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Abstract 

Each country is differently preoccupied, by allocating certain amounts of money, in funding R & D 
projects. The paper aims to analyse the levels of money allocation in various countries in order to 
observe the strategies discussed in this way in two different moments: just before the onset of the recently 
global economic crisis and at a period of at least five years after the time of the economic and financial 
crisis outburst. This analysis starts from the idea of sustainable development aimed at economic growth 
through the use of active measures and technical and economic solutions, allowing: reducing energy 
consumption, increasing the share of electricity from renewable sources, sustainable transport, reducing 
total emissions of greenhouse gases conservation and management of natural resources, waste 
management, and environmental protection. All these aspects can be achieved only through coherent 
strategies in the field of R & D funding. At the level of implementation of these strategies there are 
“actors” who contribute directly in financing projects in the sphere of research and development. In this 
respect are analysed average values /capita regarding expenditure incurred by EU member states in the 
sphere of research and development activities in relation to three sectors: business environment, 
governmental sector and higher education field. Using the methodology described in the paper to which 
the used data were processed using SPSS, will be generated a number of clusters for each of the two 
mentioned moments,  related to those that will be identified certain features that define a certain typology 
of action regarding strategy for research and development sector. 
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Introduction 

Globally, innovation is the solution that can generate major economic performance 
improvement at the macro and micro level. In order to quantify the level of innovation in 
European countries, the European Commission introduced a system of indicators that can 
develop comparisons between EU countries. Among the indicators for measuring the value of 
innovation are included: research and development costs, number of patents, patent number of 
innovative products and processes and the value of the turnover as a result of innovation. R & D 
expenses represent total expenses recorded in order to obtain solutions for innovation. Thus, this 
indicator may be seen as an input to business innovation. On the whole, EU countries’ 
allocations are lower in the research area than countries from Asia or North America. For 
example, in the last 4-5 years, South Korea allocate on average 3.7% of GDP for R & D, Japan 
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3.3%, United States 2.7%, while EU countries cumulated in average 2.1% of total European 
space’ GDP. At the EU level there is a major difference between north and south, meaning that 
countries such as Finland, Sweden, Denmark and Germany allocate constantly 3-3.5% of their 
GDP, while countries like Spain, Italy, Portugal and Greece allocate on average between 1 and 
1.5% of GDP for research and development. 

European space has known companies that invest in research especially in the automotive 
industry while the United States has shown increased performance in areas with recent 
development: biochemistry, aerospace industry, industrial engineering. Another indicator 
defining investments in research refers to patents achieved. For example in 2010, Romania had 
67 times fewer patents to 1 million inhabitants compared to the EU average. Also in the 
category of representative statistics on performance indicators top investment expenses 
generated by R & D could be mentioned the share of exports of high technology products in 
total exports of manufactured goods (so called manufactured exports). Exports of high 
technology products are defined as aerospace products, pharmaceuticals, ICT articles, medical 
instruments, optical and precision devices. It has been said that this share in the year 2015 is 
quite low in the Central and Eastern Europe, and examples can be mentioned as countries such 
as Romania or Poland by 7.5% respectively 8.8%, compared with Western Europe countries 
holding high levels, for example: France (26.9%) and Switzerland (26.8%). 

For the EU space the idea of increasing competitiveness and achieving the target of 3% of GDP 
for 2020 in order to support research and development activities generate the necessity to 
introduce ways and solutions to improve the innovation outputs. Therefore the EU institutions 
have proposed the setting up of the European Research Area. European Research Area aims to 
enable researchers, research institutions and businesses to a better circulation, competing and 
cooperation across borders, independently. National studies have highlighted some conclusions 
on innovation and the need for funding proposals to support the functioning of the European 
Research Area. The most important ideas can be summarized as follows: 
o in recent years public investment in R & D as a percentage of total public expenditures are 

declining in many EU member states; 
o national research programs continue to operate under different rules, for example on the 

ways concern reporting scientific production; 
o appearance and the expression of financial, managerial and even political difficulties in 

development and implementation of infrastructure such as high-intensity lasers or 
extremely large telescopes. 

Related to this, nowadays in Europe there are two huge scientific experiments on-going, both 
through investment in technical equipment and the scientific targets that we have. One takes 
place in Switzerland at the European Centre for Nuclear Research (CERN project) and the other 
in Romania, Măgurele, where the largest laser in the world has been built, referring to the 
Extreme Light Infrastructure - Nuclear Physics project (ELI - NP). The laser has two branches 
each one of 10 PetaWatt that means 10% of the sun power. Project’s specificity in Romania is 
that this laser is unique in the world and adds a generator of gamma radiation. Researchers aim 
to find solutions and answers to a series of problems that we have not yet know or we cannot 
still resolve. Between the two major innovative projects there are some common or similar 
things. In many cases, financial issues or some administrative decisions could delay many of the 
innovative initiatives within these two top projects. For example, an application that could result 
from the experiments carried out in Măgurele is a revolutionary method for treating cancer, 
where surgery it may be not possible. Other applications such as: simulation of cosmic radiation 
in order to see the behaviour of the materials are used to make space station or space shuttle in 
the conditions of a long journey like a future mission to Mars. The researchers also aim to find 
answers to problems of theoretical Physics, such as the distribution of the elements in the 
universe. Lastly, in the ELI-NP project particles can be accelerated using laser, method that 
could replace in the future the technology used at CERN, because the major particles’ 
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accelerators has some astronomical costs of construction and operation. In terms of 
expenditures, the total costs for ELI-NP project amounted to 356 million Euro, of which the 
contribution from Romania's state budget will be about 20%. On the other hand, it is estimated 
that particle accelerator built at the European Centre for Nuclear Research cost over 3.3 billion 
Euros in 2008 and since then obvious that were significantly increased costs for conducting the 
experiments, maintenance, repairs or administrative expenses. 

Europe 2020 Strategy as a continuation of the Lisbon strategy takes into account the economic 
growth based on knowledge through the research and development activities. In this respect, the 
European Commission is envisaged that in the period 2014-2020 to allocate a consistently 
budget for so-called smart growth through research and innovation. This paper aims at 
structuring costs in the field of research and development, according to the National (Romanian) 
Statistics Institute (INSSE a, b), in relation to the three sectors: business, government (including 
ministries that organize budgets for carrying out research and development activities, units 
providing public services, organizations with research and development activities from central 
and local administration and national R&D institutes) and higher education sector that includes 
all the establishments from the public and private higher education.  

The analysis takes in account the idea that link R&D activities and the sustainable development 
in order to increase the economy development through the use of active measures and technical 
and economic solutions, allowing: reducing energy consumption, increasing the share of 
electricity from renewable sources, sustainable transport, reducing total emissions of greenhouse 
gases conservation and management of natural resources, waste management, and 
environmental protection. For instance, in the research and development activities regarding 
Governmental sector (GOV) in the last years it was a constant preoccupation from the local 
urban community administration to increase the funding concern the thermal insulation of 
buildings from the cities in order to preserve the energy, decrease the energy consumption and 
protect the environment. For some eastern and central European countries these amounts of 
money increased constantly year by year.  

Hypotheses and Methodology 
Starting from the main objective of the paper, the analysis of possible changes to the way in 
which, during 2007 - 2014 EU28 member states have allocated budgets for R&D, these 
countries from the EU28 were grouped by R & D Expenditure before the economic crisis, and 
after overcoming it. For this it has selected two data series on Total R&D Expenditure (GERD) 
by Sectors of performance corresponding to the years 2007 and 2014 (EUROSTAT, 2016).  

Structuring of the EU28 member states, based on R & D Expenditure in three sectors: Business 
Enterprise sector (BES), Governmental sector (GOV) and Higher education sector (HES), was 
performed by using cluster analysis starting from these indicators n=3. 

For each of the two years taken into consideration, the following matrix form was used: 
〈 〉 , , ,            (1)

                 

In equation (1) values of each element were obtained by using Z –score transformation, applied 
to empirical data yij: 

                           where       
∑

     and      
∑

.                    (2) 

Clusters generating was performed with Hierarchical cluster methodology according to (Rotaru 
et al, 2006), between-groups linkage cluster method and Square Euclidian distance. 

Hypotheses to test the statistical significance of the variables belonging to clusters are: 
H0_1: analysed variable it is not statistically significant in relation to cluster membership 
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∝, ,   echivalentă cu   . ∝                    (3) 

H1_1: analysed variable it is statistically significant in relation to cluster membership 

In equation (3) 
∑

,
∑ ∑

,  r represents number of 

groups, while ni represents number of the elements from each group. 

The hypotheses for testing statistically significance of the mean values of the variables 
determined at the level of each cluster are:  

H0_2: the mean of the analysed variable is not statistically significant 

                                                                                                                (4) 

H1_2: the mean of the analysed variable is statistically significant in relation to cluster 
membership  

In equation (4) LB and UB represents minimal limit (Lower Bound) and maximal limit (Upper 
Bound) for the 95% Confidence Interval for the mean. Also, it has to be mentioned that data 
processing was carried out in SPSS (Horwitt and Cramer, 2005; Popa, 2008; Oprea and Zaharia, 
2011). 

Results and Discussions 
The year 2007 was one of the years preceding the economic crisis and, at that time, the majority 
of European economies were still in a process of growth. At the level of the 2007 the structure 
of the 28 EU member states on clusters, depending on the budgets allocated to R & D, obtained 
by applying the Hierarchical Cluster methodology, as shown by the dendogram in Figure 1. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Dendogram corresponding to the 2007 

Source: devised by the authors using SPSS 
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In terms of the objectives’ analysis is elected the method of grouping members’ states in 8 
clusters. Although three of them contains one item, for the other five clusters the Test of 
Homogeneity of Variance’ results lead to accepting the null hypothesis (Variance is not 
significantly different) for the three variables analysed while reducing the number of clusters 
conduct to refute this hypothesis for the thresholds significance far greater than 0.05. 

Analysing the meanings of the variables studied in terms of membership to clusters, for 
Confidence level of 95 %, taking into account the results of analysis of variance, the null 
hypothesis H0_1 is rejected and is accepted the alternative hypothesis H1_1. This aspect is 
underlined by the values of F statistics that in all three cases have the higher values than the 
critical value  . ; ; ≅ 2.45, and also by the fact that . 0.000 ∝ 0.05. 

In terms of statistical significance of the mean values in the case of the analysed variables at the 
cluster level, results that in the cluster 4, composed by Denmark and Sweden, the mean values 
of the variables BES and GOV, and the mean value of BES variable, from cluster C5, consisting 
also of two countries (Germany and France), leading to accept the null hypothesis H0_2: the 
mean values of these variables are not statistically significant. This happens mainly due to the 
fact that these clusters have only two elements. 

For all other 12 mean values of the analysed variables, recorded at the clusters C1 - C5, the null 
hypothesis H0_2 is rejected and the alternative hypothesis H1_2 is accepted: mean values of 
variables are statistically significant in relation to the membership in clusters. 

Table 1. Clusters structure generated by the R&D Expenditure corresponding to the 2007 

Cluster Countries included in clusters 
Means (euro per capita) 
BES GOV HES

C1 Belgium, Ireland, Austria, United Kingdom 436.50 46.63 158.18 
C2 Bulgaria, Estonia, Greece, Croatia, Cyprus, Latvia, Lithuania, 

Hungary, Malta, Poland, Portugal, Romania, Slovakia 
33.54 15.75 29.48 

C3 Czech Republic, Spain, Italy, Slovenia, 145.23 49.60 60.98 
C4 Denmark, Sweden 841.25 48.90 281.95 
C5 Germany, France 455.85 102.40 120.40 
C6 Luxembourg 1039.50 165.90 37.00 
C7 Netherlands 335.90 77.00 219.30 
C8 Finland 855.30 100.10 220.70 

Source: devised by the authors 

The structure analysis of these clusters highlights some interesting aspects (Table 1): 
o There is a cluster: C6 (i.e. Luxembourg) showing a concern in R & D spending money, 

mainly in the business and the government sectors. This shows that companies in 
Luxembourg spend significant amounts in research and development (even double 
compared to developed countries like Germany or France); 

o Group countries from Scandinavia, represented by Finland, Denmark and Sweden, have the 
particularity of a significant level of R & D expenditure for what the business sector and 
higher education sector mean; this shows that, on the one hand, firms find that it is 
necessary and mandatory that research and development activities to be supported by a 
major percentage of their turnover in order to cope with a competitive market and, on the 
other hand, the governments of these countries consider that it is necessary and important 
to allocate large amounts of money in research and development within universities; 

o to this group of countries (Finland, Denmark and Sweden) could be added the Netherlands 
in terms of R & D expenses related to the universities; 

o there is a group represented especially by the countries that joined, in the first wave of 
integration, the EU zone, as the countries that were subsequently received in 2007 in the 
European space, plus a country with a lower level of development compared to all the 
states of western Europe (i.e. Portugal); this large group is defined by low levels of 
expenses associated with the business sector (with mean values up to 30 times lower than 
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Luxembourg), the governmental sector (with mean values of 6 times lower than Germany 
and France) and higher education (with mean investment of up to 9 times smaller than 
Denmark and Sweden). 

The economic crisis, started in the second half of 2008, took effect in the UE28 member states 
with different amplitudes. These effects were felt also on R & D Expenditure in Business 
enterprise sector, Government sector and Higher Education sector, so that at the level of 2014, 
the states structuring by level of R & D expenditure varies significantly from that one of 2007 
(Fig.1). The dendogram obtained in this case is shown in Figure 2. 

To ensure the comparability of the results it was built for 2014 a similar structure of grouping 
states based on 8 clusters (Table 2). In this case, three clusters (C4 Germany, C6 Luxembourg 
and C8 Slovenia) contain one item. However, compared to 2007, in 2014, for the other five 
clusters, the application of the Test of Homogeneity of Variance lead to accepting the null 
hypothesis (Variance is not significantly different) for the three analysed variables but only for 
the Confidence level of 0.90 %, which shows an increase of values dispersion of the three 
indicators at the level of clusters especially in terms of R & D Expenditure in Higher education 
sector. 

The test results for the significance of analysed variables in terms of membership to clusters for 
Confidence level of 95 % lead to reject the null hypothesis H0_1 and to accept the alternative 
hypothesis H1_1 (the analysed variables are significant in relation to membership at the clusters). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Dendogram corresponding to the 2014 

Source: devised by the authors using SPSS 
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In terms of statistical significance of the mean values of the variables analyzed at the cluster 
level, except the mean value of BES variable registered in the cluster C5 and GOV variable, 
recorded in clusters C3, C5 and C7, while for all other 11 mean values of the variables recorded 
at the clusters C1 - C3, C5 and C7 the null hypothesis H0_2 is rejected and is accepted the 
alternative hypothesis H1_2 (average values of variables are statistically significant in relation to 
membership at the clusters). 

Table 2. Clusters structure generated by the R&D Expenditure corresponding to the 2014 

Cluster Countries included in clusters 
Means (euro per capita) 
BES GOV HES 

C1 Belgium, France, Netherlands  512.67 85.63 193.27 
C2 Bulgaria, Czech Republic, Estonia, Greece, Spain, Croatia, Italy, 

Cyprus, Latvia, Lithuania, Hungary, Malta, Poland, Portugal, 
Romania, Slovakia 

74.72 26.43 50.58 

C3 Denmark, Sweden 925.45 42.85 439.30 
C4 Germany,  705.70 152.30 177.50 
C5 Ireland, United Kingdom 420.65 37.70 146.30 
C6 Luxembourg 587.60 322.90 206.80 
C7 Austria, Finland 813.75 77.30 277.15 
C8 Slovenia 334.10 52.50 45.20 

Source: devised by the authors  

Conclusions 

Structure analysis of the new set of clusters created at an interval of seven years compared with 
the first set of clusters highlights issues of particular interest: 
o Luxembourg has halved, compared to 2007, the average amount spent by companies in R 

& D activities, doubled the amount spent on R & D in the government sector, while the 
amounts allocated for R & D by the Luxembourg’s universities  increased 5 times; 

o Denmark and Sweden (now being in the same cluster as in 2007) continued to improve 
their average values spent by the companies in R & D activities and nearly doubling their 
level of R & D expenditures spending by the universities; 

o a special case is represented by Austria which has increased the volume of investments 
compared with 2007 in all three sectors, almost doubling its average values in R & D 
expenses for each sector and so joining cluster C7 together with Finland; 

o another remark can be made for the UK, where practical, after seven years, the average 
values spent in the business sector are maintained, the governmental domain and in higher 
education area, the level of decreasing for 2014 being insignificant compared to 2007; 

o also an exception is the performance of Slovenia which represents the only element for the 
cluster C8 and has a major feature of a significant increase, over 2 times, of its average 
expenditure for R & D business area; 

o a special mention has to be made about Italy, which in the new configuration of the 
clusters, joins the cluster composed by countries less competitive (represented by the group 
of countries from cluster C2 in 2007), showing a counter- performance in terms of 
expenditure for R & D activities which are associated with the sphere of business and 
government sector, by halving the amounts from the 2007; 

o a remark, also, can be done in the case of Germany, which has been decoupled from France 
(in comparison with the situation of 2007) showing a special preoccupation for the amounts 
spent in the business sector, governmental sector and in higher education, and from this 
point of view the values increasing almost identical in terms of percentage, i.e. 1.5 times 
compared to 2007. 
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