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General aim of paper

1) Find evidence for the influence of different forms of (R&D) expenditures 
(direct or indirect) on innovation performance in the 27 EU member states 
by means of rough set analysis

2) Find out if specific forms of expenditure are more efficient and create 
higher output in specific countries and if there is a pattern recognizable

3) Implications for future innovation policies?
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1. Background 

• In literature innovation often related to concept productivity (Romer, 1990; 
Lichtenberg, 1992)

• Econometric studies show large, positive and significant effect R&D on 
productivity (based on aggregate or industry level data) (Guellec and Van 
Pottelsberghe, 2001)

• R&D intensity focus point of Lisbon strategy and Barcelona target and 
many countries have taken steps to increase innovation efforts

• However many challenges in assessing R&D impacts related to causality, 
attribution, internationality, evaluation of time-scale and definition of 
appropriate indicators

• Many micro- and macro-econometric studies on spillovers and social rate 
return measuring positive effect R&D on productivity, but little studies on 
innovation process or non-economic impacts of R&D



R&D expenditures in literature 

• Technological advances considered key component of innovation and 
economic growth (Grossman and Helpman, 1994)

• R&D plays crucial role in technological development and economic
competitiveness country (Rosenberg and Birdzell, 1990; Fagerberg, 1994; 
Tijssen, 2002) 

• Industry funded R&D expenditures considered most significant for
innovation, public sector R&D smaller contribution and directed at making 
improvements in areas not directly related to growth (OECD, 1998)

• Public R&D supported by idea that market failure leads to underinvestment 
in R&D by private sector (Nadiri, 1993; Cameron, 1998)

• Public R&D more than private R&D has benefits for society like skill 
development, generation new knowledge, new scientific instruments, etc. 
(Salter and Martin, 2001), which relates to idea that in Europe nowadays 
production and diffusion of knowledge are central



R&D expenditures by sector as a share of total spending in EU 
member states, 1998, 2002 and 2006 (% of GDP)



Main science and technology indicators 2006



2. European Innovation Scoreboard (EIS)

• In 2000 EIS developed at request Lisbon Council as statistical report 
belonging to Trend Chart on Innovation

• Innovation priority in all member states and European Commission, but 
framework conditions, cultural preferences and political priorities very 
diverse in EU countries

• European Commission keen to develop common and political framework for 
innovation policy in Europe (EC, 1996)

• Scoreboard focuses on high-tech innovation and provision of indicators for 
tracking EU’s progress towards Lisbon goal

• EIS nowadays  accumulated considerable quantities of information about 
innovation indicators



3. Limitations European Innovation Scoreboard: towards a new 
framework

• List and number of indicators undergone major changes over time (EIS, 
2007), as result analysis of EIS data often concerned with incomplete 
knowledge, manipulation of data, and so on

• Relationships and patterns within data can provide new knowledge about 
innovation performance in the different EU countries (Zhong and Skowron, 
2001; Cios et al. 1998)

• Intelligence techniques of data analysis often unable to derive conclusions 
from incomplete knowledge or inconsistent or manipulated pieces of 
information

• Rough set analysis useful as clarifying exploratory tool, especially for 
complex issues as innovation performance which is dependent on many 
different factors

• Advantages: 1) does not need preliminary or additional information about 
data; 2) inconsistencies in database not corrected, but instead produced 
classification rules are categorized in certain and possible



4. Rough set analysis with Rough Set Data Explorer (ROSE)

• Artificial intelligence technique
• Qualitative exploratory correlation 

analysis for small samples
• Rough set: set for which classification 

of group of certain objects is not 
certain

• Approach: 1) preprocessing with 
tasks like data completeness, 
attribute creation, selection and 
discretization; 2) processing by 
generation of preliminary 
knowledge such as derivation of 
rules and classification process

• Goal: generation of rules from 
information or decision system of 
innovation database

Object Condition 
variable

Conditon 
variable

Decision 
variable

1 1 2 3

2 3 1 2

3 1 3 3

Information table



Overview of European Innovation Scoreboard dimensions and 
indicators used for our rough set analysis



4.1 Rough set analysis of expenditures and employment

Find out:

• Have R&D investments carried out by different sectors - private, public 
and higher education - different impacts on innovation output in the form 
of employment in high tech services and medium and high tech 
manufacturing? Which forms of expenditures influence differences in 
employment?

Dataset:

• 21 EU member states: Austria, Cyprus, Finland, Latvia, Slovenia, and UK 
were omitted due to missing data

Categories:

• (3) high, (2) medium, (1) low development



Rules for employment in high tech services



Summary of rough set results with decision variable: employment 
in high-tech services



Rules of employment in medium and high tech manufacturing



Summary of rough set results with decision variable: employment 
in medium-tech/high-tech manufacturing



Investigating relative importance of attributes on level 
employment for countries



4.2 Rough set analysis of innovation performance

Find out:

• What is the role of the different factors on overall degree of 
innovativeness (based on 2007 Summary Innovation Index)?

Dataset:

• 26 EU member states: Slovenia was omitted due to missing data

Categories:

• (5) high degree of innovativeness between 1.00-0.81, (4) medium-high 
degree between 0.80-0.61, (3) medium degree between 0.60-0.41, (2) 
medium-low degree between 0.40-0.21, (1) low degree between 0.20-
0.00



Rules overall innovation performance based on the Rough Set 
Analysis



Summary of rough set results with decision variable: overall 
innovation performance



Investigating relative importance attributes on innovativeness of 
countries



5. Conclusions

Measuring innovation performance should be done with care
Innovation performance different per culture, per level of development, per 
sector and basically per country
Results of different exploratory analyses however show consistency and 
overlap
Countries with lower innovativeness should focus on improving their input 
factors, whereas higher growth countries should concentrate on output 
factors to achieve more innovativeness
With regards to countries with low innovativeness distinction should be 
made between new member states and southern European countries
Difference between Scandinavian and other high growth countries is mainly 
lack of intellectual property of latter group
Further research into effect innovation output factors for these countries 
necessary in order to validate results



6. Policy implications

New member states benefit especially from public R&D expenditures (i.e. 
strengthening of public institutions), whereas for southern European countries 
investments in business R&D expenditures seems important
For countries with high level of innovativeness, business R&D expenditures 
and innovation expenditures on firm level are most effective
Level of population with tertiary education considerable effect on 
innovation performance
Support for human capital as important push factor of economic growth, 
especially in light of production of highest share of high-tech employment in 
Europe by service sectors
Especially for developed countries public R&D expenditures should consist 
mainly of expenditures on education



THANK YOU
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