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Abstract: In the current paper an application of the Inter Criteria approach to data on education 

inflows obtained from Eurostat's Education database (HRST-Human Resources in Science & 

Technology) is presented. The aim is to analyze the correlations between 35 countries (the 

EU Member States and available Candidate Countries and EFTA countries) against the years 

2008–2017. 
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1 Introduction 

In the presented paper, we apply in sequential steps the new approach of inter-criteria analysis 

(ICA) on Eurostat data-HRST, using data from International Standard Classification of 

Education (ISCED), developed by UNESCO [15]. Due to increasing demand for 

internationally comparable indicators on education and a mounting complexity in the 

educational programmes on offer in different countries, the original standard, developed in 

1976, has revised and updated in 1997. In 2011 a new revision of ISCED classification had 

taken place but the transition was not yet achieved in the Education section of Eurostat. 

Consequently, in the tables presenting the inflows from education, the ISCED1997 is still 

employed since 1997 onwards. HRST domain focuses on the tertiary level of education, which 

in the ISCED1997 classification corresponds to levels 5A, 5B and 6. HRST domain focuses on 

tertiary level of education, which in the ISCED1997 classification corresponds to levels 5A, 5B 
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and 6. The description of the content of the levels forming tertiary education is given below. 

The International Standard Classification of Education (ISCED1997) 

• ISCED level 5A: programmes that are largely theoretically based and are intended to 

provide sufficient qualifications for gaining entry into advanced research programmes 

and professions with high skill requirements;  

• ISCED level 5B: programmes that are generally more practical/technical/occupationally 

specific than ISCED 5A programmes;  

• ISCED level 6: this level is reserved for tertiary programmes that lead to the award of 

an advanced research qualification. The programmes are devoted to advanced study and 

original research. 

Canberra Manual describes the HRST as persons who have completed tertiary education in 

S&T fields of study. The operational definition of HRST doesn’t restrict the population to 

those who graduated in S&T field. All persons who achieved the tertiary level of education are 

considered HRST. However, some statistics on participation and graduation from tertiary 

education are available according to field of study. Useful methods for processing the statistical 

data are presented in [17, 18] with examples in the area of the petrol refining industry and 

management of primary energy sources. A selection of tables presents either HRST stocks or 

flows by focusing on fields with scientific and engineering programmes [15]. 

2 Application of intercriteria analysis over human resources 

in science and technology 

In the presented paper we analyze the input dataset from HRST statistics. The digits are related 

to the 'percentage of employed population'. The data covers annual real (graduation) and 

potential (participation) inflows from the education system into HRST at the national level, by 

gender, some domains of study relevant to science and technology and also according to the 

citizenship of the students. Those people graduating at the ISCED 6 level will, however, 

already be a part of the HRST stocks since ISCED 6 refers to advanced research for which it is 

necessary to have a first degree [15]. 

The ICA for decision making, based on index matrices IMs and intuitionistic fuzzy sets 

IFSs is introduced by Atanassov et al. in [5, 6]. Intuitionistic fuzzy sets were first defined by 

Atanassov [3, 7] as an extension of the concept of fuzzy sets defined by L. Zadeh [23]. The 

theory of index matrices was introduced in [4].The InterCriteria Analysis (ICA) is designed for 

datasets comprising evaluations, or measurements of multiple objects against multiple criteria. 

In the initial formulation of the method, the aim was to detect correlations between the criteria, 

in order to eliminate future evaluations/measurements against some of the criteria, which 

exhibit high enough correlations with others. The theoretical investigations for ICA are 

published in [2, 11, 13, 21]. The series of papers present the applications of the ICA in the 

different fields of science: universities rankings [12,14], neural networks preprocessing 

procedure [19], genetic algorithms [1], economic investigations [8–10], medical investigations 

[22], chemistry applications [20] and etc. In our work for applying ICA to HRST data, we have 

been interested to detect the eventual correlations between the education inflow data in 35 
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countries. The input data for the application of the InterCriteria Analysis over HRST-Human 

Resources in Science & Technology is presented in Table 1. 

 

 

Country/Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1 Belgium 13.1 11.7 12 12.2 11 10.7 10.5 10.4 9.9 9.9 

2 Bulgaria 12.7 11.7 11.1 11.3 11.6 11 11.1 11.2 10.7 10.4 

3 Czechia 17.4 16.4 15.9 16.9 17.8 16.9 17.5 17.7 17.9 18.2 

4 Denmark 11.2 10.3 10.3 10.7 10.2 10 9.9 10.2 10.3 10.2 

5 Germany 15.4 15.5 15 15 14.9 14.7 15.1 15.1 14.7 14.8 

6 Estonia 13.3 11.7 12 12.7 12.2 11.5 11.5 12.3 12.3 12.8 

7 Ireland 10.8 10.6 10.5 10.2 10 10 10.2 10.4 11.1 10.8 

8 Greece 7.2 6.3 5.9 6 5.7 5.4 5.1 5.8 6.5 6.1 

9 Spain 12.6 11.6 11.2 11.4 11.5 11.3 11.2 11.2 11 11.3 

10 France 12.9 12 11.7 12.3 12.2 11.8 11.3 11.3 11.5 11.2 

11 Croatia 12.6 11.5 11.5 11.9 12.2 12.7 10.9 11.3 10.2 11.2 

12 Italy 13.1 12.8 12.2 13.5 13.6 13.7 14.2 14.3 14.4 14.2 

13 Cyprus 4.2 4.3 4.4 4.1 4.1 3.8 4.1 3.8 4.2 4.4 

14 Latvia 9.7 7.8 6.9 7.1 8.1 8.4 7.8 8.1 8.7 7.5 

15 Lithuania 10.5 9.2 8.9 9.6 9.6 9.3 9.8 10.3 9.5 9.2 

16 Luxembourg 3.3 3.5 3.1 3.4 3.8 3.1 3.5 3.6 3 2 

17 Hungary 12.1 11.6 10.9 11 11.2 11.6 11.7 12.3 12.3 13.7 

18 Malta 9.8 9.2 10 9.4 8.4 8.4 8.3 7.8 8.4 8.8 

19 Netherlands 6.8 6.4 6.3 7.4 7.2 6.9 6.9 7 7.1 6.8 

20 Austria 12.7 12.2 12.6 13.6 13.6 13.9 14 14.5 14.2 13.6 

21 Poland 12.3 11.3 11.1 11.9 11.9 12.1 12.3 12.9 13.7 14.3 

22 Portugal 7.4 7.5 6.8 9.7 9.6 9.2 9.6 10 10.3 10 

23 Romania 15.3 13.5 12.7 12.8 13.1 13 12.2 11.7 11.7 11.9 

24 Slovenia 17.7 17.6 16.9 15.6 14.6 14 14.9 15.8 17.4 16.7 

25 Slovakia 15.8 14.8 13.6 14.9 14.1 13.3 13.6 15 14.5 14.4 

26 Finland 13.1 12.9 12.5 12 12.7 12.7 11.8 11.6 11.7 11.3 

27 Sweden 9 8.5 7.9 7.9 7.9 7.9 7.9 8.2 8.2 8 

28 United Kingdom 9.4 7.5 7.8 8.1 8.3 8 8.1 7.9 8 7.8 

29 Iceland 4.5 4.7 4.4 5.3 6.3 6.3 5.7 4.9 5.9 5.1 

30 Norway 6.5 6.3 6 6.6 6.2 6.1 6.4 6.5 6.4 6.2 

31 Switzerland 11.3 11.1 11.1 11.5 11.2 11.2 10.8 10.6 10.7 10.8 

32 Montenegro : : : 5.6 4.3 4.6 4.4 3.6 3.5 3.9 

33 North Macedonia : : : 11 10.6 10.8 10.5 11.2 10.9 11.5 

34 Serbia : : 12.5 10.6 11.1 12.7 11.3 11 11.5 12.3 

35 Turkey : 12.6 13.3 12.3 11.9 12.2 12.5 12.4 11.4 11.5 

 

Table 1. People with tertiary education (ISCED) and/or employed in science and 

technology from 15 to 74 years-percentage of total employment. 
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2.1 Application of InterCriteria Analysis over human resources in science 

and technology for determining the correlations between the countries 

The ICA is applied over the dataset of HRST-Human Resources in Science & Technology to 

determine possible dependencies or opposites between the countries for 10 years. The dataset 

has several missing values for the counties Turkey, Serbia, North Macedonia and Montenegro. 

The missing data is for the years 2008-2010. This information will be signed with the digit 0. 

The ICA is applied using ICrAData software which is developed by Ikonomov et al.  [16]. 

The matrices containing the degrees of membership (µ-values) and degrees of non-

membership (ν-values) for the current investigation are presented in Table 2 and Table 3, 

respectively. The matrices contain the values for the degrees of correspondence and the degrees 

of non-correspondence present the dependencies between the selected 35 countries according 

to the years (2008-2017). The highest numbers present higher dependencies between the 

countries, otherwise the selected objects are not dependent or have the opposite behaviour. 

 

 
0.8 0.2 0.7 0.6 0.5 0.4 0.6 0.7 0.8 0.7 0.1 0.5 0.4 0.5 0.5 0.2 0.7 0.4 0.2 0.2 0.2 0.8 0.5 0.6 0.8 0.4 0.6 0.3 0.5 0.8 0.4 0.2 0.3 0.6 

0.8 
 

0.3 0.6 0.7 0.5 0.4 0.6 0.8 0.8 0.7 0.3 0.4 0.5 0.6 0.7 0.4 0.5 0.5 0.3 0.3 0.3 0.8 0.6 0.7 0.8 0.5 0.6 0.4 0.6 0.6 0.4 0.2 0.1 0.5 

0.2 0.3 
 

0.4 0.3 0.6 0.5 0.5 0.4 0.3 0.3 0.8 0.4 0.6 0.6 0.5 0.8 0.3 0.6 0.7 0.8 0.8 0.3 0.5 0.5 0.2 0.4 0.5 0.6 0.5 0.3 0.5 0.7 0.6 0.2 

0.7 0.6 0.4 
 

0.5 0.6 0.6 0.8 0.5 0.7 0.6 0.3 0.5 0.4 0.4 0.4 0.3 0.7 0.4 0.2 0.3 0.4 0.6 0.7 0.7 0.6 0.5 0.4 0.2 0.6 0.6 0.2 0.4 0.2 0.3 

0.6 0.7 0.3 0.5 
 

0.4 0.5 0.5 0.6 0.6 0.5 0.3 0.4 0.4 0.6 0.6 0.4 0.5 0.3 0.3 0.3 0.3 0.6 0.6 0.6 0.6 0.5 0.5 0.2 0.6 0.5 0.3 0.2 0.2 0.6 

0.5 0.5 0.6 0.6 0.4 
 

0.6 0.8 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.4 0.6 0.6 0.5 0.4 0.6 0.6 0.5 0.6 0.8 0.4 0.6 0.5 0.3 0.6 0.5 0.4 0.6 0.3 0.2 

0.4 0.4 0.5 0.6 0.5 0.6 
 

0.8 0.4 0.4 0.3 0.5 0.6 0.5 0.4 0.2 0.6 0.5 0.4 0.4 0.6 0.5 0.4 0.8 0.6 0.4 0.7 0.3 0.3 0.5 0.3 0.2 0.4 0.4 0.4 

0.6 0.6 0.5 0.8 0.5 0.8 0.8 
 

0.6 0.6 0.4 0.4 0.6 0.6 0.5 0.3 0.6 0.6 0.4 0.3 0.5 0.5 0.6 0.9 0.7 0.5 0.7 0.4 0.3 0.6 0.5 0.2 0.4 0.3 0.3 

0.7 0.8 0.4 0.5 0.6 0.5 0.4 0.6 
 

0.7 0.7 0.2 0.4 0.5 0.5 0.5 0.4 0.6 0.4 0.2 0.3 0.2 0.8 0.5 0.6 0.7 0.4 0.5 0.4 0.5 0.7 0.4 0.3 0.2 0.4 

0.8 0.8 0.3 0.7 0.6 0.5 0.4 0.6 0.7 
 

0.8 0.3 0.4 0.6 0.6 0.6 0.2 0.7 0.6 0.3 0.3 0.3 0.8 0.6 0.6 0.8 0.4 0.6 0.5 0.5 0.8 0.4 0.3 0.3 0.4 

0.7 0.7 0.3 0.6 0.5 0.5 0.3 0.4 0.7 0.8 
 

0.3 0.3 0.5 0.5 0.5 0.3 0.6 0.4 0.3 0.3 0.2 0.8 0.4 0.5 0.8 0.3 0.6 0.4 0.4 0.8 0.5 0.4 0.4 0.4 

0.1 0.3 0.8 0.3 0.3 0.5 0.5 0.4 0.2 0.3 0.3 
 

0.2 0.6 0.6 0.4 0.8 0.1 0.7 0.8 0.8 0.8 0.2 0.4 0.5 0.2 0.4 0.4 0.7 0.6 0.2 0.5 0.7 0.6 0.3 

0.5 0.4 0.4 0.5 0.4 0.5 0.6 0.6 0.4 0.4 0.3 0.2 
 

0.3 0.2 0.2 0.4 0.6 0.2 0.2 0.4 0.4 0.4 0.6 0.4 0.4 0.5 0.4 0.2 0.3 0.4 0.2 0.3 0.4 0.4 

0.4 0.5 0.6 0.4 0.4 0.5 0.5 0.6 0.5 0.6 0.5 0.6 0.3 
 

0.7 0.5 0.6 0.3 0.5 0.6 0.6 0.5 0.5 0.5 0.6 0.6 0.5 0.6 0.6 0.5 0.4 0.4 0.4 0.4 0.2 

0.5 0.6 0.6 0.4 0.6 0.6 0.4 0.5 0.5 0.6 0.5 0.6 0.2 0.7 
 

0.6 0.6 0.3 0.6 0.6 0.6 0.5 0.5 0.5 0.7 0.5 0.5 0.7 0.5 0.7 0.5 0.5 0.5 0.2 0.4 

0.5 0.7 0.5 0.4 0.6 0.4 0.2 0.3 0.5 0.6 0.5 0.4 0.2 0.5 0.6 
 

0.4 0.3 0.6 0.5 0.3 0.4 0.6 0.4 0.5 0.6 0.4 0.6 0.5 0.5 0.5 0.5 0.4 0.3 0.6 

0.2 0.4 0.8 0.3 0.4 0.6 0.6 0.6 0.4 0.2 0.3 0.8 0.4 0.6 0.6 0.4 
 

0.3 0.4 0.6 0.9 0.6 0.4 0.6 0.6 0.3 0.6 0.4 0.5 0.6 0.2 0.4 0.6 0.5 0.3 

0.7 0.5 0.3 0.7 0.5 0.6 0.5 0.6 0.6 0.7 0.6 0.1 0.6 0.3 0.3 0.3 0.3 
 

0.3 0.1 0.3 0.2 0.6 0.6 0.6 0.7 0.4 0.4 0.3 0.4 0.7 0.3 0.3 0.4 0.5 

0.4 0.5 0.6 0.4 0.3 0.5 0.4 0.4 0.4 0.6 0.4 0.7 0.2 0.5 0.6 0.6 0.4 0.3 
 

0.7 0.5 0.7 0.4 0.3 0.5 0.4 0.3 0.6 0.7 0.6 0.5 0.7 0.6 0.4 0.4 

0.2 0.3 0.7 0.2 0.3 0.4 0.4 0.3 0.2 0.3 0.3 0.8 0.2 0.6 0.6 0.5 0.6 0.1 0.7 
 

0.7 0.7 0.2 0.3 0.4 0.2 0.4 0.5 0.6 0.6 0.2 0.6 0.7 0.6 0.4 

0.2 0.3 0.8 0.3 0.3 0.6 0.6 0.5 0.3 0.3 0.3 0.8 0.4 0.6 0.6 0.3 0.9 0.3 0.5 0.7 
 

0.7 0.3 0.5 0.5 0.2 0.5 0.4 0.6 0.5 0.3 0.5 0.7 0.6 0.2 

0.2 0.3 0.8 0.4 0.3 0.6 0.5 0.5 0.2 0.3 0.2 0.8 0.4 0.5 0.5 0.4 0.6 0.2 0.7 0.7 0.7 
 

0.2 0.5 0.6 0.2 0.4 0.4 0.6 0.6 0.3 0.5 0.8 0.5 0.3 

0.8 0.8 0.3 0.6 0.6 0.5 0.4 0.6 0.8 0.8 0.8 0.2 0.4 0.5 0.5 0.6 0.4 0.6 0.4 0.2 0.3 0.2 
 

0.5 0.5 0.9 0.4 0.6 0.4 0.4 0.8 0.4 0.2 0.3 0.5 

0.5 0.6 0.5 0.7 0.6 0.6 0.8 0.9 0.5 0.6 0.4 0.4 0.6 0.5 0.5 0.4 0.6 0.6 0.3 0.3 0.5 0.5 0.5 
 

0.7 0.5 0.7 0.3 0.2 0.6 0.4 0.1 0.4 0.3 0.4 

0.6 0.7 0.5 0.7 0.6 0.8 0.6 0.7 0.6 0.6 0.5 0.5 0.4 0.6 0.7 0.5 0.6 0.6 0.5 0.4 0.5 0.6 0.5 0.7 
 

0.5 0.7 0.5 0.3 0.8 0.4 0.3 0.5 0.2 0.4 

0.8 0.8 0.2 0.6 0.6 0.4 0.4 0.5 0.7 0.8 0.8 0.2 0.4 0.6 0.5 0.6 0.3 0.7 0.4 0.2 0.2 0.2 0.9 0.5 0.5 
 

0.4 0.6 0.5 0.4 0.8 0.4 0.1 0.3 0.5 

0.4 0.5 0.4 0.5 0.5 0.6 0.7 0.7 0.4 0.4 0.3 0.4 0.5 0.5 0.5 0.4 0.6 0.4 0.3 0.4 0.5 0.4 0.4 0.7 0.7 0.4 
 

0.3 0.2 0.5 0.3 0.1 0.3 0.2 0.2 

0.6 0.6 0.5 0.4 0.5 0.5 0.3 0.4 0.5 0.6 0.6 0.4 0.4 0.6 0.7 0.6 0.4 0.4 0.6 0.5 0.4 0.4 0.6 0.3 0.5 0.6 0.3 
 

0.6 0.6 0.6 0.6 0.4 0.3 0.3 

0.3 0.4 0.6 0.2 0.2 0.3 0.3 0.3 0.4 0.5 0.4 0.7 0.2 0.6 0.5 0.5 0.5 0.3 0.7 0.6 0.6 0.6 0.4 0.2 0.3 0.5 0.2 0.6 
 

0.4 0.5 0.7 0.6 0.6 0.4 

0.5 0.6 0.5 0.6 0.6 0.6 0.5 0.6 0.5 0.5 0.4 0.6 0.3 0.5 0.7 0.5 0.6 0.4 0.6 0.6 0.5 0.6 0.4 0.6 0.8 0.4 0.5 0.6 0.4 
 

0.4 0.5 0.5 0.2 0.3 

0.8 0.6 0.3 0.6 0.5 0.5 0.3 0.5 0.7 0.8 0.8 0.2 0.4 0.4 0.5 0.5 0.2 0.7 0.5 0.2 0.3 0.3 0.8 0.4 0.4 0.8 0.3 0.6 0.5 0.4 
 

0.6 0.4 0.4 0.4 

0.4 0.4 0.5 0.2 0.3 0.4 0.2 0.2 0.4 0.4 0.5 0.5 0.2 0.4 0.5 0.5 0.4 0.3 0.7 0.6 0.5 0.5 0.4 0.1 0.3 0.4 0.1 0.6 0.7 0.5 0.6 
 

0.7 0.6 0.5 

0.2 0.2 0.7 0.4 0.2 0.6 0.4 0.4 0.3 0.3 0.4 0.7 0.3 0.4 0.5 0.4 0.6 0.3 0.6 0.7 0.7 0.8 0.2 0.4 0.5 0.1 0.3 0.4 0.6 0.5 0.4 0.7 
 

0.6 0.4 

0.3 0.1 0.6 0.2 0.2 0.3 0.4 0.3 0.2 0.3 0.4 0.6 0.4 0.4 0.2 0.3 0.5 0.4 0.4 0.6 0.6 0.5 0.3 0.3 0.2 0.3 0.2 0.3 0.6 0.2 0.4 0.6 0.6 
 

0.5 

0.6 0.5 0.2 0.3 0.6 0.2 0.4 0.3 0.4 0.4 0.4 0.3 0.4 0.2 0.4 0.6 0.3 0.5 0.4 0.4 0.2 0.3 0.5 0.4 0.4 0.5 0.2 0.3 0.4 0.3 0.4 0.5 0.4 0.5 
 

Table 2. Results from the application ICA over the input data - degrees of membership µ 
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0.2 0.8 0.2 0.3 0.4 0.5 0.4 0.2 0.1 0.2 0.8 0.4 0.5 0.4 0.4 0.8 0.2 0.5 0.7 0.8 0.8 0.2 0.4 0.4 0.2 0.4 0.3 0.6 0.4 0.2 0.5 0.7 0.7 0.4 

0.2 
 

0.6 0.2 0.2 0.4 0.5 0.4 0.2 0.2 0.3 0.7 0.4 0.4 0.3 0.2 0.6 0.4 0.4 0.6 0.7 0.7 0.2 0.4 0.3 0.2 0.3 0.3 0.6 0.3 0.3 0.6 0.7 0.8 0.5 

0.8 0.6 
 

0.5 0.6 0.3 0.4 0.5 0.5 0.6 0.6 0.2 0.4 0.3 0.4 0.5 0.2 0.6 0.3 0.2 0.1 0.2 0.6 0.5 0.4 0.7 0.3 0.4 0.3 0.4 0.6 0.4 0.2 0.4 0.8 

0.2 0.2 0.5 
 

0.3 0.2 0.2 0.1 0.2 0.2 0.3 0.6 0.2 0.4 0.4 0.5 0.5 0.1 0.4 0.6 0.5 0.5 0.3 0.2 0.2 0.3 0.1 0.4 0.6 0.3 0.3 0.6 0.5 0.6 0.5 

0.3 0.2 0.6 0.3 
 

0.4 0.4 0.4 0.3 0.4 0.4 0.6 0.4 0.5 0.3 0.3 0.5 0.4 0.6 0.6 0.6 0.6 0.3 0.3 0.3 0.4 0.2 0.4 0.7 0.3 0.4 0.6 0.6 0.8 0.3 

0.4 0.4 0.3 0.2 0.4 
 

0.3 0.2 0.4 0.4 0.5 0.5 0.3 0.4 0.4 0.6 0.4 0.3 0.4 0.5 0.3 0.4 0.5 0.3 0.2 0.6 0.2 0.4 0.6 0.3 0.4 0.5 0.3 0.6 0.7 

0.5 0.5 0.4 0.2 0.4 0.3 
 

0.1 0.5 0.5 0.6 0.4 0.2 0.4 0.4 0.6 0.2 0.4 0.6 0.5 0.3 0.4 0.6 0.1 0.3 0.5 0.1 0.6 0.7 0.4 0.6 0.7 0.4 0.5 0.5 

0.4 0.4 0.5 0.1 0.4 0.2 0.1 
 

0.3 0.4 0.5 0.6 0.3 0.4 0.5 0.6 0.4 0.3 0.5 0.6 0.4 0.4 0.4 0.1 0.2 0.4 0.1 0.5 0.7 0.3 0.4 0.7 0.5 0.7 0.7 

0.2 0.2 0.5 0.2 0.3 0.4 0.5 0.3 
 

0.2 0.2 0.7 0.4 0.4 0.4 0.3 0.5 0.2 0.5 0.7 0.6 0.6 0.1 0.4 0.3 0.2 0.3 0.3 0.5 0.4 0.2 0.4 0.6 0.7 0.5 

0.1 0.2 0.6 0.2 0.4 0.4 0.5 0.4 0.2 
 

0.2 0.7 0.4 0.4 0.4 0.4 0.7 0.2 0.4 0.6 0.6 0.6 0.2 0.4 0.4 0.1 0.3 0.3 0.5 0.4 0.1 0.5 0.6 0.6 0.6 

0.2 0.3 0.6 0.3 0.4 0.5 0.6 0.5 0.2 0.2 
 

0.6 0.5 0.4 0.4 0.4 0.6 0.3 0.5 0.6 0.6 0.7 0.2 0.6 0.5 0.2 0.4 0.3 0.5 0.5 0.2 0.4 0.6 0.5 0.5 

0.8 0.7 0.2 0.6 0.6 0.5 0.4 0.6 0.7 0.7 0.6 
 

0.6 0.3 0.4 0.5 0.2 0.8 0.3 0.1 0.1 0.1 0.8 0.6 0.5 0.7 0.3 0.5 0.3 0.4 0.7 0.4 0.2 0.4 0.6 

0.4 0.4 0.4 0.2 0.4 0.3 0.2 0.3 0.4 0.4 0.5 0.6 
 

0.6 0.6 0.6 0.4 0.2 0.6 0.6 0.5 0.5 0.4 0.2 0.4 0.4 0.3 0.5 0.6 0.5 0.4 0.6 0.5 0.4 0.4 

0.5 0.4 0.3 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.6 
 

0.2 0.4 0.3 0.6 0.4 0.3 0.3 0.4 0.4 0.5 0.4 0.4 0.2 0.3 0.4 0.4 0.4 0.5 0.4 0.5 0.8 

0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.5 0.4 0.4 0.4 0.4 0.6 0.2 
 

0.3 0.4 0.6 0.3 0.3 0.3 0.4 0.5 0.5 0.3 0.5 0.3 0.2 0.4 0.2 0.4 0.4 0.4 0.7 0.6 

0.4 0.2 0.5 0.5 0.3 0.6 0.6 0.6 0.3 0.4 0.4 0.5 0.6 0.4 0.3 
 

0.6 0.6 0.3 0.4 0.6 0.5 0.4 0.6 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.5 0.6 0.4 

0.8 0.6 0.2 0.5 0.5 0.4 0.2 0.4 0.5 0.7 0.6 0.2 0.4 0.3 0.4 0.6 
 

0.6 0.5 0.2 0.0 0.3 0.6 0.4 0.4 0.6 0.2 0.5 0.4 0.3 0.7 0.5 0.3 0.4 0.7 

0.2 0.4 0.6 0.1 0.4 0.3 0.4 0.3 0.2 0.2 0.3 0.8 0.2 0.6 0.6 0.6 0.6 
 

0.6 0.8 0.6 0.7 0.3 0.3 0.4 0.3 0.3 0.5 0.7 0.5 0.2 0.6 0.6 0.5 0.5 

0.5 0.4 0.3 0.4 0.6 0.4 0.6 0.5 0.5 0.4 0.5 0.3 0.6 0.4 0.3 0.3 0.5 0.6 
 

0.2 0.4 0.2 0.6 0.6 0.4 0.5 0.5 0.2 0.2 0.3 0.4 0.2 0.2 0.5 0.6 

0.7 0.6 0.2 0.6 0.6 0.5 0.5 0.6 0.7 0.6 0.6 0.1 0.6 0.3 0.3 0.4 0.2 0.8 0.2 
 

0.2 0.2 0.7 0.6 0.5 0.7 0.4 0.4 0.3 0.3 0.6 0.3 0.2 0.4 0.5 

0.8 0.7 0.1 0.5 0.6 0.3 0.3 0.4 0.6 0.6 0.6 0.1 0.5 0.3 0.3 0.6 0.0 0.6 0.4 0.2 
 

0.2 0.7 0.4 0.4 0.7 0.3 0.4 0.4 0.4 0.6 0.4 0.2 0.4 0.7 

0.8 0.7 0.2 0.5 0.6 0.4 0.4 0.4 0.6 0.6 0.7 0.1 0.5 0.4 0.4 0.5 0.3 0.7 0.2 0.2 0.2 
 

0.8 0.5 0.4 0.8 0.3 0.5 0.3 0.3 0.6 0.4 0.1 0.4 0.6 

0.2 0.2 0.6 0.3 0.3 0.5 0.6 0.4 0.1 0.2 0.2 0.8 0.4 0.4 0.5 0.4 0.6 0.3 0.6 0.7 0.7 0.8 
 

0.5 0.5 0.1 0.4 0.3 0.5 0.5 0.1 0.5 0.7 0.6 0.5 

0.4 0.4 0.5 0.2 0.3 0.3 0.1 0.1 0.4 0.4 0.6 0.6 0.2 0.5 0.5 0.6 0.4 0.3 0.6 0.6 0.4 0.5 0.5 
 

0.2 0.4 0.1 0.6 0.8 0.4 0.5 0.8 0.6 0.6 0.6 

0.4 0.3 0.4 0.2 0.3 0.2 0.3 0.2 0.3 0.4 0.5 0.5 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.2 
 

0.5 0.1 0.4 0.7 0.2 0.5 0.6 0.4 0.8 0.6 

0.2 0.2 0.7 0.3 0.4 0.6 0.5 0.4 0.2 0.1 0.2 0.7 0.4 0.4 0.5 0.4 0.6 0.3 0.5 0.7 0.7 0.8 0.1 0.4 0.5 
 

0.3 0.3 0.5 0.5 0.2 0.6 0.8 0.6 0.5 

0.4 0.3 0.3 0.1 0.2 0.2 0.1 0.1 0.3 0.3 0.4 0.3 0.3 0.2 0.3 0.4 0.2 0.3 0.5 0.4 0.3 0.3 0.4 0.1 0.1 0.3 
 

0.4 0.6 0.2 0.4 0.6 0.4 0.6 0.5 

0.3 0.3 0.4 0.4 0.4 0.4 0.6 0.5 0.3 0.3 0.3 0.5 0.5 0.3 0.2 0.3 0.5 0.5 0.2 0.4 0.4 0.5 0.3 0.6 0.4 0.3 0.4 
 

0.3 0.3 0.3 0.3 0.5 0.6 0.7 

0.6 0.6 0.3 0.6 0.7 0.6 0.7 0.7 0.5 0.5 0.5 0.3 0.6 0.4 0.4 0.4 0.4 0.7 0.2 0.3 0.4 0.3 0.5 0.8 0.7 0.5 0.6 0.3 
 

0.5 0.5 0.2 0.4 0.3 0.6 

0.4 0.3 0.4 0.3 0.3 0.3 0.4 0.3 0.4 0.4 0.5 0.4 0.5 0.4 0.2 0.4 0.3 0.5 0.3 0.3 0.4 0.3 0.5 0.4 0.2 0.5 0.2 0.3 0.5 
 

0.4 0.4 0.4 0.7 0.6 

0.2 0.3 0.6 0.3 0.4 0.4 0.6 0.4 0.2 0.1 0.2 0.7 0.4 0.4 0.4 0.4 0.7 0.2 0.4 0.6 0.6 0.6 0.1 0.5 0.5 0.2 0.4 0.3 0.5 0.4 
 

0.4 0.6 0.5 0.5 

0.5 0.6 0.4 0.6 0.6 0.5 0.7 0.7 0.4 0.5 0.4 0.4 0.6 0.5 0.4 0.4 0.5 0.6 0.2 0.3 0.4 0.4 0.5 0.8 0.6 0.6 0.6 0.3 0.2 0.4 0.4 
 

0.3 0.4 0.4 

0.7 0.7 0.2 0.5 0.6 0.3 0.4 0.5 0.6 0.6 0.6 0.2 0.5 0.4 0.4 0.5 0.3 0.6 0.2 0.2 0.2 0.1 0.7 0.6 0.4 0.8 0.4 0.5 0.4 0.4 0.6 0.3 
 

0.4 0.6 

0.7 0.8 0.4 0.6 0.8 0.6 0.5 0.7 0.7 0.6 0.5 0.4 0.4 0.5 0.7 0.6 0.4 0.5 0.5 0.4 0.4 0.4 0.6 0.6 0.8 0.6 0.6 0.6 0.3 0.7 0.5 0.4 0.4 
 

0.5 

0.4 0.5 0.8 0.5 0.3 0.7 0.5 0.7 0.5 0.6 0.5 0.6 0.4 0.8 0.6 0.4 0.7 0.5 0.6 0.5 0.7 0.6 0.5 0.6 0.6 0.5 0.5 0.7 0.6 0.6 0.5 0.4 0.6 0.5 
 

Table 3. Results from the application ICA over the input data - degree of non-membership ν 

The results of the ICA application over data for or Human Resources in Science & 

Technology are visualized onto the intuitionistic fuzzy interpretational triangle (Fig.1). They 

are investigated and the following outcomes are obtained: 3 pairs of countries in positive 

consonance, 31 pairs of countries in weak positive consonance, 126 pairs of countries in weak 

dissonance, 218 pairs of countries in dissonance, 181 pairs of countries in strong dissonance, 

54 pairs of countries in weak negative consonance and 7 pairs of countries in negative 

consonance. 

 



72 

 

Figure 1. Results from application of ICA, plotted onto the intuitionistic 

fuzzy interpretational triangle 

Obviously, the pairs of countries having the most similar trend of Human Resources in 

Science & Technology are Ireland-Slovenia, Hungary-Poland and Romania-Finland. 

Therefore, the pairs of countries having opposite behavior according to the investigated area 

are: Belgium-Italy, Bulgaria-Serbia, Italy-Malta, Malta-Austria, Slovenia-Montenegro, 

Finland-North Macedonia and Sweden-Montenegro. 

2.2 Application of intercriteria analysis over human resources in science 

and technology for determining the correlations in the years 

Second application of the ICA over the data for Human Resources in Science & Technology is 

applied to determine the trends and correlation between the years. The matrices containing the 

degrees of membership and the degrees of non-membership are presented on Tables 4 and 5, 

respectively. 

  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

2008 1.00 0.91 0.86 0.84 0.84 0.80 0.81 0.80 0.80 0.78 

2009 0.91 1.00 0.91 0.88 0.87 0.85 0.86 0.85 0.83 0.82 

2010 0.86 0.91 1.00 0.90 0.88 0.89 0.89 0.87 0.85 0.85 

2011 0.84 0.88 0.90 1.00 0.94 0.91 0.92 0.91 0.89 0.89 

2012 0.84 0.87 0.88 0.94 1.00 0.94 0.94 0.92 0.90 0.90 

2013 0.80 0.85 0.89 0.91 0.94 1.00 0.95 0.92 0.91 0.91 

2014 0.81 0.86 0.89 0.92 0.94 0.95 1.00 0.94 0.93 0.93 

2015 0.80 0.85 0.87 0.91 0.92 0.92 0.94 1.00 0.93 0.93 

2016 0.80 0.83 0.85 0.89 0.90 0.91 0.93 0.93 1.00 0.95 

2017 0.78 0.82 0.85 0.89 0.90 0.91 0.93 0.93 0.95 1.00 

 

Table 4. Results from the application ICA by years over the input data – degree of membership 
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  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

2008 0.00 0.06 0.12 0.14 0.13 0.17 0.17 0.17 0.18 0.20 

2009 0.06 0.00 0.06 0.10 0.10 0.13 0.12 0.12 0.14 0.15 

2010 0.12 0.06 0.00 0.09 0.09 0.10 0.10 0.11 0.13 0.13 

2011 0.14 0.10 0.09 0.00 0.04 0.07 0.07 0.07 0.10 0.10 

2012 0.13 0.10 0.09 0.04 0.00 0.04 0.05 0.06 0.08 0.09 

2013 0.17 0.13 0.10 0.07 0.04 0.00 0.04 0.06 0.08 0.08 

2014 0.17 0.12 0.10 0.07 0.05 0.04 0.00 0.04 0.06 0.06 

2015 0.17 0.12 0.11 0.07 0.06 0.06 0.04 0.00 0.05 0.05 

2016 0.18 0.14 0.13 0.10 0.08 0.08 0.06 0.05 0.00 0.04 

2017 0.20 0.15 0.13 0.10 0.09 0.08 0.06 0.05 0.04 0.00 

 

Table 5. Results from the application ICA by years over the input data – 

degree of non-membership 

 

The results of the ICA application for determining the correlations of the data for Human 

Resources in Science and Technology in years are investigated and the following outcomes are 

obtained: 2 pairs of years in strong positive consonance, 34 pairs of years in positive 

consonance and 9 pairs of years in weak positive consonance. The intuitionistic fuzzy triangle 

interpretation with the results of the ICA application is presented on Fig. 2. 

 

Figure 2. Results from application of ICA  

for determining the correlations between the years 

The pairs having the most similar trend of Human Resources in Science & Technology 

are the years 2013-2014 and 2016-2017. The ICA application for determining the correlation 

between the years presents the similar and accurate tendency of Human Resources in Science 

& Technology. 
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3 Conclusion 

In the presented paper we used the ICA approach to analyze data from HRST as part from 

Eurostat statistical information. After a successful application and following the results, we can 

conclude that intuitionistic fuzzy pairs in dissonance have the highest independence level. The 

pairs in weak dissonance are independent with slight hesitations in-between. The criteria in 

weak positive consonance and mostly positive consonance, they can be considered close, but 

not interchangeable. The pairs of criteria in positive consonance and strong positive 

consonance have expressed dependencies.  
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