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Abstract:  

 

Purpose: The composite sustainable energy index could prove useful to evaluate both the 

state of the art and the progress of national energy towards sustainable development. 

However, different methods and procedures of selection and aggregation of variables can 

produce different results of index values and the ranking of objects. The objective of the 

paper is to evaluate different methods of data aggregation. 

Design/Methodology/Approach: We choose three methods, SAW, TOPSIS and VIKOR in 

order to obtain the Sustainable Energy Development Aggregated Index (SEDAI) to rank the 

EU Member States. We apply 47 variables and also test the need to reduce variables due to 

their collinearity. We apply some measures of the quality of indexes and rankings based on 

linear correlation of the index with the diagnostic variables, as well as the up ratio based on 

ranks comparison and our modification of up measure (u’p). 

Findings: We found that it is not possible to clearly indicate the method of selection and 

aggregation of variables that gives optimal ranking, however SAW method is most often 

indicated as the best method, according to evaluation measures applied in our research. 

Practical Implications: In this situation, one opportunity is to use the most intuitive SAW 

method, or we recommend using a set of rankings in order to aggregate the results of 

different methods as it is used in many machine learning methods.  

Originality/Value: The added value of the article is the indication of the SAW method as the 

best one, according to most analyzed quality measures for creating indexes and rankings. 

Additionally, we propose a measure of the quality of rankings and a method of aggregating 

indexes obtained with the use of various methods. 
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1. Introduction 

 

Energy systems are some of key focus points in the progress towards sustainable 

societies. That is why sustainable energy development is a crucial concept of energy 

policy of governments worldwide. In practice, the concept of sustainable energy is 

understood as “obtaining energy in a method that causes as little harm to the 

environment as possible, preferably from renewable sources, and increasing energy 

efficiency, while ensuring adequate energy security that takes into account the needs 

of present and future generations, as well as social, economic, and environmental 

aspects of human development” (Trojanowska and Nęcka, 2020).  

 

Implementation of the concept of sustainable energy requires continuous evaluation 

of the progress and deviations in this regard from decision-makers. In order to 

evaluate compliance of energy development with defined objectives, appropriate 

indicators are required. Various international organizations such as the International 

Energy Agency (IEA, 1997), the European Environment Agency (EEA,1999), the 

Statistical Office of the European Communities (Eurostat, 1999), the International 

Atomic Energy Agency (IAEA, 2005), the World Energy Council (WEC, 2014) 

have been trying to develop a credible, universal set of sustainable energy indicators 

in order to facilitate energy policy-makers. Moreover, many researchers have been 

putting forward their own suggestions in this area, either referring to the above-

mentioned studies or by creating their own sets of indicators (Garcia-Alvarez et al., 

2016a; 2016b; Hatefi and Torabi 2018). We also proposed our own set of sustainable 

energy indicators regarding European Union energy policy objectives (Ligus and 

Peternek, 2021).  

 

The selected diagnostic variables can be examined individually, or aggregated into 

one single index with the use of different methods of aggregation. The first widely 

known simple energy development index (EDI), composed as the arithmetic average 

of only three indicators, was prepared by IEA in the 2004 edition of the World 

Energy Outlook (IEA, 2004).  Some proposals for energy sustainable development 

indexes have been developed in the literature (Liu, 2016; Garcia-Alvarez et al., 

2016a; 2016b; Cucchiella et al., 2017; Cîrstea et al., 2018). We also proposed an 

aggregate SEDAI index (Sustainable Energy Development Aggregated Index) to 

rank the EU Member States and to identify the most advanced, medium-level and 

worst-performing countries on the path to sustainable energy (Ligus and Peternek, 

2021).  

 

However, we noticed that different methods and procedures give different results in 

the ranking of index values and Member States. One of the crucial steps of the 

procedure of index construction is the choice of method of selection, preparation and 

aggregation of variables (Saisana and Tarantola, 2002; Trojanowska and Nęcka, 

2020). 
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In this context the objective of the paper is twofold, first, to verify the need of 

variables reduction due to their collinearity, and second, to evaluate different 

methods of data aggregation into one composite index. We test different procedures 

to obtain aggregate SEDAI index to rank the EU Member States. We apply some 

measures of indexes and rankings quality based on linear correlation of the index 

with diagnostic variables, as well as the up ratio based on ranks comparison proposed 

by Kukuła and Luty (2015) and our modification of up  measure (u’p). 

 

2. Methodology of Index Construction 

 

Several groups of methods are proposed in the literature to aggregate indicators into 

one composite index. The most popular groups of methods are linear programming, 

covering data envelopment analysis (DEA) method developed by Charnes et al. 

(1978), multi-criteria decision analysis (MCDA) covering, i.e., AHP, FAHP, 

TOPSIS, VIKOR methods and the subgroup of simple additive or multiplying 

methods (Zhou et al., 2006; Zho et al., 2007; Hatefi and Torabi, 2018).  Due to the 

clarity of interpretation, the most often used method of aggregation is the SAW 

method (Garcia-Alvarez et al., 2016a; 2016b; Ligus and Peternek, 2021). The 

TOPSIS method is used just as often, due to its many advantages (Roszkowska, 

2011). The VIKOR method is used a little less frequently for index construction 

(Bulgurcu, 2016; Koszela et al., 2020).  

 

However the choice of aggregation method is very important, attempts are also made 

to verify the need to reduce the set of variables and the construction of reduction 

methods (Hellwig, 1968; Młodak, 2006; Bąk, 2017; Konarzewska, 2017). 

Researchers have also made attempts to verify the methods of normalization of 

variables (Walesiak, 2018; Trojanowska and Nęcka, 2020). An entirely separate 

problem is the choice of a measure that can be a criterion for the selection of the best 

method of index construction (Grabiński et al., 1989; Kukuła and Luty, 2015; Zhou 

et al., 2006). There are measures based on linear correlation of the index with 

diagnostic variables, the rank correlation and the variability, as well as the 

concentration of the index. We also propose our own measure. 

 

2.1 Selected Methods of Diagnostic Variables Reduction and Data Aggregation 

 

Our procedure of index construction comprises the following stages. In the first 

phase, we calculate the main descriptive statistics of indicators. An important issue 

is to exclude those with irrelevant variation from the set of indicators, because such 

indicators will not differentiate between objects. We assume the value of the 

coefficient of variation higher than 0.15 as being significant.  

 

In the second phase, we transform all variables into stimulants, which means that the 

higher the value of the indicator, the better. The most straightforward transformation 

of destimulants into stimulants is multiplication by -1.  
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In the third phase, we apply the formal statistical method in order to decide whether 

to reduce redundant information from the set of variables. The literature does not 

clearly indicate whether the full set of substantively selected indicators should be 

used or, due to the potential repeatability of information, this set should be reduced. 

Several works, e.g., Saisana and Tarantola (2002), Trojanowska and Nęcka (2020), 

suggest that there should be reductions of strongly correlated variables, but one can 

also find approaches that deem this reduction unnecessary (Kukuła and Luty 2015). 

This lack of reduction of correlated variables is explained, on the one hand, by 

greater stability of the ranking, and on the other hand, it is indicated that there are no 

formal (statistical) premises (such as colinearity) that the set should be reduced. In 

our research we decided to compute the indexes on both full and reduced set of 

variables. 

 

We can find several methods of reducing indicators (Jarocka, 2013). Hellwig (1968) 

proposed methods based on correlation coefficients. Młodak (2006) proposed some 

improvement of Hellwig’s method, Konarzewska (2017) suggested to apply factor 

analysis. Malina and Zeliaś (1998) proposed to use inverse correlation matrix 

method, which allows to analyze the interdependence of all variables together. It 

should be noted that Zelias and Malina's proposal is just the VIF (Variance Inflation 

Factor) analysis for each following variable, so the commonly used  limit value of 

VIF is suggested to be 10. We decided to use the method of Malina and Zeliaś. 

 

In the fourth phase we calculate indexes in separate sustainable energy dimensions 

by three methods: 

 

1. SAW, where in order to ensure comparability of the variables given in 

different units, we calculate the z -scores for all indicators: 

 

     (1) 

 

where,  is the value of j-indicator for i-country,  and  are the average and 

standard deviation of the j-indicator, respectively. In the next phase, we calculate 

values of the proposed indexes for the separate EU Member States and EU-27 

average. The formula is as follows: 

   (2) 

 

where  is added values of  normalized indicators for i- country in d 

dimension (standardized sum);  is the sum of the worst variable values 

in the sample in d dimension (anti-pattern - minimum value for all indicators) and 

 is constructed as the sum of the best variable values in the sample in d 

dimension (pattern - maximum value for all indicators). 
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2. TOPSIS, where we calculate relative closeness of objects to the ideal 

solution: 

    (3) 

 

where ;    

 

 – anti-ideal solution (anti-pattern) 

 

 – ideal solution (pattern) 

 

  

 

3. VIKOR, where we compute values: 

 

   (4) 

 

where ; ; ; l  

 

 ;   

 

 – anti-ideal solution (anti-pattern) 

 

 – ideal solution (pattern) 

 

  

 

Such methods of index construction result in index values being in the range from 0 

to 1.  

 

The above procedure leads to calculation of indexes of the three dimensions of 

sustainable energy, namely: social, economic, and environmental, and local sub-

indexes within dimensional categories. Finally, we calculate the Sustainable Energy 

Development Aggregated Index (SEDAI) for all dimensions, according to the 

formula: 

    (5) 

 

where  are weights of sustainable energy dimensions. 
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Equal weighting and subjective selection of weights are the most frequently used 

weighting methods in practical situations. Uneven selection of weights may cause 

difficulty as there may not exist enough objective evidence to support any subjective 

choices of weighting values. The popular methods to obtain the weights are Delphi 

and the analytic hierarchy process (AHP), statistical methods such as regression 

analysis, principal component analysis (PCA), and the entropy method (Saisana and 

Tarantola, 2002).  

 

In our work, we apply the expert weights found in the work of Ligus (2017). In that 

research, the FAHP method was used to achieve the weights of the sustainable 

development dimensions. The FAHP pairwise comparison procedure gave weights 

to the social, economic, and environmental dimensions of 0.304, 0.42, and 0.276, 

respectively. 

 

2.2 Evaluation Measures of Index Construction Methods 

 

Different methods of variables selection, normalization and aggregation of data can 

produce different results of index values and the ranking of objects (Saisana and 

Tarantola, 2002). We use three different methods of indexes construction, SAW, 

TOPSIS and VIKOR in two scenarios of a full and reduced set of variables. That is 

why we need some method of investigation and assessment of the results. We can 

find two kinds of measures in this regard in the literature. Grabiński, Wydymus and 

Zeliaś (1989) proposed confirmation of index value to diagnostic variable values. 

They use linear correlation of the index with the diagnostic variables (measures M1 

and M2), the rank correlation (measures M3, M4, M5), and the variability, as well as 

the concentration of the index (measures M6 and M7). As all proposed by Grabiński 

et al. (1989) measures are destimulants they proposed to aggregate with the 

following formula: 

    (6) 

 

However, it is worth noticing that the proposed aggregated measure is controversial 

because the values of M1 to M7 are from different intervals. In our research, we have 

chosen only two measures based on correlation (in order to avoid the mentioned 

controversy) to explore: 

    (7) 

and  

     (8) 

where  
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Another measure of ranking quality, proposed by Kukuła and Luty (2015) consists 

of confirming ranking quality by pairwise comparison of positions of objects in the 

examined ranking with the positions of objects in rankings created according to 

different procedures or methods, and then aggregating differences with the following 

formula: 

   (9) 

 

where    

 

— rank of the i-th object in the p-th ranking. 

 

Some disadvantage of Kukuła and Luty (2015) proposal is comparing positions in 

rankings, not the values of indexes themselves. So our proposition is to count, in 

addition, the distance between values of indexes according to the formula: 

 

.    (10) 

 

Note that the measure proposed by Kukuła and Luty (2015) has a desirable property 

that is standardized in the 0 -1 range. Our measure does not have such a desired 

property. The smaller the distance of the examined ranking, the better. 

 

3. The Data 

 

The sustainable energy index is based on a system of identified and selected 

indicators. We propose a set of indicators that have been chosen mainly according to 

the International Atomic Energy Agency guidelines (IAEA, 2005). We have chosen 

those variables that are more related to the main targets set by European directives in 

energy policy. We also considered EC's indicators (EC, 2020) proposed for EU 

countries, especially to assess and track progress towards achieving goal 7 of the 

United Nations' "The 2030 Agenda for Sustainable Development" to ensure access 

to affordable, reliable, sustainable and modern energy for all, reported by Eurostat 

each year (Eurostat, 2020).  

 

We also drew on literature research, such as Garcia-Alvarez et al. (2016a; 2016b), 

Iddrisu and Bhattacharyya (2011) and proposed our own indicators based on our 

experience and current challenges of the energy and climate policies of EU Member 

States, that we noticed. The synthetic index is based on the calculations of 47 

indicators, which are grouped in 21 sub-categories and eight categories. Those 

categories are later grouped into three dimensions: society, economy and 

environment (for more details and the list of indicators see Ligus and Peternek, 

2021). 
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4. Research Results 

 

The study covered three methods for creating ranking (SAW, TOPSIS and VIKOR) 

on two sets of diagnostic variables. The first set of variables included all proposed 

47 variables, while the second one was limited to 37 variables. The reduction of the 

number of variables was achieved with the use of the inverted correlation matrix 

method for the limit value of 10. As a result, the number of variables decreased from 

20 to 16 in the set of variables assigned to the economic dimension, and from 22 to 

16 in the set of variables assigned to the environmental dimension, and the set of 

variables assigned to social dimension did not change. 

  

To verify compliance of the SEDAI index computed with the use of different 

methods, it was decided to use the classic correlation coefficients and the ratio up 

proposed by the Kukuła and Luty (2015) and also our modification of up measure 

(u’p) (Table 1). 

 

Table 1. Correlation coefficients and measures  and  for researched methods 

of index construction 
 SAW TOPSIS VIKOR SAW_red TOPSIS_red VIKOR_red up   
SAW 1.000 0.909 0.869 0.989 0.887 0.835 0.805 2.821 

TOPSIS 0.909 1.000 0.872 0.905 0.994 0.874 0.825 2.624 

VIKOR 0.869 0.872 1.000 0.843 0.852 0.965 0.815 4.795 

SAW_red 0.989 0.905 0.843 1.000 0.895 0.832 0.793 2.779 

TOPSIS_red 0.887 0.994 0.852 0.895 1.000 0.862 0.805 2.591 

VIKOR_red 0.835 0.874 0.965 0.832 0.862 1.000 0.797 4.733 

Source: Own study. 

 

As we can see from Table 1, values of the correlation coefficients between 

individual indexes are high - all the statistical tests performed indicate their 

significance. However, the indexes constructed with the use of the TOPSIS method 

have the highest compliance with other indexes. The Kukuła and Luty measure 

based on the comparison of ranks indicates TOPSIS method applied for the full set 

of variables to be the most similar to other approaches, while our proposition based 

on distances points out TOPSIS method on the reduced data set as the most similar 

to others.  

 

In order to confirm the correctness of pointing out the TOPSIS method as the best 

one, it was also decided to use the measures of accordance to the index value with 

the values of diagnostic variables. The results are presented in Table 2. As it can be 

seen, these measures indicate the SAW method as the most consistent. Moreover, the 

TOPSIS method for the reduced set on variables occurred to be the second-worst 

method according to the M2 measure. 
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Table 1. Measures M1 and M2 for researched methods of index construction 
 SAW TOPSIS VIKOR SAW_red TOPSIS_red VIKOR_red 

M1 0.720 0.738 0.751 0.728 0.748 0.754 

M2 0.915 1.021 0.979 0.915 1.043 1.085 

Source: Own study. 

 

This ambiguity of the obtained results forced us to repeat the analysis carried out in 

social, economic and environmental dimensions separately. The results of these 

analyses are presented in Tables 3 and 4 for the economic dimension, Tables 5 and 6 

for the environmental dimension, and Tables 7 and 8 for the social dimension. 

 

Table 3. Correlation coefficients and measures  and  for economic dimension 

 SAW TOPSIS VIKOR SAW_red TOPSIS_red VIKOR_red up   
SAW 1.000 0.764 0.694 0.930 0.708 0.605 0.660 3.84 

TOPSIS 0.764 1.000 0.674 0.790 0.993 0.729 0.693 3.056 

VIKOR 0.694 0.674 1.000 0.680 0.650 0.902 0.701 5.448 

SAW_red 0.930 0.790 0.680 1.000 0.774 0.723 0.716 4.136 

TOPSIS_red 0.708 0.993 0.650 0.774 1.000 0.740 0.676 3.063 

VIKOR_red 0.605 0.729 0.902 0.723 0.740 1.000 0.726 4.958 

Source: Own study. 

 

Table 4. Measures M1 and M2 for the economic dimension 
 SAW TOPSIS VIKOR SAW_red TOPSIS_red VIKOR_red 

M1 0.705 0.775 0.795 0.726 0.791 0.822 

M2 0.955 1.045 1.091 0.818 1.091 1.091 

Source: Own study. 

 

In the economic dimension, the ambiguity of the results seems to be even greater 

than for SEDAI index. The M1 and M2 coefficients, proving compliance of the 

index value with the values of the diagnostic variables, indicate the SAW method 

(Table 4) to be the best, while completely different results can be seen when the up 

and  measures are taken into account. The up measure points to the VIKOR 

method on the reduced set of data as providing the most similar ranking to the 

others, while the distance-based measure , we have proposed indicates the 

TOPSIS method.\ 

 

Table 5. Correlation coefficients and measures  and  for environmental 

dimension 
 SAW TOPSIS VIKOR SAW_red TOPSIS_red VIKOR_red up   
SAW 1.000 0.944 0.817 0.960 0.936 0.819 0.804 3.368 

TOPSIS 0.944 1.000 0.799 0.858 0.968 0.780 0.823 3.955 

VIKOR 0.817 0.799 1.000 0.815 0.838 0.991 0.777 5.425 

SAW_red 0.960 0.858 0.815 1.000 0.917 0.848 0.804 3.377 
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TOPSIS_red 0.936 0.968 0.838 0.917 1.000 0.845 0.813 3.619 

VIKOR_red 0.819 0.780 0.991 0.848 0.845 1.000 0.782 6.24 

Source: Own study. 

 

Table 6. Measures M1 and M2 for environmental dimension 
 SAW TOPSIS VIKOR SAW_red TOPSIS_red VIKOR_red 

M1 0.551 0.576 0.633 0.569 0.580 0.632 

M2 0.550 0.750 0.850 0.700 0.600 0.800 

Source: Own study. 

 

In the environmental dimension the SAW method on the full dataset appears to be 

the best method according to three out of four evaluation measures. Only the 

measure proposed by the Kukuła and Luty indicates the TOPSIS method as the best 

one. 

  

Table 7. Correlation coefficients and measures  and  for the social dimension 

 SAW TOPSIS VIKOR up   
SAW 1.000 0.955 0.942 0.943 1.394 

TOPSIS 0.955 1.000 0.874 0.926 3.837 

VIKOR 0.942 0.874 1.000 0.937 6.386 

Source: Own study. 

 

Table 8. Measures M1 and M2  for the social dimension 
 SAW TOPSIS VIKOR 

M1 0.541 0.516 0.509 

M2 0.400 0.400 0.400 

Source: Own study. 

 

In the last social dimension, the set of indicators has not been reduced so the range 

of methodical variants is definitely smaller. The measures of compliance with the 

indexes indicate the SAW method as the best, while the measures of indexes 

accordance with the diagnostic variables give an ambiguous result. The M1 measure 

indicates VIKOR method as the best one, while the M2 measure evaluates all 3 

methods equally well. 

 

Unfortunately, the conducted research proves that it is not possible to clearly 

indicate one recommended method for creating ranking. This finding complies with 

the findings of the other studies on this subject (Kisielińska, 2016). It is also 

ambiguous whether the set of variables should be reduced or not. In most cases the 

measures confirmed the full set of indicators being a better option, but there were 

some cases where better results were achieved for the reduced set of data. In such 

situations Kisielińska (2016) proposed averaging the results (rankings) of all 

analyzed ranking creation methods and procedures in order to create an 

unambiguous ranking. We also propose a similar solution, but as we rely on the 
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index, i.e., the value of the measure, and not on the ranking, we suggest that the 

values of all counted indexes for a given area and under a given method should be 

unitized. Such prepared dimensional indexes should be averaged and become 

components of an aggregated SEDAI index calculated according to the formula: 

 

  (11) 

 

where m – number of selected methods 

 – index for i – country computed by m – method in k-dimension. 

 

Such calculated SEDAI indexes were subjectedsubject to the same research, while 

the averaging of the index values was performed in three groups for methods, SAW, 

TOPSIS and VIKOR on the full set of indicators (FULL - 3 methods), SAW, 

TOPSIS and VIKOR calculated for reduced set of variables (RED - 3 methods) and 

by aggregating indexes calculated with the use of all mentioned methods and data 

sets (ALL - 6 methods). 

 

Tables 9 and 10 present the results of the chosen measures of indexes and 

consistency of rankings. It can be noticed that the indexes calculated in this way are 

very similar to each other. This is indicated both by the values of up and u’p 

measures and the correlation coefficients. They indicate the SEDAI based on the 

mean calculated from all methods as the closest to the others. The same result is 

achieved with the use of M1 measure of index value compliance with the values of 

the variables - it also indicates the index calculated from all possible methods (ALL) 

as the most consistent. The only deviation occurs with the results of M2 measure, 

which indicates the ranking calculated on the reduced data set as the most consistent. 

 

Table 9. Correlation coefficients and measures  and  of consistency for 

applied index construction methods 
 FULL RED ALL up   
FULL 1 0,978 0,995 0.968 0.175 

RED. 0.978 1 0,995 0.962 0.175 

ALL 0.995 0.995 1 0.977 0.117 

Source: Own study. 

 

Table 10. M1 and M2 consistency measures of applied index construction methods  
 FULL RED ALL 

M1 0.746 0.746 0.745 

M2 1.043 0.979 1.000 

Source: Own study. 
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Additionally, it was decided to calculate the variance inflation factor for all methods 

of index creation for each dimension (it was not calculated for the entire set of 

variables due to the insufficient number of objects in relation to the variables, which 

resulted in bad conditioning of the matrix). Let us recall that the higher the VIF, the 

stronger the dependence of the value of a given index on the variables of a given 

dimension. Table 11 indicates that the highest coefficients for each dimension were 

obtained by the use of SAW method on the full data set. 

 

Table 11.  measures for researched index construction methods 

 VIF SAW TOPSIS VIKOR SAW_red TOPSIS_red VIKOR_red Full Red. All 

Social 2.88 2.3 2.86 2.26 2.27 1.81 1.38 1.48 1.43 

Economic 36.66 19.35 27.45 32.79 18.11 25.94 29.07 26.11 27.82 

Environmetal 16.29 11.17 10.8 11.49 9.4 7.09 13.68 14.94 14.58 

Source: Own study. 

 

5. Conclusions 

 

The conducted research proves that it is not possible to clearly indicate a method that 

results in  optimal ranking. Different measures of suitability of rankings indicate 

different methods and procedures as being the best. In this situation, one approach is 

to use a set of rankings in order to aggregate the results of different methods - 

similar prediction methods are used in many machine learning methods. It is also 

impossible to unequivocally prove whether the correlated variables should be 

removed from the data set or not.  

 

However, if the researcher would like to choose only one method of ranking 

construction, then the SAW method should be considered - it is the most intuitive 

and also most often indicated in our study as the best method. 

 

It should be noted that our research was carried out with the use of transformation 

types dedicated to specific aggregation methods applied. It seems that it would be 

reasonable to repeat the research carried out, by additionally examining various 

methods of data normalization and various methods of transforming the nature of the 

variables (change of destimulants into stimulants). 
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