 10 for a list of the main sources used in the desk research and document review 
(additional documents are listed in this report’s bibliography). To explore the situation in each 
country regarding each ERA priority, we looked at national R&I strategies as of 2018, national 
roadmaps for research infrastructures, National Action Plans, different country reports and profiles 
(e.g. RIO, European Semester, OECD STI), country specific recommendations (e.g. European 
Semester), and country specific information provided by various EU agencies (e.g. EIGE). Progress 
at the level of research organisations towards the implementation of the ERA were examined by 
analysing publications of the Commission and the OECD, position papers and reports of the 
stakeholders involved in the ERA Stakeholder Platform and documents covering EU and country 
level (e.g. Innovation Union Country Profiles, European Semester documents and ERAWATCH 
country reports). A number of more general studies, evaluations and reports helped the study team 
understand the general EU level trends. Such reports covered topics related to ERA priorities, for 
example, research funding, gender equality in science, researchers’ mobility and careers, and open 
access. Via desk research, efforts were also made to identify and document examples of good 
practice, in particular for assessing institutional changes at the organisational level, as required for 
the completion of the ERA. 

Data source & table name Extraction date Exception

Eurostat

online data code educ_uoe_enrt01 25-Jul-18

online data code educ_uoe_grad02 04-Oct-18

online data code educ_uoe_mobs02 20-Aug-18

online data code gba_nabsfin07 03-Jul-18
For GBARD as a 
share of GDP: 
11/23/2018

online data code gba_tncoor 03-Jul-18

online data code rd_e_gerdfund 18-Jul-18

online data code rd_p_persocc 03-Jul-18

online data code inn_cis8_coop 10-Jul-18

online data code inn_cis8_type 03-Jul-18

online data code inn_cis9_coop 03-Jul-18

online data code inn_cis9_type 03-Jul-18

online data code nama_10_gdp 03-Jul-18
For GBARD as a 
share of GDP: 
11/23/2018

ESFRI Executive Secretary

National roadmap 21-Sep-18

MS/AC participation in ESFRI project and Landmarks 09-Aug-18

Women in Science database

Share of women heads of institutions in the higher education sector 21-Aug-18

Other sources

EURAXESS historical data 26-Jun-18
Funds committed to Cofunds, Art. 185s, JPIs, FP7 ERA-NETs and self-
sustained networks and budgets for joint calls (from Optimat)

21-Jun-18

Figshare 05-Sep-18

Directory of institutional open access policies (MELIBEA) 30-Aug-18

Registry of Open Access Repository Mandates and Policies (ROARMAP) 30-Aug-18
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Table 10 Main sources used in the desk research and document review 

Category Number of documents 

National Level 
National Action Plans 28 
Research and Innovation Observatory (RIO) Country Reports 25 (2017) 

27 (2016) 
5 (2015) 

OECD Policy Reviews 29 
National R&I Strategies 15 
National Roadmaps for Research Infrastructures 24 
European Semester Country Reports 26 (2017) 

27 (2016) 
European Semester Country specific recommendations 12 
European Innovation Scoreboard  36 (2018) 

 37 (2017) 
Organisation level 

ERAC  5 
EIGE  4 
Science Europe 6 
ERA-LEARN 2 
League of European Research Universities 2 
European University Association 5 
European Parliament 1 
European Commission 31 
Other 1 

Source: Compiled by PPMI Group. 

Note that the document review has also established important contextual components for the 
subsequent interviews with key stakeholders and RPOs/ RFOs, as well as the quantitative 
measurements of national- and ERA-level performance; one primary focus of the desk research 
was to deepen understanding of the ERA priorities, as these provide the primary structure for the 
assessment exercise at hand. 

We are proud that desk research and documentary review implemented for this ERA Progress 
Report 2018 was the most extensive and systematic yet. Desk research was done systematically 
on the basis of the coding framework structured according to themes of the ERA priorities. The 
coding framework was developed based on ERA Communication and Roadmap. There were three 
types of codes: 

 Country codes, which allowed us to assign certain segments of text to specific countries; 

 Thematic codes, which allowed us to assign certain segments of text to ERA priorities, sub-
priorities and very specific themes indicated by ERA Communication and Roadmap; 

 Good practice codes, which allowed us to indicate that a certain segment of text is speaking 
about a good practice. 

The desk research was supported by a qualitative data analysis software NVivo 10, which helped 
classify, sort and arrange large amounts of data; examine relationships in the data; and combine 
analysis with text modelling. All textual data were uploaded and coded according to the categories 
described above. As a result, we were able to classify and extract data by (1) country and (2) 
theme: ERA priority, sub-priority, specific action. The section below provides the coding framework 
that was used for analysing textual data for ERA Progress Report 2018. 

6.1 Coding framework for software-supported desk research 

[1st level coding node] 
ERA priorities 

 [2nd level coding node] 
P1 – More effective national research systems 

[3rd level coding node] 
P1 – Political context around ERA 

P1 – National R&I strategies 

P1 – National R&I reforms 
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P1 – Recommendations from RPOs and RFOs on improving national systems 

P1 – (Non)alignment of national strategies with the European policies and goals 

P1 – Funding allocation mechanisms 

  [4th level coding node] 
P1 – Competitive funding 

   [5th level coding node] 
 P1 – Calls for proposals 

 P1 – Institutional assessments 

P1 – Other funding mechanisms 

P1 – Applying the core principles of international peer review in allocating research 
funds 

 P1 – Investment in wider education, research and innovation systems 

 P1 – Smart specialisation policies 

P2A – Jointly addressing grand challenges 

P2A – Context for international research collaboration 

P2A – (Non)alignment of national strategies with the themes and priorities of the 
Joint Programming Initiatives 

P2A – Funding for joint programming 

P2A – Recommendations for joint programming 

P2A – Application of common funding principles among RFOs 

P2A – Models of cross–border cooperation among RFOs 

P2A – Use of joint research agendas, synchronised calls, joint international peer 
reviews among RFOs 

P2B – Make optimal use of public investments in research infrastructures 

P2B – Research infrastructures at national level 

P2B – Research infrastructures at organisational level 

P2B – Cross border (non)access to research infrastructures 

P2B – Compatibility between the ESFRI roadmap and national RIs  

P2B – Other trends in investment in research infrastructures  

P3 – An open labour market for researchers  

P3 – EURAXESS Jobs portal 

P3 – International mobility of researchers 

P3 – Recommendations on open labour market for researchers 

P3 – Career development of researchers 

P3 – Policies/ strategies for the career development of researchers 

P3 – Participation in the Human Resource Strategy for Researchers 

P3 – Other trends in career development of researchers  

P3 – Open recruitment of researchers in RPOs 

 P3 – Open, transparent, merit-based recruitment 

P3 – Promotion and uptake of the Charter and Code 

P3 – Existing barriers 

P3 – Policies and initiatives to remove barriers 

P3 – Other trends in open recruitment of researchers 
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P3 – Provision of doctoral training 

   P3 – Policies and initiatives for doctoral training 

P3 – Alignment of doctoral training programmes with the Principles for 
Innovative Doctoral Training 

P3 – Other trends in provision of doctoral training 

  P3 – Mobility between industry and academia 

   P3 – Policies/ measures to encourage/ support mobility 

P3 – Other trends in mobility between industry and academia 

  P3 – Pensions of researchers 

P4 – Gender equality and gender mainstreaming in research 

P4 – Gender issues around research career 

P4 – Policies to promote gender equality in research 

P4 – Specific RPOs actions to promote gender equality 

P4 – Recommendations on gender in research 

P4 – Other trends in gender equality in the research and innovation field 

P5A – Implementation of knowledge transfer policies to maximise the exploitation 
of scientific results 

P5A – Knowledge transfer policies/ practices at RPOs (including monitoring) 

P5A – Intellectual Property management policies/ practices at RPOs 

P5A – Policies/ strategies fostering the collaboration between RPOs and the 
private sector 

P5A – RPOs collaboration with the private sector 

P5A – Other trends in knowledge transfer (including intellectual property 
management) 

P5B – Promoting Open access to scientific publications 

P5B – Policies to promote/ support Open Access 

 P5B – Open Access at RPOs 

   P5B – Policies to promote Open Innovation 

   P5B – Open Innovation at organisational level 

P5B – Other trends in Open Access and Open Innovation 

P5B – Recommendations on Open Access and Open Innovation 

P6 – International Cooperation 

 P6 – Cooperation with third countries in the field of research and innovation 

 P6 – National strategies for cooperation with third countries 

[1st level coding node] 
Good practice examples 

[2nd level coding node] 
P1 – More effective national research systems 

P2A – Jointly addressing grand challenges 

P2B – Make optimal use of public investments in research infrastructures 

P3 – An open labour market for researchers 

P4 – Gender equality and gender mainstreaming in research 

P5A – Implementation of knowledge transfer policies to maximise the exploitation of 
scientific results 
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P5B – Promoting Open access to scientific publications 

P6 – International Cooperation 

[1st level coding node] 
Countries 

[2nd level coding node] 
EU level tendencies 

Member States 

[3rd level coding node] 
Austria  
Belgium 
Bulgaria 
Croatia 
Cyprus 
Czech Republic 
Denmark 
Estonia 
Finland 
France 
Germany 
Greece 
Hungary 
Ireland 
Italy 
Latvia 
Lithuania 
Luxembourg 
Malta 
Netherlands 
Poland 
Portugal 
Romania 
Slovakia 
Slovenia 
Spain 
Sweden 
United Kingdom 

Associated countries 
Albania 
Armenia 
Bosnia and Herzegovina 
Faroe Islands 
Georgia 
Iceland 
Israel 
Moldova 
Montenegro 
Norway 
Serbia 
Switzerland 
the former Yugoslav Republic of Macedonia 
Tunisia 
Turkey 
Ukraine 
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7 INTERVIEWS 

To inform the ERA Progress Report 2018, in total, 73 telephone interviews were conducted between 
mid-July and August 2018. The interviews involved 64 representatives of research funding 
organisations (RFOs) and research performing organisations (RPOs) from countries across the ERA 
and 9 representatives of member or observer organisations in the ERA Stakeholder Platform. 
Interviewees provided important findings from a variety of perspectives to facilitate interpretation 
of quantitative data, as well as the assessment of features of the ERA process that are not tracked 
by quantitative measures. Among other findings, these interviews provided insights into policy 
initiatives, as well as the benefits, difficulties and limitations that organisations are facing in 
implementing ERA initiatives and policies. The data collected through interviews was triangulated 
with documentary sources consulted during the desk research and literature review. Finally, 
interviews were extremely helpful in assessing the progress of ERA countries with the 
implementation of the National Action Plans. The discussion in this report uses the term ‘qualitative 
data’ to denote situations where there was convergence between interview data and the literature 
review/ desk research. 

The interview questionnaire was based on the themes from ERA Communication and ERA Roadmap, 
which indicate necessary actions and contributions at the level of research organisations. The 
interview questionnaire unambiguously specified, which questions should be addressed to (1) RPOs, 
(2) RFOs and (3) research stakeholder organisations. 

Interviews allowed us to better understand or clarify the results of the analysis derived from the 
document review, as well as to provide additional lines of evidence on the identified examples of 
good practices. Accordingly, more precise questions and evaluation issues were developed as 
findings from the preceding approaches to data collection became available. 

The interviews helped collect evidence, perceptions and experiences from individuals who were 
directly knowledgeable about the processes underpinning the advancement of the ERA, and from 
the perspective of the actors ultimately responsible for implementing and sustaining many of the 
relevant initiatives and policies—namely, RPOs and RFOs. For the evaluation of progress towards 
the ERA, interviews were also helpful to better understand the wider economic, social and 
environmental factors that characterise the operation of these organisations. 

Furthermore, interviews served as a powerful instrument for identifying major challenges, barriers, 
and concerns—as well as success factors and best practices—that quantitative data often fail to 
capture. In this case, some of the interviewees were well positioned to identify areas that needed 
improvement and to provide suggestions for appropriate adjustments to or reflections on future 
directions for the ERA. 

Once the interviews have been completed, content analysis was applied, a technique designed to 
characterise a body of text in a systematic and qualitative manner. To systematically analyse 
interview information, we employed Nvivo 10 software using both the deductive and inductive 
approaches, as discussed in the section on desk research above. The resulting analysis and key 
quotes were compiled in a table or matrix, grouped by theme to feed into the lines of evidence 
collected through the desk research. The section below provides a detailed interview questionnaire 
that was used for gathering qualitative data for ERA Progress Report 2018. 

7.1 Interview questionnaire for RFOs, RPOs and stakeholder organisations 

Interviewee (name, position, organisation, organisation type [i.e. 
RFO, RPO, stakeholder organisation, etc.], country) 

 

Interview date  

Notes  

Introductory questions 

Q1. Could you please provide a brief overview of your organisation? 
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 Q1.1. Could you please provide a brief overview of your role within your 
organisation? 

 

Q2. Please comment briefly on your level of familiarity with the six ERA priorities. 

 

Institution’s progress in the implementation of the ERA priority areas 

ERA priority 1: More 
effective national 
research systems 

- Better alignment of national and European policies, with the goal 
of making optimal use of public investments in research and 
innovation.  

- Increased competition for funding within national borders and 
sustained or greater investment in research and innovation.  

- Application of principles of international peer review in allocating 
research funds. 

Q3. ERA strategic documents encourage RFOs to apply principles of international per 
review in allocating research funds.  

[For RPOs] Please briefly comment on the current situation in your country regarding the 
application of international peer review in allocating research funds. How has the situation changed 
(improved/ deteriorated) in recent years? 

[For RFOs] Please briefly comment on the current situation in your country regarding the 
application of international peer review in allocating research funds. How has the situation changed 
(improved/ deteriorated) in recent years? What specific actions has your organisation undertaken 
in this field from 2016 to 2018? 

[For EU stakeholders] Please provide a broader picture on the current situation/ trends in 
Member States and Associated countries regarding the application of international peer review in 
allocating research funds. How has the situation changed (improved/ deteriorated) in recent years? 
What are the key regional/ country level differences? Could you identify any good practice 
examples? 

 

Q4. ERA strategic documents encourage Member States to better align national research 
and innovation strategies with the European level policies and goals (i.e. i) Open 
innovation; ii) Open science; iii) Open to the world)21  

[For RPOs and RFOs] In your opinion, are your country’s national strategic documents well 
aligned with European policies and goals in research and innovation? Did your organisation play a 
role in designing the national strategies and ensuring their alignment with the EU policies? If yes, 
please elaborate on your role. 

[For EU stakeholders] To the best of your knowledge, are Member States’ national research and 
innovation strategies well aligned with European level policies and goals? What are the key regional/ 
country level differences? Could you identify any good practice examples? 

                                                

21 In 2015, Commissioner Carlos Moedas identified i) Open innovation; ii) Open science; iii) Open to the world 
as the three main policy goals for EU research and innovation. More information can be found 
https://ec.europa.eu/info/research-and-innovation/strategy/goals-research-and-innovation-policy_en  
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Q5. ERA strategic documents invite Member States to enhance competitive funding 
through calls for proposals and institutional assessments.  

[For RPOs] Please briefly comment to what extent are the principles of competitive funding 
through calls for proposals and institutional assessments applied in your country? Whether the 
application of competitive funding principles has increased/ decreased from 2016 to 2018? 

[For RFOs] Please briefly comment to what extent are the principles of competitive funding 
through calls for proposals and institutional assessments applied in your country? Whether the 
application of competitive funding principles has increased/ decreased from 2016 to 2018? What 
specific actions has your organisation undertaken in this field from 2016 to 2018? 

[For EU stakeholders] What are the key trends/ differences among Member States in applying 
the principles of competitive funding through calls for proposals and institutional assessments. In 
your opinion, whether the prevalence of competitive funding has increased/ decreased from 2016 
to 2018 across the EU? 

 

 
ERA priority 2(A): Jointly 
addressing grand 
challenges 

Defining and implementing common research agendas on grand 
challenges, raising quality through Europe-wide open competition 

Q6. ERA strategic documents foresee that RFO’s and relevant ministries should work 
more closely together to better align national strategies with themes and priorities of 
the Scientific Research and Innovations Agendas (SRIAs) of the Joint Programming 
Initiatives (JPIs)22. 

[For RFO’s] What role has your organisation played in defining national research strategies? In 
your opinion, do these national strategies reflect the themes and priorities of the JPIs?    

 

Q7. RFOs are invited to agree on common funding principles, including recognition and 
evaluation procedures, interoperability of selection procedures, common terminology 
and other rules and procedures.  

[For RFOs] How well are your country’s national funding principles and procedures aligned/ 
integrated with other Member States’ funding systems for research and development? What specific 
actions has your organisation undertaken in this field from 2016 to 2018? 

                                                

22 The following JPIs have been launched to date: i) Alzheimer and other Neurodegenerative Diseases (JPND); 
ii) Agriculture, Food Security and Climate Change (FACCE);  iii) A Healthy Diet for a Healthy Life; Cultural 
Heritage and Global Change: A New Challenge for Europe; iv) Urban Europe - Global Urban Challenges, 
Joint European Solutions; v) Connecting Climate Knowledge for Europe (CliK'EU); vi) More Years, Better 
Lives - The Potential and Challenges of Demographic Change; vii) Antimicrobial Resistance- The Microbial 
Challenge - An Emerging Threat to Human Health; viii) Water Challenges for a Changing World; ix) Healthy 
and Productive Seas and Oceans. More information can be found: http://ec.europa.eu/research/era/joint-
programming-initiatives_en.html  
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[For RPOs] From your experience, how well are your country’s national funding principles and 
procedures aligned/ integrated with other Member States’ funding systems for research and 
development? Have you noticed any progress in this field during 2016-2018? 

[For EU stakeholders] How well are funding principles in different Member States mutually 
aligned and integrated? Have you noticed any progress in this field during 2016-2018? What are 
the key differences among countries/ regions? Could you identify any good practice examples?  

 

Q8. RFOs are invited to further develop and test various models for cross-border 
cooperation with other RFOs such as Money-Follows-Cooperation Line23 or Money-
Follows-Researcher24. 

[For RFOs] What kind of international cooperation models your organisation applies with other 
RFOs? Are you applying models such as Money-Follows-Cooperation Line or Money-Follows-
Researcher? Has your organisation tested any new cooperation models from 2016 to 2018? If yes, 
please describe them briefly. 

[For EU stakeholders] To the best of your knowledge, how prevalent are various international 
cooperation models such as Money-Follows-Cooperation Line or Money-Follows-Researcher among 
RFOs from different countries? What are the key challenges in developing such cooperation models? 
Could you identify any good practice examples? 

 

Q9. RFOs are invited to pilot and use synchronised calls, including single joint 
international peer review evaluations. 

[For RFOs] Did your organisation have any experience in using synchronised calls with other RFOs? 
If yes, please elaborate on it. 

[For EU stakeholders] Could you briefly comment on the international cooperation among RFOs 
in using synchronised calls? Has been there any progress from 2016 to 2018? Could you identify 
any good practice examples? 

 

 
 
ERA priority 2(B): Make 
optimal use of public 
investments in research 
infrastructures 

Contributing and making optimal use of public investments in 
research infrastructures by setting national priorities 
compatible with the ESFRI priorities. 

                                                

23 The Money-follows-Cooperation line process is aimed at researchers who implement cross-border 
projects in which only a very small proportion of the work is carried abroad. With Money-follows-
Cooperation line agreements RFOs in different countries can agree that RFO with larger financial burden 
would cover all project research expenses in both countries. 

24 The Money-follows-Researcher process is aimed at researchers who move abroad but would like to 
continue to carry out a research project funded by a national RFO. Such project can either be continued in 
a primary country while being managed from abroad or transferred to the new location in another country 
(including transfer of funds and employees) 
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Q10. ERA strategic documents call Member States and Associated Countries to ensure 
compatibility between the ESFRI roadmap25 and their national roadmaps for research 
infrastructures (RIs)26.  

[For RFOs and RPOs] To the best of your knowledge, how well is your national roadmap for 
research infrastructures aligned with the ESFRI roadmap? Has your organisation played any role in 
developing the national roadmap? If yes, please elaborate on it. 

[For EU stakeholders] To the best of your knowledge, how well are national roadmaps for 
research infrastructures, prepared by Member States and Associated Countries, aligned with the 
principles of the ESFRI roadmap? Could you identify any good practice examples? 

 

 

ERA priority 3: Open 
labour market for 
researchers 

Breaking down barriers to researcher mobility, training, and attractive 
careers to promote mobility, better working conditions, open and 
transparent recruitment improved careers of researchers and the 
removal of social security obstacles like non-transferability of 
pensions. 

Q11. RFOs and RPOs are invited to advertise all vacancies on the EURAXESS Jobs portal.  

[For RFOs and RPOs] Does your organisation regularly publish job offers on EURAXESS Jobs 
portal? When your organisation started to publish offers on this website? Would you agree that 
your organisation has started to publish more offers in EURAXESS portal in recent years? 

[For EU stakeholders] To the best of your knowledge, do RFOs and RPOs regularly publish job 
offers on EURAXESS Jobs portal? What are the key differences among countries/ regions? 

 

Q12. RFOs are invited to amend rules for national funding schemes to promote the uptake 
and implementation of the Charter and Code27 principles such as openness, transparency 
and merit-based recruitment among RPOs. 

[For RFOs] Would you agree that RPOs in your country apply recruitment practices based on the 
principles set in the Charter and Code such as openness, transparency and merit-based 
recruitment? Would you say that the uptake of these recruitment principles has increased or 
decreased in your country from 2016 to 2018? What specific actions has your organisation 
undertaken to promote the recruitment based on the aforementioned principles? 

[For RPOs] Would you agree that your organisation’s recruitment practices correspond to the 
principles set in the Charter and Code such as openness, transparency and merit-based 
recruitment? Has your organisation undertaken any actions from 2016 to 218 to better align its 
recruitment practices with the aforementioned principles? 

                                                

25 ESFRI Roadmap 2016 can be found here: http://www.esfri.eu/roadmap-2016.  

26 National roadmaps for research infrastructures can be found here: http://www.esfri.eu/national-roadmaps.  

27 The Researcher’s Charter and the Code of Conduct for Recruitment of Researchers. These two documents, 
addressed to researchers as well as research employers and funders in both the public and private sectors, 
are key elements in the EU's policy to boost researchers' careers. The Charter and Code ensures researchers 
can enjoy the same rights and obligations in any European country. More information can be found at 
https://euraxess.ec.europa.eu/jobs/charter.  
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[For EU stakeholders] Please provide a broader picture on the current situation/ trends among 
RPOs in different countries regarding the uptake and implementation of the Charter and Code 
principles such as openness, transparency and merit-based recruitment in their recruitment 
policies.  

 

Q13. RPOs are invited to develop strategies to support the career development of 
researchers in line with the Human Resource Strategy for Researchers.  

[For RPOs] Does your organisation have a formal strategy for the career development of 
researchers? Is this strategy in line with the Human Resource Strategy for Researchers28? 

[For EU stakeholders] To the best of your knowledge, do RPOs develop their own strategies to 
support the career development of researchers? How prevalent are such strategies among RPOs in 
different Member States and Associated countries? Are these strategies well aligned with the EU 
Human Resource Strategy for Researchers? Could you identify any good practice examples? 

 

Q14. ERA strategic documents invite Member States and Associated Countries to remove 
legal barriers and other hindrances to open recruitment of researchers in public sector 
RPOs. 

[For RFOs and RPOs] What are the key obstacles (if any) to open recruitment of researchers in 
public sector RPOs in your country/ your organisation in particular? Have there been any positive 
or negative developments in this field from 2016 to 2018? 

[For EU level stakeholders] What are the most prevalent obstacles to open recruitment of 
researchers in public sector RPOs among Member states and Associated Countries? Could you 
identify any good practice examples of removing such obstacles during the period from 2016 to 
2018?  

 

Q15. Member States and Associated Countries are invited to provide structured doctoral 
training based on the Principles for Innovative Doctoral Training29 and to strengthen 
initiatives on the professional development of researchers.   

[For RFOs] To the best of your knowledge, to what extent organisations, providing PhD degrees 
in your country, base their doctoral training on the Principles for Innovative Doctoral Training? 
Could you briefly comment about the overall developments in this field in your country in recent 
years? 

[For RPOs] Does your organisation provide PhD degrees? If yes, are these doctoral training 
programmes based on the Principles for Innovative Doctoral training? What specific actions has 
your organisation undertaken in recent years to renew/ improve its doctoral training programmes? 

                                                

28 The ‘HR Strategy for Researchers’ supports research institutions and funding organizations in the 
implementation of the Charter & Code in their policies and practices. More information can be found 
https://euraxess.ec.europa.eu/jobs/hrs4r.  

29 In 2011, the European Commission published The Seven Principles of Innovative Doctoral Training: i) 
Research excellence, ii) Attractive Institutional Environment, iii) Interdisciplinary Research Options, iv) 
Exposure to Industry and other relevant employment sectors, v) International networking, vi) Transferable 
skills training, vii) Quality Assurance. More can be found here https://euraxess.ec.europa.eu/belgium/jobs-
funding/doctoral-training-principles. 
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[For EU stakeholders] Please provide a broader picture on the current situation/ trends in 
Member States and Associated countries regarding the application of the Principles for Innovative 
Doctoral Training in their doctoral training programmes? Could you identify any good practice 
examples? 

 

Q16. ERA strategic documents invite Member States and Associated Countries to develop 
and implement structured programmes to increase mobility between industry and 
academia. 

[For RPOs] Are there any national level mobility programmes/ schemes in your country aimed at 
fostering mobility between industry and academia? Have any new programmes been developed/ 
terminated during 2016-2018? Does your organisation implement any of these programmes? 

[For RFOs] Does your organisation implement any mobility programme/ scheme aimed at 
fostering mobility between industry and academia? If yes, please describe them briefly. Are there 
any other national level mobility programmes/ schemes implemented by other RFOs/ RPOs in your 
country? 

[For EU stakeholders] Please provide a brief overview of the overall situation on mobility between 
industry and academia in Member States and Associated countries. How has the situation changed 
in recent years? Could you identify any good practice examples at national level facilitating mobility 
between industry and academia? 

 

 
 
ERA priority 4: Gender 
equality and gender 
mainstreaming in 
research 

Translating EU-level strategies and national equality legislation into 
effective action to address gender imbalances in research institutions 
and decision-making bodies and integrating the gender dimension 
better into R&D policies, programmes and projects. 

Q17. ERA strategic documents invite Member States and Associated countries to develop 
policies on Gender Equality in RPOs and regularly monitoring their effectiveness. 

[For RPOs and RFOs] How would you describe the overall situation of gender equality in RPOs in 
your country and in your organisation specifically? Has the situation improved/ deteriorated in 
recent years? Please consider such aspects as legal and other barriers to the recruitment, retention 
and career progression of female researchers; gender imbalances in decision making processes. 

[For EU stakeholders] Please provide a brief overview on gender equality in the research and 
development field among Member States and other Associated countries. What are the key 
regional/ country level differences/ trends? Please consider such aspects as legal and other barriers 
to the recruitment, retention and career progression of female researchers; gender imbalances in 
decision making processes. 

 

[For RPOs and RFOs] Are there any national level policies aimed to ensure Gender Equality in 
RPOs? Is there a monitoring system in place to evaluate the effectiveness of these policies?  
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[For RPOs] What specific actions has your organisation undertaken in recent years to ensure 
gender equality in its daily functioning (e.g. developed gender equality plans, conducted impact 
assessments/ audits of procedures and practices to identify gender bias, etc.)? 

[For EU stakeholders] Could you identify any good practice examples at national level aimed at 
enhancing Gender Equality in RPOs? 

 

 
 
ERA priority 5(A): Fully 
implementing knowledge 
transfer policies in order to 
maximize the exploitation of 
scientific results 

Fully implementing knowledge transfer policies in order to 
maximize the dissemination, uptake and exploitation of 
scientific results. RPOs and FROs should make knowledge 
transfer second nature by integrating it in their everyday 
work. 

Q18. ERA strategic documents call Member States and Associated Countries to support 
their RPOs in establishing policies and procedures for the management of Intellectual 
Property30. 

[For RPOs] Does your organisation have a formal policy for Intellectual Property Management with 
clearly defined procedures? When was the policy developed? To the best of your knowledge, do 
other RPOs in our country also have policies for Intellectual property management? Does your local 
or national government provide support for RPOs to establish such policies? What kind of support? 

[For EU stakeholders] To the best of your knowledge, do RPOs in Member States and Associated 
Countries have their own policies for the management of Intellectual Property? How prevalent are 
these policies? Could you identify any good practice examples? 

 

Q19. Member States and Associated Countries are also invited to develop indicators to 
quantify the economic and social impact of knowledge transfer policies31. 

[For RPOs and RFOs] To the best of your knowledge, does your country have a monitoring system 
aimed to measure the economic and social impacts of knowledge transfer policies? When was such 
monitoring system developed? 

[For EU stakeholders] How prevalent are monitoring systems aimed to measure the economic 
and social impacts of knowledge transfer policies among Member States and Associated Countries? 
Could you identify any good practice examples?  

 

Q20. ERA strategic documents also call Member States and Associated Countries to 
promote networking, sharing of know-how and good practices between RPOs and the 

                                                

30 Intellectual property policy constitutes of the basic set of principles which RPOs should implement to 
effectively manage the intellectual property resulting from their own or collaborative activities in the field 
of research and development. More information can be found http://ec.europa.eu/invest-in-
research/pdf/download_en/ip_recommendation.pdf.  

31 Knowledge transfer policy complement those relating to Intellectual Property policy by focusing more 
specifically on the active transfer and exploitation of such intellectual property, regardless of whether or 
not it is protected by IP rights. More information can be found http://ec.europa.eu/invest-in-
research/pdf/download_en/ip_recommendation.pdf.  
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private sector (e.g. mobility schemes, collaborative research between public and private 
research performers) 

 [For RPOs] Does your organisation actively collaborate with private sector in sharing knowledge 
(e.g. carry out collaborative research projects)? Has such cooperation increased or decreased in 
recent years? Are there any local or national level policies aimed to encourage or facilitate 
collaboration between public and private research organisations? 

[For RFOs] Does your organisation implement any specific measures aimed to foster the 
cooperation between public and private research performers? To the best of your knowledge, are 
there any other local or national level policies aimed to encourage or facilitate collaboration between 
public and private research organisations? 

[For EU stakeholders] Please provide a brief overview of the overall situation on cooperation 
between RPOs and the private sector in Member States and Associated countries? How has the 
situation changed in recent years? What are the key regional/ country level trends/ differences? 
Could you identify any good practice examples at national level? 

 

 
 
ERA priority 5(B): Promoting Open 
access to scientific publications 

Open access to publications and data in an open 
science context 

Q21. ERA strategic documents call research stakeholders to adopt and implement open 
access measures32 for publications and data resulting from publicly funded research. 

[For RFOs and RPOs] How prevalent are the open access measures among RPOs in your country? 
Are there any national level policies requiring to publish publicly funded research results in open 
access? What are the key challenges for open access? 

[For EU stakeholders] How prevalent are the open access measures among Member States and 
Associated countries? What are the key regional/ country level differences? How has the situation 
improved/ deteriorated in recent years? Could you identify any good practice examples at national 
level? 

 

[For RFOs] Does your organisation require from RPOs to publish results of publicly funded research 
projects in open access (e.g. Gold33 or Green34 Open access standards)?  

                                                

32 Open access (OA) can be defined as the practice of providing on-line access to scientific information that is 
free of charge to the user and that is re-usable. In the context of R&D, open access to 'scientific information' 
refers to two main categories: i) Peer-reviewed scientific publications (primarily research articles published 
in academic journals); ii) Scientific research data: data underlying publications and/or other data (such as 
curated but unpublished datasets or raw data). More information can be found: 
http://ec.europa.eu/research/openscience/index.cfm?pg=openaccess  

EC Recommendation on access to and preservation of scientific information (2012) can be found here: 
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012H0417&rid=1  

33 Gold open access standard – publications (research results) are freely accessible to readers immediately and 
without restrictions. 

34 Green open access standard – a publication (research results) is published in a traditional paid subscription 
journal (not Open Access). However, the same publication still remains accessible free of charge in an Open 
Access institutional repository (open publication database). 
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[For RPOs] Whether and to what extent does your organisation publish results of publicly funded 
research projects in open access (e.g. Gold or Green Open access standards)?  

 

 
ERA priority 6: 
International Cooperation 

Effective international cooperation with third countries to address 
grand societal challenges, ease access to new emerging markets 
and increase the attractiveness of the ERA for talented minds and 
investors worldwide. 

Q22. ERA strategic documents foresee that Member States and Associated Countries 
should define national strategies for internationalisation to foster stronger cooperation 
with key third countries. 

[For RPOs and RFOs] Are there any national level strategies aimed to enhance international 
cooperation with third countries? How would you describe the overall situation of cooperation with 
third countries in the research and development field? Would you say that the cooperation has 
improved or deteriorated in recent years? Does your organisation play any role in these cooperation 
activities? 

[For EU level stakeholders] To the best of your knowledge, which countries has the most 
comprehensive national strategies to foster stronger cooperation with the third countries in the 
research and development field? What are the key regional/ country level differences?   

 

8 ASSESSMENT OF PROGRESS OF IMPLEMENTATION ON THE 
BASIS OF THE NATIONAL ACTION PLANS 

An assessment of progress of implementation of ERA policies on the basis of the National Action 
Plans (NAP) represents an additional task when compared to previous ERA Progress Report editions. 
Such an assessment was done by taking into account both quantitative (where available) and 
qualitative (especially) elements provided by each Member State in their respective National Action 
Plans. Importantly, the analysis of NAPs provided in this report has only assessed elements 
established directly by NAPs (such as objectives, baselines, targets, timelines and milestones), as 
any political assessment remains up to the Commission. 

As said above, assessment of the NAPs does not look so much at the quantitative targets set by 
the NAPs but rather provide a qualitative assessment of the level of implementation of NAPs across 
Member States. It therefore analyses the level of implementation of the NAPs and describe 
challenges, strengths, bottlenecks, and any other issues/ topics linked to the implementation of the 
NAPs. This ERA Progress Report provides a synthetic analysis on implementation of NAPs in all ERA 
countries, while a more in-depth country-by-country analysis is provided in the ERA Country 
Profiles. 

The relevant country NAPs were used as a basis (analytical framework) for this task. It should be 
noted that the objective of this task was not to assess the “ERA or Commission compliance” of the 
NAPs, but rather how countries are implementing what was announced in their own NAPs. 

Our analysis proceeded in the following steps: 

1. Detailed analysis of individual NAPs to identify tangible policy objectives, baselines and 
timelines (which together were called the progress assessment framework), according to 
which we were able to assess the progress of NAPs’ implementation for each country. 

2. Thorough cross-examination of all quantitative and qualitative data extracted from various 
sources (desk research, interviews, quantitative analysis) with the elements of 
reconstructed progress assessment frameworks: tangible policy objectives, baselines and 
timelines identified in the first step; 
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3. Reporting the results of the assessment. 

The key criteria for inclusion of any element into a reconstructed NAP performance framework was 
be the feasibility of technical assessment of progress against it. The resulting performance 
assessment frameworks we country-specific. Importantly, a reconstructed framework only 
represented the logic of intervention behind NAP (or its components, priorities) without evaluating 
whether it is adequate, comprehensive, appropriate to the role of a country in ERA, and so on. All 
elements (targets, milestones, objectives, announced actions) that could be assessed/ monitored 
on qualitative level were included in the exercise. We also found elements that could not be 
monitored in the selected NAPs, which are discussed in the dedicated section of the ERA Progress 
Report. 

Thorough cross-examination of all quantitative and qualitative data extracted from various sources 
(desk research, interviews, compilation of quantitative indicators) with the elements of 
reconstructed progress assessment frameworks of the NAP’s identified all areas where technical 
assessment of progress was feasible. This was a bidirectional analysis. The already collected 
information was screened for indications of data which would be relevant to assess the progress 
against the identified elements of a reconstructed NAP performance framework. On the other hand, 
the collected data informed certain aspects and improvement of a reconstructed NAP performance 
framework, e.g., where the original NAP uses an indicator but does not define its baseline or target, 
but the collected data indicates that these have been defined in the subsequent, more recent policy 
documents. Such analysis has informed the technical assessment on progress of NAP 
implementation. Above all the assessment was driven by availability of information, with clear 
indications where information was not sufficient to make a technical assessment. In all cases we 
have clearly differentiated between lack of data and lack of progress. Also, any qualifications and/ 
or limitations to reliability of data and hence assessment were always clearly indicated. 

The assessment on progress was analysed and presented using the following categories: 

- Data not available/ sufficient to assess the progress or objectives of the NAP are too vague 
to be assessed (n/a); 

- Very small change/ mixed progress (+/-); 

- Presence of (some) progress (+); 

- Substantial progress (++). 

Results of the assessment of the implementation progress of NAPs are presented: 

 In this main Technical Report, which provides an assessment of the general situation with 
the implementation of NAPs (see Section Error! Reference source not found.); and 

 In the Country Profiles that describe the progress of NAPs implementation per ERA country. 
Here we provide a more in-depth analysis of the strengths, challenges and other 
specificities per each country. 

While progress assessment frameworks are specific to a given country, the above indicated 
categorical assessment was integrated across the countries thereby revealing which ERA priorities 
witnessed more substantial progress during the reference period under analysis. 
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ANNEX 1: LIST OF KEY TERMS 

European Research Area (ERA) 

Includes the 28 Member States of the European Union (EU-28) and 16 Associated Countries: 

• Austria (AT) 
• Belgium (BE) 
• Bulgaria (BG) 
• Croatia (HR) 
• Cyprus (CY) 
• Czech Republic (CZ) 
• Denmark (DK) 
• Estonia (EE) 
• Finland (FI) 
• France (FR) 
• Germany (DE) 
• Greece (EL) 
• Hungary (HU) 
• Ireland (IE) 
• Italy (IT) 
• Latvia (LV) 
• Lithuania (LT) 
• Luxembourg (LU) 
• Malta (MT) 
• Netherlands (NL) 
• Poland (PL) 
• Portugal (PT) 
• Romania (RO) 

• Slovakia (SK) 
• Slovenia (SI) 
• Spain (ES) 
• Sweden (SE) 
• United Kingdom (UK) 
• Albania (AL) 
• Armenia (AM) 
• Bosnia and Herzegovina (BA) 
• Faroe Islands (FO) 
• former Yugoslav Republic of 

Macedonia (MK) 
• Georgia (GE) 
• Iceland (IS) 
• Israel (IL) 
• Moldova (MD) 
• Montenegro (ME) 
• Norway (NO) 
• Serbia (RS) 
• Switzerland (CH) 
• Turkey (TR) 
• Tunisia (TN) 
• Ukraine (UA) 

Full counting of publications 

Each publication is counted once for each entity (e.g. country, institution, author) appearing in the 
publication’s author affiliations. For example, if a publication is authored by one author from the 
US, two authors from the UK and one author from France, it would be counted once for each country 
even though the UK appears twice in the author affiliations. 

Fractional counting of publications 

Typically, publications are counted using full counting, whereby each publication is counted only 
once in each institution/country/world region regardless of the number of authors from that 
institution/country/world region. This means that a publication between a French, a German and a 
Canadian researcher would count once for France, once for Germany, and once for the EU-28 as 
an ERA publication. In some cases where the number of publications is normalised by another 
metric such as the number of researchers, full counting creates an asymmetry between the 
numerator and denominator when aggregating the data at the regional level (i.e. EU-28). In the 
above example, the publication by France and Germany would not add up together at the EU-28 
level using full counting (it would be counted only once), while the number of French and German 
researchers would add up in the denominator. Summing the publications across countries would 
not work either since the sum across EU-28 countries would add up to more publications than there 
are in practice; in the above example, there would be two publication counts for the EU-28, although 
there is only one publication. To circumvent this issue, fractional counting of publications has been 
used where appropriate. 

The fractional counting of publications prevents a single paper from being counted multiple times; 
the sum of fractions across all papers and countries will add up to the number of world papers in 
the reference database. A fraction of each publication is equally distributed among all author 
addresses, which can then be codified by author, institution or country depending on the 
aggregation level at which the data are produced. For example, if a publication is authored by one 
author from the US, two authors from the UK and one author from France, this publication would 
be counted 0.25 times for the US, 0.5 times for the UK and 0.25 times for France. At the EU-28 
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level, the fraction of the publication that would be counted would amount to 0.75 (the sum of 
fractions across Member States). 

Fractional counting of co-publications 

Typically, co-publications are counted using full counting, whereby each co-publication is counted 
only once in each institution/country/world region regardless of the number of authors from that 
institution/country/world region. This means that a co-publication between a French, a German and 
a Canadian researcher would count once for France, once for Germany, and once for the EU-28 as 
a co-publication between two ERA countries (i.e. an ERA co-publication), although the sum across 
EU-28 countries would amount to two ERA co-publications (i.e. the sum of France and Germany). 
Because such an asymmetry is not present for researchers — i.e. the sum of researchers across 
Member States is equal to the total number of EU-28 researchers — the number of co-publications 
with ERA partners per FTE researcher will be underestimated for the EU-28 as a whole relative to 
individual Member States when using full counting. Also note that counting co-publications involving 
at least two ERA countries by considering the whole EU-28 as one large country is conceptually 
problematic since the EU-28 is not a country but a region embedding multiple ERA countries. Thus, 
co-publications involving at least two ERA countries have been counted using fractional counting 
so that the sum of co-publication fractions across countries equals the total number of publications 
at the world level, making it possible to sum the number of ERA co-publications and researchers in 
a symmetrical fashion at any aggregation level. 

For a co-publication between a French, a German and a Canadian researcher, there are six bilateral 
links to be taken into account (i.e. DE–FR, DE–CA, FR–DE, FR–CA, CA–DE and CA–FR) since the 
co-publication must be counted in the perspective of each country (i.e. each link must have its 
reciprocal link taken into account). Each link is attributed an equal fraction of the publication; in 
this case the fraction for each link equals 1/6. Of those links, two correspond to a co-publication 
between two ERA countries (i.e. DE–FR, FR–DE) such that one third (or 2/6) of this publication 
would count as an ERA co-publication when aggregating at the ERA level (i.e. pooled ERA countries). 
Since both Germany and France are Member States, the number of co-publications for the EU-28 
would also amount to a fraction of one third. For individual countries, only half of the links including 
them must be counted; only the links corresponding to their perspective (i.e. the ones where a 
country appears first, although the ones where a country appears last would also work) should be 
counted. Thus, for Germany and France, one sixth of this publication would count as an ERA co-
publication. 
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ANNEX 2: INDEX LIST OF INDICATORS 

Priority 1 – More effective national research systems 

Headline indicator 

— Adjusted Research Excellence Indicator 

EMM indicators 

— GBARD as a percentage of GDP 

— European Innovation Scoreboard Summary Innovation Index 

Priority 2a – Transnational cooperation 

Headline indicator 

— GBARD (EUR) allocated to Europe-wide transnational, as well as bilateral or multilateral, public 
R&D programmes per FTE researcher in the public sector 

EMM indicators 

— Member State participation (EUR) in Public-to-Public collaborations per FTE researcher in the 
public sector 

— International co-publications with ERA partners per 1 000 FTE researchers in the public sector 

Priority 2b – European Strategy Forum for Research Infrastructures (ESFRI) 

Headline indicator 

— Availability of national roadmaps with identified ESFRI projects and corresponding investment 
needs 

EMM indicators 

— Share of developing ESFRI Projects in which a Member State/Associate Country is a partner 

— Share of developing operational ESFRI Landmarks in which a Member State/Associate Country 
is a partner 

— Share of developing ESFRI Projects and operational ESFRI Landmarks in which a Member 
State/Associate Country is a partner 

Priority 3 – Open labour market for researchers 

Headline indicator 

— Number of researcher postings advertised through the EURAXESS job portal, per 1 000 
researchers in the public sector 

EMM indicators 

— Share of doctoral candidates with a citizenship of another EU Member State 

— Share of researchers expressing satisfaction that the hiring procedures in their institution are 
Open, Transparent and Merit-Based 
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Priority 4 – Gender equality and gender mainstreaming in research 

Headline indicator 

— Share of women in Grade A positions in the Higher Education Sector 

EMM indicators 

— Gender dimension in research content 

— Share of female PhD graduatesP1 – EMM indicator – European Innovation Scoreboard  

Priority 5a – Optimal circulation, access to and transfer of scientific knowledge 

Headline indicator 

— Share of product and/or process innovative firms cooperating with universities, government, 
public or private research institutes 

EMM indicators 

— Share of public research financed by the private sector 

— Number of public-private co-publications per million population 

Priority 5b – Optimal circulation, access to and transfer of scientific knowledge 

Headline indicator  

— Share of publications available in open access 

EMM indicator    

— RFOs (i.e. members of Science Europe or other important sources of national funding) providing 
funds to cover costs of OA publishing 

— Share of RFOs’ (i.e. members of Science Europe or other important sources of national funding) 
publications that are available in OA 

— Share of life sciences papers to which a country contributed and that have at least one open 
dataset in Figshare 

Priority 6 – International cooperation 

Headline indicator 

—Co-publications with non-ERA partners per 1 000 researchers in the public sector 

EMM indicators    

— Non-EU doctorate students as a share of all doctorate students 

— Exports of medium and high technology products as a share of total product exports 

— Knowledge intensive services exports as percentage of total services exports 
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The ERA Monitoring Handbook (2018) provides methodological guidance on the calculation of 
indicators, on the documents review and on the interviews that were conducted for the ERA 
Monitoring 2018 publication. 

Organised by data source, information provided on each indicator includes a brief definition, 
rationale, computation method and any comments or critical issues for the reader to note. The 
handbook also includes a section on the verification and validation of data that outlines coherence 
checks and additional data considerations to be taken into consideration in the computation and 
interpretation of indicators. Finally, the annexes outline important information regarding 
international classification standards to which data for several of the indicators are tied, as well as 
key terminology and definitions. 
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