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ABSTRACT 

The present analysis is based on the assumption that the 8 indicators included in the Europe 2020 

Strategy for building knowledge economies across Europe can be resumed to one or maximum two 

synthetic indicators, by performing a Principal Components Analysis, and so clusters of countries 

can be shown, according to how close each country is to the optimal level of each indicator. 

Consequently, this paper presents the dynamic evolution of the European countries for the past 

three years and shows their progress or lack of progress from this point of view. One of the main 

results shows the current three groups of countries from the point of view of creating the new 

economies in the European Union. The analysis emphasises the position of Romania, its transit 

throughtout the European Union and the other knowledge economies and underlines certain 

important key point for the future. This study is relevant for managers in the Romanian companies, 

scientists and social analysts, and even political decision making factors, because it shows the 

cause-effect relation that lead to Romania standing where it stands today. 
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1. INTRODUCTION 

 

The European Union is deeply connected to the environmental changes all over the world, so as in 

2000, when the Lisbon Strategy was elaborated, it was one of the first mentions of a "knowledge 

based economy" worldwide, at such an important hierarchical level. The practice of knowledge 

management has evolved faster in the microeconomical sector (Bate and Robert, 2002), but 

theoretical and strategical steps have already been made at national at international levels in order to 

seen and show the importance of knowledge as the key resource of this century (Geisler and 

Wickramasinghe, 2009). The concept has already evolved so much that the researchers nowadays 

acknowledge that we are facing the third generation of knowledge management in private 

companies (O'Dell and Hubert, 2011). 

At a much higher level, the Lisbon Strategy emphasises innovation as the key point in achieving the 

strategic goal of the European Union: to become the most competitive knowledge society by 2010 

(Celikel Esses, Villalba Garcia & Tarantola, 2008). Certain indicators measure this kind of 

progress, but still, one of the main issues with the implementation of the Lisbon Strategy was the 

fact that measurement of the progress of each contry, not just of Europe, as a whole, were 

surprisingly hard to make. Different authors tried to mark such progress with different methods, 

such as a grading scale (Daianu et al., 2004),but the effective progress of the countries during the 10 

years of the strategy was still not clear in the scientific and practical communities and therefore, 

corrective decision were still not at hand for the European leaders. 
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Ten years later, in 2010, the new European Strategy comes with certain improvements from the 

point of view of measuring progress. Europe 2020 aims to be the viable path to "smart, inclusive 

and sustainable" future for the EU, by means of ‟ a growth that is:  smart, through more effective 

investments in education, research and innovation; sustainable, thanks to a decisive move towards a 

low-carbon economy; and inclusive, with a strong emphasis on job creation and poverty reduction”  

(European Commission, 2010). 

The "smart" growth entails two of the five main objectives of the strategy, which are to increase the 

R&D investements up to 3% and to reduce the rate of early school leaving below 10%, as well as to 

have at east 40% of the 30-34 years olds achieveing third level education; the "sustainable" growth 

entails on major objective, with three targets: to reduce the greenhouse gas emission by 20% (or 

even 30%) in comparison to the year 1990, to increase the procentage of enery coming from 

renewable sources to up to 20% at least and to have a 20% increase in energy efficiency overall; 

last, but not least, the "inclusive" growth leads on to two major objectives: first, to have at leat 75% 

of the 20-64 years olds employed and, secondly, to have at least 20 million less people exposed to 

poverty and social exlusion by 2020 (European Comission, 2010). 

However, the improvement from the Lisbon Strategy comes from the appearance of the national 

targets which are established for each country. This is avery important and aplicable aspect, because 

the vulnerabillities and strenghts of each country are taken into consideration and no unrealistic 

objectives are being set. Though, as far as we know up to this point, there is no way of knowing 

which country is close and how close to the status of being a knowledge based economy, as the 

Strategy points out that it seeks, there is no way of having a hierarchy or compare the progress that 

the countries are making in this dirrection. 

Some authors have tried to measure such a progress, both at national (Fucec and Marinescu, 2013) 

or microeconomical (Fucec, 2012; Fucec and Marinescu, 2013, Ceptureanu et. all, 2012) level, but 

things are evolving from year to year and we need to know where do we stand at the moment. 

Besides, the lack of a valid measurement model implies the need to make tests and try to see if 

models are changing from year to year or not. Other studies glanced at how the two strategies of 

Europe (Lisbon and Europe 2020) unfold upon the member states. For example, the year 2004 

brought along great consideration made by the European Commission in regard to the 

implementation of the Lisbon Strategy (Fucec, 2012a). Thus, the European Institute of Romania 

presented in a paper (Voinea, Pauna & Marinescu, 2011), the three main categories of action in the 

approach of the research-development-innovation trinomial: a modern approach, a traditional 

approach and a group of countries with peculiar approaches, different ones, hard to add up into one 

category. Thought Romania was not yet a member of the European Union at the time, still the 

European Commission considered it to be one of the countries with a special, peculiar approach. 

Also, it was found that in Romania fundamental academic research comes first and industrial 

innovation is not enough emphasized. To pursue the present example, this paper will show how 

Romania is doing in comparison to the other countries of the EU on the path of creating the 

knowledge economies, also from the point of view of energetic sustainability and inclusive growth. 

Another problematic aspect to take into consideration when debating the progress of the countries in 

the EU comes from the fact that the 5 objectives of the Strategy are upholded by 8 target indicators. 

This means that for a valid analysis, we need to work in a 8th-dimensional space, which is a very 

deep and complex issue and process. The present paper tries to reduce the dimension of this 

mathematical space and show as clear as possible how each state is evolving and how are they 

doing as a whole, as EU. The methodology used to this concern is briefly introduced as follows. 

 

2. RESEARCH METHODOLOGY 

 

For the analysis, we chose to perform a Principal Components Analysis (PCA), which has been 

explained as a methodology in a previously cited paper of the same author (Fucec, 2012a). Basicaly, 

the PCA helps to reduce the dimension of the mathematical space where we run the analysis, by 
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reducing the redundant data and only keeping nonredundant new indicators in the results (Ruxanda, 

2001; Smith, 2002). To comprehend better the result of the analysis, the PCA was considered the 

strating point and then, the trully important results come from the Cluster Analysis, which is 

performed on the eigenvalues we retrieved from the PCA. The analysis was run thourgh the 

software instrument Statistica 10.1, on data on the 28 European countries in the year 2013, with 

some exceptions. The data was retrieved from the European Commission's website, refering to the 8 

target indicators for the 5 main objectives of the Europe 2020 Strategy (Eurostat, 2012): 

- Employment Rate (EmplR): expresses the employment rate in each country (%); 

- Gross Expenditure on Research and Development (GERD): represents the percentage of GDP 

spent on R&D (%); 

- Greenhouse Gas Emissions (GrGE): expressed correlated to the value from the year 1990, 

considered to have the value 100;  

- Renewable Energy (RenEn): gives the share of renewable energy in the gross final energy 

cnsumption (%);   

- Primary oil consumption (TOE): a measure for the real energy comsumption, expressed in 

‟ tones of oil equivalent”, values retrieved for the year 2012, because of the lack of information 

regarding the year 2013; 

- Early Leavers from Education (ELvEd): percentage of population aged 18-24 leaving school 

early ( %);  

- Tertiary Education Attainment (TrEdA): percentage of population aged 30-34 with tertiary 

education (%); 

- People at Risk of Poversty or Social Exclusion (PrP/SE): expressed as a percentage from the 

total population of the country (%). 

 

3. RESULTS AND DISSCUSSION 

 

3.1. Principal components analysis (PCA) 

The PCA gives many important analythical themes, but we will explain in this papar the following 

results: the meaning of the eigenvalues and importance of the Factor Matrix. 

 

3.1.1. Eigenvalues of the original variables 

The first and most important result of the PCA is the eigenvalues of the original variables. What 

these values (in column 1, Figure 1) show is how much nonredudant information is available in 

each of the variables. If we pursue the analysis with only the first eigenvalue, we will be able to 

express how the 28 countries are evolving from the point of view of the 8 target indicators by using 

only one indicator, the actual eigenvalues, and the information loss would be less than 28%; the 

information compounded in the first eigenvalues is 72.6256. If we also take into consideration the 

second variable, the information loss decreases significantly (only 6.9%) and we could express the 

progress and evolution of the countries by using two new factors (the first two eigenvalues), with 

93.19 information retained. Depending on how much information we want to retain for the analysis, 

we can choose these two variables or we can pursue more relevant results, such as taking into 

consideration 3 eigenvalues (with 96.02% of the initial information) or even 4 eigenvalues 

(containing 98.53% of the information), but with each new factor we include, we also increase the 

number of space dimension for our analysis. So, we decided to continue the analysis with two 

eigenvalues, which means that we will run the cluster analysis for the initial data minus 6.9% 

information loss, but within a bidimensional space, which is much more easier to grasp, understand 

and even draw than an 8th dimensional space.  
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Figure 1. Eigenvalues of the variables 

Source: the author, using the software tool Statistica 10.1 

 

3.1.2. The Factor Matrix 

The Factor Matrix comes to complete the previous results we explained. As mentioned above, we 

decided to pursue the analysis with 2 factors (the first two eigenvalues), which contain 93.13% of 

the initial information included in the 8 target indicators of the Europe 2020 Strategy. But these two 

factors are, at the moment, abstract factors, only mathematical values. It is the Factor Matrix that 

helps us give economicaly significant names and meaning to these variables. 

The first eigenvalue is correlated positivelly with PrP/SE (People at risk of Poverty or Social 

Exclusion) and with the MTOE (million tones of oil equivalent), which can lead to the significance 

that the indicator shows the wellfare of a country by measuring it against the number of poor people 

in the country. In a metaphorical way, this means that we can call the indicator "Subsistance 

indicator (SI)". The bigger the values of the indicator, the less closer the country is towards the 

phase of the knowledge economy.  The consumption of energy is also important, as can be seen 

from the figures, but it is difficult to put in the same indicator a small number of poor people and 

also large energy consumption, so for the purpose of this research, we will consider the importance 

of the first factor to be higher, because of the higher correlation between the values. 

The second eigenvalue is most strongly correlated with the Employment Rate (EmplR), which 

makes it obvious that we can call it "Employment Rate (ER)". Though, the employment rate as an 

eigenvalues is not to be confused with the real employment rates economically speaking. The 

employment rate as a eigenvalues and a principal component is different and contains nonredundant 

data. The higher this factor is, the more the country is a knowledge based economy.  

 
Figure 2. The Factor Matrix 

Source: the author, using the software tool Statistica 10.1 
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3.2. The Cluster Analysis 

We performed the following cluster analysis on the two principal components retained in the 

analysis, because of the increased effectiveness. This part of the study is the one that gives the 

guidelines to create the groups of countries accordingly to their evolution, based on the two 

principal components of the original target indicators. The following results of the Cluster Analysis 

will be explained: the Distance Matrix, the amalgamation Schedule and the Dendogram. 

 

3.2.1. The Distance Matrix 

The Distance Matrix is very important in essence because it shown which is the calculated 

Manhattan distance between the analysed cases (the countries). In Figure 3, we only presented part 

of the Matrix, because it is very extended. 

 

 
Figure 3. The Distance Matrix 

Source: the author, using the software tool Statistica 10.1 

 

By scanning it, we can say wich countries have a similar distance among them from the point of 

view of the analysis. For instance, the distance between Bulgaria and the Czech Republic is 26.60, 

but the distance between Bulgaria and Belgium is 54.09, which is double than the firstly mentioned 

distance. It as also important to look at the other distances in the table, such as Germany and Island, 

for example, with evolutions of 239.29 points. In this new perspective, Bulgaria, Czech Republic 

and Belgium don't seem to be so different and we shall keep this point in mind when grouping the 

countries in the sequent cluster analysis. Another important aspect to notice, for example, is the 

huge differences among Germany and other countries, in general. This says, mathematically 

speaking, that the evolution of Germany towards the creation of the knowledge economies is at a 

more advanced level than the other countries submitted to the analysis. 

 

3.2.2. The Amalgamation Schedule 

After analysing the Distance Matrix, the software programme gives us the alignament of all the 

distances in the Matrix, in a rising scale and by creating small clusters with each step of the 

analysis. As we can see in Figure 4, the smallest distance among 2 countries is 2.58, between 

Luxembourg and Slovenia. This means that they are the most similar two contries in the analysis, 

from the point of view of the evolution toward the knowledge economies, based on the identified 

eigenvalues. The second closest countries are Estonia and Lithuania. Then, it is interesting to 

observe that Latvia joins the small group initially formed by Estonia and Lithuania. The distance 
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between the group of Estonia and Lithuania is at a 4.89 distance away from Latvia. After this, a new 

small cluster is formed, between Bulgaria and Slovakia, separated by a mathematical distance of 

5.709. So on and so far, in the order of the distances, each country joins the country (or the group of 

countries) it is the closest to. As can be see, after Bulgaria and Slovakia form their group (cluster), 

Hungary joins, then, Czech Republic, then Denmark, later Sweden and so on and so far. At one 

point, the groups join together, as can be seen at the point where Belgium and Finland (as a group) 

are united with the group in the revious examle: Bulgaria, Slovakia, Hungary, Czech Republic, 

Denmark and Sweden. Because of the high dimension of this Amalgamation Schedule and because 

what we eventually seek is to have two or three goups of countries which present simillarities 

within the group and differences among groups, we also analyse the Dendogram.  

  

 
Figure 4. The Amalgamation Schedule 

Source: the author, using the software tool Statistica 10.1 

 

3.2.3. The horizontal hierarchical Tree Plot (the Dendogram) 

The Dendogram is a graphical design, a simple picture, of all the distances and relations explained 

above. This is the point where the analysis becomes subjective, because we will separate the 

countries in groups and this separation is "in the eye of the researcher", just as business oportunities 

are (Nicolescu & Nicolescu, 2008).  

As the Dendogram shows, we observe the following clusters of countries: 

Cluster 1: Belgium, Finland, Bulgaria, Slovakia, Hungary, Czech Republic, Denmark, Sweden, 

Croatia, Estonia, Lithuania, Latvia, Ireland, Greece, Portugal, Luxembourg, Slovenia, Austria and 

Romania. 

Cluster 2: Netherlands, Poland, Cyprus, Malta. 

Cluster 3: Spain, France, United Kingdom, Italy, Germany. 

Within each cluster, the countries are evolving at a similar pace toward the knowledge economy 

phase, whilst there are several difference among the clusters. Cluster 3 is at the best position, which 

is obvious because of the component countries. Cluster 1 could be submitted to further analysis, 

because it is rather extensive and certain countries there have previously been on different positions. 
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Figure 5. The Dendogram 

Source: the author, using the software tool Statistica 10.1 

 

4. CONCLUSIONS 

 

Due to difficulties in measuring the progress of  both Lisbon Strategy and Europe 2020 Strategy, we 

performed a PCA and a Cluster Analysis, in order to see, as simply as it gets, how the countries are 

evolving. One of the main results of this study shows that the indicators assigned to the objectives 

of the Europe 2020 Strategy can be nonredundandtly synthetised into two indicators, which retain 

93.13% of all the information in the 8 initial target indicators. These two news indicators are 

methaphorically named "Subsistance Indicator" and "Employment Rate". Starting from this point, 

the sequently performed Custer Analysis shows the main three groups of countries, based on the 

two new indicators and showing the pace in which they evolve to being knowledge economies. In a 

previous papar of the same authors, one year ago, the situation looked a bit different (Fucec, 2014): 

Cluster 1: Belgium, Czech Republic, Ireland, Spain, Finland, Bulgaria, Lithuania, Grecee, Latvia, 

France, Romania, Great Britain,  Estonia; 

Cluster 2: Cyprus, Portugal, Austria, Netherlands, Slovenia, Poland, Denmark, Slovakia; 

Cluster 3: Luxembourg, Sweden, Malta, Italy, Hungary, Germany. 

The main elements to notice are the that Romania, Poland and Cyprus hold their position in the 

slowest moving cluster, Denmark, Slovakia have enhaced their evolution, by moving from Cluster 1 

to Cluster 2, Portugal and Austria have moved from cluster 2 to cluster 1, which shows a delay in 

evolution in 2013. Luxembourg jumped from cluster 3 to cluster 1, which should rise question 

marks (an explanation could be the slow evolution of the indicators); the same case stands for 

Hungary and Malta. Italy and Germany are hanging on to strong positions in cluster 3. 

The defficiencies of this study reside in the use of the 2012 values for one indicator (energy 

consumption) and also the subjectivity of the researcher when forming the clusters. The countries at 

the edge of each cluster could easily be places in the neighbourhooding cluster. Still, the analysis 

shows clear indicators by which we can see how the countries are evolving to a new economy and 

how things are changing from  year to year. 
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