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Abstract 
The paper deals with the problem of research performance in the EU countries and the potential effect of research 

on the innovation. The indicators capturing research performance in the country could be seen as important inputs 

into the innovation system. Basic science which is predominantly carried out at the universities is often considered 

as an important first step when creating the innovation. We compare the selected indicators measuring the human 

resources in research as well as the excellence of research systems in EU countries. Based on the data from 

European innovation scoreboard we analyse the current situation and we try to find out certain correlations 

between these indicators. The key part of our research contains the DEA analysis, where we try to compare the 

technical efficiency of national innovation systems taking to the account selected inputs and outputs of these 

systems. Based on our results several important policy implications for the support of the research at universities 

could be made.  
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1 Introduction 
Innovation plays the key role in maintaining competitiveness and long-term economic growth 

(Schumpeter, 1987). Grossman and Helpman (1991) examined the relationship between 

innovation and economic growth at the macro and micro level and confirmed the need to create 

innovation in relation to long-term economic growth. Furthermore, authors also stressed the 

importance of commercialization of innovation. Buček (2006) define innovation as an event 

occurring at a particular location that causes market or organizational breaks. Countries and 

regions with higher innovation performance achieved mostly higher economic growth, greater 

international competitiveness and ultimately a superior standard of living (Acs et al., 2013).  

Innovation performance of the country depends on its innovation potential and the success of 

innovation processes and the placement of innovation on the market. There are still some 

shortcomings in the implementation of market innovations, and new knowledge is not placed 

on businesses and there is an information barrier between research organizations or universities 

and businesses. 

 

Dunning (2002) identifies the innovative processes as the main engine of economic 

development and defends countries in the global market. Concentration of innovative processes 

at the regional level can save transaction costs, due to the location of innovation actors in one 

region and simpler supply of products, services, labor and the information itself (Hudec et al., 

2009). Thus, the innovation process itself is the vital part of knowledge creation, innovation 

and its subsequent potential commercialization, but Fagerberg (2006) argue that the innovation 

process could be seen as a "black box", the functioning of which is not quite clear. Several 
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authors, however, point to the importance of filling the innovation process (Verloop 2005). 

Lingelbach (2015) identifies the innovation process similar to Sabadka and Lešková (2002) in 

the context of three main parts – creation of an invention, creation of innovation, and diffusion 

of the innovation. One potential way how this process could be described in more detail is triple 

helix model, where the relationships between universities, industry and government are the key 

factors for innovation and further technological development (Etzkowitz and Leydesdorff, 

2000).  

 

Universities could be either seen as important part of innovation process or as external sources 

of information for innovation process (Chesbrough, 2006). This kind of information is further 

used by companies when developing innovation and commercialized them. Universities 

provide businesses with a basis for research and development, which are subsequently 

transformed into an economy in the form of innovation. Among enterprises, Demjanova (2010) 

attaches a major role to SMEs in particular, motivating them to allocate new products in the 

form of technologies, products or services to the market, depending on the maximization of 

profit and market share. The Political and Administrative Innovation System is made up of 

public sector institutions that create a legislative apparatus and implement supportive policies. 

The last subsystem, the networks, represents a certain grouping of the above mentioned 

elements of the innovation system. Scientific knowledge provided mostly by higher education 

sector appears to have a positive effect on both inputs and outputs of the firms' innovation 

process (Herrera et al., 2010). Moreover, the institutional characteristics, knowledge 

infrastructures and knowledge transfer systems at national and regional level appear to be 

crucial for promoting innovations (Doloreux and Parto, 2005). In general we can say that 

innovation consists of knowledge that arises as a result of scientific, research and development 

activities and, consequently, the ability of workers to apply them into practice (Hudec et al., 

2009).  

 

According to Edquist (2005), the innovation system has a major role to play in the development, 

dissemination and exploitation of innovation.  

 

Thus, we can say that research performance in the country appears to be one of the crucial 

factors affecting the innovation process as well as innovation performance of the country. With 

respect to that, there are several studies that came to the conclusion that the intensity of science, 

research and development together with the proportion of tertiary educated people are the key 

factors supporting the innovation performance and thus also economic development (Badinger, 

Tondl, 2003; Sterlacchini, 2008).  

 

However, there is still a potential problem regarding to measurement of the research 

performance in the country. Is seems to be likely that the number and quality of scientific 

publications are one of the reliable indicators that can be used as a proxy for academic productivity and 

excellence (Thomas et al., 2011). On the other hand, there are also another indicators that could be used 

in order how to compare and analyse the intensity of research activates in the country. According to 

Sandu (2012) human resources in science and technology, number of patents and R&D 

expenditures are together with the number of publications one of the main indicators describing 

the current research and innovation potential in the country or region.  

 

In next part we analyze selected inputs and outputs of innovation system with the focus on 

research performance indicators and we try to identify those counties which measured variables 

are having the best scenario due to used methods. Using selected methods and data we fulfil the 

aim of this article which is to identify the most efficient countries of EU28 in the area of 
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education indicators from the range of SII indicators on the basis of the input-output 

transformation analysis and to compare their development within the defined analytical years. 

 

2 Data and methodology 
The production process of an economic unit is the process of transformation (conversion) of 

inputs into outputs. The technology which the decision unit has as its disposal at a given time, 

determines the possible combination of inputs and outputs. Economic modelling of production 

processes is based on the assumption that the goal of the production unit is to make profit (added 

value). Data envelop analysis (DEA) is a theoretical concept for a comprehensive measurement 

of the economic efficiency of production units – decision making units (DMUs), which in the 

production process transform multiple inputs into multiple outputs. 

 

DEA models are based on the existence of the production possibility set, which is created by 

all possible combinations of inputs and outputs. This production possibility set is determined 

by the production possibility frontier (PPF). If there exists a combination of inputs and outputs 

that lies on this frontier, then the DMU is efficient. If the DMU is inefficient (do not lies on 

PPF) then it is needed to adjust inputs, outputs or both to make that DMU efficient. It can be 

done by decreasing the inputs and increasing the outputs, what is represented in the results of 

DEA analysis. 

 

In this special case we are concentrating on evaluation of economic efficiency of the innovation 

performance of European Union member states. We are evaluating the indicators of the 

Summary Innovations Index, but we have chosen only those indicators, that are related to the 

education. So, the DMUs are represented by EU countries (28) and inputs and outputs are 

divided as follows: 

 Inputs:  

 R&D expenditure in the public sector (% of GDP) (I-1) 

 PCT patent applications per billion GDP (in PPS€) (I-2) 

 Outputs: 

 New doctorate graduates (ISCED 6) per 1000 population aged 25-34 (O-1) 

 Percentage population aged 30-34 having completed tertiary education (O-2) 

 International scientific co-publications per million population (O-3) 

 Scientific publication among the top 10% most cited publications worldwide as % of total 

scientific publications of the country (O-4) 

 Non-EU doctorate students as a % of all doctorate students (O-5) 

 Community trademarks per billion GDP (in PPS€) (O-6) 

 Employment in knowledge-intensive activities (% of total employment) (O-7) 

 Exports of medium and high technology products as a share of total exports (O-8). 

 

The results of the DEA analysis are further described in the next section of the paper.  

 

3. Results  
By analyzing the SBM (Slack-based model) non-oriented model based on variable returns to 

scale we obtained the results as follows. 
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Table 1: SBM non-oriented model, VRT, 2015 

DMU Score Rank Reference 

Cyprus (CY) 1 1 Cyprus (CY) 

Denmark (DK) 1 1 Denmark (DK) 

France (FR) 1 1 France (FR) 

Germany (DE) 1 1 Germany (DE) 

Greece (EL) 1 1 Cyprus (CY) 

Hungary (HU) 1 1 Hungary (HU) 

Ireland (IE) 1 1 Ireland (IE) 

Lithuania (LT) 1 1 Cyprus (CY) 

Luxembourg (LU) 1 1 Luxembourg (LU) 

Malta (MT) 1 1 Malta (MT) 

Netherlands (NL) 1 1 Luxembourg (LU) 

Portugal (PT) 1 1 Portugal (PT) 

Romania (RO) 1 1 Romania (RO) 

Slovakia (SK) 1 1 Portugal (PT) 

Slovenia (SI) 1 1 Slovenia (SI) 

Sweden (SE) 1 1 Denmark (DK) 

United Kingdom (UK) 1 1 United Kingdom (UK) 

Czech Republic (CZ) 0,9996 17 Czech Republic (CZ) 

Poland (PL) 0,9993 18 Cyprus (CY) 

Bulgaria (BG) 0,7316 19 Cyprus (CY) 

Spain (ES) 0,6189 20 Cyprus (CY) 

Belgium (BE) 0,5797 21 Denmark (DK) 

Austria (AT) 0,572 22 Germany (DE) 

Finland (FI) 0,5019 23 Denmark (DK) 

Italy (IT) 0,4867 24 Luxembourg (LU) 

Estonia (EE) 0,4697 25 Cyprus (CY) 

Croatia (HR) 0,4134 27 Cyprus (CY) 

Latvia (LV) 0,3613 28 Cyprus (CY) 
Source: Authors. 

 

As we can see from the table, there are several efficient countries – with efficiency score 1. It 

means that those EU member states are available to convert its inputs into outputs in an efficient 

way. In other words we can say that those countries using properly the inputs into creating 

outputs and there in no needed any projections. The slacks in this case are equal to zero or are 

represented by very small number. This means there is no any improvement needed.  

 

On the opposite side there are some member states which are not efficient and there is definitely 

needed some correction of inputs and outputs. Those countries obtained score from 36% 

(Latvia), up to almost 100% (Czech Republic, Poland). The next table represents countries 

analyzed in SBM model and their projections in percentage. 
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Table 2: Projections - results 

DMU I-1 I-2 O-1 O-2 O-3 O-4 O-5 O-6 O-7 O-8 

Austria (AT) 19,63 32,56 0 12,39 0 0 98,17 80,43 42,64 0 

Belgium (BE) 15,97 25,52 0 13,99 0 0 5,46 215,75 48,76 9,79 

Bulgaria (BG) 0 5,25 0 0 129,78 70,65 0 0 0,89 63,51 

Croatia (HR) 0 1,6 0 0 44,59 71,96 97,38 860,16 19,98 25,37 

Cyprus (CY) 0 0 0 0 0 0 0 0 0 0 

Czech Republic (CZ) 0 0 0 0 0 0 0 0 0 0 

Denmark (DK) 0 0 0 0 0 0 0 0 0 0 

Estonia (EE) 50,3 37,52 0 3,34 0 24,48 24,8 69,66 33,02 0 

Finland (FI) 28,18 56,31 0 1,86 0 0 18,9 69,33 12,75 17,71 

France (FR) 0 0 0 0 0 0 0 0 0 0 

Germany (DE) 0 0 0 0 0 0 0 0 0 0 

Greece (EL) 0 0 0 0 0 0 0 0 0 0 

Hungary (HU) 0 0 0 0 0 0 0 0 0 0 

Ireland (IE) 0 0 0 0 0 0 0 0 0 0 

Italy (IT) 0 25,8 0 73,25 122,83 0 57,42 318,36 59,92 0 

Latvia (LV) 35,89 45,59 0 0 191,83 17,81 0 237,38 17,25 47,85 

Lithuania (LT) 0 0 0 0 0 0 0 0 0 0 

Luxembourg (LU) 0 0 0 0 0 0 0 0 0 0 

Malta (MT) 0 0 0 0 0 0 0 0 0 0 

Netherlands (NL) 0 0 0 0 0 0 0 0 0 0 

Poland (PL) 0,02 0 0,04 0 0,12 0,04 0,05 0,17 0,03 0 

Portugal (PT) 0 0 0 0 0 0 0 0 0 0 

Romania (RO) 0 0 0 0 0 0 0 0 0 0 

Slovakia (SK) 0 0 0 0 0 0 0 0 0 0 

Slovenia (SI) 0 0 0 0 0 0 0 0 0 0 

Spain (ES) 0 35,59 0 0 67,99 4,91 22,9 121,36 45,52 0 

Sweden (SE) 0 0 0 0 0 0 0 0 0 0 

United Kingdom (UK) 0 0 0 0 0 0 0 0 0 0 
Source: Authors.  

 

As we can see from the previous table there are 14 countries (DMUs) whose production process 

represented by transformation of inputs into outputs is inefficient, what means that their score 

obtained from SBM model analysis is less than 1. The least efficient is Latvia with its score of 

0.36. Latvia should improve its outputs to be efficient. For example the output International 

scientific co-publications per million inhabitants should be increased by 191.93%. The 

references set for Latvia are: Cyprus, Luxembourg, Portugal and Romania, what means that 

those countries are with similar inputs producing their outputs in more efficient way. We can 

assume that they are the benchmarks for Latvia. The next table compares the score of efficiency 

in 2014 and 2015. 
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Table 3: Efficiency scores 

DMU 2014 2015 

Austria (AT) 0,9998 0,572 

Belgium (BE) 0,6477 0,5797 

Bulgaria (BG) 1 0,7316 

Croatia (HR) 1 0,4134 

Cyprus (CY) 1 1 

Czech Republic (CZ) 0,9998 0,9996 

Denmark (DK) 1 1 

Estonia (EE) 0,4175 0,4697 

Finland (FI) 0,6171 0,5019 

Francúzsko (FR) 1 1 

Germany (DE) 1 1 

Greece (EL) 1 1 

Hungary (HU) 1 1 

Ireland (IE) 1 1 

Italy (IT) 0,5357 0,4867 

Latvia (LV) 0,3598 0,3613 

Lithuania (LT) 1 1 

Luxembourg (LU) 1 1 

Malta (MT) 1 1 

Netherlands (NL) 1 1 

Poland (PL) 0,9998 0,9993 

Portugal (PT) 1 1 

Romania (RO) 1 1 

Slovakia (SK) 1 1 

Slovenia (SI) 0,5975 1 

Spain (ES) 1 0,6189 

Sweden (SE) 1 1 

United Kingdom (UK) 1 1 
Source: Authors.  

 

When comparing analyzed efficiency score of years 2014 and 2015 we can say that only few 

of the countries improved their efficiency of innovation systems. For example Slovenia raised 

its efficiency from 59.75% to 100% and become efficient in 2015. There are 9 countries from 

analyzed 28 that worsened the score. The highest decrease was obtained in Croatia where the 

efficiency fell down from 100% to 41.34%. 

 

3 Conclusions 
Despite the fact, that innovation system is very complex and often referred as “black box”, we 

try to analyse this problem in more detail and identify the potential determinants related to 

research performance. Based on the models of innovation systems, we can say that universities 

and research organisations are a vital part of innovation environment. The research performance 

appears to be essential factor supporting the innovation performance of the country.  

 

In our case we decided to according to the results of DEA analysis we identify the leading 

countries and the countries that are lagging behind with respect to innovation performance. 

Especially the countries such as Latvia, Estonia and Italy are significantly lagging behind in 

technical efficiency of the innovation system. When we focus more on potential outputs there 

are several problem areas in these countries. They reported significantly less international 
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scientific co-publications as well as less proportion of highly cited publication and less 

community trademarks per billion GDP.  The employment in knowledge-intensive activities 

has been particularly less intensive in countries such as Italy, Belgium and Spain. Moreover, 

the share of medium and high technology products on total exports are significantly smaller in 

Bulgaria and Latvia. When comparing efficiency between the years 2014 and 2015, we can say 

that only few of the countries improved their performances.  

 

However, there are of course some clear limitations of the methodology used in our analysis. 

First of all, the indictors used in the analysis could be divided into inputs and outputs by several 

different ways. Furthermore, the innovation system is rather complex and it is difficult to take 

to the account all particularities. The research performance in the country and its measurement 

is of course another complex issue. The research performance could not be easily narrow down 

to several measurable indicators.  
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