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 Agricultural tractor selection is vital for farms, farmers or other agricultural companies in terms 
of success and competitiveness in the global market. This selection may be assumed as a 
MCDM (Multi Criteria Decision Making) problem involving qualitative and quantitative 
factors that must be simultaneously integrated into the selection process. At the same time there 
are many agricultural tractor alternatives in the market when purchasing an agricultural tractor. 
This paper deals with the agricultural tractor selection problem using TOPSIS method. This 
problem is also solved with two other MCDM methods; COPRAS (COmplex PRoportional 
ASsessment) and EVAMIX (EVAluation of MIXed Data) to rank the tractors alternatives. 
Lastly Borda and Copeland methods are used to aggregate all three ranking results. 
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1. Introduction 
 

 
Agricultural productions such as vegetables, animals, fisheries, microorganisms and energies are 
prepared using agricultural inputs such as soil, water and biological sources. The use of modern 
agricultural machines instead of primitive tools, machinery, equipment and facilities is called 
agricultural mechanization. Agricultural mechanization is generally used for increasing productivity of 
land and labor (Akdemir, 2013). According to Akdemir (2013) main agricultural mechanization 
problems are small scale and fragmented farming, unnecessary tractor and agricultural machinery 
selection, lack of knowledge on effective and proper usage, maintenance of tractor and agricultural 
machineries and old combined tractor park. In this study it is focused on the agricultural machinery 
selection which is the important part of the machinery management decision. Among the agricultural 
machines, tractors are handled. Tractor is one of the most important tools on acreage and plays an 
important role in agricultural production. The purchase of a tractor and associated equipment need 
substantial investment. The result of improper tractor selection can be costly. For example when a 
relatively small tractor is chosen for a large land, it’s faced with long hours in the field, excessive delays 
and premature replacement whereas a relatively big tractor can result in excessive operating and 
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overhead costs (Sumner & Williams, 2007). So it can be said that the selection of tractor is a complex 
problem in machinery management because of the wide range of machinery types, different available 
sizes, capital investment, competent technician labor requirement, timeliness, types of crops, 
unbalanced crop rotation and other related factors (Osman, 2011). Farmers, farms or decision makers 
have to consider different methods which incorporate the conflicting criteria in order to identify the 
best alternative.  In the literature, this selection has been made using different ways. Mehta et al. (2011) 
developed a Decision Support System (DSS) to select a tractor and its matching equipment for different 
soils and operating conditions. Zhou (2011) proposed a new comprehensive assessment method, which 
combines neural networks and support vector machine based on Particle Swarm Optimization (PSO). 
Grisso et al. (2014) used tractor test data for selecting farm tractors. García-Alcaraz et al. (2016) 
proposed hybrid and multi-attribute approach to assess a set of agricultural tractors based on Analytic 
Hierarch Process (AHP) and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) 
methods. Bol and Mohammed (2005) developed a mathematical model for farm machinery selection. 
Osman (2011) developed a model for optimization of farm machinery management by linear 
programming.  
 
Differently from the other studies in the literature, COPRAS (COmplex PRoportional ASsessment) and 
EVAMIX (EVAluation of MIXed Data) methods are performed including the application of the tractor 
selection problem in this paper. The illustrative example related with the tractor selection problem is 
taken from Garcia-Alacaz et al. (2016) who used TOPSIS method before. Then the ranking orders of 
COPRAS, EVAMIX and TOPSIS methods are aggregated by Borda and Copeland methods. According 
to these methods the best ranking of alternatives is defined. The novelty of this paper is to solve the 
agricultural tractor selection problem with COPRAS and EVAMIX methods against the existing 
TOPSIS method and aggregating these three methods with Borda method and Copeland methods. 
 
The rest of this paper is organized as follow. General information about the COPRAS and EVAMIX 
methods are given in Section 2 and Section 3, respectively. Borda and Copeland methods that are the 
MCDM aggregation methods are explained in Section 4. Section 5 is provided for the agricultural 
tractor selection problem. Lastly in Section 6 the results of the application are presented and 
recommendations for future studies are discussed.  

 
2. COPRAS Method 

The COPRAS (COmplex PRoportional ASsessment) method was first introduced by Zavadskas et al. 
(1994). This method compares the alternatives and determines their priorities under the conflicting 
criteria by taking into account the criteria weights (Zavadskas et al., 2009). It assumes direct and 
proportional dependences of the significance and utility degree (priority) of the alternatives. Selection 
of the best alternative is made by considering both the ideal and the ideal-worst solutions (Chatterjee 
& Chakraborty, 2014). In the literature, there are many applications of COPRAS method. Zavadskas 
et al. (2001) proposed COPRAS method for assessing building life cycles to select the best alternative. 
Vilutienė and Zavadskas (2003) determined the effective variant of a dwelling maintenance work and 
performance with this method. Zavadskas et al. (2004) used COPRAS method for developing a housing 
credit access model. Zavadskas and Vilutiene (2004) determined the appropriate maintenance 
contractors for apartment blocks. Kaklauskas et al. (2005) proposed COPRAS method for designing 
and refurbishment of building.  Andruškevicius (2005) used this method for selecting the best 
contractor for the construction of a trade and entertainment center. Kaklauskas et al. (2006) evaluated 
contractors for the replacement of windows in Vilnius Gediminas Technical University main building. 
Kaklauskas et al. (2007a) selected the best construction alternative with COPRAS method. Kaklauskas 
et al. (2007b) determined the market value of real estate with help of COPRAS method. Zavadskas et 
al. (2007) proposed to use COPRAS method for evaluating road design alternatives. Viteikienė and 
Zavadskas (2007) used COPRAS method for evaluating the sustainability of residential areas in Vilnius 
City. Zagorskas et al. (2007) determined sustainable city compactness by using COPRAS method. 
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Banaitiene et al. (2008) used COPRAS method to select a building’s life cycle. Kaklauskas et al. (2010) 
evaluated intelligent built environment alternatives in industrialized countries. Kanapeckiene et al. 
(2010) proposed Knowledge Based Decision Support System for Construction Projects Management 
(KDSS-CPM) to select a land parcel from the alternatives. Das et al. (2012) applied COPRAS method 
to measure relative performance of Indian technical institutions. Mulliner et al. (2013) evaluated the 
affordability of different housing locations by considering economic, environmental and social criteria. 
Chatterjee and Chakraborty (2014) used COPRAS method to select the most appropriate Flexible 
Manufacturing System (FMS) for a manufacturing firm. Also COPRAS-G method was used for the 
selection of investment project (Popovic et al., 2012), the effective dwelling house walls (Zavadskas et 
al., 2008a), construction project manager (Zavadskas et al., 2008b), contractor (Zavadskas et al., 
2008c), best web site (Bindu Madhuri et al., 2010) and material (Chatterjee & Chakraborty, 2012; 
Maity et al., 2012). 

 

The following steps are applied for the COPRAS method. It is assumed that there are m  alternatives 
and n criteria in the problem (Chatterjee & Chakraborty, 2014):  
 

Step 1: The normalized decision matrix is acquired with linear normalization procedure using Eq. (1) 
(Kaklauskas et al., 2006): 
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where xij and ijr  are the performance of the ith alternative with respect to the jth criterion and its 

normalized value, respectively. The values of the criteria with having different units of measurement 
should be normalized in order to compare them, accordingly (Zavadskas et al., 2009). 
 

Step 2: Normalized decision making matrix (D) is weighted as: 

jijmxnij wr]d[D    (2)

where jw  is the importance weight of  jth criterion. 

Step 3: The weighted normalized values are summed for both beneficial and non-beneficial criteria (

iS  and iS ). 
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d+ij and d-ij are the weighted normalized values for the beneficial and non-beneficial criteria, 
respectively. The greater the value of S+i , the better is the alternative and the lower the value of S-i , 
the better is the alternative. The S+i and S-i values express the degree of goals attained by each 
alternative. In any case the sums of S+i and the sums of S-i are equal to the weighted sums for the 
beneficial and non-beneficial criteria as expressed by the following equations: 


 




 
m

1i

n

1j
ij

m

1i
i dS

 (5)


 




 
m

1i

n

1j
ij

m

1i
i dS

 (6)

Step 4: The relative significances or priorities of each alternative (Qi) are determined using the 
following formula: 
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where S-min is the minimum value of S-i. The greater the value of Qi, the higher is the priority of the 
alternative. The relative significance value of an alternative shows the degree of satisfaction attained 
by that alternative. The alternative with the highest relative significance value (Qmax) is the best choice 
among the alternatives. 

Step 5: The quantitative utility for each alternative (Ui) is calculated. The degree of an alternative’s 
utility which leads to a complete ranking of the alternatives is determined by comparing the priorities 
of all the alternatives with the most efficient one and can be denoted as below: 
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where Qmax is the maximum relative significance value. These utility values of the alternatives range 
from 0 % to 100 %. 

3. EVAMIX Method 

The EVAMIX (EVAluation of MIXed Data) method was first introduced by Voogd (1982, 1983) and 
then developed by Nijkamp et al. (1990), Martel and Matarazzo (2005). EVAMIX is a MCDM method 
that combines both ordinal (qualitative) and cardinal (quantitative) criteria within the same evaluation 
matrix. It is especially designed to deal with the mixed data. In other words, EVAMIX method makes 
different computations to the data in the evaluation matrix depending on whether it is ordinal or cardinal 
(Hajkowicz & Higgins, 2008). This characteristic is the main difference between EVAMIX and other 
MCDM methods (Chatterjee et al., 2011). EVAMIX is a simple decision support tool basically it 
requires pairwise comparison of alternatives. For each pair of alternatives, a dominance score for the 
ordinal and cardinal criteria are calculated. Then these dominance scores are combined into an overall 
dominance score of each alternative (Hinloopen et al., 2004). Ranking of alternative is obtained 
according to the appraisal scores (Chatterjee & Chakraborty, 2013).  

In the literature, there are many applications of EVAMIX method. Qureshi et al. (1999) presented 
environmental and natural resource management model using weighted summation, expected value and 
EVAMIX. Maimone (2001) used EVAMIX method for ranking water resources projects in terms of 
organizing water resource and prioritizing watersheds for implementation of watershed restoration 
measures and spill sites for cleanup by a major electric power utility in Pennsylvania. Hajkowicz and 
Higgins (2008) solved six water management decision problems with weighted summation, range of 
value, PROMETHEE II, EVAMIX and compromise programming. Their results showed that different 
MCDM methods were in strong agreement with high correlations amongst rankings. Chung and Lee 
(2009) proposed potential flood damage, potential streamflow depletion, potential water quality 
deterioration and watershed evaluation index to identify the spatial ranking of hydrological 
vulnerability to the Korean urban watershed.  Each index was calculated using composite 
programming, compromise programming, ELECTRE II, Region method and EVAMIX method. 
Chatterjee et al. (2011) illustrated two examples of COPRAS and EVAMIX methods while solving 
complex material selection decision making problems involving ordinal and cardinal criteria. Dosal et 
al. (2012) developed a methodology based on EVAMIX, weighted Summation, ELECTRE II and 
Regime for selecting optimal location of C&DW recycling facilities in Cantabria, a northern Spanish 
region. Chatterjee and Chakraborty (2013) applied EVAMIX method for solving the nontraditional 
machining process selection problems in order to show details the applicability, suitability and 
potentiality of the method. Cerreta and Malangone (2013) identified alternative strategies of 
transformation for Amalfi and the Valle dei Mulini then assessed applying respectively the EVAMIX 
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and ANP methods. Darji and Rao (2013) combined EVAMIX method with AHP for selection of right 
material. Chatterjee and Chakraborty (2014) presented the application of six MCDM methods for 
selecting the best flexible manufacturing system for a given manufacturing organization. Ebrahim and 
Abolfazl (2014) used AHP and EVAMIX models for ranking of seven flood management measures in 
Gorganrood River flood management project. Sohrabi and Nemati (2015) used EVAMIX for ranking 
of the five anti-corruption approaches under seven criteria.  
 

The following steps are applied for the EVAMIX method (Hajkowicz and Higgins, 2008; Chatterjee 
and Chakraborty, 2013; 2014): 
 

Step 1: First, criteria are divided into two categories as the ordinal and cardinal. 
 

Step 2: The original data is normalized using linear normalization procedure. Eq. (9) and Eq. (10) are 
performed for the beneficial and non-beneficial criteria respectively: 
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Step 3: Unique pairs of alternatives are identified and dominance scores of ith alternative on each 
ordinal and cardinal criterion with respect to other alternatives are calculated. Then Eq. (11) and Eq. 
(13) are performed for computing the dominance scores of each alternative pair (i, i ) for all the ordinal 
and cardinal criteria respectively: 
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In these formulas ii  and ii  are ordinal and cardinal dominance scores, respectively. O and C are the 

sets of ordinal and cardinal criteria. wj is the weight of jth criterion. The weights can be found by any 
weighting techniques. c is a scaling  parameter which controls the influences of differences arising from 
minor criteria. The larger c is the lesser the influences of differences on minor criteria. 

Step 4: The standardized dominance scores are calculated because of the different units of the ordinal 
and cardinal dominance scores. In the literature there many approaches to derive standardized 
dominance scores. In this paper an additive interval method is performed for standardized ordinal 
dominance score ( ii  ) and standardized cardinal dominance score ( )d ii   as follows: 
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 and   are the highest and lowest ordinal dominance score for the alternative pair (i, i′).  and 
 are the highest and lowest cardinal dominance score for the alternative pair (i, i′). 

Step 5: The overall dominance score ( iiD  ) is calculated for each pair of alternatives as follows: 

iiCiiOii dwwD      (16)

wo is the sum of weights assigned to the ordinal criteria ( 



Oj

jO ww )  and wC is the sum of weights 

assigned to the cardinal criteria ( 
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Step 6: Finally the appraisal score for each alternative (Si) is computed as follows:  
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As seen Eq. (17) the appraisal score of each alternative depends on the overall dominance score of it. 
The appraisal score for each alternative is used to determine the final ranking of alternatives from best 
to worst. Higher appraisal score means better performance of the alternative.  

4. Aggregation methods  

MCDM methods find a set of ranking orders of alternatives. The results of different methods may not 
be same because of the different conceptual assumptions of the methods. In this manner aggregation of 
the methods may be needed. In this paper the Borda and Copeland methods are used for performing the 
aggregation.  

4.1. Borda Method 

The Borda method is based on the concept of voting and a majority rule binary relation (Hwang and 
Yoon, 1981). This method allows a voter to rank a set of alternatives by assigning different preferences 
to each alternative (Saari, 1995). For each method it compares each pair of alternatives (Ai, iA  ) 
separately and then an N×N matrix is formed. For each pair of alternatives the number of votes is 
defined as the number of "supporting" methods in which Ai is more preferable than iA  . In NxN matrix 

X,  iix   takes the value of 1 if Ai receives more votes than iA  and 0, otherwise.  At the same time iix   

and iix   are both 0 if Ai and iA  take the same number of votes. For this matrix, the numbers in each 
row is summed and denoted by Sj. Sj indicates the number of "wins" that Ai has received against other 
alternatives. Hence the alternative with the highest Sj is considered the most preferable (Cheng, 2000).  

4.2. Copeland Method 

The Copeland is another method that is based on a voting concept. This method is an extension of the 
Borda method and the modification of the majority rule case taking into account “losses” as well as 
“wins” (Hwang and Yoon, 1981).  It starts with the end of Borda method. The number of “losses” ( )jS   

is calculated by summing the values of each column of the matrix. Then the Copeland score of all 
alternatives are obtained by subtracting the number of “losses”   ( jS  ) from the number of “wins” (Sj) 

(Pourjavad and Shirouyehzad, 2011). The Copeland method ranks the alternatives in descending order 
as Borda method does. 

5. Application  

In this section, the applicability of MCDM demonstrated with the implementation in a real life case 
taken from Garcia-Alacaz et al. (2016). The problem is the selection of the best tractor. This selection 
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problem includes six criteria as initial cost of the tractor (IC), rated power (RP), number of cylinders 
(NC), displacement (DI), safety of the operator when maneuvering the tractor (SO) and after-sale 
customer service from suppliers (CS). The first four criteria are quantitative and can be expressed by 
certain measurement. The last two criteria are qualitative. In the problem there are seven tractor 
alternatives (A1, A2, .., A6). Garcia-Alacaz et al. (2016) solved this problem with TOPSIS method and 
found the ranking of the alternatives as A5>A2>A6>A4>A3>A1. 

Differently from Garcia-Alacaz et al. (2016) same selection problem is solved by COPRAS and 
EVAMIX methods respectively in this paper. Then Borda and Copeland methods are applied in order 
to aggregate the ranking of the alternatives that is found from these three MCDM methods. Application 
section begins with forming of the decision matrix shown in Table 1. In this table necessary data for 
performance evaluation of alternatives are summarized. Among these six criteria SO, CS and RP are 
beneficial where higher values are desirable; IC, NC and DI are non-beneficial where smaller values 
are desirable. Beneficial criteria are maximized whereas non-beneficial criteria are minimized. Garcia-
Alacaz et al. (2016) employed the AHP method to determine the weights of considered criteria. These 
weights are wSO = 0,07696, wCS = 0,37834, wIC = 0,23857, wRP = 0,08151, wNC = 0,10869 and wDI = 
0,11593.  

Table 1 
Decision matrix  

 SO CS IC RP NC DI 
A1 8,8 8,6 748223,0 80,0 4,0 4530,0 
A2 7,3 7,3 520730,0 75,0 4,0 4500,0 
A3 6,2 5,3 425232,5 80,0 4,0 4070,0 
A4 7,3 6,2 649477,5 100,0 6,0 6000,0 
A5 8,2 8,3 585305,0 95,0 4,0 4000,0 
A6 8,6 8,5 702590,0 110,0 6,0 6000,0 

Criteria type Max Max Min Max Min Min 
 

5.1. Application of COPRAS Method  

The first step of COPRAS method is the normalization of the decision matrix so the decision matrix is 
normalized using Eq. (1) as seen in Table 2. Then, the corresponding weighted normalized decision 
matrix is developed using Eq. (2) as given in Table 3.  

Table 2  
Normalized decision matrix 

 SO CS IC RP NC DI
A1 0,1897 0,1946 0,1481 0,2060 0,1429 0,1557
A2 0,1573 0,1652 0,1389 0,1434 0,1429 0,1546
A3 0,1336 0,1199 0,1481 0,1171 0,1429 0,1399
A4 0,1573 0,1403 0,1852 0,1788 0,2143 0,2062
A5 0,1767 0,1878 0,1759 0,1612 0,1429 0,1375
A6 0,1853 0,1923 0,2037 0,1935 0,2143 0,2062

 
Table 3   
Weighted normalized decision matrix  

 SO CS IC RP NC DI
A1 0,0146 0,0736 0,0121 0,0492 0,0155 0,0180
A2 0,0121 0,0625 0,0113 0,0342 0,0155 0,0179
A3 0,0103 0,0454 0,0121 0,0279 0,0155 0,0162
A4 0,0121 0,0531 0,0151 0,0427 0,0233 0,0239
A5 0,0136 0,0710 0,0143 0,0385 0,0155 0,0159
A6 0,0143 0,0728 0,0166 0,0462 0,0233 0,0239
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Based on Eq. (3) and Eq. (4), the sums of the weighted normalized values are calculated for both the 
beneficial criteria (S+i) and non-beneficial criteria (S-i), as shown in Table 4. Then, applying Eq. (7) 
and Eq. (8), the relative significance or priority value (Qi) and the quantitative utility (Ui) for each 
alternative are computed, as given in Table 5. According to the calculation results, the complete ranking 
of the alternatives is obtained as A5>A2>A1>A6>A3>A4.  A5 is the best alternative with 100 % utility 
degree.  

Table 4  
S+i and S-i values 

 S+i S-i  S+i S-i 
A1 0,1003 0,0827 A4 0,0803 0,0899 
A2 0,0859 0,0677 A5 0,0990 0,0699 
A3 0,0677 0,0597 A6 0,1036 0,0933 

 

Table 5  
Qi and Ui values 

 Qi Ui Rank Qi Ui Rank
A1 0,1705 93,6465 3 A4 0,1449 79,5926 6
A2 0,1717 94,3369 2 A5 0,1820 100,0000 1
A3 0,1650 90,6542 5 A6 0,1658 91,0942 4

 

5.2 Application of EVAMIX Method  

EVAMIX application begins with the separation of the criteria as ordinal and cardinal.  As stated 
previously SO and CS are ordinal whereas IC, RP, NC and DI are cardinal criteria. Then the normalized 
decision matrix is obtained using Eq. (9) and Eq. (10) and shown in Table 6.  

Table 6  
Normalized decision matrix 

 SO CS IC RP NC DI
A1 1,000 1,000 0,000 0,143 1,000 0,735
A2 0,423 0,606 0,704 0,000 1,000 0,750
A3 0,000 0,000 1,000 0,143 1,000 0,965
A4 0,423 0,273 0,306 0,714 0,000 0,000
A5 0,769 0,909 0,504 0,571 1,000 1,000
A6 0,923 0,970 0,141 1,000 0,000 0,000

 

The dominance scores of each pair of tractors are computed and given in Table 7. “c” value is taken as 
1 while applying Eq. (11) and Eq. (13). The standardized dominance scores and the overall dominance 
scores for all the pairs of tractors for both the ordinal and cardinal criteria are computed and shown in 
Table 8 and 9, respectively.   

Table 7  
The dominance scores of each pair of tractors 

Tractor 
pair 

ii   ii   
Tractor pair 

ii   ii   
Tractor pair 

ii   ii   

(1,2) 0,4553 -0,1581 (3,1) -0,4553 0,2652 (5,1) -0,4553 0,1860
(1,3) 0,4553 -0,2652 (3,2) -0,4553 0,1071 (5,2) 0,4553 0,0279 
(1,4) 0,4553 0,0744 (3,4) -0,4553 0,3396 (5,3) 0,4553 -0,0792 
(1,5) 0,4553 -0,1860 (3,5) -0,4553 0,0792 (5,4) 0,4553 0,2604
(1,6) 0,4553 0,0903 (3,6) -0,4553 0,3556 (5,6) -0,4553 0,2763 
(2,1) -0,4553 0,1581 (4,1) -0,4553 -0,0744 (6,1) -0,4553 -0,0903 
(2,3) 0,4553 -0,1071 (4,2) -0,3783 -0,2325 (6,2) 0,4553 -0,2485
(2,4) 0,3783 0,2325 (4,3) 0,4553 -0,3396 (6,3) 0,4553 -0,3556 
(2,5) -0,4553 -0,0279 (4,5) -0,4553 -0,2604 (6,4) 0,4553 -0,0159
(2,6) -0,4553 0,2485 (4,6) -0,4553 0,0159 (6,5) 0,4553 -0,2763 
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Table 8 
The standardized dominance scores 

Tractor 
pair ii 

 iid   
Tractor 
pair ii 

 iid   
Tractor 
pair ii 

 iid   
(1,2) 1 0,2776 (3,1) 0 0,8730 (5,1) 0 0,7615 
(1,3) 1 0,1270 (3,2) 0 0,6506 (5,2) 1 0,5392 
(1,4) 1 0,6046 (3,4) 0 0,9776 (5,3) 1 0,3886 
(1,5) 1 0,2385 (3,5) 0 0,6114 (5,4) 1 0,8661 
(1,6) 1 0,6270 (3,6) 0 1,0000 (5,6) 0 0,8886 
(2,1) 0 0,7224 (4,1) 0 0,3954 (6,1) 0 0,3730 
(2,3) 1 0,3494 (4,2) 0,0845 0,1730 (6,2) 1 0,1506 
(2,4) 0,9155 0,8270 (4,3) 1 0,0224 (6,3) 1 0,0000 
(2,5) 0 0,4608 (4,5) 0 0,1339 (6,4) 1 0,4776 
(2,6) 0 0,8494 (4,6) 0 0,5224 (6,5) 1 0,1114 

 

Table 9  
Overall dominance scores 

Tractor pair 
iiD   

Tractor pair 
iiD  Tractor pair 

iiD 
(1,2) 0,6065 (3,1) 0,4755 (5,1) 0,4148 
(1,3) 0,5245 (3,2) 0,3544 (5,2) 0,7490
(1,4) 0,7846 (3,4) 0,5325 (5,3) 0,6670 
(1,5) 0,5852 (3,5) 0,3330 (5,4) 0,9271
(1,6) 0,7968 (3,6) 0,5447 (5,6) 0,4840 
(2,1) 0,3935 (4,1) 0,2154 (6,1) 0,2032 
(2,3) 0,6456 (4,2) 0,1327 (6,2) 0,5373
(2,4) 0,8673 (4,3) 0,4675 (6,3) 0,4553 
(2,5) 0,2510 (4,5) 0,0729 (6,4) 0,7154 
(2,6) 0,4627 (4,6) 0,2846 (6,5) 0,5160

 

Table 10  
Appraisal scores of tractors 

 A1 A2 A3 A4 A5 A6

Appraisal scores 0,3580 0,1565 0,1506 0,0377 0,2950 0,1367
Ranking 1 3 4 6 2 5

 

The appraisal scores of alternatives are calculated and shown in Table 10. According to appraisal scores 
the ranking order of the tractors is obtained as A1>A5>A2>A3>A6>A4. A1 and A4 are the best and worst 
alternatives respectively.  

5.3. Application of Borda and Copeland methods 

Consequently the ranking results of alternatives based on the two methods are extracted in Table 5, 
Table 10 and TOPSIS method extracted from Garcia-Alacaz et al. (2016) are shown in Table 11 
together. It can be concluded that the results of these three methods are different to each other. In this 
paper, Borda and Copeland methods are used to aggregate them. The aggregated results are also shown 
in the same table. The rank orders of the Borda and the Copeland methods are exactly the same. So, it 
is still possible to conclude that A5 > A2 >A1 > A6 >A3 > A4 where A5 is the most preferable. If the 
decision maker only looks for the most preferable solution, this conclusion is clear enough to suggest 
A5 as the best choice. 

Table 11  
Ranking and Aggregated Results 

 Ranking Results Aggregated Results 
 COPRAS EVAMIX TOPSIS Borda Copeland
A1 3 1 6 3 3 
A2 2 3 2 2 2 
A3 5 4 5 5 5 
A4 6 6 4 6 6 
A5 1 2 1 1 1 
A6 4 5 3 4 4 
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6. Conclusion  

In this paper a MCDM based on COPRAS and EVAMIX methods have been applied on the tractor 
selection problem of Garcia-Alacaz et al. (2016). The results of two methods and TOPSIS produce 
different ranking of tractor alternatives. So Borda and Copeland methods are applied in order to 
aggregate the ranking of the alternatives. As a result of aggregation A5 and A4 are the best and worst 
alternatives respectively.  

Both COPRAS and EVAMIX methods provide some advantages and disadvantages. Firstly COPRAS 
method has the potential to be popular, widely acceptable because it does not contain complex 
calculations and easy to apply to real life problems. Also COPRAS method is very useful when the 
number of alternatives and criteria are very high, because it does not need pair-wise comparison like 
PROMETHEE or ELECTRE methods. It can provide a complete ranking of alternatives. It can deal 
with both quantitative and qualitative criteria within one assessment. It has the ability to account for 
both positive and negative evaluation criteria, which can be assessed separately within the evaluation 
process. An important feature that makes the COPRAS method superior to other available MCDM 
methods is that it may be used to estimate the utility degree of alternatives, showing, as a percentage, 
the extent to which one alternative is better or worse than other alternatives taken for comparison. The 
main advantage of EVAMIX method is handling both ordinal and cardinal data considering all 
available data related to the problem. There is no need to express ordinal data quantitatively. The 
philosophy underlying this method is clear so decision makers may understand the application steps 
easily. The method is based on evaluation matrix and there is no boundary in terms of the number of 
criteria and alternative on this matrix. So complex decision problems can be organized and solved in a 
consistent manner. At the same time method is flexible because if the additional data about the problem 
is collected then method can be updated easily considering the new data. Solution of the problem can 
be executed by the help of the softwares. But this method cannot consider the interdependence between 
the criteria as ANP does.  
 
In this paper efforts are devoted to show the applicability of COPRAS and EVAMIX methods for the 
tractor selection problem. In the future studies the same selection problem may be repeated with the 
new criteria and alternatives. Other MCDM methods like ELECTRE, PROMETHEE, VIKOR and 
MOORA may be used and the obtained results may be compared. Different selection problems include 
both ordinal and cardinal criteria may be handled. Different weighting methods or normalization 
procedures may be applied in order to find the criteria weight or normalization of performance scores 
of the alternatives.   
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