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Abstract

:

Quality of life can be expressed as a highly subjective measure of happiness, which is an important part of many financial and non-financial decisions. The issue of quality of life, namely its quantification, is a current topic, evidenced by a number of literary sources in both foreign and domestic literature. The paper deals with this issue in the conditions of the Slovak Republic and studies the quality of life for each region of Slovakia with respect to the given indicators. In this paper, we deal with the use of the methods of multi-criteria analysis in evaluating the quality of life in Slovakia. The aim of this paper is to highlight that it is important to monitor the level of quality of life at the regional level and that one of the indicators influencing the quality of life in the region may be its location in relation to neighboring countries.
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1. Introduction


Economic growth brings millions to tens of millions of people out of poverty every year. In order to control this growth and try to manage it, its theoretical definition and determination is essential. At present, however, it is no longer enough to focus on economic growth, but it is necessary to focus on a much more complex multidimensional phenomenon such as the quality of life of the population [1,2]. The increasing need for a detailed analysis of this issue, not only at the highest inter-national level, but especially at smaller levels, such as the regions, stimulates the quality of life of the populations of the regions in this work [3,4]. These are regions with significantly similar requirements for measuring and determining the quality of life as a result of the strong globalization in recent years and membership of the European Union, as well as their common history, a relative culture or the geographical point of view itself, since these are neighboring national bodies located in the center of Europe [5] At the end of the 20th century, an enormous increase in research in the field began, resulting in an increasingly better and more precise definition of quality of life determinants [6,7]. The main differences stem mainly from the existence of psychological, social, geographical, ecological, environmental, medical and especially economic perspectives. The last one mentioned, the economic perspective, will be the basic pillar for us in this research. However, according to several authors, quality of life is a multidimensional phenomenon that can be studied using a comprehensive holistic approach or a partial approach [8]. A great sense of importance exists in a consistent definition of quality of life, because only a competitive region can create a sustainable standard of living or a positive contribution to the growth of quality of life [9,10]. Many scientific studies prefer quality of life indexes in regions to compare quality of life, as they bring benefits in inter-score detection of differences and benchmarking [11,12]. Each indicator shall be homogeneously defined and shall ensure consistency of the system under examination in a given area. The issue of environmental sustainability is very important in assessing quality of life, as it should reflect differences in the social and cultural values of local communities, including environmental and community health aspects. Environmental quality is considered to be a very important advantage, especially in developed countries [13]. Identifying a causal link between quality of life in individual countries and economic growth can help implement measures and policies in the various recovery plans of the EU economies, even in today’s period, following the devastating consequences of the Coronavirus pandemic. Based on the results of this work, it is argued that measures must also be directed to areas such as the circular economy, the quality of life of the population, the state of industry and services [14]. It is not enough to focus aid solely on the most affected sectors; recovery plans must also think about other areas. If policies are implemented correctly, the EU can gain a significant competitive advantage [15]. Taking into account the environmental impacts of the pandemic and the economy are two counter-polar areas. While scientists report that there have been record drops in emissions as a result of a pandemic, the economies of individual countries are experiencing the sharpest decline in sales, perhaps even in their entire modern history. However, it is not entirely appropriate to enjoy the reduction of emissions, as this decline was due to a decline in economic output.



The multidimensional concept can be covered by five dimensions: physical well-being, material well-being, social well-being, emotional well-being, development and activity. This model highlights the specific problems of the individual, as well as of the entire population [16,17]. The quality of life is closely linked to the quality of the environment. Environmental efficiency is a globally debated issue [18]. Some studies have shown that countries with positive economic development also have better results in their quality of life policy [19,20]. Policy makers around the world face the challenge of a balance between economic development and environmental welfare, which requires a broad set of energy efficiency and environmental protection measures [21]. According to the World Trade Council for Sustainable Development, eco-efficiency is achieved “by the supply of competitively priced goods and services that meet human needs and bring quality of life, gradually reducing environmental impacts and resource intensity over the life cycle to a level at least in line with Earth’s carrying capacity” [22]. The development of the global economy is accompanied by increasing environmental pollution, which has led to a change in attitudes and the need to promote sustainability. Modern innovation policy is increasingly focused on the environment. Eco-innovation generally has a positive impact on the environmental, economic and social growth of companies that are gradually adopting sustainable development [23,24]. Continuous data are used to assess the most complex socio-economic phenomena using multicritical methods, the source of which is most often public statistics. However, there are complex phenomena in the evaluation, such as quality of life and quality of service, for which questionnaire surveys and order scales are used [25,26]. One effective way to analyze the quality of life is to use a multi-criteria analysis [27,28]. By selecting the suitable methods of multi-criteria analysis, it is possible to process data of a different nature and compare the given alternatives according to the specified criteria, even in the case of ambiguous selection [29,30]. In a previous study, the authors use the Analytical Hierarchical Process (AHP) method to combine a subjective and objective approach to assessing the living conditions of the people of Thessaloniki [31]. Four methods of multi-criteria decision making, namely TOPSIS, SAW, VIKOR and ELECTRE, were used to assess the quality of life in two districts in Tehran [32]. The better health technology with combination of multicriteria analysis can also yield an improved quality of life [33].



A less common approach is to study the quality of life at the regional level, especially if it is considered a smaller country like Slovakia. Nevertheless, there are several papers that point to the importance of this topic. In the authors of a previous study studied the quality of life in the Czech Republic at the level of municipalities and regions [34]. This problem is also of interest in [35], where the quality of life in three regions of Russian Federation were studied. Other papers that dealt with this topic are provided, for example.




2. Materials and Methods


The multi-criteria analysis takes place in two basic steps:




	
To determine the weights of the criteria according to which the alternatives are evaluated.



	
To select the proper decision-making method to evaluate the variants/the alternatives.








It is possible to determine the weights of the criteria in various ways. The choice of an appropriate method depends on whether the preferences of the criteria are known or not, as well as on whether the evaluation is to be objective or subjective and, thus, tailored to the task submitter. In [36] Odu classificates the weighting methods in the following way:




	
subjective methods




	○

	
point allocation




	○

	
direct rating




	○

	
scoring method




	○

	
pairwise comparison




	○

	
ratio method




	○

	
swing method




	○

	
delphi method




	○

	
nominal group technique




	○

	
simple Multi-attribute ranking technique (SMART)









	
objective methods




	○

	
entropy method




	○

	
criteria importance through inter-criteria




	○

	
correlation (CRITIC)




	○

	
mean weight




	○

	
standard deviation




	○

	
statistical variance procedure




	○

	
ideal point method









	
integrated methods




	○

	
multiplication synthesis




	○

	
additive synthesis




	○

	
optimal weighting based on sum of squares




	○

	
optimal weighting based on relational coefficient of graduation.














In this paper, three methods are considered for determining the weights of the criteria:




	
the method of equal weights, which assigns the same weight to each criterion, namely 1/number of criteria (objective weighting method),



	
the scoring method (subjective weighting method),



	
the entropy method (objective weighting method).








2.1. The Scoring or Ranking Method


The scoring method is based on dividing the certain number of points between the individual criteria according to their importance. Here, it is important to know the preferences of the task submitter. The more important the criterion, the higher the number of points it gets. Subsequently, the given values are divided by the total number of divided points to obtain the normalized criteria weights.




2.2. Entropy Method


The entropy method [37,38] is a method used to determine the weights of the criteria when the preferences of the given criteria are not known or are hard to determinate. The process of the entropy method can be described in the following steps:




	
Construct the criteria matrix   Y =    y  ij       created from the input data:


  Y =        y  11        y  12       ⋯        y  1 n          y  21        y  22      …     y  2 n        ⋮   ⋮   ⋱   ⋮       y  m 1        y  m 2      …     y  m n          











The element    y  i j     of the matrix  Y  represents the value of the  i -th alternative, according to the  j -th criterion.



	
Transform the criteria matrix into an auxiliary matrix   P =    p  i j       as follows:


   p  i j   =    y  i j       ∑   i = 1  m   y  i j      











	
Calculate the entropy    E j    for each of the considered criteria as follows:


   E j  = −  1  l n   m     ∑   i = 1  m   p  i j   l n    p  i j    











	
Calculate the weights of the criteria as follows:


   w j  =   1 −  E j    n −   ∑   j = 1  n   E j    ;     j = 1 , 2 , … ,   n .    
















The second step in multi-criteria analysis is to determine the order of the variants [39,40]. It is important to adapt the selection of the method to the goal pursued as well as to know what type of information is being worked with, i.e., whether the input data are of the cardinal or ordinal nature. For the purposes of this paper, two methods requiring cardinal information were selected, namely the TOPSIS method and the weighted sum method (WSA). Both of these methods are among the most commonly used methods, which was one of the reasons for their choice [41].




2.3. TOPSIS Method


The TOPSIS method uses cardinal information to identify a compromise variant that is as close as possible to the positive-ideal solution and as far away from the negative-ideal solution as possible. If there is a positive-ideal solution and it is possible to achieve it, then the positive-ideal solution and compromise variant match [42]. The positive-ideal solution acquires the best values with respect to all specified criteria and is represented by a vector      h 1  ,    h 2  ,   … ,    h n     . The negative-ideal solution acquires the worst possible values in all criteria and is represented by a vector      d 1  ,    d 2  ,   … ,    d n     , where  n  indicates the number of criteria that are taken into account in the analysis.



The TOPSIS method can be described in the following steps:



Step 1: Construct the criteria matrix   Y =      y  i j       created from the input data:


  Y =        y  11        y  12       ⋯        y  1 n          y  21        y  22      …     y  2 n        ⋮   ⋮   ⋱   ⋮       y  m 1        y  m 2      …     y  m n          











The element    y  i j     of the matrix  Y  represents the value of the  i -th alternative, according to the  j -th criterion.



Step 2: Construct the normalized matrix   R =      r  i j       as follows:


   r  i j   =    y  i j         ∑   i = 1  m   y  i j  2        ; i = 1 ,   2 ,   … ,   m ;   j = 1 ,   2 ,   … ,   n .  











Step 3: Construct the weighted normalized matrix   Z =      z  i j       by using the formula:


   z  i j   =  w j   r  i j   ;     i = 1 ,   2 ,   … ,   m ;   j = 1 ,   2 ,   … ,   n .  











Step 4: Determine the positive-ideal solution   h =      h 1  ,  h 2  , … ,    h n        and the negative-ideal solution   d =    d 1  ,  d 2  , … ,    d n       , where:


   h j  =   m a x  i     z  i j   ; j = 1 ,   2 ,   … ,   n  










   d j  =   m i n  i     z  i j   ; j = 1 ,   2 ,   … ,   n .  











Step 5: Calculate the distance between each alternative and the positive-ideal and the negative-ideal solution as follows:


   d i +  =     ∑   j = 1  n       z  i j   −  h j     2    ;   i = 1 ,   2 ,   … ,   m    










   d i −  =     ∑   j = 1  n       z  i j   −  d j     2    ;   i = 1 ,   2 ,   … ,   m    











Step 6: Calculate the relative indicator of distance for each alternative as follows:


   c i  =    d i −     d i +  +  d i −    ;   i = 1 ,   2 ,   … ,   m  











Step 7: Finally, the variants are ranked according to the values of the relative indicators (the higher value, the better the alternative).




2.4. Weighted Sum Product Method, WSA


Even with the weighted sum method, it is necessary to compile the criterion matrix   Y =      y  i j      . For each criterion, the best    h j    and worst    d j    value is identified. Subsequently, the matrix   U =      u  i j       is created as follows:


   u  i j   =    y  i j   −  d j     h j  −  d j    ;     i = 1 , 2 , … ,   m ; j = 1 , 2 , … ,   n .    











The value of    u  i j     expresses the benefit of the i-th variant with respect to the j-th criterion. Next, the values of the aggregate utility function   u    V i      for each variant    V i    are determined by using the normalized weights:


  u    V i    =   ∑   j = 1  n   w j   u  i j   .    











The main goal of this paper is to compare the regions of Slovakia based on the level of quality of life. Slovakia is divided into eight regions, which represent the subjects of this analysis. These are the eight regions:




	
BA—Bratislava Region



	
TT—Trnava Region



	
TN—Region of Trenčín



	
NT—Nitra Region



	
ZA—Žilina Region



	
BB—Banská Bystrica Region



	
PO—Prešov Region



	
KE—Košice Region








By the multi-criteria analysis, the regions represent the alternatives that are ranked.



The first four regions of the regions, Bratislava, Trnava, Trenčín and Nitra Regions, are located in the western part of Slovakia. The western part of the country borders with the Czech Republic, Austria and Hungary. Two of these three countries have a higher index of quality of life than Slovakia. The Žilina and Banská Bystrica Regions represent the central part of Slovakia, which borders with Poland in the north and with Hungary in the south. Both Poland and Hungary have a worse position, according to the Quality of Life Index, than Slovakia. The Prešov and Košice regions represent eastern Slovakia and, in addition to Poland and Hungary, also border with Ukraine, i.e., countries that are on a lower rung, according to the Quality of Life Index, than Slovakia [43].



In order to determine the ranking of the regions according to the quality of life, the following indices were chosen:




	
K1: GDP per capita (€)—GDP per capita is one of the most used indicators of economic performance in the state and in the region;



	
K2: unemployment rate (%)—the registered unemployment rate is the main indicator of the situation in the labor market. Unemployed people tend to have lower incomes, which usually have a significant impact on their quality of life;



	
K3: average life expectancy at birth (age)—this expresses the average length of years in which an individual is most likely to live. This indicator mainly affects the state of the economy, health care, the environment and others;



	
K4: gross wage (€)—in fulfilling their tasks in relation to the society, households try to ensure their needs and development and, thus, ensure a certain quality of life;



	
K5: economically active population (in thousands)—activities in the production of tangible assets or in the provision of services provided for the purpose of obtaining a means of subsistence;



	
K6: at-risk-of-poverty rate (%)—the poverty line is the minimum level of income needed to achieve an adequate standard of living in a given country or region;



	
K7: average disposable equivalent household income (€)—average household income is related to the average gross monthly wage. The higher the income, the higher the possibility of consumption and a better quality of life;



	
K8: number of crimes—crime is increasing with high economic activity. Crimes are also committed in places with the highest employment rates;



	
K9: real estate price per m2 (€)—apartment prices push up the lack of real estate for sale and also high purchasing power. However, this indicator is closely related to an individual’s income. If income is low, people cannot afford to buy real estate.








These nine indicators represent nine criteria on which the multi-criteria analysis of the given districts was based and carried out. The third indicator, K3, i.e., the average life expectancy at birth, was different for men and women for all districts. Therefore, in the analysis itself, criterion K3 represents the arithmetic mean of these two values, indicated in Table 1 as K3 m and K3 w.





3. Results


The evaluation and the comparison of the quality of life in a given group of countries according to the various indices is a very frequent topic for many papers. On the other side, such an analysis is less common at the regional level. This is especially true if a smaller country like Slovakia is considered. In this part of the paper, the quality of life in eight regions of Slovakia is analyzed according to the nine criteria that are described in the sections above; see Table 1.



Multi-criteria analysis methods were used to process the input data. The first step after collecting the input data was to assign weights to the given criteria. To ensure the most objective evaluation possible, three methods of assigning weights to the given criteria were chosen for this analysis. Method I was the method of equal weight; in this case, each criteria had the value 1/9, and the method II was the scoring method, and the method III was the entropy method. The method of equal weights and the method of entropy depend only on the input data. The scoring method is more subjective. Therefore, the analysis itself was preceded by a survey in the form of a questionnaire in order to be able to use this scoring method without the subjective involvement of the authors of the paper. The questionnaire was completed by 100 people aged 18 to 45 years, living in one of the regions of Slovakia, with the equal representation of both sexes. The age of the participating respondents was determined in a targeted manner, as it was assumed that such a group of people has the greatest propensity to move to another region for a better job or study or just a better quality of live. Each of the addressed people was asked to rank the given criteria according to importance on the basis of their own preferences and to divide 100 points between the given criteria. The collected data were used to determine the weights in the scoring method; see Table 2.



After the weights of the individual criteria were determined, the two methods were used to rank the alternatives. The first method used to evaluate the regions was the TOPSIS method; see Table 3. The order of the given regions differed only slightly, and their rank depended on the method of determining the weights of the given criteria. On the other side, it is easy to see that the quality of life depended on to the location of the region. The regions belonging to western Slovakia were placed at the forefront; regions of central Slovakia were located somewhere in the middle, while Košice Region and Prešov Region were at the tail of the table. The only exception was the position of the Banská Bystrica region when the entropy method was used. In this case, the Banská Bystrica region ranked first. The reason is probably the ninth criterion, i.e., the price of the property per m2, which shuffled the order in this case.



The second method used for this analysis was the WSA method. In this case the analysis was also performed for all three cases of weight determining as it was considered for the TOPSIS; see Table 4. The first two methods of the weight determining in combination with the WSA method led to identical results as before. The importance of the location of the region within Slovakia was obvious. The further west the region was located, the higher the quality of life based on the observed indices. This division of the regions even was not affected by the fact that in two regions of the eastern Slovakia lie the cities of Košice and Prešov, which have the largest population after Bratislava. The entropy method in combination with the WSA method provided just a slightly different order of the regions, but it ultimately confirmed the previous conclusion.



Based on the obtained results, the final order of the regions, with respect to the quality of life, was determined as the arithmetic average of all six results obtained by both methods, TOPSIS and WSA. The region with the highest quality of life was the Bratislava region, where the capital city of Slovakia, Bratislava, lies. It was followed by the Trnava, Trenčín and Nitra regions, i.e., the regions of western Slovakia. The fifth and sixth places were occupied by the regions of central Slovakia. According to the given indicators, eastern Slovakia and its two regions ranked in the last two places according to the level of quality of life; see Figure 1.




4. Discussion


In this paper, the quality of life in Slovakia in combination with a multicriteria analysis was studied. To ensure an objective evaluation, three methods were chosen to determine the weights of the individual criteria, on which the evaluation was based and performed. The determination of weights is a very important step in multicriteria analysis, as it can significantly affect the order of given alternatives. For the comparison of alternatives (in this case, the alternatives were the regions), two methods, TOPSIS and WSA, were chosen so that the resulting order best reflected the quality of life in the individual regions of Slovakia [44,45].



Slovakia does not resemble the large countries in terms of population or size. Therefore, it could be assumed that the quality of life in the different regions of this country does not differ much. The same assumption could also hold for the individual indicators of quality of life. An interesting finding of the multicriteria analysis performed in this paper is that the quality of life in the regions was related to their location. Those regions that lay in the western part of the country had a higher level of quality of life than the regions that were located in the middle or east of the country. These are the Bratislava Region, Trnava Region, Trenčín Region and Nitra Region. One of the reasons may be the fact that in the west, Slovakia borders with countries that are, within in the ranking of countries compiled according to the quality of life, higher than the countries with which Slovakia borders, for example, in the east. The resulting order of the analyzed regions was even not affected by the fact that the second and third largest cities by population, Košice and Prešov, are located in two regions of eastern Slovakia, namely the Košice region and Prešov region, which took the last two places, i.e., the 6th and the 8th place, respectively, in the multi-criteria analysis performed in the results part of this paper.



This paper dealt with a multi-criteria analysis of quality of life in the regions of Slovakia in 2019. It would be interesting to study the topic over a longer period of time, as well as whether the COVID-19 pandemic and related measures, such as closed shops and restaurants, distance learning, working from home or limited travel, affected the ranking of individual regions or not.




5. Conclusions


Quality of life is a concept that has several definitions and interpretations. There are many studies that have addressed this topic in different ways. For the purposes of this work, a multi-criteria analysis was chosen. This method of research has a wide application. It can be used not only in the combination with the quality of life, but also in the other areas related not only to economics. The aim of this work was to evaluate the quality of life of the regions of Slovakia on the basis of nine criteria.



Two methods of mutli-criteria analysis, TOPSIS and WSA, represent how the eight regions of Slovakia, on the basis of nine important indicators of the quality of life, were ranked. It was observed that one of the factors influencing the quality of life in Slovakia is the location of the region. The further west the region, the higher the quality of life was. On the contrary, the regions in the east of the country were placed on the last rungs of both methods used. Large differences in quality of life between regions can encourage the relocation of people to work or study and, thus, deepen regional disparities. An important area is the protection and creation of the environment, whether at a regional or national level, in terms of the country in question or internationally, in terms of the world economy. Other possible avenues for further research are the assessment of the innovation efficiency of regions with quality of life indices, as some research shows a high correlation between these indicators.
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Figure 1. Average rank of the Slovak regions. Source: own processing. 
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Table 1. Criteria matrix.






Table 1. Criteria matrix.





	
2019

	
K1

	
K2

	
K3 w

	
K3 m

	
K4

	
K5

	
K6

	
K7

	
K8

	
K9






	
BA

	
38,836.00

	
2.83

	
81.92

	
75.62

	
1641.00

	
359.70

	
4.30

	
860.92

	
10,064.00

	
2102.00




	
TT

	
17,917.48

	
2.63

	
80.75

	
74.72

	
1197.00

	
288.70

	
10.70

	
737.72

	
6173.00

	
1138.00




	
TN

	
13,741.78

	
3.20

	
81.53

	
74.76

	
1180.00

	
296.50

	
5.10

	
732.74

	
5033.00

	
944.00




	
NT

	
13,768.71

	
2.93

	
80.31

	
73.44

	
1122.00

	
342.30

	
6.60

	
732.95

	
6793.00

	
877.00




	
ZA

	
14,078.55

	
3.96

	
81.22

	
73.55

	
1174.00

	
346.10

	
12.10

	
691.88

	
6983.00

	
1123.00




	
BB

	
12,064.18

	
6.69

	
80.46

	
73.22

	
1108.00

	
330.90

	
19.30

	
664.35

	
7280.00

	
825.00




	
PO

	
10,388.55

	
8.19

	
81.23

	
74.11

	
1024.00

	
401.60

	
17.50

	
627.08

	
7153.00

	
1034.00




	
KE

	
13,352.95

	
7.57

	
80.47

	
73.47

	
1168.00

	
375.50

	
16.60

	
669.81

	
9156.00

	
1036.00




	

	
MAX

	
MIN

	
MAX

	
MAX

	
MAX

	
MIN

	
MAX

	
MIN

	
MIN








Source: own processing.
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Table 2. Criteria weights.






Table 2. Criteria weights.





	Criteria Weights
	K1
	K2
	K3
	K4
	K5
	K6
	K7
	K8
	K9





	Method I
	0.11111
	0.11111
	0.11111
	0.11111
	0.11111
	0.11111
	0.11111
	0.11111
	0.11111



	Method II
	0.14930
	0.13430
	0.08960
	0.08960
	0.11940
	0.07460
	0.10450
	0.12690
	0.05970



	Method III
	0.09726
	0.26266
	0.00007
	0.00910
	0.00504
	0.29366
	0.00395
	0.19829
	0.12996







Source: own processing.
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Table 3. TOPSIS method.






Table 3. TOPSIS method.





	

	
Method I

	
Rank

	
Method II

	
Rank

	
Method III

	
Rank




	
TOPSIS

	
    c i    

	

	
    c i    

	

	
    c i    

	






	
BA

	
0.899898

	
1

	
0.49909

	
3

	
0.499988

	
2




	
TT

	
0.163605

	
2

	
0.503502

	
2

	
0.496532

	
5




	
TN

	
0.116979

	
3

	
0.5474

	
1

	
0.496548

	
4




	
NT

	
0.075344

	
5

	
0.491183

	
4

	
0.498719

	
3




	
ZA

	
0.076287

	
4

	
0.487127

	
5

	
0.491594

	
7




	
BB

	
0.046738

	
7

	
0.467625

	
6

	
0.500851

	
1




	
PO

	
0.037947

	
8

	
0.454899

	
7

	
0.482554

	
8




	
KE

	
0.05221

	
6

	
0.449163

	
8

	
0.492572

	
6








Source: own processing.
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Table 4. WSA method.






Table 4. WSA method.














	WSA
	Method I
	Rank
	Method II
	Rank
	Method III
	Rank





	
	    u i    
	
	    u i    
	
	    u i    
	



	BA
	0.843656
	1
	0.801757
	1
	0.660429
	4



	TT
	0.557569
	3
	0.51485
	3
	0.712693
	3



	TN
	0.671338
	2
	0.593299
	2
	0.845823
	1



	NT
	0.522109
	4
	0.474173
	4
	0.767899
	2



	ZA
	0.497878
	5
	0.45524
	5
	0.580358
	5



	BB
	0.293837
	8
	0.25678
	8
	0.320034
	6



	PO
	0.386357
	6
	0.336134
	6
	0.263734
	7



	KE
	0.31105
	7
	0.266743
	7
	0.243286
	8







Source: own processing.
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