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Executive summary 
 

Context and approach 

Monitoring countries’ innovation performance is crucial for policy makers, both at 

European and National level, in order for them to learn from their national strengths 

and weaknesses, take stock of best practices and emerging trends, and improve policy 

outcomes. The European Commission provides policy makers with different 

instruments for assessing their countries’ outlook. Among these, the European 

Innovation Scoreboard (EIS), which compares research and innovation performance 

among Member States, Neighbourhood countries and other countries, reports results 

in a yearly publication. Innovation is a fast-changing and complex phenomenon, in 

which multiple and different dimensions play a role. Defining an appropriate 

measurement tool is therefore challenging and requires continue research and updates 

to reflect emerging phenomena and new dimensions that account as innovation 

processes determinants. This is why, since the EIS was firstly piloted 19 years ago, it 

has been updated and modified multiple times in order to improve its effectiveness 

and to continuously ensure its relevance. This is also the reason why, although the 

most recent update of the EIS dates back only two years, the European Commission 

wishes to continue exploring improvements and alternative approaches for measuring 

innovation. In this context, this report aims at providing a basis for discussions on 

possible developments and future changes of the EIS.  

To reach this goal, the project team followed a multi-stepped approach. In particular, 

the research started with collecting information on emerging phenomena, best 

practices and theoretical developments through desk research, interviews with experts 

and other data collection activities. Upon gathering key lessons and information, the 

team, under the guidance of the Commission, proposed a set of 4 options for change 

(also called “testing packages”). When available data and resources have allowed, 

these new ideas and indicators have been preliminarily tested to show eventual effects 

and possible changes in measuring Member States innovation performance. The 

results of the testing exercise were then presented during a workshop, held in 

November 2018, where key experts could express feedback and ideas on the proposed 

methodology and outputs. Following the discussion and further integration of the 

experts’ comments, the team developed and tested an alternative EIS framework.  

State of play and lessons learnt from other frameworks  

The literature review and data collection highlighted the existence of a multitude of 

different theoretical frameworks assessing innovation performance at the country 

level. It also highlighted the presence of many challenges and criticisms associated 

with measuring innovation, some of which also applying to the EIS. In addition to the 

analysis of these challenges and criticisms for innovation measurement, the study 

team carried out a review of international best practices and measurement 

frameworks, in order to map commonalities and differences and to gain some relevant 

lessons from this comparison exercise. Specifically, the team investigated the 

innovation measurement systems in place in South Korea, China, Japan and Germany, 

and the functioning of the Global Innovation Index.  

 

Overall, although many different ways to assess performance and to define innovation 

were identified, it emerged from this research that measurement frameworks 

generally share the main objective that is to say supporting policy-makers with useful 

information in order to allow for better policies. Hence, this paper aims at proposing 

alternative approaches for the EIS keeping in mind that it is essential that this tool is 

easy to use by policy-makers and serves as a support to political processes. Therefore, 
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user-centricity has been the focus of all the options proposed to modify the EIS in the 

future.  

Discussion on possible options for change 

Building on the aforementioned data collection activities, the team identified four 

different packages of options (i.e.: streamlining, expanding, weighting, separating) for 

possible changes to the EIS, divided into two conceptual groups, namely “modifying 

the indicators of the EIS” and “modifying the structure and methodology of the EIS”, 

as further explained below. 

Modifying the indicators of the EIS 

Streamlining: reducing the number of indicators (per group of indicators and dimension) of the 
EIS 
 

The streamlining option investigates the possibility of removing from the EIS some 

indicators that were considered less relevant or outdated by the literature or because 

they have reached saturation. To select the indicators for removal, the team did not 

follow a theoretical approach but rather mathematical thinking by looking at the 

indicators individually to see what impact their removal had on the EIS as a whole, 

and whether the removal of a certain indicator affected (positively or negatively) the 

summary index score (SII) of Member States.  

The streamlining analysis on this limited set of indicators did not lead to concrete and 

definitive results on the indicators to be removed, although, in some cases, the results 

of the testing corresponded to the outcome of the JRC sensitivity analysis (which was 

carried out a few years ago with a similar objective). The main lessons gathered from 

this analysis are that countries might have different “driver” and “silent” indicators 

depending on their innovation systems and that some countries may react similarly to 

the deletion of certain indicators, meaning they may share common characteristics 

according to these patterns. According to this analysis, it would be relevant and 

interesting for the EIS to further explore these findings in the future.  

Expanding: adding new indicators to the existing innovation dimensions and groups 
 

The idea of expanding the set of existing innovation indicators and dimensions 

attempts at increasing the relevance of the framework by adding new indicators able 

to capture emerging innovation phenomena not yet included in the measurement. In 

particular, the research focused on aspects which are not sufficiently covered by the 

framework, according to a number of experts and publications. The indicators 

suggested for inclusions are: Trade secrets, ICT usage in businesses, Mobile App 

creation, Government support for R&D, High growth enterprises rate, Demand for 

innovation and Creativity. For each suggested indicator, the team looked at the 

rationale for adding this element to the EIS as well as to the availability of data 

sources and quality of data. This led to discarding some of these indicators (e.g. trade 

secrets) because, at this stage, data availability is not sufficient to include them in the 

EIS.  

Modifying the structure and the methodology of the EIS 

Weighting: ensuring every indicator has the same weigh in the measurement framework 
 

The weighting package explores the option of adding weights to the current un-

weighted indicators, according to three different approaches: Panel Data estimation, 

Analytical Hierarchy Process (AHP) and Economic Development-Based method. Using a 

weighted framework has always been a matter of debate. Indeed, using unweighted 

indicators means assigning each indicator the same importance and assumes that they 
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have the same effect on innovation performance. However, weighting may have some 

side effects: it can lead to the so-called “perverse incentive” of focusing on numerical 

performance rather specific policy needs. Moreover, deciding which method to be used 

to weight the framework is a complicated and delicate exercise. 

 

In general, all the possible approaches identified for weighting indicators face some 

obstacles in terms of feasibility and practicality and there was no agreement on an 

optimal approach amongst the experts consulted.  

 Separating: differentiating inputs and outputs indicators. 
 

The separating option is based on the idea of separating indicators into inputs and 

outputs, building on the fact that efficiency should be a measure of the ratio between 

inputs and outputs in order to distinguish the two and help policy-makers to better 

understand innovation performance. Since the distinction between inputs and outputs 

is not always clear, four different experts have been asked to give their opinion and 

the four sub-sets of responses obtained have been tested to examine the effects of 

different separating exercises. 

Once more, the testing did not lead to definitive results, further stressing the fact that 

there is no consensus on the distinction of inputs and outputs. Moreover, it should be 

kept in mind that the issue of separating lead to theoretical debate on the 

categorisation among the experts.  

Testing a revised European Innovation Scoreboard 

For each package of ideas, some options were retained to be tested in the framework 

of an “alternative” EIS. Following feedback from the Commission and experts during 

the workshop, the project team did not test the weighting, separating and 

streamlining options further, and focused on the expanding exercise only. The 

innovation framework proposed is not radically different from the current EIS. It 

includes five of the indicators discussed in expanding section and it tests whether their 

combined addition contributes to a better understanding of Member States innovation 

performance.  

Hence, the revised framework of the EIS is the result of the addition of five new 

indicators on: public demand for advanced technologies, government support for 

business R&D, SMEs selling online, high growth enterprises rate and employment in 

creative industries. These are distributed along four of the ten innovation dimensions, 

namely innovation-friendly environment, finance and support, innovators and 

employment impacts. 

Upon testing the new framework, it is observed that the impact on the SII is marginal 

on most of the Member States and the Neighbourhood countries and in the EU as a 

whole the difference is very small (-0.001).  

In more detail, the indicators on SMEs selling online and high growth enterprises rate 

have the highest impact on the corresponding composite indicator. The addition of 

these two indicators in the innovators dimension leads to a difference in the composite 

indicator higher than 0.05 for 28 countries, while with the introduction of indicators on 

public demand for advanced technologies and on government support for business 

R&D results in a difference of more than 0.05 in the corresponding composite indicator 

(innovation-friendly environment and finance and support, respectively) for 22 

countries. Finally, with the inclusion the employment in creative industries indicator, 

the effect on the composite indicator (employment impacts) is higher than 0.05 in 14 

countries only. 

Considering global competitors, only a small impact of the inclusion of new indicators 

on the innovation index is noted. In particular, the inclusion of the indicators has a 
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positive effect on the innovation index of the United States (0.003) and China (0.010) 

and negative on the innovation index of South Korea (-0.022), Japan (-0.029) and the 

EU (-0.053).  

Conclusions and recommendations  

This paper suggests four different options for modifying the EIS in the future and 

proposes and tests a revised EIS. However, this analysis does not lead to definitive 

solutions for further revisions of the EIS in relation to the complexities of innovation, 

nor does it address all the theoretical considerations surrounding the current 

framework. There is a continuing need for further research on theoretical approaches, 

also considering the dynamic and fast-changing nature of innovation. Moreover, for 

the future of the EIS post-2020, it is crucial to review user-centric alternatives. 

To sum up, there are three main recommendations emerging from this study: 

1. Carry out a specific study on the users of the EIS to seek for “clarity” and 

better understand: a) what users expect from this scoreboard, b) how they use 

it and c) what would help them exploit it further.  

2. Based on the outcome of the user study, undertake a multi-dimensionality 

check of the EIS. Further attention should be paid to the definition of 

innovation and whether there are dimensions which are missing or are not 

sufficiently covered (e.g. social innovation). The discussion on addition/deletion 

of dimension/indicators will hence be tied to a specific vision for the framework 

and duly justified. This discussion could also be supported by an indicator by 

indicator analysis.  

3. In parallel, continue to consider experimental subjects (e.g. 

environmental innovation, platform economy) in the EIS without necessarily 

influencing the SII and ranking. Given the pace of change of our economies 

and society, research and theoretical reflection on how to capture new 

phenomena should come at a very early stage and the lack of data should not 

prevent exploring these domains.   

 

To conclude, this study highlights the importance of continuing to combine rigorous 

theoretical approaches with pragmatism and user-centricity, since both aspects are 

crucial in maintaining the EIS relevant and useful for policy makers.  
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1 Introduction 
 

1.1 Measuring innovation and the purpose of the European 
Innovation Scoreboard (EIS) 

The European Innovation Scoreboard (hereafter “EIS”) is a well-established tool 

for innovation measurement developed by the European Commission and aiming at 

providing a comparative analysis of innovation performance in EU countries, 

Neighbourhood countries and other countries1.  

The EIS was first piloted in 2000 and officially published the following year. The 

scoreboard report has been released yearly ever since. Over these 18 years, this 

measurement framework has gone through numerous reviews and qualitative 

methodological changes that have enabled it to stay relevant and accurate in spite of 

the challenges of measuring an ever and fast changing phenomenon such as 

innovation. All updates have benefited from interactions with the expert community 

and Member States representatives. 

The latest update in the approach, methodology and indicators of the EIS took place in 

2017 and involved: 

 a restructuring of the categories of indicators (so called “innovation 

dimensions”),  

 some deletions, additions, and adjustments in the list of indicators used,  

 the introduction of contextual analysis for the countries in scope2.  

Since 2017 the EIS hence consists in: 

 Four broader groups or types, namely framework conditions, investments, 

innovation activities and impacts; 

 Two or three groups dimensions per broader group (two for investments and 

impacts and three for framework conditions and innovation activities); 

 Two or three indicators per dimension;  

 Contextual indicators which do not enter in the calculation of the countries 

Summary Innovation Index (SII) but are used to qualitatively and 

quantitatively describe the countries specific situations.  

Figure 1 - Structure of the EIS measurement framework from 2017 onwards shows 

the new measurement framework of the EIS as it emerged from the 2017 

restructuring3. 

                                           
1 https://ec.europa.eu/growth/industry/innovation/facts-figures/scoreboards_en  
2 European Innovation Scoreboard 2017, https://ec.europa.eu/docsroom/documents/24829  
3 For more information on the structure and methodology underpinning the EIS please refer to the European 
Innovation Scoreboard 2018 Methodology Paper, 4 June 2018, 
https://ec.europa.eu/docsroom/documents/30081  

https://ec.europa.eu/growth/industry/innovation/facts-figures/scoreboards_en
https://ec.europa.eu/docsroom/documents/24829
https://ec.europa.eu/docsroom/documents/30081
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Figure 1 - Structure of the EIS measurement framework from 2017 onwards 

 

Although the process of improvement of the EIS never stopped since its establishment 

and the scoreboard was substantially modified only two years ago, the European 

Commission wishes to continue the research on alternative/complementary methods 

and approaches for measuring innovation and keep reflecting upon possible changes 

for the post-2020 period.  

This exploratory report constitutes a first step in that direction and offers a preliminary 

reflection on a) what could be changed and improved in the EIS framework, based on 

existing best practices and approaches, in terms of indicators, methodology and 

structure; and b) how such changes would impact the current EIS and especially the 

Summary Innovation Index (SII) of the countries in scope and of a selected list of 

third countries (including China, Japan, South Korea and United States).  

It is important to mention here that this paper has been developed as part of the 

project dedicated to the development of the European Innovation Scoreboards for 

2018 and 2019. On top of the work on the annual EIS reports, this project entails a 

number of side publications on different topics including the potential of Big Data for 

innovation measurement4, contextualisation of innovation performance data5 and 

opportunities of integrated reporting6. The present document builds on all these 

project activities and constitutes a first stepping-stone for the next EIS review.  

 

                                           
4 Exploratory report on Opportunities in data analytics for innovation performance measurement (Big data), 
2018, https://ec.europa.eu/docsroom/documents/30362 
5 Exploratory report on supplementary analyses and contextualisation of innovation performance data, 
https://ec.europa.eu/docsroom/documents/30222  
6 Forthcoming report 

https://ec.europa.eu/docsroom/documents/30362
https://ec.europa.eu/docsroom/documents/30222
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1.2 Objectives and methodology of this paper 

As defined by the European Commission, the aim of this exploratory report is to  

“explore opportunities, limitations and new ways of measuring the performance of 

innovation systems and to go beyond the current EIS framework, addressing some 

criticisms raised in the past years and exploiting the potential of new and Big Data 

technologies7”. 

To achieve this overarching objective and in order to identify new approaches and 

opportunities for measuring innovation and to reflect upon the future of the EIS, the 

team adopted a multi-stepped approach: 

- Step 1 – Gathering of information on new theoretical developments, 

best practices, new phenomena to measure. This step consisted of three 

main elements: 

o Literature review: The team carried out a general literature review on 

innovation measurement and compiled a database of relevant and 

recent publications on this domain. Furthermore, the team carried out a 

more tailored desk research and literature review in order to prepare 

interviews with key experts (see below) and to develop more in-depth 

knowledge on particular topics of interest which were discussed with the 

European Commission upfront. An indicative list of references used for 

this paper is included in Annex A.  

o Interviews with key experts: The team carried out ten in-depth 

interviews with innovation experts from academia and governmental 

organisations in order to discuss new possibilities of innovation 

measurement, as well as related challenges and concerns. For this 

purpose, the team developed a list of topics that each interview should 

cover, including aspects such as: criticisms to the current EIS, new 

developments in innovation measurement, best practices and lessons 

learnt, focus areas for the future.  

o Data collection on alternative measurement frameworks: based on the 

discussion with key stakeholders, the team selected five alternative 

innovation measurement frameworks to consider more in detail and to 

compare to the EIS in terms of a) scope, b) methodology and c) 

indicators. In particular, the team looked at the innovation 

measurement frameworks developed by South Korea, China, Japan, 

Germany and at the Global Innovation Index. The assessment of these 

alternative frameworks allowed to identify best practices and 

opportunities for the EIS in terms of methodology and indicators.  

- Step 2 - Development of new ideas and indicators to test. Based on the 

outcomes of Step 1, the team developed a long list of ideas (regrouped into 

two main areas and four testing packages, as further illustrated in Chapter 3.1 

of this exploratory report) to further analyse and discuss with the European 

Commission and with key stakeholders and experts. Through additional 

analysis and discussions the team identified a more limited set of ideas for 

testing and discarded some other options.   

- Step 3 – Pre-testing of a limited set of ideas. The team preliminary tested 

(with the most recent data available and based on the EIS2018) the shortlisted 

ideas and indicators. The outcome of this initial testing is included in the 

                                           
7 See also : Exploratory report on Opportunities in data analytics for innovation performance measurement 
(Big data), 2018, https://ec.europa.eu/docsroom/documents/30362 
 

https://ec.europa.eu/docsroom/documents/30362
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present document and notably in Chapter 3 – Discussion on possible changes 

and options for the future. For a number of shortlisted ideas, it was not 

possible to carry out a complete testing exercise due to a lack of data, time or 

resources. However, the paper still illustrates these ideas as they might be 

tested in the future.   

- Step 4 – Discussions of the testing results with key experts. The team 

presented and discussed the outcome of the previous steps with a selected 

group of experts during an interactive workshop (which took place in Brussels 

on 15 of November 20188). Ahead of the workshop, the experts received a 

discussion paper illustrating the approach and methodology for the exploratory 

report and the testing of a limited number of ideas. During and after the 

workshop, the experts provided feedback on the ideas and indicators identified 

and tested, and suggested further improvements and research areas for future 

editions of the EIS. 

- Step 5 – Development and testing of an alternative EIS framework and 

reporting on the outcome of the exercise. Based on the outcome of the 

workshop and on the additional analysis of the inputs received, the team 

developed an alternative EIS framework which has been tested for all EU 

countries and for a selected list of other countries defined in the tender 

specifications (China, Japan, South Korea and the United States). The 

description of this alternative framework and the results of the testing exercise 

are detailed in Chapter 4 of the present report.  

This document represents the final outcome of this multi-stepped and incremental 

process and contains the key findings of the exercise as well as some conclusions and 

recommendations for orienting the debate on the future of the EIS.  

1.3 Structure of the paper 

The structure of this paper is the following: 

- Chapter 1 provides a short introduction to the topic and background of the 

exploratory report, details its purpose and presents its methodology; 

- Chapter 2 elaborates on the state of play of innovation measurement and 

highlights the main findings emerging from the data collection and the 

workshop with the experts; 

- Chapter 3 offers a preliminary analysis of options for improving the EIS in the 

future by describing possible approaches and testing results; 

- Chapter 4 describes the characteristics of an alternative EIS framework which 

has been developed by the study team and tested on all EU countries and a 

selected list of third countries;   

- Chapter 5 provides some conclusions and recommendations building on the 

exercise carried out for this exploratory report and concerning the future of the 

EIS.  

This document also contains the following Annexes:  

- Annex A provides a shortlist of documents and literature gathered for the 

purpose of this paper;  

- Annex B illustrates the final takeaways from the expert workshop; 

- Annex C lists the indicators used in the other measurement frameworks 

analysed.   

                                           
8 This workshop, upon invitation only, gathered more than 20 experts from academia, public sector, the 
European Commission and the study team.  
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2 Towards a revised EIS? State of play and future 
opportunities for innovation measurement in the EU 

 

2.1 Key insights from the data collection and analysis 

The information gathering exercise carried out for this paper did not lead to the 

discovery of radically new or universally shared ways of understanding and measuring 

the performance of innovation systems. In this challenging domain, theoretical and 

empirical progresses are incremental. Furthermore, many different and sometimes 

alternative theoretical approaches trying to explain countries’ innovation performance 

exist. For instance, many experts associate innovation performance with the 

quadruple (or quintuple) innovation helix and the interaction between different 

stakeholders (academia, governments, businesses, NGOs and citizens)9. For others, 

drivers of innovation performance might vary depending on a country’s level of 

economic development10. Finally, a few experts warn that innovation measurement 

itself needs to be taken with caution since this is not a “purely technical exercise” but 

rather a powerful tool, which can shape policy reality11. 

While these examples of different theoretical approaches may not always be 

incompatible or contradictory, they may have nonetheless important implications in 

practice in determining how innovation should be measured. This variety of theories, 

jointly with the lack of a universally agreed definition of innovation system, is also the 

reason why the EIS faces a number of challenges and can be criticised from different 

angles, and why countries around the world have different ways of measuring their 

innovation performance (as further developed in the next sub-chapter 2.2).  

Concerning the challenges the EIS is experiencing and the most recurring criticisms, 

one can distinguish six main categories that a future review of the framework should 

try to address:  

- Challenges and criticisms related to the definition of innovation. The 

question of “what is innovation?” is not new and this paper cannot provide a 

definitive answer to this long-standing and multi-faceted debate. According to 

the Fourth version of the Oslo Manual, which was recently published, “key 

components of the concept of innovation include the role of knowledge as a 

basis for innovation, novelty and utility, and value creation or preservation of 

the presumed goal of innovation”12. Although previous editions of the Oslo 

Manual already put forward a well-recognised definition of innovation, it has 

been argued that innovation is a fuzzy concept, which “does not meet (yet) the 

criteria of a good social science concept”13. The definition of innovation tends to 

be stretched in many different directions and especially in relation to measuring 

countries’ innovation. Policy-makers might wish for a comprehensive and wide 

definition which encompasses all possible aspects linked to innovation 

performance (e.g., public sector innovation, societal innovation, etc.). In this 

context, the EIS has historically a strong business innovation focus but 

criticisms have been raised in relation to the need of including in its scope 

                                           
9 See for instance: Elias G. Carayannis, Yorgos Goletsis, Evangelos Grigoroudis, “Composite Innovation 
Metrics: MCDA and the Quadruple Innovation Helix Framework”, Technological Forecasting and Social 
Change, 4-17, 2018 
10 See for instance: Global Innovation Index 2018, World Intellectual Property Organisation, INSEAD, Cornell 
SC Johnson College of Business http://www.wipo.int/edocs/pubdocs/en/wipo_pub_gii_2018.pdf  
11 See for instance: Jan Kozlowski, “Innovation indices: the need to positioning them where they properly 
belong”, Scientometrics, 2015 
12 Oslo Manual 2018, Guidelines for collecting, reporting and using data on innovation, OECD, EUROSTAT 
2018, 4th edition 
13 See for instance: Jan Kozlowski, “Innovation indices: the need to positioning them where they properly 
belong”, Scientometrics, 2015  

http://www.wipo.int/edocs/pubdocs/en/wipo_pub_gii_2018.pdf
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aspects such as environmental innovation or social innovation. Overall, it is 

important to agree on a definition of innovation as this determines the 

components and innovation dimensions which will be selected for a certain 

measurement framework.  

- Challenges and criticisms related to multi-dimensionality. Considering 

that innovation is a complex concept that is affected by several factors, 

countries’ performance is measured through a composite indicator (the 

Summary Innovation Index), in the attempt of capturing all different levers of 

the national innovation systems. Therefore, multi-dimensionality is an essential 

element of the EIS, but it also represents one of its major challenges. In fact, 

having a multi-dimensional tool means that the definition of the different 

dimensions of innovation and the selection of the indicators to be assessed for 

measuring the performance of innovation system strongly influence the results 

and the overall country performance. This is the reason why innovation 

measurement frameworks are so different around the world (see section 2.2): 

they all consider different innovation dimensions. Hence, it may happen that a 

country has very different performances accordingly with the framework used 

to measure it. Moreover, when considering multi-dimensionality in the context 

of the EIS it is also important to recognise that the different innovation 

dimensions have a different number of indicators, meaning that in the 

framework there are components that “weight” more than others in 

determining the performance level. Therefore, one of the recommendations 

suggested during the expert workshop held in November 2018 has been to try 

to select the same number of indicators for each dimension in order to 

overcome the problem of weighting.   

- Challenges related to the optimality, quantity and quality of indicators. 

There are several challenges linked to the indicators selected for the EIS and 

one of the most important is the question of optimality: indeed, for certain 

indicators an increase in the value of the measurement does not directly 

translate in “more innovation”. For instance, when looking at the number of 

foreign doctoral students in a certain country, getting to 100% does not 

necessarily indicate that the country is well performing in terms of innovation. 

On the contrary, a 100% rate of foreign PhD student in a country could be sub-

optimal from an innovation perspective as it could mean that nationals are not 

sufficiently educated. Therefore, for certain indicators there is a need to 

identify a threshold or optimal value to keep into account in the measurement. 

A second challenge related to indicators is constituted by their quantity. In fact, 

even though the policy-makers may be attracted by a broad and highly-

descriptive set of indicators, the experts warned that increasing the number of 

indicators could make the instrument over-complex and excessively difficult to 

use. Finally, it is worth mentioning that the quality of the indicators cannot be 

only analysed from a theoretical perspective but should be measured based on 

the contribution of the indicators in appropriately explaining the related 

innovation dimensions. For this reason, widely-recognized innovation indicators 

(e.g. patents) might still be object of debate if they do not present a 

straightforward relationship with one or another innovation dimension. 

- Challenges and criticisms related to the timeliness and availability of 

data. Not only is the selection of indicators challenging, but also the collection 

of the data. Indeed, data timeliness and availability are undoubtedly two of the 

major issues for statisticians and experts working with innovation 

measurement. In this respect, there are many different challenges ranging 

from over-reliance on the few datasets that are easily available (e.g., patent 

applications) and usage of “old” data to incapacity to include new and emerging 

phenomena for which data availability is insufficient (e.g., entrepreneurship). 
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Furthermore, the challenges linked to data availability also relate to a dynamic 

debate on data sources and the use and reliability of surveys for gathering data 

otherwise unavailable. In this respect, the challenges and criticisms raised 

towards the EIS also apply, in many cases, to other innovation measurement 

frameworks and to the measurement of other phenomena.  

- Challenges and criticisms related to the comparison of countries and 

situations that are very different in nature. Comparing two scientific 

objects requires a minimum level of similarities between them. However, 

national and regional innovation systems are, by nature, very different and 

different innovation systems might require particular types of policy 

intervention. For this reason, some questioned the relevance of establishing a 

comparison and ranking of countries14. This point also emerged during the 

expert workshop; several participants highlighted the risks and challenges 

linked to the ranking of the countries, which can be misleading and 

counterproductive from an overall policy point of view15. The introduction of 

contextual indicators that describe country specificities - as of the 2017 edition 

- constituted a preliminary answer to these challenges and criticisms. The EIS 

is, by choice, a comparative tool for policy-makers, offering a multi-country 

assessment. However, it is acknowledged that this comparison between 

different countries can be counterproductive if it does not sufficiently take into 

account the specificities of different national innovation systems. If the purpose 

of the EIS is also to offer a basis for developing policy advice and for improving 

innovation performance, the contextualisation of the findings is crucial. The 

contextual indicators, added to the EIS in 2017, constitute a first step in this 

direction. However, since they do not intervene directly in the measurement of 

the innovation performance, the criticism is still relevant. In this respect, some 

experts suggested to try to figure out alternative ways to consider different 

levels of performance, overcoming the obstacles related to ranking. 

- Challenges and criticisms related to the usability of the tool for policy-

makers. This final set of challenges and criticisms relates to the purpose and 

nature of the EIS and are further explained in Chapter 2.3 below. If this tool is 

to serve as a guide for policy-makers, it should be as usable and 

understandable as possible, clearly pointing to problems in countries’ 

innovation performance and hence, indirectly, paving the way for identifying 

solutions. In this respect, an article suggested that “the use of an aggregate, 

single figure is low for practical policy purposes as it is neither immediately 

transparent nor does it imply any specific action to be taken. Neither the SII 

nor the single indicators are related to typical areas of policy intervention”16. A 

more recent publication argues that the SII can be misleading and that a 

separation of input and output indicators is needed to say something significant 

on national innovation systems17. Although the EIS changed significantly in 

2017 and it goes beyond merely providing a single number (the SII) to 

countries, the question remains of whether the changes that this tool has 

experienced over time have led to greater clarity and usability on top of better 

measurement 

                                           
14 See for instance: Attila Havas, Kincso Izsak, Paresa Markianidou, Slavo Radosevic, “Comparative Analysis 
of Policy-Mixes of Research and Innovation Policies in Central and Eastern European Countries”, GRINCOH 
Working Paper Series, Serie 3: Knowledge, Innovation, Technology, Paper No. 3.12, March 2015 
15 See also Annex B – Final takeaways from the expert workshop 
16 Andreas Schibany, Gerhard Streicher, “How not to compare Innovation Performance, A critical assessment 
of the European Innovation Scoreboard”, Conference Paper for the 2nd PRIME Indicators Conference on STI 
Indicators for policy, Addressing new demands of stakeholders, May 2008 
17 Charles Edquist, Jon Mikel Zabala-Iturriagagoitia, Javier Barbero, Jose Luis Zofıo, “On the meaning of 
innovation performance: Is the synthetic indicator of the Innovation Union Scoreboard flawed?”, Research 
Evaluation, 1-16, 2018 
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Although some of these challenges and criticisms are specific to the EIS, most of them 

are relevant to any attempt of measuring the performance of innovation systems. In 

the next Section we elaborate on the experience and lessons learnt from other 

measurement frameworks and on innovation measurement in general, before outlining 

our vision for a future EIS.  

 

2.2 Experience and lessons learnt from other measurement 

frameworks 

In addition to the analysis of challenges for innovation measurement and criticisms to 

the EIS, the study team carried out a review of international best practices and 

measurement frameworks. The purpose of this exercise was to spell out the 

theoretical foundations of other national/international innovation measurement 

systems to understand which indicators are used outside the EU, and to analyse how 

they are systematically structured/grouped and interlinked. More specifically the team 

carefully scrutinised the measurement frameworks developed in South Korea, China, 

Japan and Germany as well as the Global Innovation Index. The table below presents 

a short characterization of the different measurement frameworks (including EIS) 

considering parameters such as number of indicators analysed and number of 

countries covered.  

Table 1 - Characterization of the different measurement frameworks 

Parameter| 

Framework 
EIS 

South 

Korea  
China Japan Germany GII 

Number of 

indicators 
27 31 30 22 37 80 

Number of 

countries  
4618 34 40 NA 35 126 

Periodicity 

Annually Annually 

Every 

two 

years 

Annually 

Annually Annually 

Latest edition 2018 2017 2017 2018 2018 2018 

Website https://e

c.europa

.eu/grow

th/indust

ry/innov

ation/fac

ts-

figures/s

coreboar

ds_en 

https://

www.k2b

ase.re.kr

/costii/e

n/home.

do 

http://2

015.cast

ed.org.c

n/en/we

b.php?N

ewsID=6

457&Cha

nnelID=

96 

http://w

ww.niste

p.go.jp/e

n/?p=44

94 

http://ww

w.innovati

onsindikat

or.de/201

8/ 

https://

www.glo

balinnov

ationinde

x.org/ho

me 

The commonalities and differences of these frameworks with the EIS are further 

discussed below. In addition, for each of the measurement frameworks, a table 

including the indicators used (both by the measurement framework and by the EIS for 

similar parameters) is presented. Annex C presents more details about the indicators 

used by each measurement framework.  

The table below summarises the rankings of some European countries and selected 

global competitors according to the different measurement frameworks1920. 

                                           
18 Including 28 Member States, 8 other European countries or regional neighbours and 10 global 
competitors. 
19 Ranking for the Japanese framework is not publicly available. 
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Table 2 - Ranking according to different measurement frameworks 

Country| 

Framework 
EIS21  

South 

Korea  
China  Germany  GII  

Austria 11 15 12 8 14 

Belgium 9 14 15 2 15 

Czech Republic 15 16 18 15 16 

Denmark 3 8 5 6 7 

Finland 4 9 10 4 6 

France 12 12 11 13 12 

Germany 8 4 7 3 8 

Hungary 20 20 20 18 20 

Ireland 10 11 13 11 9 

Italy 19 19 16 20 18 

Netherlands 5 5 8 9 2 

Poland 21 21 21 21 21 

Portugal 16 18 19 16 19 

Spain 17 17 17 17 17 

Sweden 2 7 6 7 3 

Switzerland 1 2 3 1 1 

United Kingdom 7 10 9 5 4 

South Korea 6 6 4 12 10 

China 18 13 14 19 13 

Japan 13 3 2 14 11 

United States 14 1 1 10 5 

As can be seen in the table, the results of the five measurement frameworks differ for 

the majority of the countries (except for Spain and Poland). As an example, Sweden 

ranks second on the EIS, third on the GII, sixth on the Chinese framework, and 

seventh on the South Korean and German frameworks. 

It is important to mention that some frameworks do not normalise all indicators, which 

implies a size bias and may cause an impact on the results.  

Analysing the correlation between the different rankings (see Table 3 below), it can be 

concluded that the Chinese and South Korean are the two frameworks that have more 

similar rankings (correlation of 0.957), followed by GII and South Korean (0.871), and 

EIS and German frameworks (0.871). 

Table 3 - Rank correlation between the different measurement frameworks 

Framework EIS 
South 

Korea 
China Germany GII 

EIS 1.000     

South Korea 0.713 1.000    

China 0.703 0.957 1.000   

                                                                                                                                
20 The table presents 21 countries covered in all reports and shows the ranking within this group only. 
21 There are differences in the number of indicators used for calculating the EIS scores (used for the 
ranking) between the European countries and global competitors. Global competitors are ranked based on a 
restricted set of indicators (16) and not on all indicators (27) as European countries. 
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Framework EIS 
South 

Korea 
China Germany GII 

Germany 0.871 0.643 0.597 1.000  

GII 0.856 0.875 0.832 0.742 1.000 

The review of these measurement frameworks served to understand which indicators 

are used outside the EU and how they are methodically arranged/grouped and 

intertwined.  

2.2.1 South Korea 

COSTII (Composite Science and Technology Innovation Index) is the 

indigenous index of Korea, which monitors, qualitatively and quantitatively, the 

science and technology innovation capacity at the national level. The Ministry of 

Science and ICT of Korea (MSIT) and the Korea Institute of Science and Technology 

Evaluation and Planning (KISTEP) developed this index. Based on the framework of 

the National Innovation System (NIS), COSTII is a comprehensive review of the 
overall process of innovation (inputs → activities → performance). This review takes a 

systematic approach looking at the relations between inputs, activities and 

performance as a decisive factor of national science and technology innovation 

capacity, as shown in the figure below. 

Figure 2 - COSTII Framework 

 

Source: KISTEP22 

COSTII compares science and technology innovation capacity across 34 OECD 

countries, and it detects and monitors the situation of South Korea in this respect. 

Five dimensions, fourteen sectors, and thirty-one indicators were established for the 

evaluation of science and technology innovation, as shown in the table below. The 

table below matches the indicators used by the EIS for similar parameters. The results 

of this evaluation help to define Korea's strengths and weaknesses in its science and 

                                           
22 http://www.k2base.re.kr/costii/en/methodology.do  

http://www.k2base.re.kr/costii/en/home.do
http://www.k2base.re.kr/costii/en/methodology.do
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technology innovation capacity and to suggest policies aiming at improvements of 

science and technology. 

Table 4 - Indicators used in South Korea’s COSTII 

Dimension/Sector Indicator EIS 

1 Resources 

1 
Human 
resources 

1 Total researchers  

2 Total researchers per 10,000 population  

3 
Science and engineering graduates at 
doctorate level as a percentage of 
population 

 

2 Organisation 

4 
Number of organizations with USPTO 
patent grants 

 

5 
Number of world's leading universities and 
companies 

 

3 
Knowledge 
resources 

6 
Number of SCI papers in the past 15 years 
(STOCK) 

 

7 
Number of patents in the past 15 years 
(STOCK) 

 

2 Activities 

4 
R&D 
investment 

8 GERD  

9 GERD as a percentage of GDP  

10 GERD per researcher  

11 
BERD as a percentage of value added in 
industry 

 

12 GBAORD as a percentage of GDP  

5 
Entrepreneurial 
activity 

13 
TEA (Total early stage Entrepreneurial 
Activity) 

 

14 
Venture capital investment as a percentage 
of GDP 

 

 
3 

 
Network 

6 
Triple helix 
cooperation 

15 
Number of patents with industry-
university-research institute cooperation 

 

16 
Percentage of business enterprise funding 
within the R&D expenditure of government 
and higher education 

 

7 

Industrial 
cooperation 

17 Technological cooperation  

International 
cooperation 

18 
Number of patents with foreign co- 
inventors 

 

19 
Foreign direct investment as a percentage 
of GDP 

 

 
4 

 
Environment 

8 Support system 
20 

Percentage of BERD financed by 
government 

 

21 Intellectual property rights  

9 
Physical 
infrastructure 

22 
Fixed and mobile broadband subscriptions 
per 100 inhabitants 

 

23 Percentage of individuals using the Internet 
and Fixed (wired) broadband monthly 
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Dimension/Sector Indicator EIS 

subscription charge 

10 
Culture 

24 National culture  

25 Science in schools  

5 Performance 

11 
Economic 
outcome 

26 
Value added of Industry per capita 
population 

 

27 
High-technology exports (% of 
manufactured exports) 

 

28 
Technology balance of payments as a 
percentage of GERD 

 

12 
Knowledge 
creation 

29 Number of patents  

30 
Number of patents per GERD (per million 
USD) 

 

31 Number of SCI papers and citations  

 

Commonalities: The EIS and the South Korean framework share some commonalities. 

They both measure the number of new doctorate graduates as a share of the total 

population, as a human resources indicator. Patent and trademark applications, 

broadband penetration, venture capital investment and high technology product 

exports are other common indicators used by the two indices. 

Differences in Indicators: There are two notable differences in indicators: 

(i) The South Korean framework emphasises Culture as an important 

aspect/dimension of innovation. The cultural sector illustrates the qualities of 

social infrastructures, affecting science and technological innovation 

capabilities. This aspect of culture is measured using two different indicators:  

 Nation's openness towards a new and foreign culture: This is believed to 

play a significant role in building an innovative environment, as openness to 

other cultures makes it easier to adopt ideas and technologies from abroad. 

 Science in schools23: This indirectly measures a country’s potential of 

science and technology development by looking at adolescents' interest in 

science and technology.  

(ii)  The COSTII framework measures R&D Investment using indicators relating 

to Gross domestic expenditure on R&D (GERD) as well as Business enterprise 

R&D expenditure (BERD). 

 The GERD indicator captures countries’ R&D intensities by comparing R&D 

inputs with a corresponding economic series for international assessment. It 

denotes the R&D intensity of an economy. 

 The “BERD as a percentage of value added in industry” indicator captures 

the intensity of business R&D investments. It divides business expenditures 

on R&D by the total value added to industries. BERD covers R&D activities 

carried out within the business sector by firms and institutes, regardless of 

the origin of the funding. It is frequently used to compare countries’ 

private-sector innovation efforts. 

                                           
23 IMD's World Competitiveness Yearbook includes 'science in schools' as one of the indicators based on an 
executive opinion survey. 
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 The “percentage of BERD financed by government”24 indicates how much of 

a government's direct investments is represented within the business R&D 

expenditures of a country. 

Differences in Methodology: While the EIS is calculated as the unweighted average of 

its indicators, the South Korean index is the sum of the scores of its five dimensions 

(Resources, Activities, Network, Environment and Performance). Each dimension is 

scored as the sum of its respective sector scores25; the sector scores are the sum of 

the standardised values of all indicators26.  

Conclusion: The COSTII framework has a unique aspect/dimension of Culture that is 

not found both in EIS and in other frameworks from other countries. This aspect is 

measured through nation's openness towards a new and foreign culture as well as 

science in schools indicator.  

2.2.2 China 

The National Innovation Index Report has been published annually since 2011 by 

the Chinese Academy of Science and Technology for Development with support and 

assistance from the Ministry of Science and Technology as a state-level innovation 

capacity evaluation report. The report features 40 countries with active science, 

technology and innovation (STI) activities (whose combined R&D expenditure accounts 

for more than 95% of the world’s total). 

The index is composed of five first-level indicators and 30 second-level indicators, as 

shown in the table below. The table below also matches indicators used by the EIS for 

similar parameters. The 30 second-level indicators include 20 quantitative indicators, 

which highlight innovation scale, quality and efficiency, and international 

competitiveness, while maintaining a balance between large and small countries, and 

ten qualitative indicators, which reflect the innovation environment.  

Table 5 - Indicators used in China’s National Innovation Index Report. 

Dimension/Sector Indicator EIS 

1 Innovation 
resources 

1 Gross domestic expenditure on R&D as a percentage of GDP  

2 R&D personnel per ten thousand labour force  

3 
Higher education gross enrolment ratio (number of enrolment 
as a percentage of the population aged 18～22) 

 

4 Networked readiness index  

5 R&D expenditure as a percentage of world total   

2 Knowledge 
creation 

6 
S&T papers citations per million R&D expenditure in academic 
institutions 

 

7 S&T papers per ten thousand researchers  

8 
Value added of knowledge-intensive services as a percentage 
of GDP 

 

9 Invention patent applications per 100 million US dollars GDP  

                                           
24 For the indicator, grants, loans, and procurement are categorised as government financing, whereas tax 
incentives and equity investments are not. 
25 The weighted value is applied only when sector scores are missing. When no missing value occurs under 
any of the sectors of all five dimensions, the weighted value is equivalent to one. 
26 The weighted value is applied only when indicator scores are missing. When no missing value occurs 
under any of the indicators, the weighted value is equivalent to one. 

http://2015.casted.org.cn/upload/news/Attach-20171120094424.pdf
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Dimension/Sector Indicator EIS 

10 Invention patent granted per ten thousand researchers  

3 Enterprise 
innovation 

11 Triadic patent families as a percentage of world total  

12 
Business enterprises expenditure on R&D as a percentage of 
value added 

 

13 
PCT applications per ten thousand researchers in business 
enterprises 

 

14 Technology independence  

15 
Business enterprise researchers as a percentage of total 
researchers 

 

4 Innovation 
performance 

16 Labour productivity  

17 GDP per unit of energy use  

18 Patents in force as a percentage of world total  

19 High-tech exports as a percentage of manufacture exports  

20 
Value added of knowledge-intensive industries as a percentage 
of world total  

 

5 Innovation 
environment 

21 Intellectual property protection  

22 Burden of government regulation  

23 Macroeconomic stability  

24 Local availability of research and training services  

25 Effectiveness of anti-monopoly policy  

26 Venture capital availability  

27 Flexibility of wage determination  

28 State of cluster development  

29 University-industry collaboration in R&D  

30 Government procurement of advanced technology products  

Commonalities: The EIS and the Chinese Framework both measure public expenditure 

on R&D activities, publication citations, patent and trademark applications, and 

innovation outcomes that include high technology product exports. 

Differences in Indicators: There are three notable differences in indicators: 

(i) Under Innovation Resources, the Chinese framework measures R&D 

personnel per 10,000-labour force, which refers to the number of researchers 

per 10,000-labour force, showing countries’ human resource investment in 

innovation. 

(ii) Under Innovation Environment, the Chinese framework emphasises the 

following: 

 “Intellectual property protection”, “burden brought by government 

requirements (permits, regulations, reporting) to enterprises”, “extent to 

which anti-monopoly policy is effective” and “government procurement of 

advanced technology products”. These indicators and data are taken from 

the Global Competitiveness Reports released by the World Economic Forum 

over the years. 
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 “Macroeconomic stability”, which consists of a series of indicators including 

“central government revenue and expenditure”, “savings rate”, “inflation”, 

“interest rate spread”, “government debt” and “sovereign credit rating” and 

which reflects the stability of the macroeconomic environment. 

(iii)  The Chinese framework puts stronger emphasis on Patents compared to the 

EIS and includes in particular: 

 Invention patent applications per 100 million US dollars GDP: This indicator 

refers to the number of a country’s invention patent applications divided by 

its GDP (converted and expressed in USD 100 million). It reflects the 

productivity of its technological creation. 

 Invention patent granted per ten thousand researchers: This refers to the 

number of resident invention patents granted per ten thousand researchers, 

and it should reflect countries’ indigenous innovation capabilities and 

technological output efficiency. 

 Triadic patent families as a percentage of world total: This indicator refers 

to the share of countries’ triadic patents in the global total. Triadic patents 

are a series of corresponding patents filed with the European Patent Office 

(EPO), the Japan Patent Office (JPO) and the United States Patent and 

Trademark Office (USPTO), for the same invention, by the same applicant 

or inventor. 

 Patents in force as a percentage of the world: this indicator relates to 

countries’ patents in force, i.e. those owned by its residents, expressed as a 

percentage of the world’s total patents in force, reflecting its enterprises’ 

indigenous innovation capacity and market competitiveness. 

Differences in Methodology: The Chinese index assigns a base value to a subject27 and 

uses it to assess all subjects to identify their comparative positions and rank them 

according to their respective values. The original values of the 40 countries in the 30 

second-level indicators are non-dimensionalised28.  

Non-dimensionalisation is used for removing the discrepancies in quantitative units29. 

It is also used for enabling the generalisation of indicators in assessment using 

multiple indicators. Second-level indicator data are treated using linear non-

dimensionalisation, as in: 

 

Conclusion: The analysis conducted on the Chinese framework offers interesting 

insights in terms of the indicators that could be considered in the EIS. Among the 

indicators included on the Chinese framework, one of the most relevant is government 

procurement of advanced technology products. 

2.2.3 Japan 

The Japanese National Institute of Science and Technology Policy (NISTEP) publishes 

the Digest of Japanese Science and Technology Indicators every year. This 

measurement framework is based on a differentiation of science and technology 

                                           
27 The subjects for assessment are countries with remarkable innovation resources and significant innovation 
output. 
28 http://2015.casted.org.cn/upload/news/Attach-20171120094424.pdf  
29 Non-dimensionalisation also removes differences in order of magnitude and forms of relative number. 

http://www.nistep.go.jp/en/?p=4248
http://2015.casted.org.cn/upload/news/Attach-20171120094424.pdf
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activities into five categories/dimensions as shown in Table 6. The table also matches 

indicators used by the EIS for similar parameters. 

Table 6 - Indicators used in the Digest of Japanese Science and Technology. 

Dimension/Sector Indicator EIS 

1 R&D 
Expenditure 

1 Total R&D expenditure  

2 
Government budgets for science and technology as percentages 
of GDP 

 

3 
Direct government funding and indirect government support to 
help business enterprises with R&D 

 

4 
Government contributions to the R&D expenditure of business 
enterprises 

 

2 R&D 
Personnel 

5 Number of researchers  

6 
Fields of specialisation of researchers belonging to business 
enterprises in Japan 

 

7 Number of research assistants for each researcher  

3 Higher 
Education 

8 Career paths of graduates in science and engineering  

9 Academic degree recipients per one million of population  

4 R&D Output 10 Number of scientific papers  

11 Number of patent families  

12 
Technological field shares in the worldwide number of patent 
families 

 

13 Number of papers cited by patent families  

14 Number of patent families citing papers  

15 
Linkage between scientific fields and technological fields in the 
world 

 

16 Number of patent families cite Japanese papers  

5 Science, 
Technology, 
and 
Innovation 

17 Trade balance ratios for high technology industries  

18 Ratios between medium and high technology industries  

19 Business start-up rate  

20 Business discontinuance rate  

21 People with entrepreneurial motivation  

22 Post-start-up business survival rate  

Commonalities: The EIS and the Digest of Japanese Science and Technology 

Indicators both measure publications and citations of scientific papers, patent 

applications and innovation outcomes, which include high technology product exports 

and R&D expenditure from public and private (business) sector. 

Differences in Indicators: There are four notable differences in indicators: 

(i) The Japanese framework puts greater emphasis on the dimension of 

graduates of universities and college, which includes indicators on career 

paths of graduates in science and engineering, as well as academic degree 

recipients per one million people. 
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(ii) It also measures the support given by governments to help enterprises 

with their R&D activities. 

(iii)  It specifically measures linkages between scientific fields and 

technological fields in the world by analysing information on papers cited by 

patent families30. 

(iv) Lastly, it measures indicators related to post-start-up business survival 

rate and business discontinuance rate31. The business start-ups32 and 

discontinuance rates33 are calculated based on the formation and termination of 

business establishments in respect of which necessary insurance relations have 

been established (applicable places of business34). It is necessary to 

acknowledge that in the Japanese Framework the method of calculating a 

business start-up rate and a business discontinuance rate differs from country 

to country35. 

Differences in Methodology: The desk research conducted and the material available 

online do not provide enough information to detail the differences between the EIS’ 

and the Japanese framework.  

Conclusion: The Japanese framework includes several indicators that could be 

considered in the EIS such as direct government funding and indirect government 

support to help business enterprises with R&D. 

2.2.4 Germany 

The Innovation Indicator is a reporting system initiated by the Deutsche Telekom 

Foundation in partnership with the Association of German Industry (BDI) and steered 

by a consortium consisting of the Fraunhofer Institute for Systems and Innovation 

Research ISI and the Centre for European Economic Research (ZEW). 

The Innovation Indicator aims at benchmarking the ability of the German economy to 

innovate against a set of other countries. It aims to unveil strengths and weaknesses 

of the German innovation system and to help the development of innovation policies. 

Table 7 shows the indicators used in Germany’s measurement framework. The table 

also matches indicators used by the EIS for similar parameters. 

Table 7 - Indicators used in Germany’s Innovation Indicator. 

Subsystem Indicator EIS 

                                           
30 For instance, the linkage between scientific fields and technological fields in the world shows that a large 
number of papers cited by patent families fall within the scientific fields of ”basic life sciences”, ”chemistry”, 
and ”clinical medicine”. 
31 http://www.nistep.go.jp/en/wp-content/uploads/NISTEP-RM261-Summary_E.pdf  
32 For instance, in Japan, the business start-up rate is calculated by dividing the number of business 
establishments that newly establish employment relationships during the year concerned by the number of 
applicable places of business at the end of the previous year. 
33 For instance, in Japan, the business discontinuance rate is calculated by dividing the number of business 
establishments whose employment relationships extinguish during the year concerned by the number of 
applicable places of business at the end of the previous year. 
34 Applicable places of business mean the number of business establishments that have established labour 
insurance relations pertaining to employment insurance. 
35 For instance, in the U.S., the business start-up and discontinuance rates are calculated on the basis of the 
generation and termination of employers. In the UK, the business start-up and discontinuance rates are 
calculated on the basis of the number of business enterprises registered for VAT (value-added tax) and 
PAYE (withholding income tax). In Germany, the business start-up and discontinuance rates are calculated 
on the basis of the number of business enterprises that have submitted the notifications of business 
commencement/discontinuance. In France, the business start-up rate is calculated on the basis of the 
number of business start-up cases registered with/deleted from the SIRENRE database (the list of business 
enterprises and offices). 

http://www.innovationsindikator.de/2017/home/#!/home
http://www.nistep.go.jp/en/wp-content/uploads/NISTEP-RM261-Summary_E.pdf
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Subsystem Indicator EIS 

1 Education 1 Foreign students as a percentage of all tertiary enrolment  

2 
Share of employees with at least secondary (non-tertiary) 
education 

 

3 
Population with ISCED 6 level education in mathematics, 
sciences and engineering 

 

4 Tertiary graduates per 55+ year old academic employees  

2 Education/State 5 Annual education expenses per student  

6 Quality of education system  

7 Quality of the mathematical and natural science education  

8 Index of PISA results in sciences, reading, mathematics  

3 Society 9 E-readiness indicator  

10 Risk-taking behaviour  

11 Number of PCs per 100 inhabitants  

12 Share of post materialists  

4 State 13 Public demand for advanced technologies  

5 Enterprises 14 Demand of companies for technological products  

15 Early-stage venture capital relative to GDP  

16 Importance of Marketing  

17 Share of international co-patents  

18 
Share of value added in high-tech sectors in total value 
added 

 

19 Share of employees in knowledge intensive services  

20 Intensity of competition  

21 GDP per capita  

22 Transnational patents per capita  

23 USPTO patent applications per capita  

24 Value added per hour worked  

25 Trade balance in high-tech goods per capita  

26 Share of university R&D financed by enterprises  

27 Business expenditures on R&D (BERD) as share of GDP  

6 Enterprises/State 28 B-index for tax-based funding of business R&D  

29 Publicly funded R&D in enterprises as a share of GDP  

7 Public Research 30 Number of researchers in FTE per 1,000 employees  

31 Number of SCI publications relative to population  

32 Quality of research institutions  

33 Field-specific expected impact rate of SCI-publications  
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Subsystem Indicator EIS 

34 Public science sector patents per inhabitant  

35 Share of international SCI co-publications  

36 
Country share among the top 10% of most highly cited 
publications 

 

8 Public 
Research/State 

37 
R&D share in Public Research Institutions and Universities 
as share of total expenditures  

 

Commonalities: The EIS and the German Framework both measure aspects and 

indicators such as foreign students in tertiary education (doctorate level), patent and 

trademark applications, innovation outcomes, which include exports of high 

technology product, and employment in knowledge-intensive activities/services. 

Differences in Indicators: There are three notable differences in indicators: 

(i) The German framework places greater emphasis on the subsystem of 

education/state and notably measures: 

 Annual education expenses per student: This depicts the financial resources 

that the government provides for the education of students in scientific 

domains. 

 Quality of education system: This is a more subjective indicator based on 

the World Economic Forum’s Executive Opinion Survey36. The survey asks 

stakeholders about their assessment of the quality of the education system 

in their respective countries.  

 Quality of the mathematical and natural science education: This indicator 

focuses on the mathematical and natural science-related education, which 

constitutes the basis for the science-oriented human capital available to 

each national innovation system. 

 Index of Programme for International Student Assessment (PISA) results in 

sciences, reading, and mathematics have become a quasi-standard in 

performance measurement and comparisons with respect to national 

education systems37. PISA indicators constitute a valuable output measure 

with respect to de facto achieved performance levels38. 

(ii) The German framework also specifically measures the societal approach to 

innovation: 

 The e-readiness indicator measures the availability of online governmental 

services (citizens and businesses).  

 The Risk Taking Behaviour indicator measures the entrepreneurial approach 

and the willingness to take risks.  

(iii)  Finally, the German framework also measures the Intensity of competition 

considering that well-established competition is necessary to foster innovation 

activities.  

                                           
36http://www3.weforum.org/docs/GCR2017-
2018/04Backmatter/TheGlobalCompetitivenessReport2017%E2%80%932018AppendixC.pdf  
37 They measure under internationally comparable circumstances the de facto attained performance levels in 
these three fields separately for a representative sample of 15 years aged pupils. If the performance of the 
15 years aged pupils today is indicative of the education system as such, this indicator is a predictor of 
qualification of the active work force. 
38 http://www.innovationsindikator.de/2017/home/#!/home  

http://www3.weforum.org/docs/GCR2017-2018/04Backmatter/TheGlobalCompetitivenessReport2017%E2%80%932018AppendixC.pdf
http://www3.weforum.org/docs/GCR2017-2018/04Backmatter/TheGlobalCompetitivenessReport2017%E2%80%932018AppendixC.pdf
http://www.innovationsindikator.de/2017/home/#!/home
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Differences in Methodology: First, the German framework normalises relevant 

indicators, as these are measured on different scales and in different units.  

Taking Yi,j is indicator j of country i before rescaling and �̅�𝑖,𝑗 after rescaling, the 

normalisation occurs according to the following formula: 

 

The framework keeps the set used for normalising fixed, while measuring new 

countries against the minima and maxima of the fixed set, say, L. The formula that 

results from this procedure is: 

 

It should be noted that the normalised indicators usually would not fall into the 

interval [0,100] for those countries that display more extreme values than the 

reference set L. 

The framework then constructs a composite indicator achieved from the weighted 

average of rescaled indicators. The framework is based on equal weighting, letting J 

be the total number of different indicators. This leads to the following formula for the 

Innovation Indicator II for country i: 

 

In principle, rankings and country analyses are based on this indicator. However, 

these are contingent on the choice of equal weights.  

Conclusion: The German framework includes a subsystem related with education/state 

with several indicators that could be considered in the EIS namely quality of the 

mathematical and natural science education, and index of PISA results in sciences, 

reading, and mathematics. Other relevant subsystem is the one associated with state 

and its indicator on public demand for advanced technologies. 

2.2.5 Global Innovation Index (GII) 

The Global Innovation Index is the result of a collaboration between Cornell 

University, INSEAD, and the World Intellectual Property Organization (WIPO) as co-

publishers, and their Knowledge Partners. It provides detailed metrics for 126 

economies (in 2018), representing 90.8% of the world’s population and 96.3% of the 

world’s GDP. It is important to note that since the US does not have a national 

innovation index, the GII is often used as benchmarking for the US economy given its 

large territorial scope. 

The overall GII score is the simple average of the Input and Output Sub-Index scores. 

Five pillars compose the Innovation Input Sub-Index: (1) Institutions, (2) Human 

capital and research, (3) Infrastructure, (4) Market sophistication, and (5) Business 

sophistication. The Innovation Output Sub-Index provides information about outputs 

that are the results of innovative activities within the economy. There are two output 

pillars: (6) Knowledge and technology outputs and (7) Creative outputs. The indicators 

used in the GII are shown in Table 8. The table also matches indicators used by the 

EIS for similar parameters. 

https://www.globalinnovationindex.org/Home
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Table 8 - Indicators used in the Global Innovation Index. 

 

Global Innovation Index EIS 

1 
INNOVATI

ON  
INPUT 

1 Institutions 

1 
Political 

environment 

1 
Political stability and absence of 
violence/terrorism 

  

2 Government effectiveness   

2 
Regulatory 

environment 

3 Regulatory quality   

4 Rule of law   

5 Cost of redundancy dismissal   

3 
Business 

environment 

6 Ease of starting a business   

7 Ease of resolving insolvency   

2 
Human 

capital and 
research 

4 Education 

8 Expenditure on education  

9 
Initial government funding per 
secondary student 

 

10 School life expectancy  

11 
Assessment in reading, 
mathematics, and science 

 

12 Pupil-teacher ratio, secondary  

5 
Tertiary 

education 

13 Tertiary enrolment 

14 
Graduates in science and 
engineering 

 

15 Tertiary-level inbound mobility 

6 
Research & 

development 

16 Researchers  

17 
Gross expenditure on R&D 
(GERD) 



18 
Global R&D companies, average 
expenditure top 3 

 

19 
QS university ranking average 
score of top 3 universities 

 

3 
Infrastruct

ure 

7 ICTs 

20 ICT access  

21 ICT use 

22 Government’s online service  

23 Online e-participation  

8 
General 

infrastructur
e 

24 Electricity output   

25 Logistics performance   

26 Gross capital formation   

9 
Ecological 

sustainability 

27 GDP per unit of energy use   

28 Environmental performance   

29 
ISO 14001 environmental 
certificates 

  

4 
Market 

sophisticati
on 

10 Credit 

30 Ease of getting credit   

31 
Domestic credit to private 
sector 

  

32 
Microfinance institutions’ gross 
loan portfolio 

  

11 Investment 

33 
Ease of protecting minority 
investors 

 

34 Market capitalization  

35 Venture capital deals 

12 
Trade, 

competition 
36 

Applied tariff rate, weighted 
mean 
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Global Innovation Index EIS 

& market 
scale 

37 Intensity of local competition  

38 Domestic market scale  

5 
Business 

sophisticati
on 

13 
Knowledge 

workers 

39 
Employment in knowledge-
intensive services 



40 Firms offering formal training  

41 
GERD performed by business 
enterprise 



42 
GERD financed by business 
enterprise 



43 
Females employed with 
advanced degrees 

 

14 
Innovation 

linkages 

44 
University/industry research 
collaboration 

 

45 State of cluster development  

46 GERD financed by abroad  

47 
Joint venture/strategic alliance 
deals 



48 
Patent families filed in two 
offices 

 

15 
Knowledge 
absorption 

49 Intellectual property payments   

50 High-tech imports   

51 ICT services imports   

52 
Foreign direct investment net 
inflows 

  

53 
Research talent in business 
enterprise 

  

2 
INNOVATI

ON 
OUTPUT 

6 

Knowledge 
and 

technology 
outputs 

16 
Knowledge 

creation 

54 Patent applications by origin  

55 
PCT international applications 
by origin 



56 
Utility model applications by 
origin 

 

57 
Scientific and technical 
publications 



58 Citable documents H index  

17 
Knowledge 

impact 

59 
Growth rate of GDP per person 
engaged 

 

60 New business density  

61 
Total computer software 
spending 

 

62 ISO 9001 quality certificates  

63 
High-tech and medium-high-
tech output 

 

18 
Knowledge 
diffusion 

64 Intellectual property receipts  

65 High-tech exports 

66 ICT services exports  

67 
Foreign direct investment net 
outflows 

 

7 
Creative 
outputs 

19 
Intangible 

assets 

68 
Trademark application class 
count by origin 



69 Industrial designs by origin 

70 
ICTs and business model 
creation 

  

71 
ICTs and organizational model 
creation 
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Global Innovation Index EIS 

20 
Creative 

goods and 
services 

72 
Cultural and creative services 
exports 

  

73 National feature films produced   

74 
Entertainment and media 
market 

  

75 
Printing publications and other 
media output 

  

76 Creative goods exports   

21 
Online 

creativity 

77 
Generic top-level domains 
(gTLDs) 

  

78 
Country-code top-level domains 
(ccTLDs) 

  

79 Wikipedia yearly edits   

80 Mobile app creation   

Commonalities: The EIS and the GII share some common features. They both include 

a human resources dimension (measuring the number of new doctorate graduates as 

a share of the total population), a dimension on investments, and a dimension on 

innovation outcomes, which include exports of high technology product. 

Difference in Indicators: there are three notable differences in indicators: 

(i) The GII framework places greater importance on the Institutional aspects of 

innovation and especially: 

 The political environment dimension, which gathers indicators on Political 

stability and absence of violence/terrorism, on the quality of public services, 

on the quality of the civil service and the degree of its independence from 

political pressures, on the quality of policy formulation and implementation, 

and on the credibility of the government’s commitment to such policies. 

 The regulatory environment dimension: this dimension is based on a 

regulatory quality indicator that reflects stakeholders’ perceptions on the 

ability of a government to formulate and implement sound policies and 

regulations that promote private-sector development. A second indicator 

measures rule of law; it reflects on the extent to which agents have 

confidence in and abide by the rules of society, and in particular the quality 

of contract enforcement, property rights, the police, and the courts, as well 

as the likelihood of crime and violence. 

(ii) The GII framework also measures Ecological Sustainability by looking at two 

dimensions:  

 GDP per unit of energy use: This indicator concerns the purchasing power 

parity gross domestic product (PPP$ GDP) per kilogram of oil equivalent of 

energy use. Total primary energy supply (TPES) is made up of production + 

imports − exports − international marine bunkers − international aviation 

bunkers +/– stock changes. 

 Environmental performance: This indicator is a ranking of countries on 24 

performance indicators divided in 10 categories covering both 

environmental public health and ecosystem vitality. Environmental 

performance is a composite indicator; this is a major difference with the 

EIS, which actively avoids composites amongst its indicators.  

(iii)  The GII framework’s Innovation Output does not only measures economic 

indicators but also Creative Outputs in the form of:  
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 Intangible assets: These include trademark application count by origin39, 

industrial designs by origin40, ICTs and business model creation41, and ICTs 

and organizational model creation42 

 Creative goods and services: These include cultural and creative services 

exports43, national feature films produced44, entertainment and media 

market45, printing publications and other media output46, and creative goods 

exports47. 

 Online creativity: This dimension includes the generic top-level domains 

(gTLDs)48, country-code top-level domains (ccTLDs)49, Wikipedia yearly 

edits50, and Mobile app creation51 

Differences in Methodology: The GII framework is composed of seven pillars. Each 

pillar is divided into three sub-pillars, and each sub-pillar is composed of two to five 

individual indicators. Each sub-pillar score is calculated as the weighted average of its 

individual indicators (total 80 for 2018), and each pillar score is established as the 

weighted average of its sub-pillar scores52. As aforementioned, the overall GII score is 

the simple average of the Input and Output Sub-Index scores. 

Conclusion: From the analysis of the GII framework, there are several indicators that 

could be considered in the EIS, namely the ones included in the creative outputs pillar 

such as the cultural and creative services exports and mobile app creation.  

 

2.3 Policy-makers’ needs and expectations for the future: towards a 

user-centric approach for the EIS  

While there are many different ways of measuring innovation and many challenges 

related to this, it emerged from the data collection that the ambition of the 

measurement frameworks is almost always the same: guiding policy-makers in 

identifying needs for policy action and suitable policy solutions and in implementing 

better innovation policies overall.  

For this reason, as policy-makers are the main beneficiaries and target audience of an 

innovation measurement framework such as the EIS, their needs and expectations 

must be at the centre of any possible change and improvement for the future. In this 

respect, we advocate for developing a user-centric approach to the EIS. User-

centricity can be defined as “a design philosophy in which the needs and expectations 

of the end user of an interface are the centre of focus”53. This approach is based on in-

                                           
39 Number of trademark applications issued to residents at a given national or regional office (per billion 
PPP$ GDP) 
40 Number of designs contained in industrial design applications filed at a given national or regional office 
(per billion PPP$ GDP) 
41 Average answer to the question: In your country, to what extent do ICTs enable new business models? [1 
= not at all; 7 = to a great extent] 
42 Average answer to the question: In your country, to what extent do ICTs enable new organizational 
models (e.g., virtual teams, remote working, and telecommuting) within companies? [1 = not at all; 7 = to 
a great extent] 
43 Cultural and creative services exports (% of total trade) 
44 Number of national feature films produced (per million population 15–69 years old) 
45 Entertainment and media market (per thousand population 15–69 years old) 
46 Printing publications and other media (% of manufactures total output) 
47 Creative goods exports (% of total trade) 
48 Generic top-level domains (gTLDs) (per thousand population 15–69 years old) 
49 Country-code top-level domains (ccTLDs) (per thousand population 15–69 years old) 
50 Wikipedia yearly edits by country (per million population 15–69 years old) 
51 Global downloads of mobile apps (scaled by per billion PPP $ GDP) 
52 https://www.globalinnovationindex.org/Home  
53 See for instance the definition of user-centricity of IGI Global, https://www.igi-
global.com/dictionary/user-centricity/31261  

https://www.globalinnovationindex.org/Home
https://www.igi-global.com/dictionary/user-centricity/31261
https://www.igi-global.com/dictionary/user-centricity/31261
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depth preliminary user research aimed at identifying users’ needs, expectations and 

challenges with respect to a certain service.  

Although the purpose of this paper was not to identify and analyse in details policy-

makers’ needs and expectations towards the EIS54, some of them could be easily 

derived from the data collection, the literature review and the expert workshop and 

notably: 

- Need for allowing policy-makers to further determine 

recommendations based on the performance and analysis of context, 

including at the meso level (that is to say below national level). Context and 

specificity are key for determining which policies are recommendable, and 

therefore for satisfying policy-makers’ expectations. The 2017 EIS reform 

constituted a first step in this direction (as also explained in Section 2.1 

above), but a structural reflection on how further incorporate country 

specificities in the EIS might be desirable. At the same time, one should 

acknowledge the tension between comparability and specificity of results, which 

historically underpins the reflection around the EIS: the more the analysis and 

measurements are country-specific, the less it can be comparable. A user-

centric EIS should hence allow to compare countries on some common basis 

while also catering for the need of more country-specific analysis and guidance. 

Furthermore, it should provide country-specific evidence not only at the macro 

(national) level but also at a lower level (e.g. regions,). As highlighted in the 

literature review, national innovation systems are not homogenous but rather a 

patchwork of different territories and regional innovation systems interacting55. 

This should be reflected in the EIS and taken into account by policy-makers.  

- Need for a comprehensive view of innovation performance and 

activities. Innovation is not an end per se but rather a process that can help 

achieving different sets of goals (e.g. increased Gross Domestic Product – GDP 

or GDP per capita, increased citizens’ wellbeing, solutions addressing societal 

challenges). Also, innovation can lead, at the same time, to both positive and 

negative outcomes (e.g. establishment of more factories leading to more 

employment but also to greater air pollution) and policy-makers should be 

informed about both these positive and negative effects. Finally, innovation can 

have diverging short term and long term effects. These should then be 

explained in the measurement framework in order to provide policy-makers 

with a full picture of possible impacts on their country’s near and distant future. 

For these reasons, a user-friendly EIS should try to differentiate between 

positive and negative externalities linked to innovation. In addition, the EIS 

should keep in   mind and remind to the policy-makers about the differences 

between short-term and long-term scenarios.  

- Need for timely and relevant data. While it is widely acknowledged that 

data availability is a challenge for innovation measurement, policy-makers 

need timely data to develop meaningful and relevant policies. A user-centric 

EIS should strive to use new data sources as they emerge in order to ensure 

the highest level of timeliness possible. It should not shy away from testing 

and experimenting with new data sources and indicators if these help policy-

makers understanding new phenomena and addressing them. At the same 

time, it needs to be acknowledged that there can be a trade-off between 

                                           
54 This could be the objective of a specific study to be carried out in the future in the context of a possible 
reform of the EIS post 2020.  
55 See for instance: Petr Hajek, Roberto Henriques, “Modelling innovation performance of Regions using 
multi-output neural networks”, PLoS ONE 12(10), 2017 
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timeliness and reliability of data, as further explained in the Exploratory Report 

B –Towards incorporation of Big Data in the EIS56.  

Based on this “light” assessment of policy-makers’ needs as well as on the data 

collected on new approaches to innovation measurement, indicators and best 

practices, the team developed a number of options for change which could make the 

EIS more relevant, user-centric and user friendly. These are divided according to 

whether they relate to the indicators used in the framework or to the structure and 

methodology underpinning it, as further illustrated in the next chapter.   

                                           
56 European Innovation Scoreboard, Exploratory Report B –Towards incorporation of Big Data in the 
European Innovation Scoreboard, 2018, https://ec.europa.eu/docsroom/documents/30362  

https://ec.europa.eu/docsroom/documents/30362
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3 Discussion on possible changes and options for the 
future 

 

3.1 Options for testing: new indicators, structure and methodologies 
for the EIS 

To make the EIS more user-centric and cater for policy-makers’ needs and 

expectations, the EIS innovation measurement framework could evolve with respect 

to: 

- The indicators and data it uses to capture relevant innovation dimensions, 

which could be reduced or expanded.   

- Its structure and methodology, which could be reviewed in terms of a) 

weighting of the indicators and b) separation of input and output indicators.  

Other challenges spelled out in previous sections merit attention (as for instance the 

question of the definition of innovation, the number and type of innovation dimensions 

to include in the measurement framework, the contextualisation of results and the 

timeliness of data) but these are either covered in separate publications such as the 

above-mentioned exploratory report on Big Data57 and the exploratory report on 

supplementary analyses and contextualisation of innovation performance data58 or they 

need a much more in-depth theoretical and subject specific analysis to be fully 

covered in this exploratory report59.  

For these reasons and in order to obtain an alternative measurement framework which 

can be easily tested, this paper focuses on four options for change (two concerning 

the indicators and two concerning the structure and methodologies of the EIS) which 

build on the current framework and notably: 

- Streamlining: reducing the number of indicators (per group of indicators and 

dimension); 

- Expanding: adding new indicators to the existing innovation dimensions and 

groups; 

- Weighting: ensuring every indicator contributes to the same extent in 

explaining the performance in the measurement framework; 

- Separating: differentiating inputs and outputs indicators. 

It must be noted here that these different possible changes are not mutually 

exclusive. For instance, deleting a number of indicators might not only simplify the EIS 

but also free up some space for the inclusion of new important indicators identified 

through an analysis of expanding possibilities (building on the assumption that an EIS 

with a very high number of indicators is not desirable nor user-friendly and therefore 

that the number of indicators should be kept limited)60. Similarly, it could be 

considered to separate input and output indicators and then attribute them different 

weighting. Finally, one could change both the indicators used by the EIS and its 

structure and methodology at the same time.  

                                           
57 European Innovation Scoreboard, Exploratory Report B –Towards incorporation of Big Data in the 
European Innovation Scoreboard, 2018, https://ec.europa.eu/docsroom/documents/30362  
58 European Innovation Scoreboard, report on Supplementary analyses and contextualisation of innovation 
performance data, https://ec.europa.eu/docsroom/documents/30232 
59 In particular, the question of the definition of innovation to be adopted by the EIS and consequently the 
type of innovation dimensions to capture cannot be fully explored in the present report due to the breadth 
and complexity of the discussion, which also require wide stakeholder and expert consultation. However, in 
the conclusion this paper suggests an approach for tackling this question in the future.  
60 See also Annex B – Final takeaways from the expert workshop 

https://ec.europa.eu/docsroom/documents/30362
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In the next section, before embarking in the preliminary analysis of all these options 

for change, we describe the most important methodological challenges and limitations 

that characterise this assignment as to provide the reader with a balanced picture of 

our results and conclusions.  

3.2 Methodological remarks and limitations 

There are a number of caveats and challenges applying to our exploratory report 

which need to be discussed upfront. These can be divided into five categories, namely: 

I. Radical vs incremental changes 

II. Availability of data; 

III. Scope of the data collection activities; 

IV. Characteristics of certain options for change; 

V. Analysis of the test results. 

First of all, as also highlighted during the expert workshop61, this exploratory report 

only looks at “incremental” changes to the EIS, without contemplating and testing the 

idea of starting from scratch in a) defining innovation, b) developing an entirely new 

measurement framework and c) selecting innovation dimensions to include in it. While 

some experts believe our approach is relevant as it allows to build on the progresses 

already made and to ensure continuity (which is important for policy-makers), others 

suggest that this limits the possibilities for improvements, putting barriers to the 

brainstorming. In particular, some experts argued that a new and in-depth analysis of 

the purpose of the EIS and definition of innovation underpinning it and, consequently, 

of the innovation dimensions to be included in the measurement should be carried 

out62. Although the “starting from scratch” approach has undoubtedly some merits, it 

was decided to take a more incremental approach for this research and to build on the 

current EIS rather than providing an entirely new framework. This was also due to the 

fact that the data collection could not offer examples of radically different and better 

innovation measurement theories and frameworks (see Chapter 2.1 of this exploratory 

report). However, nothing prevents a specific study aimed at offering a clear definition 

of innovation for the EIS and building an entirely different framework to be carried out 

in the future, within or outside the scope of the EIS. 

Secondly, the possibility of testing all the ideas gathered for this report is prevented 

by a general lack of reliable data sources. This challenge is particularly relevant in the 

context of the ideas on the “expansion” of the EIS. For the most promising indicators 

identified, the team also tried to investigate a number of creative solutions in terms of 

data sources, as to allow some preliminary testing of ideas. However, in the absence 

of reliable datasets to leverage, some of these shortlisted possibilities could not be 

tested at all (e.g. the indicator on trade secrets) and therefore the discussion 

presented in this paper remains rather theoretical63. Furthermore, the lack of data 

sources also strongly influenced the development of an alternative framework (see 

Chapter 4 of this report) as it was possible to include in it only indicators for which 

reliable data sources could be clearly identified.   

Concerning the scope of the data collection activities, it must be highlighted here that 

a number of options for change would require a broader and more in-depth discussion 

with innovation experts and policy-makers. Consulting policy-makers and associating 

them to the discussions is not only strictly necessary for the EIS to be useful but also 

                                           
61 See also Annex B – Final takeaways from the expert workshop 
62 See also Annex B – Final takeaways from the expert workshop 
63 It is important to note here that the fact to consider in the analysis indicators for which data sources could 
not be found was a conscious choice due to the “exploratory” nature of this study whose purpose was not to 

stay away from challenging discussions and innovative ideas.  
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perfectly in line with the vision of a user-centric measurement tool. However, the 

activities carried out for this report could not entirely fulfil this methodological 

exigence due to time and resource limitations.  

Furthermore, some of the methodologies treated in the following chapters are based 

on surveys or other large-scale data collection techniques. For instance, we will 

discuss the use of Analytical Hierarchy Problem (AHP)64 for defining the weight of 

indicators. This approach relies on surveying a very large number of stakeholders and 

could not be tested in the framework of this paper. Similarly, the separation of input 

and output indicators requires a wide consultation of experts and stakeholders to 

define which indicators belong to which category, and in order to avoid risks of having 

too arbitrary a separation. The limited consultation carried out in the framework of this 

assignment is clearly insufficient for some of the ideas, and the related testing results 

are for discussion purposes only.  

A fourth challenge concerns the number of possibilities for change to test, and the 

characteristics of certain options. Some of the options for change are in fact too wide 

to be fully tested: for instance, different separations of input and output indicators 

could lead to a very high number of scenarios, considering that many different 

categorisations are possible. Similarly, one could test many possible combinations for 

the removal of indicators from the EIS (removing not one indicator each time but 

several). Therefore, the team had to restrict the testing to a limited number of options 

which a) were the most feasible or b) had the strongest rationale65.  

Finally, it must be noted that in the context of this paper the testing results are 

analysed based on the changes in the Summary Innovation Index (SII) score rather 

than in terms of ranking of countries (although these are also mentioned). Even if the 

changes in the ranking are a core focus for some of the EIS users and seem to bring 

“delight or pain” to Member States, focusing solely on these can lead to misleading 

conclusions also due to the concentration of the final country scores.  

The figure below describes the distribution of the 28 Member States’ SII scores and 

shows for instance that there are two concentration zones for the EU countries 

(around the 80 points and 120 points area).  

Figure 3 - Distribution of Summary Innovation Index scores in European 

Innovation Scoreboard 2018 – EU countries scores 

 

 

Ranks naturally tend to change in these zones, resulting in an EIS where, if one looks 

uniquely at the ranking, only a few countries would see changes happening because of 

modifications (and possibly improvements) of the methodological approaches. On the 

contrary, other countries might not see their rank positions change despite significant 

                                           
64 See Thomas L. Saaty, “Decision making with the analytic hierarchy process”, Int. J. Services Sciences, 
Vol. 1, No. 1, 2008, http://www.rafikulislam.com/uploads/resourses/197245512559a37aadea6d.pdf    
65 The question of streamlining and an in-depth analysis of indicators (which could be candidates for 
deletion) could be the objective of a separate and dedicated paper in the future.  
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structural changes of their SII. These are the isolated countries at the tail end of the 

distribution, namely Romania and Sweden. This highlights that ranks, albeit painting a 

picture of countries’ relative innovation performance, do not always tell the full story, 

and this is the reason why we will focus on the changes of the innovation index 

mainly. 

After listing these methodological limitations, in the next sections we describe all 

options for change that could be identified and analysed in the context of this 

exploratory report before describing which have been retained for the new 

measurement framework described in Chapter 4.   

 

3.3 Modifying the indicators of the EIS: streamlining and expanding 

The indicators of the EIS have been historically structured in groups, each relating to a 

specific dimension of innovation that the framework is trying to capture66. Many of the 

changes and updates that have characterised the EIS since its establishment 

concerned the restructuring of the innovation dimensions and the deletion or addition 

of indicators to the framework, with the objective of improving the measurement of a 

specific aspect of innovation represented by a specific dimension. As mentioned in the 

previous chapters, the 2017 changes to the EIS included the restructuring of the 

innovation dimensions considered in the framework and the removal of three existing 

indicators (in red in the table below), the revision of five of them (in blue in the table 

below) and the addition of other five (in green in the table below)67.  

Table 9 - EIS Measurement Framework indicators 

EIS 2016 measurement framework 

(indicators removed in red, indicators revised in 
blue) 
 

ENABLERS 

 Human resources 

o 1.1.1 New doctorate graduates 

o 1.1.2 Population aged 30-34 with tertiary 
education 

o 1.1.3 Youth with at least upper secondary 
education 

 Open, excellent research systems 

o 1.2.1 International scientific co-
publications 

o 1.2.2 Top 10% most cited publications 

o 1.2.3 Non-EU doctorate students 

 Finance and support 

o 1.3.1 R&D expenditure in the public 
sector 

o 1.3.2 Venture capital expenditures 

FIRM ACTIVITIES 

 Firm investments 

o 2.1.1 R&D expenditure in the business 
sector 

o 2.1.2 Non-R&D innovation expenditures 

 Linkages and entrepreneurship 

o 2.2.1 SMEs innovating in-house 

EIS 2017 measurement framework 

(indicators revised in blue, new indicators in 
green) 
 

FRAMEWORK CONDITIONS 

 Human resources 

o 1.1.1 New doctorate graduates 

o 1.1.2 Population aged 25-34 with tertiary 
education 

o 1.1.3 Lifelong learning 

 Attractive research systems 

o 1.2.1 International scientific co-
publications 

o 1.2.2 Top 10% most cited publications 

o 1.2.3 Foreign doctorate students 

 Innovation-friendly environment 

o 1.3.1 Broadband penetration 

o 1.3.2 Opportunity-driven 
entrepreneurship 

INVESTMENTS 

 Finance and support 

o 2.1.1 R&D expenditure in the public 
sector 

o 2.1.2 Venture capital expenditures 

 Firm investments 

o 2.2.1 R&D expenditure in the business 
sector 

                                           
66 For more details on the structure of the EIS before 2017 refer to the European Innovation Scoreboard 
2017, Methodology Report, http://ec.europa.eu/DocsRoom/documents/25101 
67 European Innovation Scoreboard 2017, Methodology Report, 
http://ec.europa.eu/DocsRoom/documents/25101  

http://ec.europa.eu/DocsRoom/documents/25101
http://ec.europa.eu/DocsRoom/documents/25101
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o 2.2.2 Innovative SMEs collaborating with 
others 

o 2.2.3 Public-private co-publications 

 Intellectual assets 

o 2.3.1 PCT patent applications 

o 2.3.2 PCT patent applications in societal 
challenges 

o 2.3.3 Trademarks applications 

o 2.3.4 Design applications 

OUTPUTS 

 Innovators 

o 3.1.1 SMEs with product or process 
innovations 

o 3.1.2 SMEs with marketing or 
organisational innovations 

o 3.1.3 Employment fast-growing 
enterprises of innovative sectors 

 Economic effects 

o 3.2.1 Employment in knowledge-intensive 
activities 

o 3.2.2 Medium and high tech product 
exports 

o 3.2.3 Knowledge-intensive services 
exports 

o 3.2.4 Sales of new-to-market and new-to-
firm product innovations 

o 3.2.5 License and patent revenues from 
abroad 

o 2.2.2 Non-R&D innovation expenditures 

o 2.2.3 Enterprises providing training to 
develop or upgrade ICT skills of their 
personnel 

INNOVATION ACTIVITIES 

 Innovators 

o 3.1.1 SMEs with product or process 
innovations 

o 3.1.2 SMEs with marketing or 
organisational innovations 

o 3.1.3 SMEs innovating in-house  

 Linkages 

o 3.2.1 Innovative SMEs collaborating with 
others 

o 3.2.2 Public-private co-publications 

o 3.2.3 Private co-funding of public R&D 
expenditures 

 Intellectual assets 

o 3.3.1 PCT patent applications 

o 3.2.2 Trademark applications 

o 3.2.3 Design applications 

IMPACTS 

 Employment impacts 

o 4.1.1 Employment in knowledge-intensive 
activities 

o 4.1.2 Employment fast-growing 
enterprises of innovative sectors 

 Sales impacts 

o 4.2.1 Medium and high tech product 
exports 

o 4.2.2 Knowledge-intensive services 
exports 

o 4.2.3 Sales of new-to-market and new-to-
firm product innovations 

Based on the current structure of the framework and list of indicators, the purpose of 

the next two sub-chapters is to present options for: a) the removal of a number of 

indicators from the list above and b) the addition of new indicators. Once more, these 

options for change are not mutually exclusive as deletion and addition of indicators 

must be considered in the context of the innovation dimension that is to be captured. 

In the next sections we will first describe how we approached the question of the 

deletion of indicators before examining possible new indicators. Finally, we will provide 

some conclusions on what must be retained from the streamlining and expanding 

analysis.  

3.3.1 Streamlining 

3.3.1.1 Approach 

The Streamlining option looks at the possibility of increasing the relevance/user-

centricity of the EIS by removing one or more existing indicators linked to one or more 

of the innovation dimensions captured by the framework. The reasons for the removal 

of certain indicators could be linked to the fact they have reached saturation (e.g. 

what happens when all countries have 100% broadband penetration) or that a better 

indicator has become available to capture a certain innovation dimension.  

Since its introduction, questions on the structure of the EIS or on the relevance of 

certain indicators have arisen, and there have already been some attempts to look at 

all indicators from a critical perspective and to understand their importance for the EIS 
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framework and its different dimensions68. However, due to the saturation phenomenon 

and the development of new indicators which could be candidate for replacement, the 

analysis of indicators for deletion should be repeated over time and cannot remain a 

una tantum exercise. 

This paper therefore wishes to update and contribute to the debate around suitability 

of indicators and, to do so, it takes a purely mathematical approach. Instead of 

analysing from a theoretical perspective which indicators bring the least to which 

innovation dimension captured by the EIS, our approach to streamlining consisted in 

removing indicators individually to see what impact this had on the EIS as a whole, 

and whether the removal of a certain indicator affected (positively or negatively) the 

index score of Member States.  

For the purpose of this paper, we carried out the Streamlining exercise with EIS 2018 

data and SII time series69 on the following indicators:  

Table 10 - Streamlining of indicators 

Indicator “deleted” Group Dimension 

1.1.3 Lifelong learning 

Framework conditions 

Human resources 

1.2.1 International 

scientific co-

publications  

Attractive research systems 

1.2.2 Among world's 

top 10% most cited 

publications 

Attractive research systems 

1.2.3 Foreign doctorate 

students 

Attractive research systems 

1.3.1 Broadband 

penetration 

Innovation friendly 

environment 

2.1.2 Venture capital Investments Firms investments 

4.1.1 Employment in 

knowledge-intensive 

activities 
Impacts 

Employment impacts 

4.1.2 Employment in 

fast-growing 

enterprises 

Employment impacts 

The indicators shown in the table above were selected either based on the literature 

review and on consultation with experts (through the interviews) or building on data 

analysis over a time series of eight years. For this selection, we did not consider the 

aspect of the innovation dimension or group to which the indicators belong, which 

explains why the testing only covers some innovation groups and dimensions of the 

EIS. Examples of the justifications we found for the deletion of certain indicators are 

provided in the table below.   

 

 

                                           
68 Vertesy, D. and Damioli, G. (2017) Sensitivity and robustness analysis of the Summary Innovation Index 
of the revised EIS. Contribution to the European Innovation Scoreboard 2017 Methodology Report, 
European Commission, DG Internal Market, Industry, Entrepreneurship and SMEs 
69 The scores of the SII range from 2010 to 2017, as reported in the 2018 edition of the EIS. 
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Examples of justification for the deletion of indicators 

Indicators such as Lifelong Learning and Employment in knowledge-intensive 

activities (KIA), among others, had very little data variation, if any, between 2010 

and 2017 in a number of Member States. To be precise, the value of the indicator 

on Lifelong learning, for instance, stayed at 77.1 for Belgium, 81.3 for Ireland and 

93.8 for Malta over the 2010 to 2017 period70. The same can be observed for 

employment in KIA with Belgium’s index equalling 128.6, 122.1 for Denmark and 

193.5 for Ireland. Additionally, the indicator employment in KIA has been often 

criticised by experts because, to define an activity as knowledge-intensive, it only 

sets the minimum threshold of 33% share of tertiary educated employee71, while it 

does not keep into account other skill requirements among different industries.  

One of the experts interviewed argued that the low volatility of data within a 

country over time might present weak long-term observations in relation to the 

measurement of innovation performance. Indeed, if adding stable data can be 

helpful for data analysis and can provide a comparative element to the innovation 

performance of countries, this element might not bring substantial information for 

time analysis of the EIS. This drawback is reinforced by other considerations 

surrounding the interest of unchanging data, such as the fact that variables that do 

not vary also tend to be reflecting of elements of innovation that policy-makers and 

stakeholders have the least leverage on. Such an inability to act on certain elements 

could be considered as going against the objective of a more user-centric EIS. 

Finally, another consideration that justifies testing the removal of the two indicators 

above comes from the concern that measurement challenges (due to the complexity 

of these phenomena) might be the cause for their lack of variability.  

Indicators such as 2.1.2 Venture capital and 4.1.2 Employment in fast-growing 

enterprises were also considered as ill-defined by some of the experts consulted and 

might deserve some attention. For instance, in spite of the obvious rationale of 

wanting to add a venture capital indicator to the EIS, there is a drawback that 

justifies testing its deletion, namely the fact that it does not distinguish between the 

amount that will be invested for innovative ideas or others72. This drawback was 

already identified and discussed in previous analysis and it might apply to other 

indicators of the framework (e.g. it is impossible to establish the precise number of 

PhD graduates which actually contributes to innovation activities)73.  

Finally, the selection of the indicator 1.2.2 Among world's top 10% most cited 

publications is attributed to the fact that the latest edition of the EIS argued “there 

could be a bias towards small or English-speaking countries”74 

Amongst previous and similar attempts to study and analyse EIS indicators, the 

European Commission’s Joint Research Centre’s (JRC) sensitivity and robustness 

analysis is the most important75. The outcome of this exercise was included in the 2017 

edition of the EIS methodology report. The methodology adopted by the JRC was also 

                                           
70 Indexed on EU 2010 = 100. It must be noted here however that the limited volatility of this indicator is 

also linked to the fact that the EIS does not use older data due to a break in the series in 2017. The 2010-
2016 data presents higher volatility. 
71 https://ec.europa.eu/eurostat/statisticsexplained/index.php/Glossary:Knowledge_Intensive_Activity_(KIA)   
72 Arundel, A. and Hollanders, H. (2006) 2006 Trend Chart Methodology Report, Searching the forest for the 
trees: “Missing” indicators of innovation, MERIT  
73 Arundel, A. and Hollanders, H. (2006) 2006 Trend Chart Methodology Report, Searching the forest for the 
trees: “Missing” indicators of innovation, MERIT 
74 European Innovation Scoreboard 2018 Methodology Report, European Commission, DG Internal Market, 
Industry, Entrepreneurship and SMEs 
75 Vertesy, D. and Damioli, G. (2017) Sensitivity and robustness analysis of the Summary Innovation Index 
of the revised EIS. Report to the European Innovation Scoreboard 2017 Methodology Report, European 
Commission, DG Internal Market, Industry, Entrepreneurship and SMEs 

https://ec.europa.eu/eurostat/statisticsexplained/index.php/Glossary:Knowledge_Intensive_Activity_(KIA)
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statistically (rather than purely theoretically) based and it focused on computing R² 

and correlations between the indicators, the SII, and its dimensions in order to 

identify the respective contribution of each indicator76. The findings of the study 

highlighted five indicators as ‘main drivers’ of the SII, whilst six other indicators were 

deemed silent. The subdivision of these indicators (also in terms of dimension and 

group they belong to) is summarised below. 

Table 11 - JRC main drivers and silent indicators 

Main Drivers Silent 

Indicator Dimension and group Indicator Dimension and group 

1.1.3 Lifelong 

learning 

Framework conditions 

– Human resources 

2.2.2 Non-

R&D 

innovation 

expenditure 

Investments – Firms 

investments 

1.2.1 

International 

Scientific co-

publications 

Framework conditions 

– Attractive research 

systems 

3.2.3 Private 

co-funding of 

public R&D 

expenditures 

Innovation activities – 

Linkages 

1.2.2 Scientific 

publications 

among the 10% 

most cited 

 

Framework conditions 

– Attractive research 

3.3.3 Design 

Applications 

Innovation activities – 

Intellectual assets 

3.2.2 Public-

Private Co-

publications 

Innovation activities – 

Linkages 

4.1.2 

Employment 

fast-growing 

firms 

innovative 

sectors 

Impacts – Employment 

impacts 

3.3.1 PCT 

patent 

applications 

Innovation activities – 

Intellectual assets 

4.2.1 Medium 

& high tech 

product 

exports 

Impacts – Sale impacts 

 
 

4.2.3 Sales of 

new-to-

market and 

new-to-firm 

innovations 

Impacts – Sale impacts 

It is interesting to note here that, according to the JRC analysis the main driver 

indicators belong to the framework conditions and innovation activities dimensions 

while the silent indicators tend to concentrate in the innovation activities and impacts 

                                           
76 Vertesy, D. and Damioli, G. (2017) Sensitivity and robustness analysis of the Summary Innovation Index 
of the revised EIS. Report to the European Innovation Scoreboard 2017 Methodology Report, European 
Commission, DG Internal Market, Industry, Entrepreneurship and SMEs 
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dimensions mainly. In the next section we describe the results of our approach and we 

compare them to the outcome of the exercise carried out by the JRC. 

3.3.1.2 Results 

As mentioned in the previous section and due to the number of possible combinations, 

our methodology is limited to the removal of individual indicators and not groups of 

indicators in order to reduce the complexity and number of tests. The isolated impacts 

of a deletion of the indicators are summarised in the table below. For each of the 

indicators that we tested, the table reports on the largest score changes that occur as 

a result of the indicator’s deletion. It also reports on the number of EU Member States 

(including the EU itself) and the total number of EIS countries that see their SII scores 

increase and decrease as a result of the indicator’s deletion. The index used for this 

analysis is the SII in 2017 relative to the EU in 2010.  

The results shown in the table below should be interpreted as follows: 

 If the value of a country’s SII increases following the deletion of an indicator, 

this would mean that the indicator deleted exerted until then a negative 

influence on the SII of that country.  

 Conversely, if the value of a country’s SII decreases following the deletion of 

an indicator, this would mean that the indicator was exerting until then a 

positive influence on the SII of that country.  

Each scenario has two possible basic explanations: a) the indicator whose deletion 

increases/(decreases) the SII has limited/(substantial) influence on innovation 

performance and/or b) the indicator whose deletion increases/(decreases) the SII 

captures a dimension of innovation in which the country(ies) is/are particularly 

weak/(strong).  

Table 12 - Results of streamlining testing 

Indicators 
Largest SII score 

changes among EU MS 

following the deletion 

Number of EU MS 
that see SII 

increase/ decrease 
following deletion 

(including EU 
average) 

Total number of EIS 
countries that see 

SII increase/ 
decrease following 
deletion (including 

EU average) 

1.1.3 
Lifelong 
learning 

DK, FI, SE lose more 
than 3 points 

14↑, 15↓ 16↑, 21↓ 

1.2.1 
International 

scientific co-
publications 

BE, DK, EE, IE, CY, LU, 
NL, SI, FI, SE, UK lose 

more than 3 points 

DK and SE lose more 
than 6 points 

0↑, 29↓ 2↑, 35↓ 

1.2.2 Among 

world's top 

10% most 
cited 
publications 

LT increases by 2 points 17↑, 12↓ 24↑, 13↓ 

1.2.3 Foreign 
doctorate 
students 

DE increases by 3 points 

 
LU and MT decrease by 

more than 3 points 

19↑, 10↓ 23↑, 14↓ 

1.3.1 

Broadband 
penetration 

BE, DK, ES, LV, LT, LU, 
MT, NL, PT, RO, FI, SE 
lose more than 3 points 

3↑, 26↓ 5↑, 32↓ 
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Indicators 
Largest SII score 

changes among EU MS 
following the deletion 

Number of EU MS 
that see SII 

increase/ decrease 
following deletion 

(including EU 
average) 

Total number of EIS 
countries that see 

SII increase/ 
decrease following 

deletion (including 
EU average) 

PT loses more than 6 
points 

2.1.2 
Venture 
capital 

CZ, MT, SI increase by 
more than 3 points 

FR, LV, LU lose more 
than 3 points 

18↑, 11↓ 25↑, 12↓ 

4.1.1 
Employment 
in 

knowledge-
intensive 
activities 

LU and MT lose more 
than 3 points 

8↑, 21↓ 10↑, 27↓ 

4.1.2 
Employment 
in fast-
growing 
enterprises 

BE, CY, AT, FI increase 
by more than 3 points 

BG, HU, PL, SK lose 
more than 3 points 

16↑, 13↓ 24↑, 13↓ 

These findings show mixed results about the impact of the indicators on the SII 

scores. Based on this testing, one could categorise the indicators into two groups, 

namely: 

 Indicators that (mostly) positively affect the SII – As can be seen, 

deleting 1.2.1, 1.3.1 and 4.1.1 mostly reduces the SII scores of the Member 

States, albeit with varying degrees. This implies that either these indicators 

exert a positive influence on the SII scores or that the countries covered by the 

EIS are particularly strong on these dimensions (as explained above). The 

cases of 1.2.1 International scientific co-publications and 1.3.1 Broadband 

penetration are the most revelatory as we see that, respectively, no Member 

States and 3 Member States see their SII scores increase as a result of their 

inclusion into the EIS framework.  

 Indicators that (mostly) negatively affect the SII – Unlike the three 

indicators highlighted above, other indicators seem to exert a negative 

influence on the SII score of the Member States. However, this effect is less 

marked than in the above indicator category and thus can be open to 

interpretations. The indicators that seem to drive down the innovation 

performance scores of the Member States are 1.2.2 Most cited publications, 

1.2.3 Foreign Doctorate Students and to a more ambiguous extent 2.1.2 

Venture Capital and 4.1.2 Employment in fast-growing enterprises.  

The results also give further empirical grounds to affirm the fact that traditional 

drivers of innovation do not have the same impact from one country to the other, 

highlighting that all Member States have individual characteristics that should be 

taken into account. This could help in further specifying country categories: in other 

words, Member States could be categorised on the basis of the dimensions of 

innovation that are most crucial to their respective innovation systems. This can be 

reflected by the fact that the scores of Sweden, Denmark and Finland seem to move 

altogether in the same direction due to the deletion of common types of indicators, 

namely indicators that demand high investments in human resources such as 1.1.3 

Lifelong Learning or 1.2.1 International Scientific Co-publications. Sweden, Denmark, 

and Finland could then be considered as their own group of countries characterised by 
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an innovation system that is strongly reliant on knowledge creation and knowledge 

dispersion.  

Overall, our results bring a different perspective to the impact of the indicators on the 

SII. This perspective is not in contradiction with the results obtained through the JRC’s 

methodology but rather expands on them. As mentioned previously, by looking at the 

correlations and R2 between the individual indicators and the SII scores respectively, 

the JRC finds that five indicators (in green in the table below) drive the EIS and six 

indicators (in red) are “silent”. In order to develop the whole reflection on the EIS, we 

also removed those 11 indicators. The table below, designed based on our results, 

provides the reader with an indicative view of the comparison between our results 

(third column) and the JRC’s findings (first and second columns, identification of 

drivers and silent indicators).  

Table 13 - Comparison of the results obtained by the JRC and by our analysis 

 Indicators Impact of Deletion on SII 

Drivers 

1.1.3 Lifelong learning  |𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|< 3% for all MSs  
1.2.1 International Scientific co-

publications 
|𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|> 3% for:  
BE↓; DK↓; EE↓; CY↓; NL↓; AT↓; SI↓; SE↓ 

1.2.2 Scientific publications 

among the 10% most cited |𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|< 3% for all MSs  
3.2.2 Public-Private Co-

publications  
|𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|> 3% for:  
MT↑ 

3.3.1 PCT patent applications |𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|> 3% for:  
EL↑ 

Silent 

2.2.2 Non-R&D innovation 

expenditure 
|𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|> 3% for:  
BG↓; HR↓; LT↓; PL↓ 

3.2.3 Private co-funding of public 

R&D expenditures 
|𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|> 3% for:  
CY↑; MT↑; RO↓; LT↓ 

3.3.3 Design Applications |𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|> 3% for:  
BG↓; IE↑; PL↓; MT↓ 

4.1.2 Employment fast-growing 

firms innovative sectors  
|𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|> 3% for:  
BE↑; BG↓; CY↑; LV↓; LT↑; HU↓; AT↑; PL↓; 

SK; FI↑ 
4.2.1 Medium & high tech 

product exports   
|𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|> 3% for:  
EL↑; HU↓; RO↓ 

4.2.3 Sales of new-to-market 

and new-to-firm innovations  
|𝑆𝐼𝐼 𝐶ℎ𝑎𝑛𝑔𝑒𝑠|> 3% for:  
BE↑; BG↑; DK↑; HR↑; CY↑; LU↑; MT↑; 

SK↓; SE↑ 
The comparison of the results of these two approaches presents some interesting 

points for further discussion. While our analysis concurs with the JRC’s results for 

some of the indicators, removing other indicators from the EIS does not allow us to 

confirm whether an indicator is a driver or silent.  

On the drivers, our results on the International Scientific Co-publications indicator 

seem to go in the same direction of the JRC’s analysis as this is one of the indicators 

driving the biggest (negative) changes in the SII when deleted. However, the results 

for the other four potential drivers identified by the JRC are too mixed to allow us to 

confirm their findings. In particular, one of the limitations of our methodology is that it 

does not allow to distinguish clearly between the variations linked to relevance of the 

indicator in the framework and those related to the characteristics of the Member 

States themselves, which could also explain the changes in the SII.    
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On the indicators characterised as silent by the JRC, our results are once again rather 

ambiguous. Although 18 Member States see their SII score increase as a result of the 

removal of 3.3.3 Design Applications, some Member States’ SII scores also suffer 

severe decreases from the deletion (e.g., Poland, Malta or Bulgaria). This could imply 

that, if 3.3.3 indeed seemed to be silent for some Member States, it still might reflect 

an important dimension of the innovation system of a few countries. 4.2.3 Sales of 

new-to-market and new-to-firm innovations however gives the most unambiguous 

results as 20 Member States see their scores increase after its deletion, which could 

suggest, as per the JRC’s findings, that this indicator is silent.   

Based on the findings from the comparison above, the streamlining of the EIS and the 

deletion of key selected indicators seem to deserve some more attention and analysis 

in order to avoid contradicting indications on which are the most and least important 

indicators for the measurement. Furthermore, this mathematical/statistical approach 

to the streamlining should be complemented by a theoretical analysis aiming at 

identifying which indicators are “conceptually” weaker in capturing certain aspects of 

innovation. Finally, streamlining could also be applied to entire groups of indicators or 

even innovation dimensions. This should also be further analysed in the future from a 

theoretical perspective and based on the insights emerging from a user-centric 

assessment of the EIS.   

3.3.2 Expanding 

The following section on “expanding” ideas analyses a selection of possible new 

indicators that could be added to the EIS in order to further increase its relevance and 

effectiveness in the measurement of Member States’ innovation performance. In 

particular, this paper looks at areas and domains, which, according to the available 

literature, are not sufficiently covered by the current measurement framework.  

The table below presents the indicators investigated in the following paragraphs and it 

illustrates the data availability, the time frames and the country coverage of each data 

series and the sources used to analyse these indicators as possible additions to the 

EIS, in order to facilitate an eventual discussion on the usability of these indicators. 

Table 14 - Characteristics of the indicators suggested for expanding the EIS 

 Data availability 

Indicator 
Time 

period 
Country Coverage Sources 

Alternative and emerging 
trends in intellectual 
property protection (trade 
secrets)* 

N/A N/A N/A 

ICT usage in businesses 2010-2018 

28 Member States, 5 other 
European countries and 

regional neighbours (Former 
Yugoslav Republic of 

Macedonia, Iceland Norway, 

Serbia and Turkey) and 2 

Western Balkan countries 
(Bosnia and Herzegovina and 

Montenegro) 

Eurostat, 
Community 

survey on ICT 
usage and e-

commerce in 
enterprises 

Government support for 

R&D 
2000-2016 

27 Member States77, 5 other 
European countries and 

regional neighbours (Iceland, 
Israel, Norway, Switzerland and 

OECD R&D Tax 
Incentive 
Database 

                                           
77 Data for Malta is not available 
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 Data availability 

Indicator 
Time 

period 
Country Coverage Sources 

Turkey) and 9 global 
competitors78  

High growth enterprises 

rate 
2012-2016 

28 Member States and 2 other 
European countries and 

regional neighbours (Iceland 
and Norway)  

Eurostat, 
Structural 
business 

statistics (SBS), 
Business 

demography 

App economy N/A 

28 Member States, 8 other 

European countries and 
regional neighbours, 1 Western 

Balkan country (Bosnia and 

Herzegovina) and 9 global 
competitors79     

App Annie 
Intelligence 

Demand for innovation  2007-2018 

28 Member States, 8 other 
European countries and 

regional neighbours, 3 Western 
Balkan countries (Albania, 

Bosnia and Herzegovina and 
Montenegro) and 10 global 

competitors 

Executive 
Opinion Survey, 
World Economic 

Forum, Global 
Competitiveness 

Report 

Creativity 2008-2017 

28 Member States, 6 other 
European countries and 

regional neighbours (Former 
Yugoslav Republic of 

Macedonia, Iceland, Norway, 
Serbia, Switzerland and 

Turkey) and 1 Western Balkan 
country (Montenegro)   

Eurostat, Labour 

force survey 

* For the indicator on trade secrets, the available data and sources did not allow to test the 

addition to the framework. Further details are provided in the section below.  

At this stage, the team did not examine which group and innovation dimensions 

should the above mentioned indicators be integrated in but rather looked at the 

potential of the indicators themselves in terms of capturing important innovation 

phenomena. The choice of each of these indicators is thoroughly justified and 

discussed in the following sections. 

3.3.2.1 Adding an indicator on trade secrets 

 

A trade secret is defined, according to the “Trade Secret” Directive80, “as information 

that a) is secret, b) has commercial value because it is secret and c) has been subject 

to reasonable steps to keep it secret”. A report from EUIPO recently established that 

“the use of trade secrets for protecting innovations is higher than the use of patents 

by most types of companies, in most economic sectors and in all Member States81”. 

Some authors further suggest that “trade secrets encompass some 70 per cent of the 

                                           
78 Data for India is not available 
79 Data for China is not available 
80 Directive (EU) 2016/943 of the European Parliament and of the Council of 8 June 2016 on the protection 
of undisclosed know-how and business information (trade secrets) against their unlawful acquisition, use 
and disclosure, https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32016L0943 
81 EUIPO, Protecting innovation through trade secret and patents: determinants for European Union firms, 
July 2017 
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value of companies’ intellectual assets82”. Furthermore, highly innovative firms 

operating in new sectors, such as in the platform or data economy, and Small and 

Medium Enterprises (SMEs) often recur to trade secrets83 due to their advantages in 

terms of costs and flexibility. In fact, contrarily to patents, trade secrets can ensure 

the non-disclosure of a competitive advantage (an algorithm, a production process or 

any other tangible and intangible asset) for a longer period (if the secret holder 

ensures a sufficient level of protection) and they can entail lower costs than a patent 

application.  

 

Despite their increasing importance in the knowledge economy, trade secrets are not 

yet used for measuring countries’ innovation performance. According to the EUIPO, 

they have been “poorly studied” so far84, also due to a general lack of data sources. In 

the context of the EIS, a newly established indicator on trade secrets could 

complement the indicators on patents, trademark and design applications, which 

constitute the group of indicators on “intellectual assets”, within the innovation 

activities dimension85. By adding trade secrets to this dimension, the EIS could possibly 

capture a better picture of how companies protect their assets in a fast-moving and 

digitalised economy.  

 

However, the question of data availability on this phenomenon constitutes a significant 

barrier to the development of such an indicator. Indeed, contrary to patents, there are 

no “formal registries” that provide information on trade secrets amongst firms86. 

Hence, most studies are based on surveys87. The Community Innovation Survey (CIS) 

2012 included for the first time a question on this phenomenon. The picture below 

shows question 7.1 of the CIS 2012 which refers to “secrecy” as a way for maintaining 

or increasing the competitiveness of a product or process.  

 

Figure 4 - CIS 2012 - Question on secrecy 

 

                                           
82 Jennifer Brant, Sebastian Lohse, “Trade Secrets: tools for innovation and collaboration”, International 
Chamber of Commerce, Innovation and Intellectual property series, 2014 
83 Prajwal Nirwan, “Trade Secret: the hidden IP right”, WIPO Magazine, December 2017, 
http://www.wipo.int/wipo_magazine/en/2017/06/article_0006.html  
84 EUIPO, Protecting innovation through trade secret and patents: determinants for European Union firms, 
July 2017 
85European Innovation Scoreboard 2018 – Methodology Report, 
https://ec.europa.eu/docsroom/documents/30081  
86 EUIPO, Protecting innovation through trade secret and patents: determinants for European Union firms, 
July 2017 
87 EUIPO, Protecting innovation through trade secret and patents: determinants for European Union firms, 
July 2017 

http://www.wipo.int/wipo_magazine/en/2017/06/article_0006.html
https://ec.europa.eu/docsroom/documents/30081
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The EUIPO relied on the data from this question of the CIS 2012 for its study on trade 

secrets and patents, and mentioned that evidence was available for 24 Member States 

out of 2888. France, Denmark, Spain and Czech Republic did not include this question in 

their version of the survey. In 2014, the CIS did not contain any question touching 

upon this subject. A question concerning trade secrets was re-introduced in the CIS 

2016 questionnaire and maintained in the CIS 2018 (see table below). Based on the 

information available this stage, it seems that this question will be maintained in the 

CIS 2020 questionnaire. 

 

Figure 5 – Question CIS 2016 

During the three years 2014-2016, did your enterprise  

 

- Apply for a patent (Yes/No) 

- Apply for a European utility model (Yes/No) 

- Register an industrial design right (Yes/No) 

- Register a trademark (Yes/No) 

- Use trade secrets (Yes/No) 

- Claim copyright (Yes/No) 

  

Considering there is no alternative data source to the CIS in this respect and that the 

question on trade secret varied over time and was even not included in the CIS 2014, 

the possibilities of testing a “trade secret” indicator in the context of this paper seem 

limited. Nonetheless, this idea is worth exploring for the future and in the framework 

of post-2020 EIS, as the question on trade secrets is maintained in the CIS 2018 and 

will probably be kept in the CIS 2020. This means that, in 2021 and if enough 

countries include this voluntary question in the next CIS survey, there could be 

sufficient time series to have a robust indicator on this aspect, although its precise 

formulation needs to be discussed.  

 

The relation between trade secrets and innovation is in fact well established89 but not 

easy to capture. The EUIPO study looked at the number of companies using trade 

secrets (compared to the total number of companies) per sector and per country. 

However, this approach might be too simplistic in the framework of the EIS, also 

considering that, for patents, trademark and design indicators, the measurement is 

based on the number of applications per year and not the number of companies using 

them90 As trade secrets might be kept for many years, the time dimension of the 

indicator also needs to be considered. Furthermore, the high number of companies 

stating that they do use trade secrets (based on CIS 2012 data) might suggest that 

this indicator is irrelevant after all.  

 

Despite these challenges, the aspect of trade secrets is worth exploring in the 

framework of a possible expansion of the EIS for two main reasons: 

 

1) Patents are not the only and preferred form of protection for intellectual assets, 

and an innovation framework only based on registered intellectual assets might 

be unbalanced; 

2) Trade secrets are more heavily used in sectors and business segments that 

policy-makers wish to capture better (such as the platform economy and ICT 

                                           
88 EUIPO, Protecting innovation through trade secret and patents: determinants for European Union firms, 
July 2017 
89 Jennifer Brant, Sebastian Lohse, “Trade Secrets: tools for innovation and collaboration”, International 
Chamber of Commerce, Innovation and Intellectual property series, 2014 
90 It is worth noting here however that two of the indicators on “innovators” are measured as proportion of 
firms having product or process innovations or marketing and organisational innovations out of the total.  
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businesses) and especially by companies operating in the data and platform 

economy. Furthermore, some studies suggest that SMEs are also heavy users 

of trade secrets91 (which are cheaper than patent processes), although this is 

not confirmed by the EUIPO analysis92.    

 

3.2.2.2 Adding an indicator on ICT usage in business 

Numerous empirical studies show the importance of ICT for business performance, 

measured either as innovation or productivity. The causal and positive link between 

ICT infrastructure and economic performance has been established at the aggregate 

level93. In particular, the lower ICT intensity of the European economy has been 

identified as one explanation for the lower growth in productivity in European firms 

relative to U.S. establishments during the second half of the 1990s94.  

ICT has been diffused rapidly in the industrialised economies during the last decades 

and is applied for a large variety of purposes. For example, ICT technologies are used 

in order to facilitate communication, to easily store and process information, to 

automate business processes and to widen the access to information via the Internet. 

These inventions are also designated as general-purpose technologies (GPT) since 

they are suited to be adopted by a wide range of industries and thereby to unfold a 

sustained impact on the economy95. 

The role of ICT as a key driver and enabler of innovation in the last few decades has 

been widely recognised96. ICT technologies influence growth of economies and 

businesses’ efficiency, and facilitate innovation through diffusion processes, usage 

practices, and commercial success. The use of ICT is a critical facilitator for innovation, 

which can be reflected in the two types of innovation (products and processes), and 

thus shore-up the overall business performance. 

The advent and development of ICT transformed the economy and society in ways 

that are evident in everyday life. However, what and how ICT contributes to this value 

creation process and its full potential remains hard to detect. Continuous monitoring of 

its impacts is required in order to provide policy-makers with the appropriate tools to 

define the right policies to grasp the full benefit from ICT97. In light of this, the analysis 

of ICT components in the EIS can provide additional background information on the 

role and relation between ICT and innovation outputs. 

The development of internationally comparable ICT indicators is essential for 

governments to be able to adequately design, implement, monitor and evaluate ICT 

policies. This need was emphasised in paragraph 28 of the Geneva Plan of Action, 

which states that: “a realistic international performance evaluation and benchmarking 

                                           
91 Jennifer Brant, Sebastian Lohse, “Trade Secrets: tools for innovation and collaboration”, International 
Chamber of Commerce, Innovation and Intellectual property series, 2014 and Prajwal Nirwan, “Trade 
Secret: the hidden IP right”, WIPO Magazine, December 2017, 
http://www.wipo.int/wipo_magazine/en/2017/06/article_0006.html 
92 EUIPO, Protecting innovation through trade secret and patents: determinants for European Union firms, 
July 2017 
93 Nina Czernich, “Broadband Infrastructure and Unemployment, Evidence for Germany, Munich Discussion 
Paper No. 2011-12,  
94 Bart van Ark, Mary O’Mahony, and Marcel P. Timmer, The Journal of Economic Perspectives, Vol. 22, No. 
1 (Winter, 2008), pp. 25-44  
95 Thomas Hempell, George van Leeuwen and Henry van der Wiel, “ICT, Innovation and Business 
Performance in Services: Evidence for Germany and the Netherlands”, Discussion Paper N. 04/06, 
ftp://ftp.zew.de/pub/zew-docs/dp/dp0406.pdf    
96 "Information & Communication Technologies" World Bank Approach Paper 2011 
http://siteresources.worldbank.org/INTICTSTRATEGY/Resources/2010-12-
27_ICT_Sector_Strategy_Approach_Paper_EN.pdf     
and Word Summit on Information Society –Outcome documents 2014 
http://www.itu.int/wsis/implementation/2014/forum/inc/doc/outcome/E_Outcome_Document_2014_V2.pdf  
97 http://publications.jrc.ec.europa.eu/repository/bitstream/JRC94372/jrc94372.pdf  

http://www.wipo.int/wipo_magazine/en/2017/06/article_0006.html
ftp://ftp.zew.de/pub/zew-docs/dp/dp0406.pdf
http://siteresources.worldbank.org/INTICTSTRATEGY/Resources/2010-12-27_ICT_Sector_Strategy_Approach_Paper_EN.pdf
http://siteresources.worldbank.org/INTICTSTRATEGY/Resources/2010-12-27_ICT_Sector_Strategy_Approach_Paper_EN.pdf
http://www.itu.int/wsis/implementation/2014/forum/inc/doc/outcome/E_Outcome_Document_2014_V2.pdf
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC94372/jrc94372.pdf
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(both qualitative and quantitative), through comparable statistical indicators and 

research results, should be developed to follow up the implementation of the 

objectives, goals and targets in the Plan of Action, taking into account different 

national circumstances98.” 

In addition, ICT as a sector has, for a long time, been underrepresented in the EIS. As 

ICT is one of the levers for an innovation-friendly environment, incorporating an 

indicator describing ICT usage among firms could enrich the EIS. Such addition would 

allow to provide an outlook of how companies incorporate innovation in ICT in their 

businesses.  

Based on these considerations, the team tested the addition of the “SMEs selling 

online” indicator (taken from the Community survey on ICT usage and e-commerce in 

enterprises) to the EIS. 

The figure below shoes the relationship between the SMEs selling online indicator and 

the overall EIS 2018 SII scores. 

 

Figure 6 - Resulting of testing the SMEs selling online indicator 

 

Although regressing the values of the SMEs selling online indicator onto the 2018 

Summary Innovation Index (SII) values might lead to biasing the results of the value 

of the estimator (due to omitted-variable bias), it still gives us some interesting 

information. The equation we obtain is: 

𝑆𝐼𝐼 = 0.0148𝑆𝑂 + 0.1968 

where SII represents the value of the SII and SO is the value of the SMEs selling 

online indicator. The correlation analysis tells us that increasing the value of SMEs 

selling online by one unit increases the overall SII score by approximately 0.0148 

units, highlighting the net positive impact of SMEs selling online on innovation 

performance.  

The table below shows the SII and the ranking changes that occur with the inclusion 

of the SMEs selling online indicator. As shown in the table, the impact on the SII is 

small for most of the countries and the difference is positive99 (0.003) for the EU 

overall. For four out of the 36 countries, the SII remains completely unaffected when 

                                           
98 WSIS, Outcome Documents, December 2005, http://www.itu.int/wsis/outcome/booklet.pdf 
99 The table has been colour-coded for the columns “SII” and “Ranking” – green cells indicating positive 
change, red cells indicating negative change, and uncoloured cells indicating no change.  
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testing this indicator, while for 24 countries the SII is positively affected and for eight 

countries negatively affected. Serbia is the country which has been most affected in 

terms of SII (with a positive variation of 0.021). 

In terms of top five ranked countries, the inclusion of the SMEs selling online indicator 

positively affects SII from Sweden (0.011), Denmark (0.012) and Finland (0.002), and 

negatively affects SII from Netherlands (-0.005)100.  

Table 15 - Changes in EIS caused by adding the SMEs selling online indicator 

Country 
EIS 2018 NEW – SMEs selling online Differences 

SII Rank Value Normalised SII Rank SII Rank 

CH 0.808 1 N/A N/A 0.808 1 0.000 0 

SE 0.710 2 28.000 1.000 0.721 2 0.011 0 

DK 0.668 3 28.000 1.000 0.680 3 0.012 0 

FI 0.649 4 20.000 0.692 0.651 4 0.002 0 

NL 0.648 5 15.000 0.500 0.643 5 -0.005 0 

UK 0.613 6 19.000 0.654 0.614 6 0.001 0 

LU 0.611 7 8.000 0.231 0.597 10 -0.014 -3 

DE 0.603 8 23.000 0.808 0.611 7 0.008 1 

BE 0.593 9 23.000 0.808 0.601 8 0.008 1 

IE 0.585 10 30.000 1.000 0.600 9 0.015 1 

AT 0.579 11 16.000 0.538 0.577 13 -0.002 -2 

IS 0.576 12 23.000 0.808 0.586 11 0.010 1 

NO 0.571 13 28.000 1.000 0.586 12 0.015 1 

FR 0.551 14 16.000 0.538 0.550 14 -0.001 0 

IL 0.541 15 N/A N/A 0.541 15 0.000 0 

EU 0.504   17.000 0.577 0.507   0.003   

SI 0.465 16 18.000 0.615 0.471 16 0.006 0 

CZ 0.415 17 23.000 0.808 0.429 17 0.014 0 

PT 0.406 18 17.000 0.577 0.412 18 0.006 0 

MT 0.403 19 15.000 0.500 0.407 20 0.004 -1 

ES 0.400 20 20.000 0.692 0.411 19 0.011 1 

EE 0.397 21 15.000 0.500 0.400 21 0.003 0 

CY 0.386 22 11.000 0.346 0.385 22 -0.001 0 

IT 0.371 23 8.000 0.231 0.366 24 -0.005 -1 

LT 0.359 24 22.000 0.769 0.373 23 0.014 1 

RS 0.335 25 23.000 0.808 0.356 25 0.021 0 

HU 0.332 26 12.000 0.385 0.334 26 0.002 0 

EL 0.328 27 11.000 0.346 0.329 28 0.001 -1 

SK 0.323 28 15.000 0.500 0.329 27 0.006 1 

TR 0.286 29 10.000 0.308 0.287 30 0.001 -1 

                                           
100 Switzerland is unaffected by this indicator since there are no data for this country.  
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Country 
EIS 2018 NEW – SMEs selling online Differences 

SII Rank Value Normalised SII Rank SII Rank 

LV 0.285 30 11.000 0.346 0.287 29 0.002 1 

PL 0.270 31 9.000 0.269 0.270 31 0.000 0 

HR 0.258 32 17.000 0.577 0.270 32 0.012 0 

BG 0.229 33 7.000 0.192 0.228 33 -0.001 0 

MK 0.222 34 3.000 0.038 0.214 34 -0.008 0 

RO 0.157 35 8.000 0.231 0.160 35 0.003 0 

UA 0.140 36 N/A N/A 0.140 36 0.000 0 

 

Based on these results and considering that ICT sector has been underrepresented in 

the EIS, it is suggested to further explore this indicator in the framework of a possible 

expansion. 

3.3.2.3 Adding an indicator on mobile app creation 

 

Fully grasping the magnitude of changes to innovation processes in the 21st century 

requires delving into one of the newest sources of growth: mobile applications101. 

Smartphones and apps have gone from “nice-to-haves” to essentials for many 

consumers and businesses. In 2017, there were almost 4 billion connected mobile 

devices generating 178 billion annual app downloads and more than $81 billion in app 

store consumer expenditure102. 

 

Mobile technology has seen a widespread adoption for personal and business uses. 

Basic mobile phones, smartphones, tablet computers, and e-readers are ubiquitous, 

and the use of software applications (“apps”) on smartphones and tablets has become 

pervasive103. 

 

More than 80%104 of organisations recognise the impact of mobile transformation on 

internal and external stakeholders and, as such, they have created dedicated teams to 

work on mobile solutions. Mobile transformation allows organisations to compete more 

aggressively, operate more effectively, innovate more creatively, and engage 

customers. It also provides lines of business with the power to innovate – all built on a 

mobile-cloud architecture that centralises core services and simplifies management. 

On the other hand, mobile transformation also gives users access to many applications 

on many devices. Both businesses and consumers benefit from the advantages 

provided by mobile transformation of society.  

 

                                           
101 https://www.nber.org/chapters/c13044.pdf  
102 https://www.appannie.com/en/insights/market-data/app-annie-2017-2022-forecast/  
103 https://pdfs.semanticscholar.org/6027/b86f19ade58e03a0644627cfc4bde5cfec43.pdf  
104 Constellation Research, The Strategic Impact of Mobile Transformation on Business Value, 3 December 
2014 

https://www.nber.org/chapters/c13044.pdf
https://www.appannie.com/en/insights/market-data/app-annie-2017-2022-forecast/
https://pdfs.semanticscholar.org/6027/b86f19ade58e03a0644627cfc4bde5cfec43.pdf
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Figure 7 - Relation between mobile transformation and innovation 

 
 

Source: VMware105 
 

The direct impact of mobile applications is the ability to transform a static enterprise, 

limited by geography, to a dynamic enterprise transcending geographical limitations. A 

bigger benefit is, however, the ability to realise opportunities and satisfy customers in 

innovative ways. 80% of Chief Information Officers (CIOs) rated mobile solutions as a 

critical investment to get closer to customers106. Seventy percent of mobile 

professionals are expected to conduct work on personal, smart, mobile devices using 

at least one form of application containment107. 

 

Smart enterprises have unleashed several innovations that have resulted in new 

business models, with apps at their core. Businesses have leveraged mobile 

applications to offer new products and business models, ranging from Uber taxi 

solutions to distance learning courses to name a few. Such innovation has permeated 

almost all sectors, freeing up staff, saving customer’s time, improving accuracy, and 

offering a greater deal of choice and flexibility. The large potential markets created by 

the rapid growth of mobile device usage and the low costs of entry created by the 

platform technologies are an invitation to potential app inventors, who benefit from a 

wide variety of knowledge bases and of incentives108. 

 

This evident paradigm shift in business model steered by apps justifies capturing this 

aspect in the EIS. Adding an indicator on Mobile App creation would not only address 

this emerging business model component but it would also allow to better capture the 

impact of the digital and media economy in the European innovation landscape. This 

could also provide insights into how innovation, production and trade of digitalised 

creative products and services are evolving. 

 

Based on these considerations, the team tested the addition of a “Mobile Apps 

Creation” indicator to the EIS. This indicator builds on Global downloads of mobile 

apps, by origin of the headquarters of the developer/firm, scaled by PPP$ GDP 

                                           
105 https://www.vmware.com/content/dam/digitalmarketing/vmware/en/pdf/vmware-business-mobility-
brochure.pdf  
106 “The Individual Enterprise” IBM Institute for Business Value, July 2014 
107 Gartner, How to Choose Among MADP, MAM and EMM Security Controls for Mobile Apps, 3 October 2014, 
Jason Wong, Dionisio Zumerle 
108 https://www.nber.org/chapters/c13044.pdf  

https://www.vmware.com/content/dam/digitalmarketing/vmware/en/pdf/vmware-business-mobility-brochure.pdf
https://www.vmware.com/content/dam/digitalmarketing/vmware/en/pdf/vmware-business-mobility-brochure.pdf
https://www.nber.org/chapters/c13044.pdf
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(billions). Global downloads are compiled by App Annie Intelligence109, based on data 

from Google play store and iOS App store in each country between 1 January 2017 

and 31 December 2017.  

 

As shown in the table below, the impact on the SII is rather small for most of the 

countries (the difference is negative 0.003 for the EU). However, unlike the previous 

testing exercises, all 36 countries‘ SIIs are affected by the addition of the indicator on 

Mobile App Creation. For six countries, the SII increases, while it decreases for 30 

others following the inclusion of the indicator. Iceland is the most affected country 

(with a negative variation of 0.025). 

 

Concerning the top five countries, the inclusion of the mobile app indicator positively 

affects Finland’s SII with an increase of 0.013 and negatively affects the other four’s 

SII, Switzerland suffering from the biggest change (-0.022). 

 

Table 16 - Changes in EIS caused by adding the indicator of mobile app 

creation 

 
Country 

EIS 2018 NEW - Mobile apps Differences 

SII Rank Value  Normalised SII Rank SII Rank 

CH 0.808 1 0.900 0.237 0.786 1 -0.022 0 

SE 0.710 2 1.500 0.395 0.699 2 -0.011 0 

DK 0.668 3 1.500 0.395 0.658 4 -0.010 -1 

FI 0.649 4 3.800 1.000 0.662 3 0.013 1 

NL 0.648 5 0.500 0.132 0.630 5 -0.018 0 

UK 0.613 6 0.600 0.158 0.596 6 -0.017 0 

LU 0.611 7 0.100 0.026 0.590 7 -0.021 0 

DE 0.603 8 0.300 0.079 0.585 8 -0.018 0 

BE 0.593 9 0.000 0.000 0.572 9 -0.021 0 

IE 0.585 10 0.600 0.158 0.570 10 -0.015 0 

AT 0.579 11 0.400 0.105 0.562 11 -0.017 0 

IS 0.576 12 0.000 0.000 0.551 13 -0.025 -1 

NO 0.571 13 0.500 0.132 0.555 12 -0.016 1 

FR 0.551 14 0.800 0.211 0.539 15 -0.012 -1 

IL 0.541 15 2.600 0.684 0.548 14 0.007 1 

EU 0.504   1.589 0.418 0.501   -0.003 0 

SI 0.465 16 1.000 0.263 0.458 16 -0.007 0 

CZ 0.415 17 0.600 0.158 0.406 18 -0.009 -1 

PT 0.406 18 0.100 0.026 0.392 20 -0.014 -2 

MT 0.403 19 0.300 0.079 0.391 21 -0.012 -2 

ES 0.400 20 0.300 0.079 0.389 22 -0.011 -2 

EE 0.397 21 1.700 0.447 0.399 19 0.002 2 

CY 0.386 22 25.100 1.000 0.408 17 0.022 5 

IT 0.371 23 0.100 0.026 0.359 24 -0.012 -1 

LT 0.359 24 3.200 0.842 0.376 23 0.017 1 

RS 0.335 25 0.800 0.211 0.330 25 -0.005 0 

                                           
109 https://www.appannie.com/en/  

https://www.appannie.com/en/
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Country 

EIS 2018 NEW - Mobile apps Differences 

SII Rank Value  Normalised SII Rank SII Rank 

HU 0.332 26 0.300 0.079 0.323 26 -0.009 0 

EL 0.328 27 0.100 0.026 0.316 27 -0.012 0 

SK 0.323 28 0.400 0.105 0.315 28 -0.008 0 

TR 0.286 29 0.300 0.079 0.278 29 -0.008 0 

LV 0.285 30 0.300 0.079 0.278 30 -0.007 0 

PL 0.270 31 0.400 0.105 0.265 31 -0.005 0 

HR 0.258 32 0.100 0.026 0.250 32 -0.008 0 

BG 0.229 33 0.100 0.026 0.222 33 -0.007 0 

MK 0.222 34 0.300 0.079 0.216 34 -0.006 0 

RO 0.157 35 0.300 0.079 0.154 35 -0.003 0 

UA 0.140 36 0.700 0.184 0.142 36 0.002 0 

 

Based on those results, we suggest further exploring the question of the inclusion of a 

mobile app creation indicator. In light of the exponential growth that can be 

reasonably expected from the mobile apps sector in the future, and considering the 

high level of skewedness of these data, we recommend using a square-root of the 

proposed indicator. 

3.3.2.4 Adding an indicator on Government support for R&D 

Enterprises are major drivers of innovation but tend not to invest sufficient money 

resources in R&D activities. They engage in R&D to differentiate themselves from 

other enterprises, to be more successful in business and to increase profits. However, 

the costs and uncertainty of R&D, the time required to obtain returns on investment 

and the possibility that competitors can capture knowledge spill overs often reduce 

their incentives to develop R&D activities110. 

To encourage the development of R&D activities, governments finance business R&D 

and innovation through a mix of direct and indirect instruments. 

Direct instruments include public procurement for R&D and a variety of grants, 

subsidies, loans and equity funding. These instruments allow governments to target 

specific R&D activities and steer business efforts towards new R&D areas or areas that 

offer high social returns but low prospects for profits, e.g. green technology and social 

innovation111.  

Indirect instruments include mostly support through fiscal incentives, such as R&D tax 

incentives. These incentives reduce the marginal cost of R&D and innovation spending, 

and they are usually more neutral than direct support in terms of industry, region and 

firm characteristics. In addition, while direct subsidies are more targeted towards 

long-term research, R&D tax schemes are more likely to encourage short-term applied 

research and boost incremental innovation rather than radical breakthroughs112. 

Measuring R&D support to businesses (both direct and indirect support) is essential for 

governments to be able to adequately design, implement, monitor and evaluate R&D 

policies. 

                                           
110 OECD (2016), "Government financing of business R&D and innovation" in OECD Science, Technology and 
Innovation Outlook 2016, OECD Publishing, Paris. 
111 OECD (2014), “Public SME Equity Financing – Exchanges, Platforms, Players”, OECD Financial Roundtable 
meeting, 23 October 2014, OECD, Paris. 
112 OECD (2010b), “R&D tax incentives: rationale, design, evaluation”, OECD Policy Brief, November. 
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Taking into account these considerations, the team tested the inclusion of the 

“government support for business R&D” indicator (taken from the OECD R&D Tax 

Incentive Database) in the EIS. 

The figure below represents the relationship between the overall EIS 2018 SII scores 

and this indicator. 

Figure 8 - Resulting of testing the government support for business R&D 

indicator 

 

The equation we obtain by regressing the SII with this indicator is: 

𝑆𝐼𝐼 = 0.6055𝐺𝑆 + 0.3979 

where SII represents the value of the SII and GS is the value of the government 

support for business R&D. The correlation analysis tells us that increasing the 

government support for business R&D by one unit increases the overall SII score by 

approximately 0.6055 units, showing that government support for business R&D has a 

positive effect on innovation performance.  

As suggested by the following table, the impact of this indicator on the SII is small for 

most of the countries. For four out of the 36 countries, the SII is unaffected by the 

addition of the government support for business R&D indicator, while for nine 

countries the SII is positively affected and for 23 negatively affected. Switzerland is 

the country that is the most affected in terms of SII with a negative variation of 

0.027. 

Concerning the top five countries, the inclusion of this indicator negatively affects the 

SII from the five, Switzerland (as mentioned above) seeing the highest variation. 

Table 17 - Changes in EIS caused by adding the government support for 

business R&D indicator 

Country 
EIS 2018 

NEW – Government support for business 
R&D 

Differences 

SII Rank Value Normalised SII Rank SII Rank 

CH 0.808 1 0.034 0.100 0.781 1 -0.027 0 

SE 0.710 2 0.140 0.428 0.700 2 -0.010 0 

DK 0.668 3 0.073 0.222 0.652 3 -0.016 0 

y = 0.6055x + 0.3979 
R² = 0.152 
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Country 
EIS 2018 

NEW – Government support for business 
R&D 

Differences 

SII Rank Value Normalised SII Rank SII Rank 

FI 0.649 4 0.070 0.212 0.633 5 -0.016 -1 

NL 0.648 5 0.156 0.478 0.642 4 -0.006 1 

UK 0.613 6 0.248 0.765 0.618 6 0.005 0 

LU 0.611 7 0.047 0.140 0.594 9 -0.017 -2 

DE 0.603 8 0.067 0.203 0.589 10 -0.014 -2 

BE 0.593 9 0.427 1.000 0.607 7 0.014 2 

IE 0.585 10 0.313 0.964 0.598 8 0.013 2 

AT 0.579 11 0.260 0.801 0.586 11 0.007 0 

IS 0.576 12 0.118 0.359 0.567 14 -0.009 -2 

NO 0.571 13 0.221 0.680 0.574 12 0.003 1 

FR 0.551 14 0.415 1.000 0.567 13 0.016 1 

IL 0.541 15 0.125 0.383 0.533 15 -0.008 0 

EU 0.504   0.125 0.383 0.500   -0.004   

SI 0.465 16 0.192 0.589 0.470 16 0.005 0 

CZ 0.415 17 0.113 0.345 0.413 17 -0.002 0 

PT 0.406 18 0.139 0.426 0.407 18 0.001 0 

MT 0.403 19 N/A N/A 0.403 19 0.000 0 

ES 0.400 20 0.089 0.269 0.395 20 -0.005 0 

EE 0.397 21 0.031 0.091 0.386 21 -0.011 0 

CY 0.386 22 0.005 0.011 0.373 22 -0.013 0 

IT 0.371 23 0.088 0.268 0.368 23 -0.003 0 

LT 0.359 24 0.027 0.078 0.349 25 -0.010 -1 

RS 0.335 25 N/A N/A 0.335 26 0.000 -1 

HU 0.332 26 0.345 1.000 0.355 24 0.023 2 

EL 0.328 27 0.014 0.038 0.317 27 -0.011 0 

SK 0.323 28 0.024 0.069 0.314 28 -0.009 0 

TR 0.286 29 0.082 0.249 0.285 29 -0.001 0 

LV 0.285 30 0.005 0.009 0.275 30 -0.010 0 

PL 0.270 31 0.047 0.140 0.266 31 -0.004 0 

HR 0.258 32 0.002 0.001 0.249 32 -0.009 0 

BG 0.229 33 0.010 0.025 0.222 34 -0.007 -1 

MK 0.222 34 N/A N/A 0.222 33 0.000 1 

RO 0.157 35 0.036 0.105 0.155 35 -0.002 0 

UA 0.140 36 N/A N/A 0.140 36 0.000 0 

 

Based on these results and considering that measuring R&D support to businesses is 

necessary for governments to be able to adequately design, implement, monitor and 
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evaluate R&D policies, it is suggested to further explore this indicator in the 

framework of a possible expansion of the EIS. 

3.3.2.5 Adding an indicator on High growth enterprises rate 

 

Eurostat defines a “high-growth enterprise (growth by 10 % or more) as an enterprise 

with average annualised growth in number of employees greater than 10 % per year 

over a three-year period (t – 3 to t) and having at least 10 employees in the beginning 

of the growth (t – 3)113”. The OECD has a stricter definition “with a 20% threshold (and 

considers enterprises with the average annualised growth mentioned above between 

10 and 20% as medium growth), but measures growth both by the number of 

employees as well as turnover”114. 

 

Within the EU, according to a recent study from the JRC, “and using Eurostat’s high-

growth definition and the broadest understanding of innovation (the successful 

introduction of any kind of innovations), we may conclude that 7% of European 

companies are high-growth innovative enterprises (HGIEs)”115. In terms of economic 

sectors concerned, Eurostat data suggests that “the share in the services is higher in 

the majority of Member States. Looking at a breakdown by economic activity, high-

growth enterprises in 2015 were more predominant in the service sectors, with 

highest proportion in the “Information and communication“ (15.3 %), followed by 

“Administrative and support service activities” (14.0 %), "Transportation and storage" 

(12.0 %) and "Professional, scientific and technical activities" (11.3 %)”. 

 

As also recently underlined by Zimmerman116, it is well established that innovation is 

one of the factors characterising high-growth enterprises and there is a solid literature 

on this relation between innovativeness and fast-growth (in terms of employment, 

sales and turnover)117. The European Innovation Scoreboard already acknowledges the 

importance of high-growth enterprises in the context of innovation measurement and, 

until 2016, employment rate in high-growth enterprises was one of the indicators 

included in the measurement framework and especially within the dimension of output 

and more specifically innovators118.  

After 2017, the EIS, the indicator was been moved to the dimension of impact – 

employment impact and it was slightly modified to cover the employment rates in fast 

growing enterprises in 50% most innovative industries119.  

                                           
113 See : https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:High-
growth_enterprise 
114 Vértesy, D., Del Sorbo, M., Damioli, G., High-growth, innovative enterprises in Europe Counting them 

across countries and sectors, the Joint Research Center, 2017, 
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC106419/kjna28606enn(1).pdf  
115 Vértesy, D., Del Sorbo, M., Damioli, G., High-growth, innovative enterprises in Europe Counting them 
across countries and sectors, the Joint Research Center, 2017, 
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC106419/kjna28606enn(1).pdf  
116 Volker Zimmermann, Success factors of high-growth enterprises, KFW, No. 177, 1 August 2017, 
https://www.kfw.de/PDF/Download-Center/Konzernthemen/Research/PDF-Dokumente-Fokus-
Volkswirtschaft/Fokus-englische-Dateien/Fokus-2017-EN/Fokus-No.-177-August-2017-high-growth-
enterprises.pdf  
117 Cf. Coad, A. and E. Rao (2008): Innovation and firm growth in high-tech sectors: A quantile regression 
approach, Research Policy 73, p. 633–648, Zimmermann, V. (2009): The Impact of Innovation on 
Employment in Small and Medium Enterprises with Different Growth Rates, Jahrbücher für 
Nationalökonomie und Statistik 229( 2+3), p. 313–326; Zimmermann, V. (2014): Innovation und 
Beschäftigung. Die Beschäftigungswirkung verschiedener Arten von Innovationen in expandierenden und 
schrumpfenden mittelständischen Unternehmen, Journal of Business Economics, ZfB-Special Issue 2013(4), 
p. 131–149 or Falk, M. (2015): Employment Effects of Technological and Organizational Innovations: 
Evidence Based on Linked Firm-Level Data for Austria, Jahrbücher für Nationalökonomie und Statistik 
235(3), p. 268–285. 
118 European Innovation Scoreboard 2016, https://publications.europa.eu/en/publication-detail/-
/publication/6e1bc53d-de12-11e6-ad7c-01aa75ed71a1/language-en/format-PDF/source-31234102  
119 European Innovation Scoreboard 2018 Methodology Report, European Commission, DG Internal Market, 
Industry, Entrepreneurship and SMEs 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:High-growth_enterprise
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:High-growth_enterprise
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC106419/kjna28606enn(1).pdf
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC106419/kjna28606enn(1).pdf
https://www.kfw.de/PDF/Download-Center/Konzernthemen/Research/PDF-Dokumente-Fokus-Volkswirtschaft/Fokus-englische-Dateien/Fokus-2017-EN/Fokus-No.-177-August-2017-high-growth-enterprises.pdf
https://www.kfw.de/PDF/Download-Center/Konzernthemen/Research/PDF-Dokumente-Fokus-Volkswirtschaft/Fokus-englische-Dateien/Fokus-2017-EN/Fokus-No.-177-August-2017-high-growth-enterprises.pdf
https://www.kfw.de/PDF/Download-Center/Konzernthemen/Research/PDF-Dokumente-Fokus-Volkswirtschaft/Fokus-englische-Dateien/Fokus-2017-EN/Fokus-No.-177-August-2017-high-growth-enterprises.pdf
https://publications.europa.eu/en/publication-detail/-/publication/6e1bc53d-de12-11e6-ad7c-01aa75ed71a1/language-en/format-PDF/source-31234102
https://publications.europa.eu/en/publication-detail/-/publication/6e1bc53d-de12-11e6-ad7c-01aa75ed71a1/language-en/format-PDF/source-31234102
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Knowing that high growth enterprises are pivotal in the economy120 and based on the 

available literature, one could argue that the role high growth enterprises play in the 

production of innovation is to be carefully captured under the EIS. Following this 

reasoning, the EIS should not only measure the employment impact linked to the 

high-growth enterprises in Europe but could also use the rate of high-growth 

enterprises to capture the “innovation activities” of Member States and more notably 

their ecosystem of innovators. This is particularly relevant in the context of the current 

group of indicators on “innovators” which focus on SME only121. By adding an indicator 

on high-growth enterprises overall, the EIS could hence better characterise countries’ 

innovators122.  

For testing this assumption, we used as indicator the ratio between the number of 

high growth enterprises (growth by 10% or more) and the number of active 

enterprises with at least 10 employees and as source Eurostat, Structural business 

statistics (SBS), Business demography. The table below presents the results obtained 

when testing the inclusion of such an indicator to the EIS in terms of changes to the 

Summary Innovation Index of the countries in scope. 

Table 18 – Changes in the EIS created by an indicator on high growth 

enterprises rate 

Country 
EIS 2018 New framework Differences 

SII Rank SII Rank SII Rank 

CH 0,808 1 0,808 1 0,000 0 

SE 0,710 2 0,713 2 0,003 0 

DK 0,668 3 0,664 3 -0,004 0 

FI 0,649 4 0,641 6 -0,008 -2 

NL 0,648 5 0,651 4 0,003 1 

UK 0,613 6 0,615 5 0,002 1 

LU 0,611 7 0,606 12 -0,005 -5 

DE 0,603 8 0,603 8 0,000 0 

BE 0,593 9 0,583 9 -0,010 0 

IE 0,585 10 0,600 7 0,015 3 

AT 0,579 11 0,563 13 -0,016 -2 

IS 0,576 12 0,587 10 0,011 2 

NO 0,571 13 0,573 11 0,002 2 

FR 0,551 14 0,543 14 -0,008 0 

IL 0,541 15 0,541 15 0,000 0 

EU 0,504   0,506   0,002 0 

SI 0,465 16 0,469 16 0,004 0 

CZ 0,415 17 0,422 19 0,007 -2 

                                           
120 Vértesy, D., Del Sorbo, M., Damioli, G., High-growth, innovative enterprises in Europe Counting them 
across countries and sectors, the Joint Research Center, 2017, 
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC106419/kjna28606enn(1).pdf 
121 The indicators belonging to this group are in fact: SMEs introducing product or process innovations 
(percentage of SMEs), SMEs introducing marketing or organisational innovations (percentage of SMEs), 
SMEs innovating in-house (percentage of SMEs). 
122 It could be argued that the new indicator on high growth enterprise would strongly correlate with the 
existing indicator. Nonetheless, this is worth exploring.  

http://publications.jrc.ec.europa.eu/repository/bitstream/JRC106419/kjna28606enn(1).pdf
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Country 
EIS 2018 New framework Differences 

SII Rank SII Rank SII Rank 

PT 0,406 18 0,419 18 0,013 0 

MT 0,403 19 0,425 17 0,022 2 

ES 0,400 20 0,418 20 0,018 0 

EE 0,397 21 0,390 21 -0,007 0 

CY 0,386 22 0,372 25 -0,014 -3 

IT 0,371 23 0,372 24 0,001 -1 

LT 0,359 24 0,366 22 0,007 2 

RS 0,335 25 0,335 26 0,000 -1 

HU 0,332 26 0,348 23 0,016 3 

EL 0,328 27 0,322 28 -0,006 -1 

SK 0,323 28 0,339 27 0,016 1 

TR 0,286 29 0,286 30 0,000 -1 

LV 0,285 30 0,301 29 0,016 1 

PL 0,270 31 0,284 31 0,014 0 

HR 0,258 32 0,274 32 0,016 0 

BG 0,229 33 0,242 33 0,013 0 

MK 0,222 34 0,222 34 0,000 0 

RO 0,157 35 0,151 35 -0,006 0 

UA 0,140 36 0,140 36 0,000 0 

 

As shown in the table, the addition of such an indicator does not entail any change in 

the SII and ranking of 19 countries out of 37. In particular, this addition does not alter 

the top three countries’ score and ranking (Switzerland, Sweden and Denmark) nor 

the bottom six countries’ situation. Nonetheless, two of the innovation leaders (Finland 

and Luxembourg) see their SII and ranking worsening as a result of adding this 

indicator. Luxembourg in particular suffers in terms of ranking (-5) but in terms of SII 

the countries characterised by the biggest shrink are Austria, Cyprus and Belgium. It 

must be noted however that, except for these countries, negative changes to the SII 

remain limited. 

 

When looking at the countries gaining from the addition however the situation 

changes: there are more than 10 countries which significantly gain in terms of SII (> 

0.010). Malta and Spain are amongst those benefitting the most from the new 

framework with +0.022 and +0.018 respectively although this does not translate for 

Spain in a change of the ranking.  

 

These results could be expected knowing that, according to the data used, Ireland, 

Malta and Spain are the Member States with the highest share of high-growth 

enterprises while Luxembourg and Finland are in the middle of the list123. In this 

respect, the addition of this indicator does not bring anything new to the framework 

itself, but it is still worth considering this indication further from the perspective of 

strengthening the “innovators” group of indicators. However, before including this 

indicator in the framework, there are some additional questions to be addressed and 

                                           
123 See: http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do 
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especially those concerning the time dimension and how to take into account the 

business cycle effects.  

3.3.2.6 Adding an indicator on demand for innovation 

 

A substantive body of literature, starting with Porter in the early 1990s, argues that 

sophisticated domestic demand for innovative products is an essential driver of 

innovation. This is corroborated by the strong and significant correlation between the 

indicator on ‘sophisticated demand’ from the Global Competitiveness Report and 

innovation performance from the European Innovation Scoreboard124125. A demand-pull 

perspective acknowledges the importance of producing innovations but at the same 

time emphasises the need for market opportunity (i.e. demand). Demand is 

considered as the driving force that directs innovation output to meet societal or 

market needs126. 

Enabled by new technologies, users and consumers play a growing role in the 

innovation process and can directly influence innovation and encourage the 

development of new technologies127. However, the current innovation indicators focus 

more on supply factors for the development of innovations, particularly innovation 

inputs such as R&D, other innovation expenditures, human resources, and knowledge 

sources. Even though demand for innovative products and processes is viewed in 

economic theory as a crucial driver of innovation, this is not easy to measure and is 

thus underrepresented. As many demand factors could be influenced by policy, it 

would be worthwhile to develop indicators for different aspects of the demand for 

innovations128. 

Social attitudes to innovation influence entrepreneurship and demand for innovative 

goods and services. These attitudes – and their economic effects – are possibly the 

most difficult aspects of innovation to measure. The lack of adequate data hinders 

understanding and consequently the development of innovation policies to promote 

entrepreneurship and demand for innovative products129. 

The INNO-Grips report on Social attitudes to innovation and entrepreneurship took 

results from the Innobarometer Report 2005, to show consumers’ receptiveness for 

innovative products and services ranging from a ‘pro-innovation’ attitude to an ‘anti-

innovation’ attitudeError! Bookmark not defined.. 

However, the most interesting results from the Innobarometer Report 2005 are 

outdated. In addition, Innobarometer has shifted the focus to businesses and all 

indicators are based on perceptions.  

Currently, it can be argued that the existing indicators trying to capture the demand 

for innovation are limited. Hence, it is suggested to test the inclusion in the EIS of the 

“public demand for advanced technologies” indicator (also from the Global 

Competitiveness Report). 

The figure below represents the relationship between the overall EIS 2018 SII scores 

and the public demand for advanced technologies indicator. 

                                           
124http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=8D8AE7FA9177966E319E904EA7B58AF3?doi=1
0.1.1.360.811&rep=rep1&type=pdf  
125 The Global Competitiveness Report question is “In your country, how do buyers make purchasing 
decisions? [1 = based solely on the lowest price; 7 = based on a sophisticated analysis of performance 
attributes]” 
126 Schmookler, J. (1966), Invention and Economic Growth, Harvard University Press, Cambridge, MA. 
127 https://www.oecd.org/site/innovationstrategy/45188012.pdf  
128 Anthony Arundel and Hugo Hollanders, “Searching the forest for the trees: “Missing” indicators of 
innovation”, 2006 Trend Chart Methodology Report 
129  Buligescu, B., Hollanders, H. and Saebi, T. (2012), “Social attitudes to innovation and 
entrepreneurship”. PRO INNO Europe: INNO Grips II report, Brussels: European Commission, DG Enterprise 
and Industry. 

http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=8D8AE7FA9177966E319E904EA7B58AF3?doi=10.1.1.360.811&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=8D8AE7FA9177966E319E904EA7B58AF3?doi=10.1.1.360.811&rep=rep1&type=pdf
https://www.oecd.org/site/innovationstrategy/45188012.pdf
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Figure 9 - Resulting of testing the public demand for advanced technologies 

indicator 

 

The equation we obtain by regressing the SII with this indicator is: 

𝑆𝐼𝐼 = 0.178𝐷𝐴𝑇 − 0.1618 

where SII represents the value of the SII and DAT is the value of the public demand 

for advanced technologies. The correlation analysis tells us that increasing the public 

demand for advanced technologies by one unit increases the overall SII score by 

approximately 0.178 units, showing that public demand for advanced technologies has 

a positive effect on innovation performance.  

As shown in the table below, the impact on the SII is rather small for most of the 

countries (the difference is negative 0.003 for the EU). For one out of the 36 

countries, the SII is unaffected by the addition of the public demand for advanced 

technologies indicator, while for 16 countries the SII is positively affected and for 19 

negatively affected. Former Yugoslav Republic of Macedonia is the most affected 

country (with a positive variation of 0.020). 

Concerning the top five countries, the inclusion of the public demand for advanced 

technologies indicator positively affects SII from Sweden (0.002), Finland (0.002) and 

Netherlands (0.003) and negatively affects SII from Switzerland (0.010) and Denmark 

(0.005). 

Table 19 - Changes in EIS caused by adding the public demand for advanced 

technologies indicator 

Country 
EIS 2018 

NEW – Public demand for advanced 
technologies 

Differences 

SII Rank Value Normalised SII Rank SII Rank 

CH 0.808 1 3.695 0.551 0.798 1 -0.010 0 

SE 0.710 2 4.192 0.769 0.712 2 0.002 0 

DK 0.668 3 3.649 0.531 0.663 3 -0.005 0 

FI 0.649 4 4.041 0.703 0.651 4 0.002 0 

NL 0.648 5 4.099 0.728 0.651 5 0.003 0 

UK 0.613 6 3.907 0.644 0.614 8 0.001 -2 

y = 0.178x - 0.1618 
R² = 0.4195 
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Country 
EIS 2018 

NEW – Public demand for advanced 
technologies 

Differences 

SII Rank Value Normalised SII Rank SII Rank 

LU 0.611 7 4.675 0.980 0.624 6 0.013 1 

DE 0.603 8 4.892 1.000 0.617 7 0.014 1 

BE 0.593 9 3.568 0.495 0.589 9 -0.004 0 

IE 0.585 10 3.399 0.421 0.579 10 -0.006 0 

AT 0.579 11 3.335 0.394 0.572 13 -0.007 -2 

IS 0.576 12 3.620 0.518 0.574 12 -0.002 0 

NO 0.571 13 4.116 0.735 0.576 11 0.005 2 

FR 0.551 14 3.621 0.519 0.550 15 -0.001 -1 

IL 0.541 15 4.441 0.878 0.557 14 0.016 1 

EU 0.504   3.361 0.405 0.501   -0.003   

SI 0.465 16 2.644 0.091 0.452 16 -0.013 0 

CZ 0.415 17 2.968 0.233 0.409 18 -0.006 -1 

PT 0.406 18 3.521 0.475 0.408 19 0.002 -1 

MT 0.403 19 3.809 0.601 0.410 17 0.007 2 

ES 0.400 20 3.097 0.289 0.396 21 -0.004 -1 

EE 0.397 21 3.485 0.459 0.399 20 0.002 1 

CY 0.386 22 3.077 0.280 0.382 22 -0.004 0 

IT 0.371 23 2.993 0.244 0.367 23 -0.004 0 

LT 0.359 24 2.926 0.215 0.354 24 -0.005 0 

RS 0.335 25 2.844 0.179 0.329 25 -0.006 0 

HU 0.332 26 2.838 0.176 0.326 26 -0.006 0 

EL 0.328 27 2.486 0.022 0.316 28 -0.012 -1 

SK 0.323 28 3.198 0.334 0.323 27 0.000 1 

TR 0.286 29 3.352 0.401 0.291 29 0.005 0 

LV 0.285 30 2.670 0.102 0.279 30 -0.006 0 

PL 0.270 31 3.074 0.279 0.271 31 0.001 0 

HR 0.258 32 2.280 0.002 0.249 32 -0.009 0 

BG 0.229 33 3.348 0.399 0.235 34 0.006 -1 

MK 0.222 34 4.114 0.735 0.242 33 0.020 1 

RO 0.157 35 2.311 0.002 0.151 35 -0.006 0 

UA 0.140 36 2.978 0.237 0.145 36 0.005 0 

 

Based on these results and considering that sophisticated demand for innovative 

products is an essential driver of innovation, we suggest to further explore the 

inclusion of this indicator in the framework of a possible expansion of the EIS.  

 

3.3.2.7 Adding an indicator on creativity 
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The Creative Community Index defines creativity as the process by which ideas are 

generated, connected and transformed into things that are valued, and it considers 

this as a fundamental aspect of innovation130. Creativity in the economy is about 

devising new products, services, technologies, industries, and ways of doing business. 

Innovation results from creative people and the creative processError! Bookmark not defined.. 

The role of creativity for innovation is still largely underappreciated in innovation 

measurement and policy debates131. The ability to generate a diverse set of business 

options through new ideas is a central feature of innovation in all firms and, as such, 

is central to sustained economic growth. Nevertheless, measuring creativity and 

design in statistical terms is still a problem, as there is a lack of indicators to measure 

these aspects not only at national and international levels, but also in comparison with 

other economic sectors132. 

The ability to compete and prosper in the global economy goes beyond trade in goods 

and services and flows of capital and investment. Instead, it increasingly turns on the 

ability of nations to attract, retain and develop creative people133.  

Figure 10 - Linking creativity, design and innovation 

 
Source: Hugo Hollanders and Adriana van Cruysen, “Design, Creativity and Innovation: A 

Scoreboard Approach”, February 2009 

 

In today’s business environment, companies need to seek the best use of the creative 

potential inherent in human beings who work in the organisation134. 

                                           
130 Creative Community Index Measuring Progress Toward a Vibrant Silicon Valley (p. 7), 
http://www.cpanda.org/data/a00216/2002CCI.pdf  
131 https://www.globalinnovationindex.org/Home  
132 DTI Economic Paper N. 15, Creativity, Design and Business Performance, November 2005, 
http://www.ico-d.org/database/files/library/economics_paper15.pdf  
133 http://www.culturenet.cz/res/data/004/000573.pdf  

http://www.cpanda.org/data/a00216/2002CCI.pdf
https://www.globalinnovationindex.org/Home
http://www.ico-d.org/database/files/library/economics_paper15.pdf
http://www.ico-d.org/database/files/library/economics_paper15.pdf
http://www.culturenet.cz/res/data/004/000573.pdf
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On these bases, we decided to test the inclusion of an indicator on “employment in 

creative industries” in the EIS, as a proxy for capturing creativity in the scoreboard. 

Creative industries includes 43 NACE Rev. 2 codes (with four digits) as defined in a 

report from the European Cluster Observatory135. This indicator is taken from the 

Eurostat Labour force survey. 

As suggested by the following table, the impact of this indicator on the SII is small for 

most of the countries. For two out of the 36 countries, the SII is unaffected by the 

addition of the employment in creative industries indicator, while for 24 countries the 

SII is positively affected and for ten negatively affected. Luxembourg is the country 

that is the most affected in terms of SII with a negative variation of 0.021. 

Concerning the top five countries, the inclusion of this indicator positively affects SII 

from Sweden and Denmark (both 0.001), and negatively affects SII from Switzerland 

(-0.013), Finland and Netherlands (both -0.003). 

 

Table 20 - Changes in EIS caused by adding the employment in creative 

industries indicator 

Country 
EIS 2018 NEW – Employment in creative industries Differences 

SII Rank Value Normalised SII Rank SII Rank 

CH 0.808 1 22.584 0.468 0.795 1 -0.013 0 

SE 0.710 2 27.044 0.730 0.711 2 0.001 0 

DK 0.668 3 26.452 0.695 0.669 3 0.001 0 

FI 0.649 4 24.399 0.575 0.646 4 -0.003 0 

NL 0.648 5 24.041 0.554 0.645 5 -0.003 0 

UK 0.613 6 29.500 0.874 0.622 6 0.009 0 

LU 0.611 7 15.117 0.030 0.590 11 -0.021 -4 

DE 0.603 8 23.603 0.528 0.601 7 -0.002 1 

BE 0.593 9 24.067 0.555 0.592 10 -0.001 -1 

IE 0.585 10 29.109 0.851 0.594 9 0.009 1 

AT 0.579 11 23.939 0.548 0.577 12 -0.002 -1 

IS 0.576 12 31.642 1.000 0.594 8 0.018 4 

NO 0.571 13 24.133 0.559 0.570 13 -0.001 0 

FR 0.551 14 21.749 0.419 0.546 14 -0.005 0 

IL 0.541 15 N/A N/A 0.541 15 0.000 0 

EU 0.504   24.280 0.568 0.507 0 0.003   

SI 0.465 16 25.374 0.632 0.471 16 0.006 0 

CZ 0.415 17 22.945 0.489 0.418 17 0.003 0 

PT 0.406 18 23.836 0.542 0.411 19 0.005 -1 

MT 0.403 19 27.860 0.778 0.417 18 0.014 1 

ES 0.400 20 24.148 0.560 0.406 21 0.006 -1 

                                                                                                                                
134 Joao Antonio Gomes Pereira, Roberto Sbragia, “Creativity and Innovation Performance at the industry 
level: an empirical study in Brazilian firms”, International Association for Management of Technology, IAMOT 
2016 Conference Proceedings   
135 Dominic Power and Tobias Nielsén (2010), “Priority Sector Report: Creative and Cultural Industries”, 
Report in the framework of the European Cluster Observatory project  
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Country 
EIS 2018 NEW – Employment in creative industries Differences 

SII Rank Value Normalised SII Rank SII Rank 

EE 0.397 21 27.046 0.730 0.409 20 0.012 1 

CY 0.386 22 23.553 0.525 0.391 22 0.005 0 

IT 0.371 23 23.237 0.507 0.376 23 0.005 0 

LT 0.359 24 24.349 0.572 0.366 24 0.007 0 

RS 0.335 25 22.346 0.454 0.341 26 0.006 -1 

HU 0.332 26 24.048 0.554 0.340 27 0.008 -1 

EL 0.328 27 25.867 0.661 0.341 25 0.013 2 

SK 0.323 28 22.209 0.446 0.327 28 0.004 0 

TR 0.286 29 18.189 0.210 0.283 30 -0.003 -1 

LV 0.285 30 25.595 0.645 0.298 29 0.013 1 

PL 0.270 31 23.506 0.522 0.279 31 0.009 0 

HR 0.258 32 24.142 0.560 0.269 32 0.011 0 

BG 0.229 33 23.225 0.506 0.239 33 0.010 0 

MK 0.222 34 20.385 0.339 0.226 34 0.004 0 

RO 0.157 35 18.752 0.243 0.160 35 0.003 0 

UA 0.140 36 N/A N/A 0.140 36 0.000 0 

 

Employment data from Eurostat are only available for NACE Rev. 2 industries with two 

digits. These data could be considered too broad in the context of the EIS and for 

linking creativity and innovation. However, this aspect of creativity should not be 

neglected in the framework of innovation measurement, and the EIS should be able to 

integrate this aspect in its countries assessment.   

3.3.3 Final remarks on modifying the EIS indicators 

The discussion on the streamlining and expanding of the EIS indicators, which is 

presented in the previous section, cannot be carried out independently from the 

discussion on the innovation dimensions the framework should capture. Nonetheless, 

there are two (non-mutually exclusive) ways to approach this debate, either by 

analysing the meaningfulness and potential of individual indicators or by carefully 

picking a number of innovation dimensions first and then trying to identify relevant 

indicators for each of them. This paper takes the first approach and tries to provide an 

initial analysis of individual indicators (that could be deleted or added to the EIS) 

without questioning the current structure of the measurement framework. 

 

As highlighted in Chapter 3.2 – Methodological remarks and limitation, this could 

constitute a weakness of this research that should not be disregarded. At the same 

time, our analysis also offers some starting points for further reflection and allows to 

obtain some indications about a possible “updated” measurement framework to be 

tested: 

- First and foremost, the streamlining analysis that was carried out on a limited 

number of indicators cannot bring to conclusive results on which indicators 

should definitely be deleted although, in some cases, the results of our testing 

corresponded to the outcome of the JRC sensitivity analysis, which is 

promising. What the exercise seems to suggest however is that: 
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o Countries might have different driver and silent indicators depending on 

and in accordance with their innovation systems. 

o Some countries seem to react similarly to the deletion of certain 

indicators, which could mean that countries can be grouped in “clusters” 

having similar characteristics according to these patterns136. 

o Further research and testing is needed to avoid contradicting findings 

and explore the relation between the indicators themselves and the 

innovation dimensions.  

- Secondly, the expanding section illustrated a number of new possible 

indicators for the EIS but only a few of them can be concretely tested and 

notably those concerning: 

o ICT usage in business 

o High growth enterprises 

o Government support for business R&D 

o Mobile app creation 

o Creativity 

The others should not be fully discarded but they require further analysis and 

the identification of suitable data sources before being ready to be tested.  

To conclude on the streamlining and expanding exercise, it is widely acknowledged 

that the list of EIS indicators is not “fixed” and that it can and should evolve over 

time. This paper tried to contribute to the debate by analysing some of the indicators 

currently included in the EIS and by suggesting a few more that emerged from the 

literature review and data collection. However, an indicator by indicator analysis might 

not be sufficient to decide which the best candidates for addition and deletion are. 

Going back to the user-centric perspective that is advocated for the EIS, the choice of 

indicators to be included in the measurement framework should be linked to the 

discussion on the innovation dimensions which is in turn tight to the objectives of the 

EIS and its users’ needs and expectations. Without being grounded in this user 

perspective in fact, any discussion on indicators themselves risks to be too difficult.  

 

3.4 Modifying the structure and methodology of the EIS: weighting 
and separating  

 

Currently, the EIS is an unweighted measurement framework which distinguishes 

indicators based on the innovation dimensions they belong to but does not categorise 

them in input and output indicators. In the past few years, these two aspects of the 

EIS (the unweighted nature and the lack of separation between input and output 

indicators) led to a heated debate, as some experts consider them as substantial 

weaknesses of the measurement framework. For this reason, this exploratory report 

could not avoid the reflection on these important questions and part of the data 

collection has been dedicated to explore options for “weighting” and “separating” the 

EIS indicators.  

 

The purpose of the next two sub-chapters it to present the different options and 

methodologies for weighting and separating indicators that were found through the 

data collection. In both sub-chapters we will present the different approaches that 

                                           
136 This could also be interesting from a “weighting” perspective, see Chapter 3.4.1 and especially the 
country based weighting methodology.  
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were identified and we will illustrate their pros and cons. For the separating options, 

we will also discuss some preliminary testing results. Finally, we will provide some 

conclusions on what must be retained from the analysis of these different 

methodologies and we will conclude on whether they should be further explored for 

the future of the EIS.  

 

3.4.1 Weighting 

The Weighting package analyses ideas and procedures that would change the current 

‘un-weighted’ EIS to a weighted framework. The weighting of composite indicators and 

of the European Innovation Scoreboard’s indicators in particular has always been a 

subject of major debates. Discussing the subject of weighting for composites, the 

OECD argued that “greater weight should be given to components which are 

considered to be more significant in the context of the particular composite 

indicator”137. Accordingly, many researchers have highlighted that an unweighted EIS 

assumes that different indicators carry an equal importance in determining innovation 

performance. This could result in policy-makers being misled and their innovation 

policies not tackling those issues that yield most results. 

 

If the criticism is valid, defining how to weight indicators with regards to implementing 

a reliable framework is extremely complex, and this justifies the reluctance of 

embarking on this journey for the EIS. Furthermore, there is an important caveat to 

weighting to keep in mind: the bias that certain policy-makers might have in trying to 

increase their scores and ranking positions might be potentially dangerous as giving 

different weights to indicators can give policy-makers an incentive to act solely on 

those “heavy” indicators. This is also the case from a theoretical perspective 

associated with the EIS: weighting should not be used to have significant differences 

in the importance of the framework’s dimensions as the objective of the framework is 

multi-dimensionality and thus balance. From this perspective, ideally each indicator 

and innovation dimension should bring the same to the measurement framework 

without any form of weighting being involved138.  

 

As such, this point clearly calls for caution when considering a weighted framework 

and only further explains why weighting has repeatedly been called a Pandora’s box 

by experts and stakeholders.  

 

The following sections illustrate three possible approaches (amongst many) for 

weighting EIS indicators and debate their pros and cons139. These approaches are: 

 

- Panel Data estimation 

- Analytical Hierarchy Process (AHP) 

- Economic Development-Based method 

 

While the first is more quantitative in nature than the second, the Economic 

Development-Based method can be either quantitative or qualitative as it can rely on 

any of the two other approaches. The differences and perspectives of each of these 

methods are described below.  

                                           
137 OECD (2003) – Composite indicators of country performance: a critical assessment, DST/IND(2003)5, 
Paris 
138 See also Annex B – Final takeaways from the expert workshop 
139 For a more in-depth analysis of many different methods for establishing weights in composite indicators 
see Andrew Sharpe and Brendon Andrews, “An assessment of weighting methodologies for composite 
indicators: the case of the index for economic well-being”, CSLS Research Report No. 2012-10, December 
2012 
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3.4.1.1 Approach 

Panel data estimations 

 

The Panel data approach consists in finding the relationship between the indicators of 

the EIS and a unanimously recognised policy objective. In the case of the EIS, one 

could directly link the components of the scoreboard with, for instance, GDP per 

capita, which is the most commonly used measure of economic development and an 

important indicator of labour productivity. Of course, one could also select other policy 

objectives such as Purchasing Power Parity or Total Factor Productivity, as discussed 

during the expert workshop140.  

 

Whichever policy objective is chosen as dependent variable, the logic of the approach 

is straightforward. Using historical data from 2010 to 2017 found in the EIS and in 

Eurostat, one could estimate a panel data regression of the form: 
 

𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡 = 𝛼 + ∑ 𝛽𝑛

𝑁=27

𝑛=1

𝑥𝑛𝑖𝑡 + 𝜀𝑖𝑡 

 

Where 𝑖 is the i-th country in the panel of countries analysed, 𝑥𝑛 is the n-th dependent 

variable or, in other words, the n-th EIS indicator and 𝜀𝑖𝑡 

is the error term. In this way, it is possible to estimate the value and statistical 

significance of 𝛽𝑛 or the “weight” of the n-th EIS indicator on the dependent variable, 

namely the policy objective GDP per capita or any other policy objective. This would 

allow to quantitatively determine a weighting system for the components of the EIS 

that would distinguish them on the basis of their importance and effect on GDP per 

capita. Concretely, this would imply that the indicators having the most weight in the 

EIS framework would be those that have the biggest effect, according to the above 

econometric regression, on GDP per capita.  

 

Panel data analysis is a powerful quantitative tool that allows finding both the 

significance of each variable for the policy objective as well as its weight. The 

peculiarity of this technique is that it enables computing the significance and the 

weight of the variables for all the Member States jointly while accounting for Member 

States’ individual characteristics. This is particularly suited to the current EIS format 

that requires country comparability and that therefore cannot allow for different 

country-per-country weightings that traditional econometric methods provide.  

 

Beyond the fact that panel data analysis brings an essential degree of user-centricity 

to the EIS, the most obvious strength and the most important reason for which we 

consider this approach comes from the fact that it is as un-arbitrary as it can be. This 

has a great number of implications, namely: the process follows a well-recognised 

statistical method that cannot be put into disrepute for its methodology; the results 

can easily be traced back and replicated by any willing researcher; the approach does 

not require going through a process of surveying in order to gain legitimacy.  

 

Furthermore, panel data analysis could for instance give further grounds to the 

Streamlining package (see section 3.2). Indeed, as panel data analysis allows to find a 

quantitative model that expresses the relationship between GDP per capita and the 

components of the EIS based on the statistical significance of each component with 

GDP per capita, it enables to confirm in a non-arbitrary way whether or not a variable 

should be included into the EIS framework. Lastly, this quantitative approach can also 

be used in different settings. For instance, instead of applying panel data analysis to 

                                           
140 See also Annex B – Final takeaways from the expert workshop 
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weight the 27 indicators individually, panel data could be used to weigh a combination 

of indicators that respects the structure of the EIS framework. As such, if deemed 

more practical, the approach could serve to estimate the weight of the 10 dimensions. 

Once again, this underscores the extent of the tool’s flexibility. 

 

Despite its potential, panel data analysis in the context of the EIS also has some 

downsides, which were thoroughly discussed during the expert workshop. 

 

Firstly, empirical research has emitted some warnings in the past about the use of 

panel data analysis. A study by Pritchett written in 2000141 reviews some of the more 

dubious usages of panel data analysis when analysing growth rates. It affirms that the 

method is unlikely to be informative and give robust results due to high volatility and 

low persistence of growth rates, particularly in panels that include developing 

countries. If the data used in the analysis does not include statistics that reflect such 

wide development gaps as can be found in the literature that Pritchett’s study 

criticizes, some consequential disparities still affect the data, thereby potentially 

reducing the explanatory power of the panel data analysis and the accuracy of the 

model.  

 

On a similar note, the desk research conducted as part of this study has also reported 

that even though this econometric approach is well founded, non-arbitrary and user-

centric, it still might not necessarily bring useable results. Indeed, when questioned 

about the methodology of this approach, one of the experts interviewed affirmed that 

he had already attempted using that exact same method to no results. While such 

experience might provide different results today or in the future, it still is revelatory of 

a larger issue, namely that econometric analysis is susceptible to giving counter-

intuitive findings or worse, no findings.    

 

Additionally, during the workshop held in November 2018, some experts argued that, 

in order to appropriately interpret causal effects, it would be necessary to add time 

lags to the formula, meaning the delay between a cause and its effects142. Indeed it is 

reasonable to assume that certain effects take longer to become apparent. However, 

as discussed during the workshop, individuating the optimal time lags is not a simple 

exercise. The selection of the appropriate delay is arbitrary and different time frames 

can lead to different results and therefore interpretations. Moreover, optimal time lags 

are related to the stabilities of the variables investigated and it may not always be 

possible to add them to the model without weakening its validity143. Hence, on the one 

hand, time lags might add concreteness to the model by considering the time needed 

for a cause to start having effect, on the other hand, the inappropriate selection of the 

time lags in question may lead to biased or incomplete results. Therefore, it is 

essential to further discuss the possibility of this addition and to test different 

alternatives before agreeing on the most appropriate time lag.   

 

Finally, from a methodological perspective, using the panel data analysis approach 

could get the SII to equal the value of the dependant variable, for instance GDP or 

GDP per capita, which in turn could mislead the EIS and be confusing for policy-

makers. This presents certain issues as the times series used to define the weights, 

ranging from 2010-2017, are arbitrary and there would be the need to update the 

weighting regularly. In addition, according to statistical significance, there would have 

to be modelling which is bound to remove variables and therefore reduce the 

                                           
141 Pritchett, L. (2000). Understanding patterns of economic growth: searching for hills among plateaus, 
mountains, and plains. The World Bank Economic Review, 14(2), 221-250. 
142 Gollob, H. F., Reichardt, C.S. (1987). Taking account of time lags in causal models. Child Development, 
Vol. 58, No. 1 (Feb., 1987), pp. 80-92. 
143 Dormann, C., Griffin M. A. (2015). Optimal Time Lags in Panel Studies. Psychological Methods. Advance 
online publication. http://dx.doi.org/10.1037/met0000041 
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dimensionality of the exercise. As far as the dependant variable is concerned, the 

discussions generated from the workshop led to a general consensus that GDP per 

capita should be considered the best dependent variable. However, it should also be 

noted that total factor productivity and different bases of GDP, such as nominal and 

purchasing power parity, might also be alternative dependant variables for such 

exercise.  

 

Analytical hierarchy process 

 

The Analytical Hierarchy Process method is more qualitative than the panel data 

estimation approach. It hangs on a formal framework for decision-making developed 

in a 1994 study by Saaty144. A 2018 paper by Carayannis, Goletsis and Grigoroudis145 

implemented this framework to the context of the weighting of the EIS indicators and, 

by doing so, attempted to relate the EIS with the Quadruple Innovation Helix (QIH) 

theory. This well-recognised theory serves to model national innovation systems 

according to the four levels of society that lever innovation in a region or country.  

 

The logic of the AHP is quite intuitive. It starts from the premise that decision-making 

is a comparative process that therefore involves ranking, or developing a hierarchy of 

options that one has to choose from. The key is setting the problem: which option is 

more important between options A and B? Here, one can see how the problem applies 

to the weighting of the indicators of the EIS. Through a process of pairwise 

comparison involving the ranking of the indicators against one another according to 

their respective importance, one can find the weight of the indicators. This is achieved 

by comparing the relative importance of the indicators one-by-one by scaling them 

from 1 to 9, where 1 stands for equal importance of the indicators and 9, for extreme 

importance of one of the two indicators.  

 

Naturally, the question of who determines the relative importance of the indicators is 

central to the AHP method. As can be easily seen, the AHP method is the formalisation 

of a decision-making process, which is, by definition, arbitrary. Indeed, the process 

requires the collection of views by way of surveys or interviews in order to arrive at a 

decision matrix that will serve, after some algebraic computations, to determine the 

weighting.  

 

Carayannis, Goletsis and Grigoroudis use the surveying process as an opportunity to 

innovate and implement the Quadruple Innovation Helix framework146. As mentioned 

previously, the QIH is an innovation theory (that expanded from the initial Triple 

Innovation Helix theory) attempting to describe and model national or regional 

innovation systems. The underlying idea is that the performance of national innovation 

systems is heavily dependent on the interactions and linkages between four different 

categories of actors, namely: 

 

- Academia 

- Industry  

- Government 

- Civil Society  

 

                                           
144 Thomas L. Saaty. (1994). How To Make a Decision: The Analytical Hierarchy Process. Interfaces, Vol 24., 
Informs, 19-43 
145 Carayannis, E. G., Goletsis, Y., & Grigoroudis, E. (2018). Composite innovation metrics: MCDA and the 
Quadruple Innovation Helix framework. Technological Forecasting and Social Change, 131, 4-17 
146 Carayannis, E. G., Goletsis, Y., & Grigoroudis, E. (2018). Composite innovation metrics: MCDA and the 
Quadruple Innovation Helix framework. Technological Forecasting and Social Change, 131, 4-17 
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Given the fact that the QIH explains the relationship between innovation performance 

and its stakeholders and that the EIS measures the innovation performance of the EU 

Member States, it is perfectly valid to link them by way of the weighting question 

using the AHP. Carayannis and his colleagues thus sent the AHP survey to these four 

categories of stakeholders. Therefore, the methodology used for the above-mentioned 

paper followed three key steps:  

 

i) Building the AHP survey; 

ii) Finding an appropriate number of stakeholders per group category to send 

the survey to; 

iii) Analysing the results to find the final weighting.  

 

This method has several unique benefits worth developing. Firstly, as has been said 

before, it can tie the EIS to a theoretical framework of innovation systems such as the 

QIH. This method would not only allow to better model the innovation performance of 

the EU but also to answer to the criticisms of the EIS related to the lack of theoretical 

foundation or conceptual analysis for the choice or weight of indicators147,148.   

 

Furthermore, not only does this process allows giving more credibility to the final 

weighting of the EIS indicators but it also allows reducing the risk of future criticisms 

related to the weighing. Indeed, applying a participatory approach would allow 

stakeholders to understand how the weighting is decided and feel part of this process. 

This also links to the fact that by collecting a broad base of stakeholders’ opinions, the 

EIS further directs itself on the path of user-centricity, which, in the long term, should 

satisfy the members of the different categories whose interactions drive innovation 

performance.   

 

However, as has been noted earlier, a major issue burdens this testing procedure, 

namely the fact that, in order to be fully effective and unaffected by arbitrariness, a 

large number of survey answers need to be collected. This is a sizeable challenge that 

increases the length of the process and makes it difficult to implement. In addition, 

the discussions generated sparked further limitations of the AHP approach. In fact, 

several experts highlighted the considerable cost of testing such approach and also the 

issue on involving civil society in survey. Whilst this may bring positive results in 

certain Member States, there is also the risk that civil society may hold different views 

from one Member State to another, leading to contrasting results as a whole. 

Moreover, there is also the risk that AHP approach could potentially lead to biased 

results, as policy-makers may rank higher a dimension that contributes the most to 

innovation in a given country compared to others. Finally, the fact that a broad survey 

is used in this approach may even lead to equal weighting at the end.  

Economic development-based weighting 

 

A large amount of economic literature addresses the fact that different types of 

countries have different economic models and therefore different needs. A great 

variety of economic theories has addressed this question in the past. International 

trade theories developed as early as in the 19th century with Ricardo and his idea of 

comparative advantage149, which later on developed into the Heckscher-Ohlin-

Samuelson theorem150, both proved the rationale that underlies countries specialising 

                                           
147 Schibany, A., & Streicher, G. (2008). The European innovation scoreboard: Drowning by 
numbers?. Science and Public Policy, 35(10), 717-732. 
148 Hollanders, H., & van Cruysen, A. (2008). Rethinking the European innovation scoreboard: A new 
methodology for 2008-2010. INNO Metrics. 
149  Ricardo, D. (1817). On the principles of political economy and taxation. 
150 Samuelson, P. A. (1948). International trade and the equalisation of factor prices. The Economic 
Journal, 58(230), 163-184. 
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according to their characteristics. Owing to these theories, Paul Krugman’s widely used 

New Trade theory151 has more recently provided clear grounds to justify that countries 

should not be asked to implement the same strategies.  

 

Given that different types of countries, discerned according to their development 

levels, generate economic output in widely different ways152 and that innovation is one 

of the key factors of economic growth, it is possible to assume that the types of 

innovation that countries focus on depend on the stage of their economic 

development. Building on this idea, one could weigh the EIS indicators according to 

countries’ levels of economic development. This idea, analogous to the one used in the 

Global Innovation Index mentioned previously (see section 2.2.5), the Global 

Competitiveness Report153 or the European Commission’s Regional Competitiveness 

Report154, would incentivise policy-makers to develop more specialised innovation 

policies that would better suit their countries’ needs.  

 

We identified two ways to test this idea: the panel data regression method and the 

AHP method. There is a however a major difference between these methods. Indeed, 

this process naturally requires designing a clear separation of countries into categories 

of economic development. While there are separations of countries into groups 

centred on their level of economic development, the most famous of which being the 

World Bank’s classification of countries into four groups – low-income, lower-middle 

income, upper-middle income and high-income – there are none that are relevant to 

the different levels of development of EU Member States155. If the procedure simply 

used the World Bank’s classification, 25 Member States would be considered as high-

income, while only three would be treated as upper-middle income. This is due to the 

basic fact that the World Bank’s classification is designed for separating countries at 

the world level. This clearly shows that this option requires the development 

categories to be more suited to the general economic development of the EU.  

 

In order to build such development categories, one idea could be to simply separate 

countries according to the EU GDP per capita quartile to which they belong or based 

on current classification of the EIS. The clear benefit of implementing this idea is that 

the EIS would become more suited to countries’ needs and might therefore promote 

more specialised or less generic policy recommendations to national policy-makers. 

This is a major gain as one of the strongest criticisms that scoreboards receive is that 

they rarely provide policy-makers with new information or solutions suited for their 

situation156.  

 

The loss of cross-country comparability induced by this specialisation can be seen as a 

shortcoming of the method, although there is no clear academic consensus on the 

question157. Some academics in fact argue that cross-country comparability at the 

European level is dangerous from an economic and political standpoint. The economic 

dangers of comparing widely different countries should now be clear considering that 

                                           
151  Krugman, P. R. (1979). Increasing returns, monopolistic competition, and international trade. Journal of 
international Economics, 9(4), 469-479. 
152  Garrett, G. (2004). Globalization's missing middle. Foreign Aff., 83, 84. 
153  Schwab, K., & Sala-i-Martin, X. (2017). The Global Competitiveness Report 2017-2018, World Economic 
Forum  
154  Annoni, P., Jijkstra, L., & Gargano, N. (2017), The EU Regional Competitiveness Index 2016, Working 
Paper 02/2017 
155 World Bank, Data Bank, World Development Indicators 
156 Schibany, A., & Streicher, G. (2008). How not to compare innovation performance: A critical assessment 
of the European Innovation Scoreboard. In Conference Paper for the 2nd PRIME Indicators Conference, 
Oslo, Norway (pp. 28-30). 
157 Schibany, A., & Streicher, G. (2008). How not to compare innovation performance: A critical assessment 
of the European Innovation Scoreboard. In Conference Paper for the 2nd PRIME Indicators Conference, 
Oslo, Norway (pp. 28-30). 
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countries have different needs158 and as such, require more individualised 

recommendations (see Section 2.3 of this document). As for the political danger, 

policy-makers of the countries at the bottom of the EIS ranking sometimes complain 

about the fact that the EIS does not provide them with specialised guidance and that 

they are condemned to stay at the bottom of the ranking. Allowing cross-country 

comparability to occur within the individual economic development groups would as 

such reduce both the economic risk of misleading countries and the political risk 

detailed above. 

 

Despite a number of experts challenging cross-country comparability, this feature has 

historically been considered a benefit, appreciated by policy-makers (as shown by the 

fact that most innovation measurement frameworks provide countries comparability). 

Some contend even that comparability is the main reason why the EIS draws so much 

public attention159. Before losing these characteristics for the EIS, it is important to 

examine further the advantages of the economic development-based weighting and 

the user requirements. In fact, as discussed during the workshop, it should also be 

noted that development disparities at EU level may be the result of regional causes 

rather than national ones, and this should be taken into account when carrying out 

such approach. 

 

Finally, this procedure understandably benefits and suffers from the same 

characteristics explored in the panel data regression section and the AHP section as it 

involves testing the development-based weighting using these methods.  

3.4.1.2 Results 

These three methods for weighting EIS indicators could not be tested at this stage. 

Some of them, the AHP and the Economic development-based method, require a 

considerable amount of time and resources for consulting stakeholders and experts 

and for applying all the steps of their underpinning methodologies.  

3.4.2 Separating 

 

The ideas contained in the Separating package explore different options of 

differentiating input and output indicators to highlight efficiency of national innovation 

systems. Some literature has argued that the Summary Innovation Index provided by 

the EIS is too simplistic, as it does not distinguish inputs from outputs and combines 

them together into a single measurement160. According to some experts, this can be 

misleading for policy-makers for several reasons. On the one hand, it may lead to 

circular reasoning: the values of the output indicators, which are affected by the 

variations in the values of the input indicators, may change the overall value of the 

final EIS score161. On the other hand, having a single measurement, it can be 

challenging for policy-makers to act appropriately at the reception of the final EIS 

score, as it is not clear how much innovation output a given country is getting for its 

inputs162. 

 

                                           
158 Schibany, A., & Streicher, G. (2008). The European innovation scoreboard: Drowning by 
numbers?. Science and Public Policy, 35(10), 717-732. 
159 Schibany, A., & Streicher, G. (2008). The European innovation scoreboard: Drowning by 
numbers?. Science and Public Policy, 35(10), 717-732. 
160 Nasierowski, W., and Arcelus, F. J. (2012) ‘About Efficiency of Innovations: What Can Be Learned from 
the Innovation Union Scoreboard Index’, Procedia—Social and Behavioral Sciences, 58: 792–801. 
161 Edquist, C., Zabala-Iturriagagoitia, J. M., Barbero, J., & Zofío, J. L. (2018). On the meaning of innovation 
performance: Is the synthetic indicator of the Innovation Union Scoreboard flawed?. Research Evaluation. 
162 Carayannis, E., and Grigoroudis, E. (2014) ‘Linking Innovation, Productivity, and Competitiveness: 
Implications for Policy and Practice’, Journal of Technology Transfer, 39: 199–218. 
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Some critics of the EIS therefore suggest identifying the relation between innovation 

input and output indicators. Innovation input indicators “refer to the resources 

(human, material, and financial; private as well as governmental) used not only to 

create innovations but also to bring them to the market. Innovation output indicators 

refer to new products and processes, new designs, and community trademarks, as 

well as marketing and organizational innovations, which are connected to the market, 

and which can either be new to the world, new to the industry, and/or new to the 

firm”163. 

 

It is possible, in the framework of the EIS, to consider input and output indicators 

separately and to measure them individually as two sets using an aggregator function, 

dividing them into an innovation input sub-index and an innovation output sub-index, 

respectively. This possibility was already explored for the EIS in the past164, and other 

innovation measurement frameworks, such as the GII, as described in Section 2.2, 

already do this. In this approach, the ratio of the Input and Output Sub-Indices are 

calculated and they can be compared to the results of the respective averages with 

one another, leading to the innovation efficiency. In addition, the results can also be 

calculated into a ratio of the Output Sub-Index over the Input Sub-Index, leading to 

the efficiency ratio.  

 

At the same time, although this input-output separation is possible, the question 

remains whether it would be expedient in the context of the EIS and from a user-

centric perspective. For instance, conceptually speaking, it is challenging to measure 

an innovation output, which in turn may also have very little association with an input. 

Indeed, separating indicators in input and output could be difficult and arbitrary and it 

would imply a linear process and relation between innovation inputs and outputs that 

is far from being universally recognised. The question of the input-output separation 

was also further discussed during the workshop and the experts presented contrasting 

opinions. On the one hand, some experts believed it is absolutely necessary to 

highlighting efficiency within the EIS, as it would account for the sub-optimality of 

investing too much into given innovation inputs. On the other hand, other experts 

believed that the notion of separation could be conceptually flawed, as there is not 

necessarily a direct association between a given input to an output. In addition, as the 

framework was never initially designed with the logic of an input-output separation in 

mind, there would be little need to change the structure of the EIS with this 

perspective. Nevertheless, despite the contrasting feedback in relation to the theory of 

the input-output separation, we felt it was necessary to test in order to clarify the 

doubts.   

 

In the next sections, we further discuss an approach for testing and develop some 

ideas for nourishing this debate and take it further.  

3.4.2.1 Approach 

 

In order to conduct the testing, the study will firstly identify and select input and 

output indicators and subsequently analyse the separation of input/output indicators 

of four different subsets. As mentioned in Section 3.1, the selection of an input or 

output indicator may often be subjective and may lack concrete justification. This is 

the main challenge for the separating option: there is no scientific and universally 

agreed distinction of input and output indicators.  

 

                                           
163 Edquist, C., J.M. Zabala-Iturriagagoitia (2015), The Innovation Union Scoreboard is Flawed: The case of 
Sweden – not being the innovation leader of the EU, CIRCLE Working Paper 2015/16, Lund. 
164 Hugo Hollanders, Funda Celikel Esser, “Measuring innovation efficiency”, INNO-Metrics Thematic Paper, 
December 2007 
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For instance, patents can be very well considered as both input and output indicators 

and they may intervene at the beginning or the end of an innovation process. 

Moreover, the separation of indicators can also lead to heavy criticism, as was 

witnessed during the workshop. The majority of experts disapproved Expert’s 2 

selection of R&D Expenditure as an output, as the general consensus considered it as 

an input. However, if R&D expenditure were considered from a research system 

perspective, high levels of R&D expenditure could indeed be considered as output of a 

healthy research system, as stated by Expert 2. It is in this context that all 

separations are hence, by nature, arbitrary. Taking this into account and with the 

purpose of showing how a “separated” EIS could look like, we have tested four 

different combinations of input and output indicators, based on experts’ judgement. 

These are shown in the tables below. 

 

Table 21 - Input indicators 

Indicators Expert 1 Expert 2 
Expert 3 

 
Expert 4 

1.1.1 New Doctor graduates   ✔ ✔ ✔ ✔ 

1.1.2 Population aged 25-34 with 
tertiary education 

✔ ✔ ✔ ✔ 

1.1.3 Lifelong Learning ✔ ✔ ✔ ✔ 

1.2.1 International Scientific Co-
publications  

✔ 
 

✔ ✔ 

1.2.2 Top 10% most cited 

publications  
✔ 

 
✔ ✔ 

1.2.3 Foreign doctorate students ✔ ✔ ✔ ✔ 

1.3.1 Broadband penetration ✔ ✔ ✔ ✔ 

1.3.2 Opportunity-driven 
entrepreneurship 

✔ ✔ ✔ 
 

2.1.1 R&D expenditure in the public 
sector 

✔ 
 

✔ ✔ 

2.1.2 Venture capital expenditures ✔ ✔ ✔ ✔ 

2.2.1 R&D expenditure in the 
business sector 

✔ 
 

✔ ✔ 

2.2.2 Non-R&D innovation 
expenditure 

✔ 
 

✔ ✔ 

2.2.3 Enterprises providing training 

to develop or upgrade ICT skills of 
their personnel  

✔ ✔ ✔ ✔ 

3.1.1 SMEs with product or process 
innovations     

3.1.2 SMEs with marketing or 
organisational innovations     

3.1.3 SMEs innovating in-house 
    

3.2.1 Innovative SMEs collaborating 
with others  

✔ 
  

3.2.2 Public-private co-publications 
 

✔ 
 

✔ 

3.2.3 Private co-funding of public 

R&D expenditures 
✔ ✔ 

 
✔ 

3.3.1 PCT patent applications 
    

3.3.2 Trademark applications 
    

3.3.3 Design applications 
    

4.1.1 Employment in knowledge-
intensive activities 

✔ 
   

4.1.2 Employment fast-growing 
enterprises of innovative sectors   

✔ 
  

4.2.1 Medium and high-tech product 
exports  

✔ 
  



European Innovation Scoreboard - Exploratory Report A: What to measure and why?  

 

Final Report 81 
 

Indicators Expert 1 Expert 2 
Expert 3 

 
Expert 4 

4.2.2 Knowledge-intensive services 

exports     

4.2.3 Sales of new-to-market and 
new-to-firm product innovations  

✔ 
  

 

Table 22 - Output indicators 

Indicators Expert 1 Expert 2 Expert 3 Expert 4 

1.1.1 New Doctor graduates   
    

1.1.2 Population aged 25-34 with 

tertiary education     

1.1.3 Lifelong Learning 
    

1.2.1 International Scientific Co-
publications   

✔ 
  

1.2.2 Top 10% most cited 
publications   

✔ 
  

1.2.3 Foreign doctorate students 
    

1.3.1 Broadband penetration 
    

1.3.2 Opportunity-driven 
entrepreneurship    

✔ 

2.1.1 R&D expenditure in the public 
sector  

✔ 
  

2.1.2 Venture capital expenditures 
    

2.2.1 R&D expenditure in the 

business sector  
✔ 

  

2.2.2 Non-R&D innovation 
expenditure  

✔ 
  

2.2.3 Enterprises providing training 
to develop or upgrade ICT skills of 

their personnel 
    

3.1.1 SMEs with product or process 
innovations 

✔ ✔ ✔ ✔ 

3.1.2 SMEs with marketing or 

organisational innovations 
✔ ✔ ✔ ✔ 

3.1.3 SMEs innovating in-house ✔ ✔ ✔ ✔ 

3.2.1 Innovative SMEs collaborating 
with others 

✔ 
 

✔ ✔ 

3.2.2 Public-private co-publications ✔ 
 

✔ 
 

3.2.3 Private co-funding of public 
R&D expenditures   

✔ 
 

3.3.1 PCT patent applications ✔ ✔ ✔ ✔ 

3.3.2 Trademark applications ✔ ✔ ✔ ✔ 

3.3.3 Design applications ✔ ✔ ✔ ✔ 

4.1.1 Employment in knowledge-
intensive activities  

✔ ✔ ✔ 

4.1.2 Employment fast-growing 
enterprises of innovative sectors  

✔ 
 

✔ ✔ 

4.2.1 Medium and high-tech product 
exports 

✔ 
 

✔ ✔ 

4.2.2 Knowledge-intensive services 
exports 

✔ 
 

✔ ✔ 

4.2.3 Sales of new-to-market and ✔ 
 

✔ ✔ 
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Indicators Expert 1 Expert 2 Expert 3 Expert 4 

new-to-firm product innovations 

 

3.4.2.2 Results 

 

Testing these four possible separations highlighted how different understandings of 

what is an input and output indicator lead to different configurations of the EIS but 

also to similar findings in some cases. This analysis was applied to all 37 countries, 

including the EU average. The results of the testing of these different ways of 

separating inputs and outputs indicators are shown in the tables below.  

 

Table 23 -Results of testing output sub-indices score (2018) for the different 

separations 

Country Separation 1 Separation 2 Separation 3 Separation 4 

EU 96,871 100,028 98,241 98,488 

BE 103,901 118,705 109,675 102,309 

BG 48,503 41,696 47,838 48,124 

CZ 86,732 85,017 85,437 87,377 

DK 106,459 130,978 111,497 114,609 

DE 123,569 139,652 125,911 123,137 

EE 64,884 78,855 67,333 70,276 

IE 119,452 112,153 117,800 122,038 

EL 68,323 79,197 69,262 68,086 

ES 64,227 70,686 67,226 65,765 

FR 100,676 105,849 100,606 104,066 

HR 43,552 55,491 49,279 45,481 

IT 82,735 90,342 80,831 84,508 

CY 81,877 82,003 80,268 84,864 

LV 40,678 36,982 45,485 47,468 

LT 59,438 72,388 62,262 60,200 

LU 111,441 122,800 110,191 119,950 

HU 64,836 49,555 67,488 66,799 

MT 88,651 87,125 82,290 94,800 

NL 111,300 122,507 118,178 117,144 

AT 110,490 132,645 112,517 110,379 

PL 48,420 46,985 48,685 53,848 

PT 73,841 83,311 70,115 73,126 

RO 30,801 17,814 33,444 31,267 

SI 80,744 94,235 85,928 82,285 

SK 71,721 53,853 70,617 69,529 

FI 109,042 130,046 112,502 115,711 

SE 112,977 144,755 119,225 122,048 

UK 113,194 112,519 114,043 116,468 

IS 76,386 113,071 92,661 94,575 

IL 91,310 115,058 108,184 100,226 

MK 41,915 35,623 38,879 37,304 

NO 81,866 105,415 89,111 90,657 

CH 129,488 184,894 139,734 136,002 

RS 56,809 71,585 70,336 61,860 

UA 19,932 23,668 24,951 25,705 

TR 52,441 63,459 52,259 50,673 
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Table 24 - Results of testing input sub-indices score (2018) for the different 

separations 

Country Separation 1 Separation 2 Separation 3 Separation 4 

EU 113,604 111,170 116,028 114,316 

BE 142,239 129,611 144,224 150,043 

BG 47,587 53,900 48,254 47,887 

CZ 87,362 88,978 89,277 86,707 

DK 169,571 148,643 178,888 169,863 

DE 129,136 114,325 127,388 130,503 

EE 99,238 87,264 104,707 98,283 

IE 125,476 132,457 129,254 123,397 

EL 69,356 57,396 68,014 69,585 

ES 101,183 96,285 106,572 105,125 

FR 128,526 124,550 135,743 128,896 

HR 63,482 52,965 60,824 64,327 

IT 73,678 66,319 73,941 70,206 

CY 80,142 79,972 81,877 76,391 

LV 76,511 81,038 79,166 74,157 

LT 89,088 77,924 92,846 92,800 

LU 142,744 133,111 152,441 137,683 

HU 73,691 88,192 72,364 72,777 

MT 80,042 81,899 86,853 74,260 

NL 157,447 148,405 159,934 157,795 

AT 130,840 110,820 133,299 134,127 

PL 63,992 65,800 67,616 60,081 

PT 95,071 86,893 105,545 99,199 

RO 34,783 47,000 32,223 34,857 

SI 112,334 100,724 113,392 115,439 

SK 64,298 80,715 63,895 65,701 

FI 159,823 141,796 168,124 159,929 

SE 180,504 152,949 189,312 180,409 

UK 141,871 143,367 148,056 142,505 

IS 159,880 128,595 161,485 152,640 

IL 135,824 110,845 114,671 129,675 

MK 50,506 59,421 56,574 57,652 

NO 152,759 132,970 161,077 153,511 

CH 206,672 152,585 212,840 211,41te5 

RS 82,219 68,828 69,293 80,112 

UA 39,294 38,704 35,918 33,829 

TR 66,711 55,992 70,853 71,259 

 

Table 25 - Results of testing efficiency ratio (2018) for different separations 

Country Separation 1 Separation 2 Separation 3 Separation 4 

EU 85% 90% 85% 86% 

BE 73% 92% 76% 68% 

BG 102% 77% 99% 100% 

CZ 99% 96% 96% 101% 

DK 63% 88% 62% 67% 

DE 96% 122% 99% 94% 

EE 65% 90% 64% 72% 

IE 95% 85% 91% 99% 

EL 99% 138% 102% 98% 

ES 63% 73% 63% 63% 
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Country Separation 1 Separation 2 Separation 3 Separation 4 

FR 78% 85% 74% 81% 

HR 69% 105% 81% 71% 

IT 112% 136% 109% 120% 

CY 102% 103% 98% 111% 

LV 53% 46% 57% 64% 

LT 67% 93% 67% 65% 

LU 78% 92% 72% 87% 

HU 88% 56% 93% 92% 

MT 111% 106% 95% 128% 

NL 71% 83% 74% 74% 

AT 84% 120% 84% 82% 

PL 76% 71% 72% 90% 

PT 78% 96% 66% 74% 

RO 89% 38% 104% 90% 

SI 72% 94% 76% 71% 

SK 112% 67% 111% 106% 

FI 68% 92% 67% 72% 

SE 63% 95% 63% 68% 

UK 80% 78% 77% 82% 

IS 48% 88% 57% 62% 

IL 67% 104% 94% 77% 

MK 83% 60% 69% 65% 

NO 54% 79% 55% 59% 

CH 63% 121% 66% 64% 

RS 69% 104% 102% 77% 

UA 51% 61% 69% 76% 

TR 79% 113% 74% 71% 

 
 

 

Table 26 - Results of testing efficiency ratio rank (EU-28) for the different 

separations 

Country Separation 1 Separation 2 Separation 3 Separation 4 

BE 18 15 15 23 

BG 5 22 5 6 

CZ 6 9 8 5 

DK 26 17 27 25 

DE 8 3 6 9 

EE 24 16 24 20 

IE 9 19 11 7 

EL 7 1 4 8 

ES 25 23 25 28 

FR 14 18 17 16 

HR 21 6 13 22 

IT 1 2 2 2 

CY 4 7 7 3 

LV 28 27 28 27 

LT 23 12 21 26 

LU 15 13 19 13 

HU 11 26 10 10 

MT 3 5 9 1 

NL 20 20 18 17 

AT 12 4 12 14 

PL 17 24 20 12 
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Country Separation 1 Separation 2 Separation 3 Separation 4 

PT 16 8 23 18 

RO 10 28 3 11 

SI 19 11 16 21 

SK 2 25 1 4 

FI 22 14 22 19 

SE 27 10 26 24 

UK 13 21 14 15 

 

The figures displayed above present some interesting findings from the separation of 

input and output indicators. Based on the results, we obtain consistent findings 

concerning the titles of most innovative countries of Europe and of the EU. Indeed, 

Switzerland scores the highest in terms of innovation outputs in all separations 

while Sweden reaches the first place in two out of four specifications, Germany, 

Ireland, Denmark and the UK outscoring it in the other two separations. Similarly, 

Romania and Ukraine remain the countries with the lowest output throughout the four 

different separations of input and output indicators. In terms of innovation inputs, 

the findings are similar. Switzerland remains on the top of the list across three 

separations (with Sweden ranking first in one of them), while Romania and Ukraine 

remain at the bottom of the list.  On this basis, it could be argued that, following the 

separation, the situation of the countries that are at the two extremes of the ranking 

does not change dramatically.  

 

Regarding the efficiency of the countries in relation to the respective separations, 

there is also a certain degree of consistency in the findings. Certain countries – 

namely Greece, Italy, Malta, Slovakia or Romania – which are classified as ‘Moderate 

Innovators’ or ‘Modest Innovators’ in the 2018 edition of the EIS, are considered as 

some of the most efficient Member States according to the separation of indicators. 

This may suggest that the specified Member States invest less money, yet gain 

relatively more innovation outputs thus pointing at a possible “diminishing returns in 

investment pattern”. On the other hand, Member States that are considered ‘Strong 

Innovators’ in the 2018 edition of the EIS, such as Belgium, France and Slovenia, are 

not as efficient in their innovation investments according to the study’s separations of 

indicators. A notable exception is Germany, which is the third most efficient Member 

State in one of the specifications. This finding however opens another Pandora’s Box in 

passing: would a separation that highlights diminishing returns on innovation 

investment incentivise in the long run Member States and policy-makers to keep 

investing in innovation? During the workshop, experts believed that on the basis of the 

results from the testing there could be the policy risk that a given Member State’s 

government would be satisfied with its efficiency score and use it as a reason to be 

inactive. 

 

However, there are also some differences in the findings. Whilst subset 1, 3 and 4 

have comparable efficiency ratio variances, subset 2 presents contrasting findings (see 

table 22 above). On the one hand, the variance score for Greece and Germany ranges 

between 98-102% and 94-99% respectively in the former subsets, whilst it increases 

considerably to 138% and 122% respectively in the latter subset. On the other hand, 

the variance for Bulgaria and Romania fluctuates between 99-102% and 89%-104% 

respectively in the former subsets, whilst it decreases significantly to 77% and 38% 

respectively in the latter subset. These differences can be further explained through 

the comparison of the respective input/output indicators used in the four 

combinations. Whereas subsets 1, 3 and 4 use roughly similar indicators throughout 

the separation exercise, subset 2 has a contrasting analysis. For instance, in its 

separation, it considers certain indicators as outputs, such as 1.2.1 International 
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Scientific Co-publications, 1.2.2 Top 10% most cited publications and 2.1.1 R&D 

expenditure in the public sector, which in the other subsets were classified as inputs.  

 

It is also worth mentioning that there are wide efficiency ratio variance ranges 

throughout all four subsets in non-EU countries. This can be attributed to the fact that 

certain Member States lack data for specific indicators, and as a result, the SII is 

calculated, for instance, from the average of 26 indicators instead of 27. 

 

Overall, considering the complexity of a phenomenon such as innovation, which makes 

it very difficult to analyse performance through a single efficiency ratio (i.e. 

output/input), it is important to mention an alternative option, namely the Data 

Envelopment Analysis (DEA) methodology. It is a quantitative technique that allows to 

measure the performance of different individuals (countries in this case) by converting 

multiple inputs into multiple outputs165. Basically, this approach consists in measuring 

different ratios of productive efficiency such that: 

 

𝑅1 =
𝑂𝑢𝑡𝑝𝑢𝑡1

𝐼𝑛𝑝𝑢𝑡
  &  𝑅2 =

𝑂𝑢𝑡𝑝𝑢𝑡2

𝐼𝑛𝑝𝑢𝑡
  etc. 

 

Therefore, a given country A is more efficient than another B if: i) with the same 

amount of input produces more output, or if ii) with less input produces (at least) the 

same output.166 Hence, after having ranked the efficiency of the countries for each 

efficiency measure, it is possible to represent the scores of each country on a plot 

where the X-axis and the Y-axis describe the evolution of R1 and R2 respectively, as 

shown in the figure below, and tracing an efficiency frontier between the best scoring 

countries accordingly to R1 and R2. By observing the position of the countries in the 

plot, it is possible to better understand the features of each national performance. The 

name Data Envelopment Analysis derives by the fact that the worst positioned 

countries are “enveloped” by the efficiency frontier167. 

 

 

Figure 11 - Data Envelopment Analysis efficiency frontier 

 
 

                                           
165 Cooper W.W., Seiford L. M., Zhu J. (2004). “Data envelopment analysis. History, models and 
interpretations”. International Series in Operations Research & Management Science book series (ISOR, 
volume 71) 
166 http://www.dis.uniroma1.it/~bruni/files/AMPLdea.pdf  
167 Kostemir M. (2013). “Measuring National Innovation Systems Efficiency – A review of DEA approach”. 
National research university – Higher school of economics.  

http://www.dis.uniroma1.it/~bruni/files/AMPLdea.pdf
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DEA is a quite innovative tool that, given the limited number of assumptions needed 

and its simplicity, has been increasingly used in different applications to overcome the 

issues associated with the presence of complex and ambiguous inter-relations 

between inputs and outcomes to describe certain phenomena168. However, the DEA 

methodology is not exempted by some challenges. In particular, the DEA presents as 

an outcome several efficiency ratios that may make the analysis of results too 

complex for policy-makers. Moreover, this technique requires a clear definition of 

inputs and outputs, which is far from being agreed in the case of the EIS and as 

discussed in the previous paragraphs.  

 

This issue of lack of agreement on what constitutes inputs and outcomes also relates 

to the existence of uncertainties in the use of the separating approach in general, 

especially in over-complex phenomena such as innovation. Moreover, it is not always 

given that a particular input corresponds to a certain output. Hence, this approach 

raised some concerns among the experts participating in the workshop, especially with 

respect to its feasibility and credibility.  

3.4.3 Final remarks on changing the methodology and structure of the EIS 

The discussion on the weighting and separating of the EIS indicators, which is 

presented in the previous section, provides some useful insights with regards to the 

need and opportunity of changing the methodology and structure of the EIS. Although 

this paper only offers a “light” analysis of these methodologies, the available findings 

lead to believe that there are still considerable theoretical and practical barriers which 

might prevent weighting and separating of indicators to be applied to the EIS.    

 

Concerning the possibility of weighting the EIS indicators, the different approaches 

identified (which are only few of the available options) all seem to raise a number of 

questions in terms of feasibility and practicality. Furthermore, the question of whether 

the weighting of indicators would make the EIS more user-friendly and closer to users’ 

needs is still to be investigated. Finally, no weighting methodology has been 

unanimously praised and recognised by experts as a possible way forward. For all 

these reasons opening the weighting “Pandora’s box” risks leading to even bigger 

criticisms than those that can be raised to the current unweighted EIS. 

 

When it comes to separating input and output indicators, it must be acknowledged 

that there is a strong cleavage between experts on this subject and that there is no 

consensus on what is the best approach at this stage. Nonetheless, it is true that the 

EIS was never conceived to analyse countries’ innovation efficiency and therefore that 

trying to add this aspect ex post might not be relevant or even feasible. Furthermore, 

it is worth asking whether a “separated” EIS would facilitate or complicate policy-

makers’ understanding of innovation dynamics and whether this would be coherent 

from a user-centric perspective.  

 

For these reasons, none of the weighting and separating options has been retained for 

building an alternative EIS as they all raise more questions than provide answers at 

this stage. Therefore, unless further user research shows that weighting or separating 

indicators is crucial for policy-makers and EIS users, investing in finding a consensus 

on these methodologies does not seem entirely necessary.  

 

                                           
168 Cooper W.W., Seiford L. M., Zhu J. (2004). “Data envelopment analysis. History, models and 
interpretations”. International Series in Operations Research & Management Science book series (ISOR, 
volume 71) 
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3.5 The way forward 

The preliminary analysis of these testing ideas did not lead to clear and universally 

agreed indications on how an alternative EIS framework should look like. Both for the 

options on the indicators and the options on the methodologies, the suggested ideas 

received mixed feedback from the experts and the testing results (where available) 

could not bring to substantial conclusions on their validity. In particular, the discussion 

on the streamlining, weighting and separating seemed to be particularly complex: 

- Concerning the streamlining of the EIS, the mathematical/statistical approach 

could not lead to trustworthy results on which indicators should be deleted. 

Nonetheless, there is a potential to be explored in this domain and it is 

recommended to tackle this subject further through a dedicated study. 

- With respect to the weighting, the experts still agree that opening this Pandora 

box requires caution. Following this advice and knowing all weighting options 

should be further investigated, it is necessary to invest time in deciding 

whether this is worth it or not. According to our approach, the only way to 

solve this controversy is to look at it from a user-centric perspective instead of 

a theoretical one, and to analyse which advantages users would gain from a 

weighted EIS and whether this is what they need. 

- Similarly, for the separating options, the academic diatribe cannot be settled 

without taking into account users’ needs. In fact, as there is a strong cleavage 

in the academic community, only policy and users’ reasoning can help close 

this debate.   

Nonetheless, the chapter on the expansion of the EIS offers some food for thought in 

terms of indicators that could contribute to improve incrementally this innovation 

measurement tool. In particular, there seems to be a consensus around the need to 

better capture innovation aspects such as: 

- Demand for innovation,  

- Public support for innovation,  

- Creativity,  

- Enterprises growth, and 

- Online phenomena.  

For this reason, our alternative innovation framework (presented in the next chapter), 

includes some of the indicators discussed in the previous sections (concerning these 

specific aspects) and it tests whether their combined addition contributes to a better 

understanding of Member States innovation performance. All other options for change 

(in terms of streamlining, weighting and separating) will have to be further analysed 

in light of EIS users’ preference before being translated into an alternative framework 

as, at this stage, there is no consensus on whether they would be helpful or rather 

counterproductive.   
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4 Testing a revised European Innovation Scoreboard 

 

This chapter presents the results of the testing using a new framework. The results 

are presented first for EU Member States and other European and neighbouring 

countries, and then for a subset of global competitors analysed in the EIS – China, 

Japan, South Korea and United States. 

4.1 Approach and methodology 

The revised framework of the EIS includes five new indicators – public demand for 

advanced technologies, government support for business R&D, SMEs selling online, 

high growth enterprises rate and employment in creative industries (all presented in 

section 3.3.2 Expanding). These are distributed along four of the ten innovation 

dimensions – innovation-friendly environment, finance and support, innovators and 

employment impacts, as shown in the table below. 

Table 27 - Revised framework of the EIS 

Framework conditions  Innovation activities 

Human resources 

1.1.1 New doctorate graduates 

1.1.2 Population aged 25-34 with tertiary 

education 

1.1.3 Lifelong learning 

 

Attractive research systems 

1.2.1 International scientific co-publications 

1.2.2 Top 10% most cited publications 

1.2.3 Foreign doctorate students 

 

Innovation-friendly environment 

1.3.1 Broadband penetration 

1.3.2 Opportunity-driven entrepreneurship 

1.3.3 Public demand for advanced 

technologies  

Innovators 

3.1.1 SMEs with product or process 

innovations 

3.1.2 SMEs with marketing or 

organisational innovations 

3.1.3 SMEs innovating in-house  

3.1.4 SMEs selling online 

3.1.5 High growth enterprises rate 

 

Linkages 

3.2.1 Innovative SMEs collaborating 

with others 

3.2.2 Public-private co-publications 

3.2.3 Private co-funding of public R&D 

expenditures 

 

Intellectual assets 

3.3.1 PCT patent applications 

3.3.2 Trademark applications 

3.3.3 Design applications 

Investments Impacts 

Finance and support Employment impacts 

4.1.1 Employment in knowledge-
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2.1.1 R&D expenditure in the public sector 

2.1.2 Venture capital expenditures 

2.1.3 Government support for business R&D 

 

Firm investments 

2.2.1 R&D expenditure in the business 

sector 

2.2.2 Non-R&D innovation expenditures 

2.2.3 Enterprises providing training to 

develop or upgrade ICT skills of their 

personnel 

intensive activities 

4.1.2 Employment fast-growing 

enterprises of innovative sectors 

4.1.3 Employment in creative 

industries 

 

Sales impacts 

4.2.1 Medium and high-tech product 

exports 

4.2.2 Knowledge-intensive services 

exports 

4.2.3 Sales of new-to-market and new-

to-firm product innovations 

The table below provides the definitions of these indicators and the data sources used 

(both for EU Member States and other European and neighbouring countries, and 

global competitors). 

Table 28 - Definition and data sources for the new framework indicators 

Public demand for advanced technologies 

Definition: This indicator is based on the weighted average of the responses 

obtained to the question “In your country, to what extent do government 

purchasing decisions foster innovation?” 

Data source: Executive Opinion Survey, World Economic Forum, Global 

Competitiveness Report 

Government support for business R&D 

Definition: This indicator is calculated as the sum between the government direct 

support for business R&D not including tax incentives as percentage of GDP and the 

tax incentives as percentage of GDP. 

Data source: OECD R&D Tax Incentive Database 

SMEs selling online 

Definition: This indicator is calculated as the ratio between the number of small and 

medium-sized enterprises (SMEs) that sell online (at least 1% of turnover) and the 

total number of SMEs. 

Data source: Eurostat, Community survey on ICT usage and e-commerce in 

enterprises 

High growth enterprises rate 

Definition: This indicator is calculated as the ratio between the number of high 

growth enterprises (growth by 10% or more) and the number of active enterprises 

with at least 10 employees. 

Data source: Eurostat, Structural business statistics (SBS), Business demography 
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Employment in creative industries 

Definition: This indicator is calculated as the ratio between the number of 

employees from 15 to 64 years working in the NACE Rev. 2 industries169 17.23 

(Manufacture of paper stationery), 18.11 (Printing of newspapers), 18.12 (Other 

printing), 18.13 (Pre-press and pre-media services), 18.14 (Binding and related 

services), 18.20 (Reproduction of recorded media), 26.80 (Manufacture of magnetic 

and optical media), 32.20 (Manufacture of musical instruments), 32.99 (Other 

manufacturing n.e.c.), 33.19 Repair of other equipment), 47.61 (Retail sale of 

books in specialised stores), 47.62 (Retail sale of newspapers and stationery in 

specialised stores), 58.11 (Book publishing), 58.12 (Publishing of directories and 

mailing lists), 58.13 (Publishing of newspapers), 58.14 (Publishing of journals and 

periodicals), 58.19 (Other publishing activities), 58.21 (Publishing of computer 

games), 58.29 (Other software publishing), 59.11 (Motion picture, video and 

television programme production activities), 59.12 (Motion picture, video and 

television programme postproduction activities), 59.13 (Motion picture, video and 

television programme distribution activities), 59.14 (Motion picture projection 

activities), 59.20 (Sound recording and music publishing activities), 60.10 (Radio 

broadcasting), 60.20 (Television programming and broadcasting activities), 62.01 

(Computer programming activities), 62.02 (Computer consultancy activities), 62.09 

(Other information technology and computer service activities), 63.91 (News agency 

activities), 73.11 (Advertising agencies), 73.12 (Media representation), 74.20 

(Photographic activities), 79.90 (Other reservation service and related activities), 

85.52 (Cultural education), 90.01 (Performing arts), 90.02 (Support activities to 

performing arts), 90.03 (Artistic creation), 90.04 (Operation of arts facilities), 91.01 

(Library and archives activities), 91.02 (Museums activities), 91.03 (Operation of 

historical sites and buildings and similar visitor attractions) and 93.29 (Other 

amusement and recreation activities), and the total number of employees from 15 

to 64 years. 

Data source: Eurostat, Labour force survey170 

The methodology for calculating innovation performance based on these additional 

indicators is the same employed in the EIS and includes identifying and replacing 

outliers, setting reference years, imputing for missing values, determining maximum 

and minimum scores (using data for an eight-year period), transforming data that 

have highly skewed distributions across countries, calculating re-scaled scores and 

calculating composite innovation indexes.  

Regarding missing values, the table below presents data availability for the five new 

indicators. For EU Member States and other European and neighbouring countries, 

data are available for the five indicators. Data availability for high growth enterprises 

rate is below 60%, since data are available for, at most, five years (2012-2016).  

For global competitors, data are available only for two indicators (public demand for 

advanced technologies and government support for business R&D) but there are no 

breaks in the time series. 

 

                                           
169 Source: Dominic Power and Tobias Nielsén (2010), “Priority Sector Report: Creative and Cultural 
Industries”, Report in the framework of the European Cluster Observatory project  
170 As mentioned before, data from Eurostat are only available for two digit level (NACE 2 divisions). 
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Table 29 – Data availability by indicator 

Indicator 
Most recent year 

used 

EU Member 

States and other 

European and 

neighbouring 

countries 

Global 

competitors 

Public demand for 

advanced technologies 
2017 99.7% 100% 

Government support for 

business R&D 
2016 76.4% 100% 

SMEs selling online 2017 86.1% n/a 

High growth enterprises 

rate # 
2016 53.0% (79.5%) n/a 

Employment in creative 

industries 
2017 94.6% n/a 

Note: # For this indicator', full eight-year time series data are not available. Data 

availability for the shorter time series is shown between brackets. 

4.2 Results 

This section introduces and discusses the results obtained using the new framework 

for EU Member States, other European and neighbouring countries and global 

competitors. 

4.2.1 EU Member States and other European and neighbouring countries 

Error! Reference source not found. table below shows the Summary Innovation 

ndex (SII) and the ranking changes that occur with the inclusion of the five new 

indicators in the EIS framework. As shown in the table, the impact on the SII is small 

for most of the countries and the difference is marginally negative171 (-0.001) for the 

EU overall. For one out of the 36 countries, the SII remains unaffected when testing 

the new framework, while for 25 countries the SII is positively affected and for ten 

countries negatively affected. Switzerland is the country which has been most affected 

in terms of SII (with a negative variation of 0.047). 

In terms of top five ranked countries, the inclusion of the five indicators positively 

affects SII from Sweden (0.005) and negatively affects SII from Switzerland (-0.047 

as mentioned above), Denmark (-0.010), Finland (-0.020) and Netherlands (-0.008). 

Table 30 - Changes in the SII with the new framework 

Country 
EIS 2018 New framework Differences 

SII Rank SII Rank SII Rank 

CH 0.808 1 0.761 1 -0.047 0 

SE 0.710 2 0.715 2 0.005 0 

DK 0.668 3 0.658 3 -0.010 0 

FI 0.649 4 0.629 6 -0.020 -2 

NL 0.648 5 0.640 4 -0.008 1 

UK 0.613 6 0.630 5 0.017 1 

LU 0.611 7 0.573 12 -0.038 -5 

                                           
171 The table has been colour-coded for the columns “SII” and “Ranking” – green cells indicating positive 
change, red cells indicating negative change, and uncoloured cells indicating no change.  
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Country 
EIS 2018 New framework Differences 

SII Rank SII Rank SII Rank 

DE 0.603 8 0.607 8 0.004 0 

BE 0.593 9 0.600 9 0.007 0 

IE 0.585 10 0.626 7 0.041 3 

AT 0.579 11 0.563 13 -0.016 -2 

IS 0.576 12 0.599 10 0.023 2 

NO 0.571 13 0.594 11 0.023 2 

FR 0.551 14 0.552 14 0.001 0 

IL 0.541 15 0.549 15 0.008 0 

EU 0.504   0.503   -0.001 
 

SI 0.465 16 0.471 16 0.006 0 

CZ 0.415 17 0.428 19 0.013 -2 

PT 0.406 18 0.430 18 0.024 0 

MT 0.403 19 0.445 17 0.042 2 

ES 0.400 20 0.422 20 0.022 0 

EE 0.397 21 0.397 21 0.000 0 

CY 0.386 22 0.362 25 -0.024 -3 

IT 0.371 23 0.365 24 -0.006 -1 

LT 0.359 24 0.372 22 0.013 2 

RS 0.335 25 0.353 26 0.018 -1 

HU 0.332 26 0.371 23 0.039 3 

EL 0.328 27 0.315 28 -0.013 -1 

SK 0.323 28 0.339 27 0.016 1 

TR 0.286 29 0.287 30 0.001 -1 

LV 0.285 30 0.298 29 0.013 1 

PL 0.270 31 0.287 31 0.017 0 

HR 0.258 32 0.276 32 0.018 0 

BG 0.229 33 0.247 33 0.018 0 

MK 0.222 34 0.238 34 0.016 0 

RO 0.157 35 0.151 35 -0.006 0 

UA 0.140 36 0.145 36 0,005 0 

Table 31 describes the impact on the performance group membership. In the new 

framework, it is important to highlight that Germany and Ireland moved from strong 

innovators to innovation leaders. 

Table 31 - Changes in the group membership 

Country 
Group membership 

EIS 2018 New framework 

CH Innovation Leader Innovation Leader 

SE Innovation Leader Innovation Leader 



European Innovation Scoreboard - Exploratory Report A: What to measure and why?  

 

Final Report 94 
 

Country 
Group membership 

EIS 2018 New framework 

DK Innovation Leader Innovation Leader 

FI Innovation Leader Innovation Leader 

NL Innovation Leader Innovation Leader 

UK Innovation Leader Innovation Leader 

LU Innovation Leader Strong Innovator 

DE Strong Innovator Innovation Leader 

BE Strong Innovator Strong Innovator 

IE Strong Innovator Innovation Leader 

AT Strong Innovator Strong Innovator 

IS Strong Innovator Strong Innovator 

NO Strong Innovator Strong Innovator 

FR Strong Innovator Strong Innovator 

IL Strong Innovator Strong Innovator 

EU Strong Innovator Strong Innovator 

SI Strong Innovator Strong Innovator 

CZ Moderate Innovator Moderate Innovator 

PT Moderate Innovator Moderate Innovator 

MT Moderate Innovator Moderate Innovator 

ES Moderate Innovator Moderate Innovator 

EE Moderate Innovator Moderate Innovator 

CY Moderate Innovator Moderate Innovator 

IT Moderate Innovator Moderate Innovator 

LT Moderate Innovator Moderate Innovator 

RS Moderate Innovator Moderate Innovator 

HU Moderate Innovator Moderate Innovator 

EL Moderate Innovator Moderate Innovator 

SK Moderate Innovator Moderate Innovator 

TR Moderate Innovator Moderate Innovator 

LV Moderate Innovator Moderate Innovator 

PL Moderate Innovator Moderate Innovator 

HR Moderate Innovator Moderate Innovator 

BG Modest Innovator Modest Innovator 

MK Modest Innovator Modest Innovator 

RO Modest Innovator Modest Innovator 

UA Modest Innovator Modest Innovator 

Figure 12 figure below shows the performance of the countries relative to the EU in 

2010 (using the new framework and the EIS 2018 data), as well as grouped by their 

performance group membership. As the figure indicates, the performance with the 

new framework has increased for 25 countries and decreased for 11 others. 
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Figure 12 - Countries’ performance relative to the EU in 2010 

 

 Modest 

Innovator 

 Moderate 

Innovator 

 Strong 

Innovator 

 Innovation 

Leader 

Note: Coloured columns show performance with the new framework, relative to that of 

the EU in 2010. The horizontal hyphens show performance using the EIS 2018 data, 

relative to that of the EU in 2010. 

When analysing in detail the results obtained in the four innovation dimensions that 

are changed in the new framework, it can be concluded that for the innovation-friendly 

environment dimension, all 36 countries’ composite indicators are affected by the 

addition of the indicator on public demand for advanced technologies (Error! 

eference source not found.). For 12 countries, the composite indicator increases, 

while it decreases for 24 others following the inclusion of the indicator. Iceland is the 

most affected country (with a negative variation of -0.241). 

Concerning the top five countries, interestingly enough the inclusion of the public 

demand for advanced technologies indicator negatively affects all composite indicators 

(Iceland experiencing the biggest change as mentioned above). 

Table 32 - Changes in the innovation-friendly environment dimension 

Country 

EIS 2018 New framework Differences 

Innovation-
friendly 

environment 

Rank 
Innovation-

friendly 

environment 

Rank 
Innovation-

friendly 

environment 

Rank 

DK 1.000 1 0.844 3 -0.156 -2 

IS 1.000 1 0.759 6 -0.241 -5 

SE 0.963 3 0.898 1 -0.065 2 

FI 0.929 4 0.853 2 -0.075 2 

NL 0.806 5 0.780 5 -0.026 0 

CH 0.733 6 0.642 10 -0.091 -4 

NO 0.728 7 0.731 7 0.002 0 
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Country 

EIS 2018 New framework Differences 

Innovation-
friendly 

environment 
Rank 

Innovation-
friendly 

environment 
Rank 

Innovation-
friendly 

environment 
Rank 

LU 0.725 8 0.810 4 0.085 4 

PT 0.673 9 0.607 12 -0.066 -3 

MT 0.625 10 0.613 11 -0.012 -1 

LT 0.622 11 0.486 17 -0.136 -6 

BE 0.542 12 0.527 13 -0.016 -1 

ES 0.542 13 0.458 19 -0.084 -6 

LV 0.534 14 0.390 23 -0.144 -9 

EE 0.525 15 0.503 16 -0.022 -1 

FR 0.513 16 0.515 15 0.002 1 

DE 0.509 17 0.673 8 0.164 9 

EU 0.506   0.472   -0.034 
 

IE 0.489 18 0.466 18 -0.022 0 

PL 0.481 19 0.414 22 -0.067 -3 

UK 0.466 20 0.526 14 0.059 6 

HU 0.445 21 0.356 25 -0.090 -4 

SI 0.443 22 0.326 27 -0.117 -5 

AT 0.438 23 0.423 20 -0.015 3 

TR 0.425 24 0.417 21 -0.008 3 

IL 0.424 25 0.651 9 0.227 16 

CZ 0.401 26 0.345 26 -0.056 0 

RO 0.366 27 0.244 32 -0.121 -5 

IT 0.320 28 0.294 30 -0.025 -2 

SK 0.300 29 0.311 29 0.011 0 

BG 0.267 30 0.311 28 0.044 2 

CY 0.231 31 0.247 31 0.017 0 

HR 0.206 32 0.138 34 -0.068 -2 

EL 0.204 33 0.143 33 -0.061 0 

MK 0.203 34 0.380 24 0.177 10 

RS 0.094 35 0.136 35 0.042 0 

UA 0.021 36 0.129 36 0,108 0 

The performance in the innovation-friendly environment dimension has increased for 

12 countries and decreased for 24 others (Figure 13). The highest rate of performance 

increase is for non EU countries and notably Ukraine (515.8%), followed by Former 

Yugoslav Republic of Macedonia (87.3%), Israel (53.5%) and Serbia (45.3%). 
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Figure 13 – Countries’ performance in the innovation-friendly environment 

dimension relative to the EU in 2010 
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Note: Coloured columns show performance in the innovation-friendly environment 

dimension with the new framework, relative to that of the EU in 2010. The horizontal 

hyphens show performance using the EIS 2018 data in this dimension, relative to that 

of the EU in 2010. 

For the finance and support dimension, the inclusion of the government support for 

business R&D indicator positively affects the composite indicator of ten countries and 

negatively affects the composite indicator of 22 (four countries are unaffected – as 

shown in the table below). Hungary is the most affected country (with a positive 

variation of 0.241). 

In terms of top five ranked countries, the inclusion of the government support for 

business R&D indicator positively affects composite indicator from France (0.052) and 

negatively affects composite indicator from Norway (-0.045), Netherlands (-0.100), 

Luxembourg (-0.202) and Switzerland (-0.201). 

Table 33 - Changes in the finance and support dimension 

Country 

EIS 2018 New framework Differences 

Finance 
and 

support 

Rank 
Finance 

and 

support 

Rank 
Finance 

and 

support 

Rank 

FR 0.845 1 0.897 1 0.052 0 

NO 0.816 2 0.771 2 -0.045 0 

NL 0.779 3 0.678 5 -0.100 -2 

LU 0.746 4 0.544 9 -0.202 -5 

CH 0.702 5 0.501 13 -0.201 -8 

IS 0.680 6 0.519 10 -0.160 -4 
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Country 

EIS 2018 New framework Differences 

Finance 
and 

support 
Rank 

Finance 
and 

support 
Rank 

Finance 
and 

support 
Rank 

SE 0.667 7 0.587 8 -0.080 -1 

FI 0.659 8 0.510 12 -0.149 -4 

UK 0.643 9 0.684 4 0.041 5 

DK 0.614 10 0.483 14 -0.131 -4 

DE 0.610 11 0.474 15 -0.136 -4 

EU 0.598   0.526 
 

-0.072 
 

LV 0.597 12 0.401 18 -0.196 -6 

BE 0.597 13 0.731 3 0.134 10 

AT 0.549 14 0.633 6 0.084 8 

EE 0.536 15 0.388 19 -0.148 -4 

ES 0.480 16 0.410 16 -0.070 0 

IE 0.454 17 0.624 7 0.170 10 

PT 0.390 18 0.402 17 0.012 1 

LT 0.355 19 0.263 25 -0.092 -6 

IT 0.330 20 0.309 21 -0.021 -1 

TR 0.315 21 0.282 24 -0.033 -3 

CZ 0.283 22 0.303 22 0.021 0 

HU 0.278 23 0.518 11 0.241 12 

CY 0.254 24 0.173 28 -0.081 -4 

IL 0.253 25 0.296 23 0.043 2 

EL 0.231 26 0.167 30 -0.064 -4 

RS 0.225 27 0.225 26 0.000 1 

HR 0.223 28 0.149 31 -0.074 -3 

SI 0.200 29 0.330 20 0.130 9 

PL 0.184 30 0.169 29 -0.015 1 

MK 0.182 31 0.182 27 0.000 4 

SK 0.165 32 0.133 32 -0.032 0 

BG 0.126 33 0.092 35 -0.034 -2 

RO 0.124 34 0.118 33 -0.007 1 

UA 0.093 35 0.093 34 0.000 1 

MT 0.041 36 0.041 36 0.000 0 

As displayed in the figure below, the performance in the finance and support 

dimension has increased for 10 countries and decreased for 22 others with the new 

framework. The highest rate of performance increase is for Hungary (86.8%), followed 

by Slovenia (64.8%), Ireland (37.5%) and Belgium (22.5%). 
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Figure 14 - Countries’ performance in the finance and support dimension 

relative to the EU in 2010 
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Note: Coloured columns show performance in the finance and support dimension with 

the new framework, relative to that of the EU in 2010. The horizontal hyphens show 

performance using the EIS 2018 data in this dimension, relative to that of the EU in 

2010. 

In relation to the innovators dimension, the inclusion of the SMEs selling online and 

high growth enterprises rate indicators positively affects the composite indicator of 21 

countries and negatively affects the composite indicator of 12 (Error! Reference 

ource not found.). Spain is the most affected country (with a positive variation of 

0.235). 

Concerning the top five countries, the inclusion of the two indicators positively affects 

the composite indicator from Ireland (0.065) and Iceland (0.054), and negatively 

affects the composite indicator from Belgium (-0.092) and Germany (-0.021)172. 

Table 34 - Changes in the innovators dimension 

Country 
EIS 2018 New framework Differences 

Innovators Rank Innovators Rank Innovators Rank 

CH 0.921 1 0.921 1 0.000 0 

IE 0.838 2 0.903 2 0.065 0 

BE 0.795 3 0.703 7 -0.092 -4 

DE 0.752 4 0.731 5 -0.021 -1 

IS 0.708 5 0.762 3 0.054 2 

LU 0.701 6 0.561 12 -0.140 -6 

AT 0.700 7 0.554 14 -0.146 -7 

                                           
172 Switzerland is unaffected by the two indicators since there are no data for this country.  
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Country 
EIS 2018 New framework Differences 

Innovators Rank Innovators Rank Innovators Rank 

FI 0.697 8 0.641 9 -0.057 -1 

NO 0.686 9 0.738 4 0.052 5 

NL 0.628 10 0.621 10 -0.006 0 

SE 0.625 11 0.731 6 0.106 5 

FR 0.598 12 0.532 18 -0.066 -6 

EL 0.580 13 0.453 22 -0.128 -9 

PT 0.572 14 0.614 11 0.042 3 

DK 0.552 15 0.644 8 0.093 7 

IT 0.520 16 0.437 25 -0.083 -9 

CY 0.498 17 0.368 27 -0.130 -10 

EU 0.493   0.523   0.030 
 

UK 0.490 18 0.561 13 0.071 5 

TR 0.480 19 0.437 24 -0.043 -5 

SI 0.471 20 0.521 19 0.050 1 

LT 0.457 21 0.542 15 0.086 6 

IL 0.428 22 0.428 26 0.000 -4 

CZ 0.425 23 0.539 16 0.114 7 

RS 0.414 24 0.513 20 0.098 4 

MT 0.389 25 0.534 17 0.144 8 

HR 0,355 26 0,471 21 0.116 5 

MK 0.315 27 0.246 31 -0.069 -4 

ES 0.207 28 0.442 23 0.235 5 

SK 0.167 29 0.356 28 0.189 1 

EE 0.139 30 0.224 32 0.085 -2 

UA 0.092 31 0.092 35 0.000 -4 

HU 0.087 32 0.290 29 0.203 3 

LV 0.073 33 0.261 30 0.189 3 

BG 0.070 34 0.203 33 0.132 1 

PL 0.017 35 0.195 34 0.178 1 

RO 0.000 36 0.046 36 0.046 0 

As displayed in Figure 15, the performance in the innovators dimension has increased 

for 21 countries and decreased for 12 others with the new framework. The highest 

rate of performance increase is for Poland (1,062.2%), followed by Latvia (259.6%), 

Hungary (234.3%) and Bulgaria (187.5%). 
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Figure 15 - Countries’ performance in the innovators dimension relative to 

the EU in 2010 
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Note: Coloured columns show performance in the innovators dimension with the new 

framework, relative to that of the EU in 2010. The horizontal hyphens show 

performance using the EIS 2018 data in this dimension, relative to that of the EU in 

2010. 

With regard to the employment impacts dimension, the addition of the employment in 

creative industries indicator has a positive effect on the composite indicator of 23 

countries and a negative effect on 11 (two countries are unaffected – see Table 

below). The most affected country is Luxembourg (with a negative variation of 0.240). 

Concerning the top five countries, the inclusion of the employment in creative 

industries indicator negatively affects the composite indicator from Ireland (-0.013), 

and positively affects the composite indicator from Iceland (0.105), United Kingdom 

(0.032) and Malta (0.008)173. 

Table 35 - Changes in the employment impacts dimension 

Country 

EIS 2018 New framework Differences 

Employment 
impacts 

Rank 
Employment 

impacts 
Rank 

Employment 
impacts 

Rank 

IL 1.000 1 1.000 1 0.000 0 

IE 0.891 2 0.878 3 -0.013 -1 

IS 0.791 3 0.895 2 0.105 1 

UK 0.778 4 0.810 4 0.032 0 

MT 0.755 5 0.763 5 0.008 0 

LU 0.749 6 0.509 20 -0.240 -14 

                                           
173 Israel is unaffected by the employment in creative industries indicator since there are no data for this 
country. 
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Country 

EIS 2018 New framework Differences 

Employment 
impacts 

Rank 
Employment 

impacts 
Rank 

Employment 
impacts 

Rank 

SE 0.710 7 0.717 6 0.007 1 

HU 0.672 8 0.632 7 -0.039 1 

SK 0.641 9 0.576 12 -0.065 -3 

CH 0.635 10 0.579 10 -0.056 0 

NL 0.623 11 0.600 8 -0.023 3 

CZ 0.622 12 0.578 11 -0.044 1 

BG 0.554 13 0.538 14 -0.016 -1 

DK 0.543 14 0.594 9 0.051 5 

DE 0.542 15 0.537 15 -0.005 0 

EU 0.540   0.550   0.009 
 

NO 0.513 16 0.528 16 0.015 0 

LV 0.506 17 0.552 13 0.046 4 

RS 0.505 18 0.480 24 -0.026 -6 

FR 0.497 19 0.471 26 -0.026 -7 

PL 0.497 20 0.505 21 0.008 -1 

ES 0.487 21 0.512 19 0.024 2 

FI 0.451 22 0.492 22 0.041 0 

PT 0.445 23 0.477 25 0.032 -2 

BE 0.424 24 0.468 27 0.044 -3 

UA 0.419 25 0.419 31 0.000 -6 

SI 0.407 26 0.482 23 0.075 3 

EE 0.403 27 0.512 18 0.109 9 

IT 0.402 28 0.437 28 0.035 0 

EL 0.372 29 0.517 17 0.144 12 

HR 0.371 30 0.434 29 0.063 1 

AT 0.355 31 0.419 30 0.064 1 

CY 0.328 32 0.394 32 0.066 0 

LT 0.213 33 0.332 33 0.120 0 

RO 0.187 34 0.206 34 0.019 0 

TR 0.058 35 0.134 36 0.076 -1 

MK 0.035 36 0.187 35 0.152 1 

In the employment impacts dimension, the performance has improved for 23 countries 

and decreased for 11 others with the new framework (see Figure 16). The highest rate 

of performance increase is for Former Yugoslav Republic of Macedonia (435.9%), 

followed by Turkey (130.7%), Lithuania (56.3%) and Greece (38.8%). 
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Figure 16 - Countries’ performance in the employment impact dimension 

relative to the EU in 2010 
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Note: Coloured columns show performance in the employment impact dimension with 

the new framework, relative to that of the EU in 2010. The horizontal hyphens show 

performance using the EIS 2018 data in this dimension, relative to that of the EU in 

2010. 

4.2.2 Global competitors 

The table below presents the changes in the innovation index of the EU and some of 

its main global competitors with the inclusions of the two new indicators in the 

framework (public demand for advanced technologies and government support for 

business R&D indicators). The impact on the innovation index is small for all the 

countries (and also for the EU). In more detail, the addition of the two indicators 

positively affects the innovation index from the United States (0.003) and China 

(0.010) and negatively affects the innovation index from South Korea (-0.022), Japan 

(-0.029) and the EU (-0.053).  

Table 36 - Changes in the innovation index with the new framework. 

Country 

EIS 2018 New framework Differences 

Innovation 
index 

Rank 
Innovation 

index 
Rank 

Innovation 
index 

Rank 

South Korea 0.701 1 0.679 1 -0.022 0 

Japan 0.582 2 0.553 3 -0.029 -1 

United 

States 
0.570 3 0.573 2 0.003 1 

EU 0.567 4 0.514 4 -0.053 0 

China 0.431 5 0.441 5 0.010 0 
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Table 37 shows the impact on the performance of the global competitors relative to 

EU, with the application of the new framework. As can be seen, for all countries 

relative to EU performance improves.  

 

Table 37 - Impact on performance relative to EU with the new framework 

Country 
Relative to EU  

Old framework New framework 

South Korea 123,7 132,1 

Japan 102,8 107,6 

United States 100,7 111,5 

China 76,0 85,8 

 

4.3 Key learnings 

This chapter introduced and described a new possible framework of the EIS. This 

framework proposes the inclusion of five new indicators – public demand for advanced 

technologies, government support for business R&D, SMEs selling online, high growth 

enterprises rate and employment in creative industries (capturing in total 32 different 

indicators) – distributed along four of the ten innovation dimensions – innovation-

friendly environment, finance and support, innovators and employment impacts. 

In this framework, nine of the innovation dimensions have three indicators and one 

(innovators) has five. To have a balance between the different innovation dimensions 

(as a way to address concerns on weighting, see Chapter 3.4.1) further reflection 

(possibly removing one or more indicators on the innovators dimension) on the 

perspective of the EIS for 2020 and beyond should be undertaken. 

This chapter also presents the results of the testing using the new framework. Key 

learnings are that the impact on the SII of the inclusion of the five indicators is 

reduced for most of the countries (possibly due to a dilution effect of the normalised 

scores of the five new indicators in the unweighted average of the 32 indicators). The 

same does not happen in the four dimensions that are changed. In this case, the 

impact on the composite indicators is substantial for some of the countries, as the 

number of indicators in each dimension is small. 

SMEs selling online and high growth enterprises rate are the indicators that have a 

higher impact on the corresponding composite indicator. With the inclusion of these 

two indicators in the innovators dimension, the difference in the composite indicator is 

higher than 0.05 for 28 countries. These indicators are followed by public demand for 

advanced technologies and government support for business R&D, with the 

introduction of each resulting in a difference higher than 0.05 in the corresponding 

composite indicator (innovation-friendly environment and finance and support, 

respectively) for 22 countries. Finally, with the addition of the employment in creative 

industries indicator, 14 countries have a difference on the composite indicator 

(employment impacts) higher than 0.05. 
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5 Conclusions and recommendations 
 

For almost 20 years, the European Innovation Scoreboard has helped policy-makers 

all around Europe compare their country performance in terms of innovation and 

conceive better policy strategies. During this entire period, it has gone through several 

restructurings and it has strived to keep up with the radical changes in the innovation 

systems, industries and business value chains which were brought by the digital 

transformation and other major economic phenomena. This willingness to always 

improve and never stand still is what motivated the current analysis and the research 

of alternative indicators, methodologies and approaches for measuring countries’ 

innovation performance. 

As the outcome of this report suggests, a perfect and universally agreed method for 

carrying out such measurement still has to be found. Academia and experts recur to 

different and sometimes mutually exclusive approaches for measuring innovation and 

there has not been a theoretical or methodological superiority at this stage. In this 

context, the appropriateness and quality of measurement framework should be judged 

based on whether it serves the purpose it is conceived for and whether it satisfies its 

main users. The user-centricity of the EIS hence becomes the key for understanding 

its value and suggesting improvements.  

Based on these premises and on the decision to build on the current structure of the 

EIS rather than starting from scratch, we looked at possible changes to the framework 

which could make it more relevant and user-centric. The study team gathered these 

ideas through desk research, interviews, analysis of alternative frameworks and 

discussion with different stakeholders. In particular, this study considered the 

following packages of options for change: 

- Streamlining: reducing the number of indicators (per group of indicators and 

dimension) of the EIS; 

- Expanding: adding new indicators to the existing innovation dimensions and 

groups; 

- Weighting: ensuring every indicator has the same weigh in the measurement 

framework; 

- Separating: differentiating inputs and outputs indicators. 

For each of these packages of ideas, this paper analysed a number of options from the 

theoretical perspective and, when possible, tested them to discuss the changes they 

would bring to the SII of the countries in the scope of the EIS. This experimental 

approach led to some interesting findings but could not help to settle some of the 

major theoretical debates around the EIS. More specifically, this exploratory report 

could not give a final answer to the questions of weighting of indicators/dimensions 

and separating input and outcome indicators. For these two packages of ideas in fact, 

the feedback received and the outcome of the testing could not lead to satisfying 

results which could shed more light on the preferable approach. Furthermore, the 

analysis of the indicators for deletion (streamlining package) was too general to 

provide specific indications that could be taken on board for an alternative framework.  

 

For all these reasons, this exploratory report put forward and tested an alternative 

framework which was very similar to the EIS itself and only characterised by the 

addition of five complementary indicators shown in the table below.  
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Table 38 - Indicators added to the EIS 

Indicator added Group Dimension 

Public demand for 

advanced technologies 

Innovation friendly 

environment 

Framework conditions 

SMEs selling online Innovators Innovation activities 

High Growth Enterprise 

Rate 

Government support for 

business R&D 

Finance and support Investments 

Employment in creative 

industries 

Employment impacts Impacts 

 

The results of testing this alternative framework showed that overall the changes to 

the countries’ SII, due to the inclusion of these new indicators, are limited for most of 

the countries. However, amongst the five additional indicators, SMEs selling online and 

high growth enterprises rate are those having the greatest impact on the respective 

innovation dimension (innovation activities - innovators).   

 

Bases on these results and on the number of questions that remain open, it becomes 

clear that, after almost 20 years and to be able to further improve and adapt the EIS, 

it is necessary to carry out an in-depth users’ experience and needs analysis. Such 

analysis will serve a double purpose: first, it will allow to discuss and agree on the 

scope of the EIS and the definition of innovation underpinning it. So far, the business 

focus of the EIS has been clear but also criticised by some experts. Allowing users to 

judge what they need in terms of scope can shape this debate. Second, many of the 

criticisms brought to the EIS are rooted in academic debates which can be also better 

addressed through user research and analysis. For instance, the question of the 

separation of input and output indicators can be more easily discussed when data on 

the preference of policy-makers on this matter are clear: so far in fact, experts have 

made assumptions on what would be the consequences of such a separation without 

being able to test concretely whether it would benefit the main EIS’ users.  

 

This is not to say that the theoretical debate should not continue and is not useful. On 

the contrary, the nature of innovation and the speed of societal change requires 

research to be continuously carried out and academic debate on what defines 

innovation and how to capture it to be nourished. However, user research and 

academic debate should go in parallel and cross-feed each other in order for the EIS to 

progress after 2020.  

 

In this context, the team has developed some suggestions for European policy-makers 

and innovation experts on how to build on the work carried out for this paper and 

continue the review of the EIS. There are three main recommendations emerging from 

this study and notably: 

 

4. Carry out a specific study on the users of the EIS to seek for “clarity” and 

better understand: a) what users expect from this scoreboard, b) how they use 

it and c) what would help them in exploiting it further. This study should 

involve large scale consultation of EIS users through surveys, interviews, 

workshops etc. as to collect some representative evidence. The result of this 

study should allow to “root” the theoretical debates in concrete exigencies of 

the EIS’ target audience hence making it easier to decide on possible changes 

and giving a stable ground for judging modifications. Based on this study, it will 

also be possible to clearly spell out the objectives of the EIS, which will be 

useful for understanding to what extent the current structure fulfils these and 
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assessing the need for a “starting from scratch” building exercise. As emerged 

in the data collection, the prerequisite for further analysing the EIS is in fact 

the “clarity” around its objectives and the expectations of its users174. 

5. Based on the outcome of the user study, undertake a multi-dimensionality 

check of the EIS. Further attention should be paid to the definition of 

innovation and whether there are innovation dimensions which are missing or 

are not sufficiently covered (e.g. social innovation). The discussion on 

addition/deletion of dimension/indicators will hence be tied to a specific vision 

for the framework and duly justified. This discussion could also be supported by 

an indicator by indicator analysis. The objective of this assessment should 

be to establish the value of each of the indicators currently included in the EIS 

and discuss the level of optimality of some of them. Furthermore, the study 

could also look at the timeliness of the indicators, that is to say for how long 

they will stay relevant (e.g. potential saturation of the broadband penetration 

indicator in the coming years). 

6. In parallel, continue to consider experimental subjects (e.g. 

environmental innovation, platform economy) in the EIS without necessarily 

influencing the SII and ranking. The inclusion in the scoreboard of experimental 

chapters is not a “new idea” as this was already the case in the past and 

especially in the early 2000s. Given the pace of change of our economies and 

society, research and theoretical reflection on how to capture new phenomena 

should come at a very early stage and the lack of data or of sensible results 

should not prevent exploring these domains. In particular, these experimental 

chapters could be dedicated to analysing non-consolidated data sources linked 

to Big Data (e.g. social media, web-scraping and other175). For working on this 

yearly experimentation chapter of the EIS, the European Commission could 

establish an “independent/academic” observatory, that is to say a working 

group in charge of determining the most interesting and innovative topics to 

explore.   

 

In light of the discussion from this paper, combining a user-centric approach with a 

continuous and rigorous theoretical research is the key for ensuring that the EIS stays 

relevant and popular in the future. This is perfectly in line with the pragmatic and 

solution-oriented spirit that has permeated the discussions on the EIS so far: the 

importance of the EIS does not only lie in the soundness of its conceptual foundation 

but also in its actual usage by policy-makers, and both aspects are equally important 

to make it a success.     

                                           
174 See also Annex B – Final takeaways from the expert workshop 
175 European Innovation Scoreboard, Exploratory Report B –Towards incorporation of Big Data in the 
European Innovation Scoreboard, 2018, https://ec.europa.eu/docsroom/documents/30362 

https://ec.europa.eu/docsroom/documents/30362
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Annex B – Final takeaways from the expert workshop  
 

This Annex contains the key learnings and outcomes emerged from the expert 

workshop which took place in Brussels on the 15th of November 2018.  

 

 Some experts emphasised the need to keep working on: 

o Developing a qualitative analysis for each of the indicators included in 

the EIS, also considering their relevance in terms of timeliness (e.g., 

broadband penetration reaching saturation) 

o Linking indicators with economic development 

o Big Data 

o The inclusion of the National Innovation Systems perspective 

o The dimensions of the EIS   

 

 Expert Warnings:  

o Refrain from being overly complex  

o Define innovation first and do not try to change things ex post but 

rather have a specific framework in mind ex ante 

o Clarity is the key of the EIS: clarity of the objectives (what to measure 

and why?) and of the definition of innovation considered 

o The Ranking problem and country comparability  

 

 The question of the goal of the workshop reappeared at the end of the 

meeting: an expert wondered if the Commission was more interested in radical 

or marginal changes for the EIS. Marginal changes in fact cannot fix some of 

the challenges of the framework but can only bring cosmetic solutions 

 

 One participant recalled that policy-makers are more interested in 

understanding the reasons for which the indicators bear their value than in the 

value of the indicators themselves 

 

 An important recurrent theme of the workshop is to attempt working within the 

already existing lines of the EIS 
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Annex C - Indicators used in other measurement 
frameworks 

 

South Korea 

No Indicator Definition 

1 Total researchers 

This indicator measures the number of full-time 
equivalent (FTE) researchers who are employed directly 

in R&D activities including technicians and support staff 
as well as researchers. 

2 
Total researchers per 10,000 
population 

This indicator measures the share of R&D personnel 
within a country's population by dividing total number 
of researchers with the number of inhabitants of the 

country. 

3 

Science and engineering 

graduates at doctorate level as 
a percentage of population 

This indicator measures the number of high-level 
personnel working on R&D to grasp the potential of a 
country's R&D activity. It is calculated by multiplying 

the number of science and engineering graduates at 
doctorate level among all the doctors in the relevant 
year by the percentage of normal-age graduates at 
doctorate level in the total population. 

4 
Number of organizations with 
USPTO patent grants 

This indicator measures the number of organizations 

with USPTO (United States Patents and Trademark 
Office) patent grants to execute rights of invention. 

5 
Number of world's leading 
universities and companies 

This indicator measures the number of universities 
ranked in the world's top 500 universities (based on 

Quacquarelli Symonds (QS)) as well as the number of 
companies ranked in the top 1,000 world companies in 
terms of R&D (based on the annual reports filed to the 
Company Reporting Ltd. and consolidated financial 

statements).  

6 
Number of SCI papers in the 
past 15 years (STOCK) 

This indicator measures the number of papers (in the 
Science Citation Index (SCI) Database) published in the 
last 15 years. 

7 
Number of patents in the past 
15 years (STOCK) 

This indicator measures the number of USPTO patent 

grants as well as the number of triadic patent families 
in the past 15 years. Triadic patent families refers to 
patents that are filed at the European Patent Office 
(EPO) and at the Japan Patent Office (JPO), and are 
granted by United States Patent and Trademark Office 
(USPTO). 

8 GERD 

This indicator measures all R&D carried out on national 
territory annually. It includes R&D performed within a 
country and funded from abroad but excludes payments 
for R&D performed abroad. 

9 GERD as a percentage of GDP 
This indicator measures a country's R&D intensity. It is 
calculated by dividing GERD with GDP. 

10 GERD per researcher 

This indicator measures R&D environment for 

researchers in terms of R&D expenditure. It is 
calculated by dividing GERD with the number of FTE 
researchers. 

11 
BERD as a percentage of value 

added in industry 

This indicator represents the intensity of business R&D 
investment. This indicator is calculated by dividing 

business expenditure on R&D with the industry total 
value added. 

12 
GBAORD (Government Budget 
Appropriations or Outlays for 

This indicator represents the intensity of R&D activities 
performed by the government and is calculated by 
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No Indicator Definition 

Research and Development) as 
a percentage of GDP 

dividing government's expenditure on R&D with GDP.  

13 
TEA (Total early stage 
Entrepreneurial Activity) 

This indicator is measured with a share of people per 
100 inhabitants aged 18-64, who are in the stage of 
new business establishment or actually in the 
ownership or operation of new businesses between 3-
42 months. 

14 
Venture capital investment as a 
percentage of GDP 

This indicator captures the level of financial support 
coming from venture capital investments to the 
technology commercialization. It is calculated by 
dividing venture capital investment with GDP. 

15 
Number of patents with 
industry-university-research 

institute cooperation 

This indicator measures how vigorous joint R&D 
activities are carried out within a country. It is 
calculated by dividing the number of patents with 

industry - university - research institute cooperation at 
the USPTO, with the number of total researchers in full-
time equivalent. 

16 

Percentage of business 
enterprise funding within the 
R&D expenditure of 
government and higher 
education 

This indicator measures the portion of business funding 
within the R&D expenditure of government and 
university. 

17 Technological cooperation 

This indicator measures how companies jointly utilize 
new knowledge and technology within their established 
network. This indicator is based on IMD’s executive 
opinion survey that is part of IMD World 
Competitiveness Yearbook. The South Korean 

framework uses the three-year average of IMD's survey 
as the value of this indicator. 

18 
Number of patents with foreign 
co- inventors 

This indicator measures how vigorously international 
collaborative R&D activities are carried out with in a 

country. It divides the number of patents granted at 
the USPTO with foreign co-inventors with the number of 
researchers in full-time equivalent. 

19 
Foreign direct investment as a 
percentage of GDP 

This indicator evaluates activeness of international 
cooperation within a country. It is calculated by dividing 

the sum of direct investment overseas by a country 
(outflow) and foreign direct investment in a country 
(inflow) with GDP. 

20 
Percentage of BERD financed 
by government 

This indicator measures the degree of direct 

government’s investment in business enterprise 
expenditures on R&D (BERD) and is used to measure 
the government’s direct investment in research and 
development. This indicator is calculated by looking at 
government’s direct funding for R&D activities in 
companies and industries including subsidies and tax 
reduction.  

21 Intellectual property rights 

This indicator measures how intellectual property rights 

are enforced to capture the degree of protection of R&D 
performance. This indicator is based on IMD’s executive 
opinion survey that is part of IMD World 

Competitiveness Yearbook. The South Korean 
framework uses the three-year average of IMD's survey 
as the value of this indicator. 

22 
Fixed and mobile broadband 
subscriptions per 100 
inhabitants 

This indicator measures the level of ICT infrastructure 
of a country and is calculated by dividing the broadband 

users with a country's population (per 100 inhabitants). 
In addition, this indicator also measures active mobile 
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No Indicator Definition 

broadband subscriptions per 100 inhabitants and is 
calculated by dividing the number of active mobile 
broadband users with a country's population (per 100 
inhabitants). 

23 

Percentage of individuals using 
the Internet and Fixed (wired) 
broadband monthly 
subscription charge 

This indicator measures a country's degree of utilization 
of ICT infrastructure and is calculated by counting the 
percentage of individuals that used the internet in the 
last 12 months. In addition, this indicator also 
measures the fixed (wired) broadband monthly 

subscription cost. 

24 National culture 

This indicator measures nation's openness toward a 
new and foreign culture. Cultural openness plays a 
significant role in building an innovative environment. 

This indicator is based on IMD’s executive opinion 

survey. 

25 Science in schools 

This indicator measures the potential of science and 
technology development of a country by looking at 
adolescents' interest in science and technology. This 

indicator is based on IMD’s executive opinion survey 
that is part of IMD World Competitiveness Yearbook. 
The South Korean framework uses the three-year 
average of IMD's survey as the value of this indicator. 

26 
Value added of Industry per 
capita population 

This indicator measures the impact of science and 
technology innovation on industry's financial 
performance. It is calculated by dividing total value 
added of industries by the total population. 

27 
High-technology exports (% of 
manufactured exports) 

This indicator measures the impact of R&D activities of 

technology intensive industries on high-tech 
manufacturing. It is calculated by dividing high-tech 
exports with the total manufacturing exports. 

28 
Technology balance of 
payments as a percentage of 
GERD 

This indicator measures the commercial transactions 

related to international technology transfers. This 
indicator is calculated by dividing technology balance of 
payments with GERD. 

29 Number of patents 
This indicator consists of two measurements: number 
of USPTO patent grants and number of triadic patent 

families. 

30 
Number of patents per GERD 
(per million USD) 

This indicator consists of two measurements: number 
of USPTO patent grants per GERD that is calculated by 
dividing the number of USPTO patent grants (utility 

patents) with GERD ($million (PPP)). In addition this 
indicator also measures the number of triadic patent 
families per GERD that is estimated by dividing the 
number of triadic patents with gross expenditure on 
R&D (PPP). 

31 
Number of SCI papers and 
citations 

This indicator measures productivity of R&D activities 
against the number of researchers by dividing the 
number of SCI papers with the total number of 

researchers in full-time equivalent. In addition, this 
indicator also measures knowledge creation formulated 
from science and technology activities by looking at the 

average number of citations for the past five years. 

 

 

China 
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No Indicator Definition 

1 
Gross domestic expenditure on 
R&D as a percentage of GDP 

This indicator measures the ratio of the total R&D 
spending to the GDP, measuring a country’s monetary 
investment in innovation. 

2 
R&D personnel per ten 

thousand labour force 

This indicator measures the number of researchers per 
10,000 labour force, measuring a country’s human 
resource investment in innovation. 

3 

Higher education gross 
enrolment ratio (number of 
enrolment as a percentage of 

the population aged 18～22) 

This indicator measures the percentage of people in the 
18-22 age group who are enrolled in tertiary education, 
measuring the development and availability of a 
country’s human resources in S&T. 

4 Networked readiness index 

This indicator measures country’s availability of 
infrastructures for knowledge creation and 
dissemination. Based on World Economic Forum’s World 
Competitiveness Report. 

5 
R&D expenditure as a 
percentage of world total 

This indicator measures the gross domestic expenditure 
on R&D (GERD), measuring a country’s scale of R&D 
activities and availability of innovation resources. 

6 
S&T papers citations per million 
R&D expenditure in academic 
institutions 

This indicator measures the citation count of SCI-

indexed papers produced by universities and research 
institutes in a country (on a five-year basis) divided by 
their total R&D expenditure. 

7 
S&T papers per ten thousand 
researchers 

This indicator measures the total number of SCI-
indexed papers produced by a country divided by the 

total number of its R&D personnel. 

8 
Value added of knowledge-
intensive services as a 

percentage of GDP 

This indicator measures the share of value added in 
services such as information dissemination, software 
and information technology services, finance, lease and 

business services, and scientific research and technical 
services in the GDP. 

9 
Invention patent applications 

per 100 million US dollars GDP 

This indicator measures the number of a country’s 
invention patent applications divided by its GDP 

(converted and expressed in USD 100 million). 

10 
Invention patent granted per 
ten thousand researchers 

This indicator measures the number of invention patent 
granted per ten thousand R&D personnel. 

11 
Triadic patent families as a 
percentage of world total 

This indicator measures the share of a country’s triadic 
patents in the global total. Triadic patents are a series 
of corresponding patents filed with the European Patent 
Office (EPO), the Japan Patent Office (JPO) and the 
United States Patent and Trademark Office (US PTO), 
for the same invention, by the same applicant or 

inventor. 

12 
Business enterprises 
expenditure on R&D as a 
percentage of value added 

This indicator measures the ratio of a country’s 
business enterprise expenditure on R&D to its industrial 
value added, used to measure business enterprise R&D 
intensity. 

13 
PCT applications per ten 
thousand researchers in 

business enterprises 

This indicator measures the ratio of PCT applications to 
researchers in business enterprises that reflect the 

efficiency, quality and competitiveness of a country’s 
enterprises’ innovation. 

14 Technology independence 

This indicator measures the mean value of 100×R&D 
expenditure / (R&D expenditure + technology import 
costs) and 100×number of domestic resident invention 
patent granted / (number of domestic resident 
invention patent granted + number of foreign resident 

invention patent granted). 

15 
Business enterprise researchers 
as a percentage of total 
researchers 

This indicator measures the percentage of R&D 
personnel of business enterprises in a country’s total 
R&D personnel. 
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No Indicator Definition 

16 Labour productivity 
This indicator measures the ratio between GDP and 
labour force and reflect the effect of innovation 
activities on economic output. 

17 GDP per unit of energy use 
This indicator measures GDP per kilogram of oil 
equivalent of energy use, used to measure the effect of 
technological innovation on energy efficiency. 

18 
Patents in force as a 
percentage of world total 

This indicator measures a country’s patents in force, 

i.e. those owned by its residents, expressed as a 
percentage of the world’s total patents in force. 

19 
High-tech exports as a 
percentage of manufacture 
exports 

This indicator measures the international 
competitiveness of a country’s high-tech products and 

the effect of its innovation activities on improving the 
economic structure. 

20 

Value added of knowledge-

intensive industries as a 
percentage of world total 

This indicator measures the share of value added of a 

country’s high-tech industries (manufacturing) and 
knowledge-intensive services in the world's total. 

21 Intellectual property protection 
This indicator measures a country's law on protection of 
intellectual property rights (IPR). 

22 
Burden of government 
regulation 

This indicator measures the burden of government 
requirements including permits, regulations, reporting, 

etc. to enterprises. 

23 Macroeconomic stability 

This indicator measures central government revenue 

and expenditure, savings rate, inflation, interest rate 
spread, government debt and sovereign credit rating 
and reflects the stability of the macroeconomic 
environment. 

24 
Local availability of research 
and training services 

This indicator measures the number of locally available 
specialised research and training services including 
laboratory, research centres, etc. The availability of 
these services will be able to increase innovative 

enterprises. 

25 
Effectiveness of anti-monopoly 
policy 

This indicator measures the effectiveness of 
government-issued anti-monopoly policy in promoting 
competition and boost innovative projects and 
products. 

26 Venture capital availability 

This indicator measures the number of easily-accessible 
venture capital that are available to fund innovation 
projects. This indicator is important considering that 
venture capital has increasingly become a major source 
of funding for innovation projects. 

27 
Flexibility of wage 
determination 

This indicator measures the flexibility of wage 
determination to determine the correlation between 
wage and employee performance.  

28 State of cluster development This indicator measures the presence of well-developed 

industrial clusters nationwide that could improve 
production of innovative goods and services. 

29 University-industry 

collaboration in R&D 

This indicator measures the degree of collaboration 

between university and enterprises in the development 

of R&D projects. This indicator is important considering 
that extensive collaboration between university and 
enterprises could lead to more innovative projects and 
products. 

30 Government procurement of 

advanced technology products 

This indicator measures the motivation of government 

procurement of technology products. Specifically, 
whether the procurement is based on price (i.e. getting 
cheaper product) or whether there is emphasize on 
getting technologically innovative products. 
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Japan 

No Indicator Definition 

1 Total R&D expenditure  

This indicator measures total R&D expenditure in 

nominal values, converted using OECD purchase power 
parities data. 

2 
Government budgets for 
science and technology as 
percentages of GDP 

This indicator measures countries' science and 
technology budgets as percentages of GDP with 
differences in their economy sizes taken into 

consideration. 

3 

Direct government funding and 
indirect government support to 

help business enterprises with 
R&D 

This indicator measures the direct government funding 
to support business enterprises' R&D expenditure and 
calculated as a percentage of GDP. In addition, this 

indicator also measures indirect government support as 
deducted corporate tax through R&D tax incentives, 

and calculated as a percentage of GDP. 

4 
Government contributions to 
the R&D expenditure of 

business enterprises 

This indicator measures government contribution in the 
form of subsidy, tax reduction, etc. that aim to increase 

business enterprises' R&D expenditure 

5 Number of researchers 
This indicator measures the number of full-time 
equivalent (FTE) researchers who are employed directly 
in R&D activities. 

6 
Fields of specialization of 
researchers belonging to 
business enterprises in Japan  

This indicator measures the number of researchers in 
specific field of specialisation i.e. Natural science 
(Mathematics & physics; Information science; 
Chemistry; and Other natural sciences) and Engineering 
(Mechanical engineering, shipbuilding & aeronautical 

engineering; Electrical engineering & 
telecommunications engineering; Material engineering; 
Other engineering) and classify them into industrial 
classifications i.e. manufacturing and non-
manufacturing. 

7 
Number of research assistants 
for each researcher 

This indicator measures the number of research 
assistants per researcher by sector and by operation 
including technicians (skilled workers and staff 
equivalent thereto) and other support staff (operating, 
administrative, secretarial and office work staff). 

8 
Career paths of graduates in 
science and engineering  

This indicator measures the career paths chosen by 
graduates of master and doctoral programme in science 
and engineering. It is categorised into regular 
employment (both indefinite and fixed term), further 

study or other. 

9 
Academic degree recipients per 
one million of population 

This indicator measures the balance of fields among 
bachelor's degree recipients, master's degree 
recipients, and doctoral degree recipients per one 
million of population. 

10 Number of scientific papers 
This indicator measures the number of scientific papers 
produced by researchers, including scientific articles 
and reviews. 

11 Number of patent families 
This indicator measures patent family as a group of 
patents filed in two or more countries, directly or 
indirectly related to each other by priority rights. 

12 
Technological field shares in the 
worldwide number of patent 
families 

This indicator measures the number of patent family in 
each technological field including electrical engineering, 
ICT, general machinery, biomedical devices, chemistry, 
biotechnology/pharmaceuticals, mechanical engineering 
and transport equipment. 

13 
Number of papers cited by 
patent families 

This indicator measures the number of papers cited by 
patent families to examine the linkage between science 
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and technology. 

14 
Number of patent families 
citing papers 

This indicator measures the number of patent family 
citing papers in each technological field including 
biotechnology/pharmaceuticals, chemistry, biomedical 
devices, ICT, general machinery, electrical engineering, 

mechanical engineering and transport equipment. 

15 
Linkage between scientific 
fields and technological fields in 
the world  

This indicator measures the linkage between scientific 
fields (i.e. Chemistry; Materials science; Physics; 
Computer science/Mathematics; Engineering; 
Environment/Geoscience; Clinical medicine; and Basic 

life sciences) and technological fields (i.e. Electrical 
engineering; ICT; General machinery; Bio/medical 
devices; Chemistry; Biotechnology/pharmaceuticals; 
Mechanical engineering; Transport equipment; Other). 

16 
Number of patent families cite 
Japanese papers 

This indicator measures the number Japanese papers 
cited in patent families in the field of Chemistry; 
Materials science; Physics; Computer 
science/Mathematics; Engineering; 
Environment/Geoscience; Clinical medicine; Basic life 
sciences. 

17 
Trade balance ratios for high 
technology industries 

This indicator is calculated by dividing export value with 
import value of high-technology industries’ products 
including pharmaceutical, computer, electronic and 
optical, and aerospace. 

18 
Ratios between medium and 
high technology industries 

This indicator measures the ratio between industries 
categorised as high technology (including 
pharmaceutical; computer, electronic and optical; and 
aerospace) and medium-high technology (including 
chemicals and chemical products; electrical equipment; 
machinery and equipment n.e.c.; motor vehicles, 

trailers and semi-trailers; railroad equipment and 

transport equipment n.e.c.; and other.) 

19 Business start-up rate 

This indicator measures the number of business 
establishments during the year concerned. It is 

calculated by dividing the number of business 
establishments that newly establish employment 
relationships during the year concerned by the number 
of applicable places of business at the end of the 
previous year. Applicable places of business refers to 
the number of business establishments that have 
established labour insurance relations pertaining to 

employment insurance. 

20 Business discontinuance rate 

This indicator measures the business start-up and 
discontinuance rates and calculated on the basis of the 
formation and extinguishing of business 

establishments. It is calculated by dividing the number 
of business establishments whose employment 

relationships extinguish during the year concerned by 
the number of applicable places of business at the end 
of the previous year. Applicable places of business 
refers to the number of business establishments that 
have established labour insurance relations pertaining 

to employment insurance. 
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21 
People with entrepreneurial  
motivation 

This indicator measures the number of population who 
have entrepreneurial motivation. It is calculated by 
counting the number of people to whom one of the 

three indicators: "the indicator of entrepreneurial 
activity penetration," "the indicator of business 
opportunity perception" and "the indicator of 
knowledge, ability and experience," from Global 
Entrepreneurship Monitor (GEM) applies. 

22 
Post-start-up business survival 
rate 

This indicator measures the number of businesses who 
were able to grow and mature. The indicator is taken 
from business enterprises whose company information 
is recorded on the database COSMOS2 (corporate 
profile database) of Teikoku Databank, Ltd. 
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No Indicator Definition 

1 
Foreign students as a 
percentage of all tertiary 
enrolment 

This indicator measures the attractiveness of the 

country’s science system for international students. 
This indicator is calculated by dividing the number of 
international students enrolled in higher educational 
system with the number of total students. 

2 

Share of employees with at 

least secondary (non-tertiary) 
education 

This indicator measures the number of employees that 

has attained secondary education including structured 
vocational training.  

3 
Population with ISCED 6 level 
education in mathematics, 

sciences and engineering 

This indicator measures population with ISCED 6 level 
education which include the upper-tertiary education, in 

particular the doctoral and the PhD-training. 

4 
Tertiary graduates per 55+ 
year old academic employees 

This indicator measures whether the replacement 

demand (approximated by the age group of 55+ year 
old workforce) can be sufficiently fulfilled by the 
currently available graduates. This indicator also take 

into account the demographic unbalances. 

5 
Annual education expenses per 
student 

This indicator measures financial resources provided by 
the state for the education of the students in the 
science system. 

6 Quality of education system 

This indicator measures the quality of education system 
and calculated by using surveys that ask stakeholders 
and decision-makers in several countries with regards 
to their assessment of the quality of education. The 
survey is conducted within the World Economic Forum's 

(WEF) World Competitiveness Report. 

7 
Quality of the mathematical 
and natural science education 

This indicator measures the mathematical and natural 
science-related education, which lays the basis for the 
technically and mathematically oriented human capital 

available to each national innovation system. The data 

is obtained from WEF’s World Competitiveness Report. 

8 
Index of PISA results in 

sciences, reading, mathematics 

This indicator is based on The Organisation for 
Economic Co-operation and Development (OECD) 
Programme for International Student Assessment 

(PISA) who develops triennial international surveys that 
examine 15-year-old students’ performance in reading, 
mathematics, and science. 

9 E-readiness indicator 

This indicator measures the opportunities to process 

governmental services online. In addition, the indicator 
also measures the quality of communication 
infrastructure.  

10 Risk-taking behaviour 

This indicator measures risk-taking behaviour of the 

population since a society that more able or willing to 
take risks would provide a climate that is more apt to 
innovation activities. This indicator uses data from the 
Eurobarometer. 

11 
Number of PCs per 100 

inhabitants 

This indicator measures the number of PCs available 

per 100 population. 

12 Share of post materialists 

This indicator measures to what extent members of a 
society pursue personal aims that go beyond the 
satisfaction of basic needs (food, shelter, simple 

consumption). It also measures the availability of 
resources that can be dedicated to develop innovation 
activities. This indicator uses data from the 
Eurobarometer and World Values Survey Association. 

13 
Public demand for advanced 
technologies 

This indicator measures people views on governments’ 
purchasing decisions for the procurement of advanced 
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technology products. The data is obtained from WEF’s 
World Competitiveness Report. 

14 
Demand of companies for 
technological products 

This indicator measures managers’ assessment on how 
fit companies in their country are to absorb new 
technology. The data is obtained from WEF’s World 
Competitiveness Report. 

15 
Early-stage venture capital 
relative to GDP 

The indicator measures the amount of early stage 
venture capital investment to GDP and is taken from 
the statistics of the European Venture Capital 
Association. 

16 Importance of Marketing 

This indicator measures the success of companies in 
using marketing to differentiate their products and 
services. In an economy where marketing methods are 
well-established, consumers are usually more informed 

about current innovations available to them. The data is 
obtained from WEF’s World Competitiveness Report. 

17 
Share of international co-
patents 

This indicator measures the number of international co-
patents that are applied for by actors from at least two 
different companies. This indicator measures the 
degree of integration of national R&D activities in the 
global context. 

18 
Share of value added in high-
tech sectors in total value 

added 

This indicator measures the share of high-tech sectors 
in total value added of the enterprises sector (excluding 
real estate) based on data from the EU KLEMS 
database. High-tech sectors are defined according to 
the common OECD classification and include both 

"high-tech" and "medium high-tech" sectors (i.e. 
chemicals, pharmaceuticals, machinery & equipment, 
electronics and computers, electrical equipment, 
automobiles and aircraft). 

19 
Share of employees in 
knowledge intensive services 

This indicator measures the number of people 

employed in knowledge intensive services regarded as 
highly flexible and able to provide a highly qualified 
pool of specialized human capital. The data is obtained 
from EUKLEMS Database. 

20 Intensity of competition 

This indicator measures the rate of well-established 
competition including a competitive orientation of the 
market participants are necessary to foster innovation 
activities. The data is obtained from WEF’s World 
Competitiveness Report. 

21 GDP per capita 

This indicator measures the total economic output of a 
country divided by the number of people and adjusted 
for inflation. 

22 
Transnational patents per 
capita 

This indicator measures transnational patents that have 
been applied for either at the European Patent Office 
(EPO) or the Patent Cooperation Treaty (PCT). 

23 
USPTO patent applications per 

capita 

This indicator measures the number of US Patent Trade 

Office (USPTO) application divided by the number of 

people. The USPTO is the largest patent office in the 
world and reflects one of the largest markets. 

24 Value added per hour worked 

This indicator denotes the amount of products and 
services (evaluated at market prices) that were 
produced by one hour worked as an average across all 

economic sectors. The data is obtained from EUKLEMS 
Database. 



European Innovation Scoreboard - Exploratory Report A: What to measure and why?  

 

Final Report 125 
 

No Indicator Definition 

25 
Trade balance in high-tech 
goods per capita 

This indicator measures a country’s position in trade in 
new technology by subtracting the imports of high-tech 
goods from the exports. 

26 
Share of university R&D 
financed by enterprises 

This indicator measures the amount of direct financial 
involvement to fund universities’ R&D projects. This 

indicator shows the ability of science system to engage 
in research tasks that are directly useful for companies 
and lead directly to valuable and commercially usable 
outputs.  

27 
Business expenditures on R&D 
(BERD) as share of GDP 

This indicator measures the degree of enterprise 
involvement in research and development tasks. It 
reflects the extent to which the national economy 
focuses on the production of R&D-intensive goods.  

28 
B-index for tax-based funding 
of business R&D 

This indicator measures the present value of before-tax 

income that a firm needs in order to cover the cost of 
spending one unit of currency in R&D and to pay the 
applicable corporate income taxes. 

29 
Publicly funded R&D in 
enterprises as a share of GDP 

This indicator measures the share of state-financed 

R&D in companies that reflects how much governments 
are able and willing to give market incentives. 

30 
Number of researchers in FTE 
per 1,000 employees 

This indicator measures the number of full-time 
equivalent (FTE) researchers who are employed directly 
in R&D activities per 1,000 employees. It measures the 
extent of resource devotion to the public science sector.  

31 
Number of SCI publications 
relative to population 

This indicator measures the number of publications in 
the Science Citation Index (SCI) as a measure of 
scientific research output. The SCI is one of the most 
important international databases that indexes about 
6,000 journals from various scientific sub-disciplines. 

32 Quality of research institutions 

This indicator measures the quality of the national 

science and research system. The data is obtained from 
WEF’s World Competitiveness Report. 

33 
Field-specific expected impact 
rate of SCI-publications 

This indicator measures the field specific impact rate of a 

specific citation-related SCI publications. In science 
researchers indicate that their own work is based on 
earlier work of others by citing the preceding document. 

34 
Public science sector patents 
per inhabitant 

This indicator measures patents produce by universities 

and other public research organisations. It represents 
fundamental technologies that may become very 
influential in future technological trajectories and 
highlights the role of universities as a direct contributor 
to economic wealth. 

35 
Share of international SCI co-
publications 

This indicator measures the number of international co-
publications authored by scientists from at least two 
different countries and reflect streams of international 
knowledge exchange and collaboration. 

36 
Country share among the top 
10% of most highly cited 
publications 

This indicator measures a country’s capacity to produce 

publications that are among the most highly cited. This 
indicator specifically measures the ability to produce 
novel and ground-breaking research and looks for 
widely visible singular contributions to science. 

37 
R&D share in Public Research 
Institutions and Universities as 

share of total expenditures  

This indicator reflects the research-orientation of the 
science system. It reflects the national focus of the 
science system on their research with respect to the 
other tasks – in particular teaching 
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No Indicator Definition 

1 
Political stability and absence of 
violence/terrorism 

This indicator measures perceptions of the likelihood of 

political instability and/or politically motivated violence, 
including terrorism. 

2 Government effectiveness 

This indicator measures perceptions of the quality of 
public services, the quality of the civil service and the 
degree of its independence from political pressures, the 

quality of policy formulation and implementation, and 
the credibility of the government’s commitment to such 
policies 

3 Regulatory quality 

This indicator measures perceptions of the ability of the 

government to formulate and implement sound policies 
and regulations that permit and promote private-sector 

development. 

4 Rule of law 

This indicator measures perceptions of the extent to 
which agents have confidence in and abide by the rules 

of society, and in particular the quality of contract 
enforcement, property rights, the police, and the 
courts, as well as the likelihood of crime and violence. 

5 Cost of redundancy dismissal 

This indicator measures the cost of advance notice 

requirements and severance payments due when 
terminating a redundant worker, expressed in weeks of 
salary. 

6 Ease of starting a business 

This indicator measures their distance to frontier scores 
for starting a business. These scores are the simple 

average of the distance to frontier scores for each of 
the component indicators. 

7 Ease of resolving insolvency 

This indicator measures their distance to frontier scores 
for resolving insolvency. These scores are the simple 

average of the distance to frontier scores for the 

recovery rate and the strength of insolvency framework 
index 

8 Expenditure on education 

This indicator measures government operating 
expenditures in education, including wages and salaries 

and excluding capital investments in buildings and 
equipment, as a percentage of gross domestic product 
(GDP). 

9 
Initial government funding per 
secondary student 

This indicator measures the total general (local, 

regional, and central) government expenditure (current 
and capital) on the secondary level of education minus 
international transfers to the government for education, 
divided by the number of students enrolled in 
secondary education. 

10 School life expectancy 

This indicator measures total number of years of 
schooling that a child of a certain age can expect to 
receive in the future, assuming that the probability of 
his or her being enrolled in school at any particular age 

is equal to the current enrolment ratio for that age. 

11 
Assessment in reading, 
mathematics, and science 

This indicator is based on The Organisation for 
Economic Co-operation and Development (OECD) 
Programme for International Student Assessment 
(PISA) who develops triennial international surveys that 
examine 15-year-old students’ performance in reading, 
mathematics, and science. 

12 Pupil-teacher ratio, secondary 
This indicator measures the number of pupils enrolled 
in secondary school divided by the number of 
secondary school teachers (regardless of their teaching 
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assignment). 

13 Tertiary enrolment 

This indicator measures the ratio of total tertiary 
enrolment, regardless of age, to the population of the 
age group that officially corresponds to the tertiary 
level of education. 

14 
Graduates in science and 

engineering 

This indicator measures the share of all tertiary-level 
graduates in natural sciences, mathematics, statistics, 
information and technology, manufacturing, 
engineering, and construction as a percentage of all 
tertiary-level graduates. 

15 Tertiary-level inbound mobility 
This indicator measures the number of students from 
abroad studying in a given country as a percentage of 
the total tertiary-level enrolment in that country. 

16 Researchers 
This indicator measures the number of full time 

equivalent (FTE) researchers per million population 

17 
Gross expenditure on R&D 

(GERD) 

This indicator measures the total domestic intramural 
expenditure on R&D during a given period as a 
percentage of GDP. ‘Intramural R&D expenditure’ is all 

expenditure for R&D performed within a statistical unit 
or sector of the economy during a specific period, 
whatever the source of funds. 

18 
Global R&D companies, 

average expenditure top 3 

This indicator measures average expenditure on R&D of 

the top three global companies. 

19 
QS university ranking average 
score of top 3 universities 

This indicator measures the average score of the top 
three universities per country. If fewer than three 
universities are listed in the QS ranking of the global 
top 700 universities, the sum of the scores of the listed 

universities is divided by three, thus implying a score of 
0 for the non-listed universities. 

20 ICT access 

This indicator is based on a composite index that 

weights five ICT indicators including Fixed telephone 

subscriptions per 100 inhabitants; Mobile cellular 
telephone subscriptions per 100 inhabitants; 
International Internet bandwidth (bit/s) per Internet 
user; Percentage of households with a computer; and 
Percentage of households with Internet access 

21 ICT use 

This indicator is based on a composite index that 
weights three ICT indicators including Percentage of 
individuals using the Internet; Fixed broadband 
Internet subscriptions per 100 inhabitants; Active 
mobile-broadband subscriptions per 100 inhabitants.  

22 Government’s online service 

This indicator measures the quality of country’s national 
website in the native language, including the national 
portal, e-services portal, and e-participation portal, as 
well as the websites of the related ministries of 
education, labour, social services, health, finance, and 
environment as applicable. 

23 Online e-participation 
This indicator measures e-participation mechanisms 
that are deployed by the government as compared to 
all other countries. 

24 Electricity output 

This indicator measures electricity production, 
calculated at the terminals of all alternator sets in a 
station. In addition to hydropower, coal, oil, gas, and 
nuclear power generation, this indicator covers 
generation by geothermal, solar, wind, and tide and 

wave energy, as well as that from combustible 
renewables and waste. 
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25 Logistics performance 

This indicator is based on multidimensional assessment 
of logistics performance, the Logistics Performance 
Index (LPI) ranks 160 countries on six dimensions of 

trade—including customs performance, infrastructure 
quality, and timeliness of shipments 

26 Gross capital formation 
This indicator measures the ratio of total investment in 
current local currency to GDP in current local currency. 

27 GDP per unit of energy use 
This indicator measures purchasing power parity gross 
domestic product (PPP$ GDP) per kilogram of oil 
equivalent of energy use. 

28 Environmental performance 

This indicator measures countries on 24 performance 
indicators tracked across ten issue categories that cover 
both environmental public health and ecosystem 
vitality. 

29 
ISO 14001 environmental 
certificates 

This indicator measures the number of organisations 
which have been certified with ISO 14001:2016. This 
certificate specifies the requirements for an 
environmental management system that an 
organization can use to enhance its environmental 
performance 

30 Ease of getting credit 

This indicator is measured by sorting their distance to 
frontier scores for getting credit. These scores are the 
distance to frontier score for the sum of the strength of 
the legal rights index (range 0–12) and the depth of 
credit information index (range 0–8). 

31 
Domestic credit to private 
sector 

This indicator measures financial resources provided to 
the private sector by financial corporations, such as 
through loans, purchases of non-equity securities, and 
trade credits and other accounts receivable, that 
establish a claim for repayment. 

32 
Microfinance institutions’ gross 

loan portfolio 

This indicator measures combined gross loan balances 

of microfinance institution (current US$) in a country as 
a percentage of its GDP. 

33 
Ease of protecting minority 
investors 

This indicator measures the simple average of the 
distance to frontier scores for the extent of conflict of 
interest regulation index and the extent of shareholder 
governance index. 

34 Market capitalization 
This indicator measures the share price times the 
number of shares outstanding (including their several 
classes) for listed domestic companies. 

35 Venture capital deals 

This indicator measures the number of private equity 

deals, per deal, with information on the location of 
investment, investment company, investor firms, and 
funds, among other details. 

36 
Applied tariff rate, weighted 
mean 

This indicator measures the average of effectively 
applied rates weighted by the product import shares 

corresponding to each partner country 

37 Intensity of local competition 
This indicator measures the intensity of competition in 
the local markets based on World Economic Forum, 
Executive Opinion Survey 2017–2018 

38 Domestic market scale 
This indicator measured by gross domestic product 
(GDP) based on the purchasing-power-parity (PPP) 
valuation of country GDP. 

39 
Employment in knowledge-
intensive services 

This indicator measures sum of people in categories 1 
to 3 as a percentage of total people employed, 
according to the International Standard Classification of 
Occupations (ISCO) 
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40 Firms offering formal training 

This indicator measures the percentage of firms offering 
formal training programs for their permanent, full-time 
employees in the sample of firms in the World Bank’s 
Enterprise Survey in each country. 

41 
GERD performed by business 

enterprise 

This indicator measures gross expenditure on R&D 
performed by business enterprise as a percentage of 
GDP. 

42 
GERD financed by business 
enterprise 

This indicator measures gross expenditure on R&D 
financed by business enterprise as a percentage of total 
gross expenditure on R&D 

43 
Females employed with 

advanced degrees 

This indicator measures the percentage of females 

employed with advanced degrees out of total employed. 

44 
University/industry research 

collaboration 

This indicator measures the extent of businesses and 
universities collaboration on research and development 

based on World Economic Forum, Executive Opinion 
Survey 2017–2018. 

45 State of cluster development 

This indicator measures the widespread of well-
developed and deep clusters (geographic 
concentrations of firms, suppliers, producers of related 
products and services, and specialized institutions in a 

particular field) based on World Economic Forum, 
Executive Opinion Survey 2017–2018. 

46 GERD financed by abroad 

This indicator measures percentage of gross 
expenditure on R&D financed by abroad—that is, with 

foreign financing as a percentage of total gross 
expenditure on R&D in a country. 

47 
Joint venture/strategic alliance 
deals 

This indicator measures the number of joint 
ventures/strategic alliances deals, per deal, with details 
on the country of origin of partner firms, among others. 

48 
Patent families filed in two 

offices 

This indicator measures the number of interrelated 
patent applications filed in one or more countries or 

jurisdictions to protect the same invention. 

49 Intellectual property payments 
This indicator measures the charges for the use of 
intellectual property not included elsewhere payments 
as a percentage of total trade. 

50 High-tech imports 
This indicator measures high-technology imports minus 

re-imports as a percentage of total trade. 

51 ICT services imports 

This indicator measures telecommunications, computer 
and information services as a percentage of total trade 
according to the Organisation for Economic Co-

operation and Development (OECD)’s Extended Balance 
of Payments Services Classification EBOPS 2010. 

52 
Foreign direct investment net 
inflows 

This indicator measures the average of the most recent 
three years of net inflows of investment to acquire a 

lasting management interest (10 percent or more of 
voting stock) in an enterprise operating in an economy 
other than that of the investor. 

53 
Research talent in business 
enterprise 

This indicator measures the number of researchers as 
professionals engaged in the conception or creation of 

new knowledge, products, processes, methods, and 
systems, as well as in the management of these 
projects, broken down by the sectors in which they are 
employed. 

54 Patent applications by origin 

This indicator measures the number of applications filed 
with an IP office or an office acting on behalf of the 
state or jurisdiction in which the first-named applicant 
has residence. 
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55 
PCT international applications 
by origin 

This indicator measures the number of Patent 
Cooperation Treaty (PCT) international patent 
applications filed through the WIPO-administered 

Patent Cooperation Treaty 

56 
Utility model applications by 
origin 

This indicator measures the number of resident utility 
model applications filed at a given national or regional 
patent office. 

57 
Scientific and technical 
publications 

This indicator measures the number of scientific and 
engineering articles published in scientific and technical 
fields, including: agriculture, astronomy, astrophysics, 
automation control systems, biochemistry molecular 
biology, biodiversity conservation, biotechnology 

applied microbiology, cell biology, chemistry, computer 
science, construction building technology, dentistry oral 

surgery medicine, engineering, environmental sciences, 
ecology, evolutionary biology, food science technology, 
general internal medicine, life sciences biomedicine and 
other topics, marine freshwater biology, materials 
science, mathematical computational biology, 

mathematics, metallurgy and metallurgical engineering, 
meteorology atmospheric science, microbiology, nuclear 
science and technology, physics, plant sciences, 
radiology nuclear medicine medical imaging, 
reproductive biology, research experimental medicine, 
science technology and other topics, 
telecommunications, transportation, and veterinary 

sciences. 

58 Citable documents H index 
This indicator measures the number of journal articles 
that have received at least H citations. 

59 
Growth rate of GDP per person 

engaged 

This indicator measures the growth of gross domestic 
product (GDP) per person engaged provides a measure 

of labour productivity (defined as output per unit of 
labour input). 

60 New business density 
This indicator measures number of new firms, defined 
as firms registered in the current year of reporting, per 
thousand population aged 15–64 years old. 

61 
Total computer software 
spending 

This indicator measures the total value of purchased or 

leased packaged software such as operating systems, 
database systems, programming tools, utilities, and 
applications 

62 ISO 9001 quality certificates 

This indicator measures the number of organisations 

which have been certified with ISO 9001:2016. It 
specifies requirements for a quality management 
system when an organization needs to demonstrate its 
ability to consistently provide products and services 
that meet customer and applicable statutory and 
regulatory requirements, 

63 
High-tech and medium-high-

tech output 

This indicator measures high-tech and medium-high-

tech output as a percentage of total manufactures 
output. 

64 Intellectual property receipts 

This indicator measures the charges for the use of 
intellectual property not included elsewhere receipts as 
percentage of total trade according to the Extended 
Balance of Payments Services Classification EBOPS 
2010 

65 High-tech exports 
This indicator measures the number of 
telecommunications, computer and information services 
as percentage of total trade. 
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66 ICT services exports 
This indicator measures the number of high-technology 
exports minus re-exports as a percentage of total 
trade. 

67 
Foreign direct investment net 
outflows 

This indicator measures the average of the most recent 
three years of direct investment equity flows in an 
economy. It is the sum of equity capital, reinvestment 
of earnings, and other capital. 

68 
Trademark application class 
count by origin 

This indicator measures the total number of goods and 
services classes specified in resident trademark 
applications filed at a given national or regional office. 

69 Industrial designs by origin 

This indicator measures to the number of designs 

contained in industrial design applications filed at a 
given national or regional office. 

70 
ICTs and business model 
creation 

This indicator measures the extent of ICTs in enabling 

new business models. It is based on World Economic 
Forum, Executive Opinion Survey 2017–2018 

71 
ICTs and organizational model 
creation 

This indicator measures the extent of ICTs in enabling 
new organisational models. It is based on World 
Economic Forum, Executive Opinion Survey 2017–2018 

72 
Cultural and creative services 
exports 

This indicator measures creative services exports (% of 
total exports) according to the Extended Balance of 
Payments Services Classification EBOPS 2010. 

73 National feature films produced 

This indicator measures the number of films with a 
running time of 60 minutes or longer. It includes works 
of fiction, animation, and documentaries and intended 
for commercial exhibition in cinemas. 

74 
Entertainment and media 
market 

This indicator is based on The Global entertainment and 

media outlook that calculated comparable source of 
five-year forecast and five-year historic consumer and 
advertiser spending data and commentary for 17 
entertainment and media segments. 

75 
Printing publications and other 
media output 

This indicator measures printing, and reproduction of 
recorded media output as a percentage of total 
manufacturing output 

76 Creative goods exports 
This indicator measures total value of creative goods 
exports, net of re-exports over total trade. 

77 
Generic top-level domains 
(gTLDs) 

This indicator measures the number of generic top-level 
domain (gTLD) is one of the categories of top-level 
domains (TLDs) maintained by the Internet Assigned 
Numbers Authority (IANA) for use in the Internet. 

78 
Country-code top-level domains 
(ccTLDs) 

This indicator measures the number of country-code 
top-level domain (ccTLD) is one of the categories of 
top-level domains (TLDs) maintained by the Internet 
Assigned Numbers Authority (IANA) for use in the 

Internet 

79 Wikipedia yearly edits 
This indicator measures country with more than 
100,000 edit on Wikimedia Foundation’s internal data. 

80 Mobile app creation 
This indicator measures global downloads of mobile 
apps, by origin of the headquarters of the 
developer/firm 

 

 

 


