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Abstract: Recently, Multi-criteria decision making (MCDM) is used as a discipline in many 
theoretical and practical problems. Determining criteria weights is a problem that arises frequently in 
many MCDM methods. Various quantitative and qualitative weighting methods have been proposed to 
aid MCDM in form of single or group decision making. In practice, it is difficult even for a single 
decision maker to supply numerical relative weights of different decision criteria. Naturally, obtaining 
criteria weights from several decision makers is more difficult. This paper aims to develop a subjective 
weighting method based on group decision making for ranking and measuring criteria values. This 
paper is organized as follows. Section 2 briefly reviews researches about weighting methods. Section 3 
develops the subjective weighting method. Section 4 gives a numerical example and the results listed 
with the proposed approach in different situation. Section 5 draws conclusions. 
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INTRODUCTION 
 
 Multiple Criteria Decision Making (MCDM) involves “making preference decisions (such as evaluation, 
prioritization and selection) over the available alternatives that are characterized by multiple, usually conflicting 
criteria” (Hwang and Yoon, 1981). The problems of MCDM are diverse and can be found in any topic. Even 
Ben Franklin, over 200 years ago recognized the presence of multiple criteria in everyday decisions and 
suggested a workable solution (MacCrimmon, 1973). There are many different MCDM methods based on 
different theoretical foundations such as optimization, goal aspiration, outranking or a combination of these 
foundations.  
 In recent years, multi-criteria evaluation methods have been widely used in solving both theoretical and 
practical problems (Ginevičius, 2008). MCDM models are characterized by the need to evaluate a finite set of 
alternatives with respect to multiple criteria (Choo et al., 1999). The overall preference values of the alternatives 
depend on weights of criteria they are evaluated based on them and scores of alternatives in each criterion. 
Many different methods have been proposed for assessing criteria weights [Pekelman and Sen (1974), Dyer and 
Sarin (1979), Nutt (1980), Choo and Wedley (1985), Solymosi and Dombi (1986), Darmon and Rouzies (1991), 
Zhang et al. (1992) and so on], which are then used explicitly to aggregate criterion specific priority scores.  
 This paper presents a subjective methodology to determine relative criteria weights, using group decision 
making. In this method, experts were first asked to evaluate the criteria in the continuous scale based on their 
importance and then asked them to give a score for each criterion based on its importance in their points of 
view. Using the mentioned procedure in section 3, we aggregate the criteria scores and then normalize them to 
achieve their weights. 
 
Terminology and Past Researches: 
 A major part of decision making involves the analysis of a finite set of alternatives described in terms of 
some criteria. Such decision problems referred to MCDM problems that used as a discipline aimed at supporting 
decision makers faced with making numerous and sometimes conflicting evaluations (Ahn, 2011). The MCDM 
process generally consists of three steps: 
 The structuring the decision-making problem. 
 The acquisition of preference information. 
 The aggregation of preferences to obtain a unified value across multiple criteria. 
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 In the first phase, the criteria characterizing the decision-making problem are identified and then a flat or 
hierarchical structure is determined. Next, the multi-criteria alternatives are evaluated with respect to the criteria 
identified in the first step, thus yielding criteria values that are composed of factual outcomes or subjective 
judgments, depending upon the characteristics of the criteria under consideration. When these attribute values 
are properly encoded for decision analysis, they are called preferential data. Finally, the attribute values, using 
properly chosen MCDM model, are aggregated with the attribute weights that are driven by subjective, 
objective, or combinations of weighting methods (Ahn, 2011). Subjective methods determine the weights solely 
according to the preferential judgments of decision-maker, which include simple multi-criteria rating technique 
by swing (SMARTS) (Edwards and Barron, 1994), revised Simos’ procedure (Figueira and Roy, 2002), analytic 
hierarchy process (AHP) (Saaty, 1980), etc. On the other hand, objective weighting methods determine the 
weights by solving mathematical models without any consideration of the decision-maker’s preferences, for 
example, the entropy method.  
 Earlier studies highlight the use of imprecise information within the framework of MCDM to handle 
situations involving time pressure, lack of data, intrinsically intangible or non-monetary nature of criteria, a 
decision- maker’s limited attention and information processing capability, etc. (Weber, 1987). In some cases, 
subjective and imprecise information on criteria weights, specifically a rank order of criteria can be utilized 
when many alternatives are available in a decision problem and evaluating all of them in detail is not practical 
and thus allow an efficient preliminary evaluation for the identification of the more promising alternatives to be 
studied in detail (Kirkwood and Sarin, 1985). A variety of rank-based weighting methods have been proposed 
and their performance has been evaluated (Olson and Dorai, 1992), (Barron and Barret, 1996; Jia et al., 1998; 
Butler and Olson, 1999; Ahn and Park, 2008) and (Sarabando and Dias, 2009). Based on the Alfares and 
Duffuaa (2004), Traditional methods for determining criteria weights include the tradeoff method and the 
pricing-out method (Keeney and Raiffa, 1976), the ratio method and the swing method (Von Winterfeldt and 
Edwards, 1986), conjoint methods (Green and Srinivasan, 1990) and the Analytic Hierarchy Process (AHP) 
(Saaty, 1980). Lootsma (1996) defines the relative importance of any pair of criteria under two widely used 
MCDM methods: the geometric-mean aggregation rule in multiplicative AHP and the arithmetic-mean 
aggregation rule in the Simple Multi-Attribute Rating Technique (SMART). 
 Tzeng et al. (1998) classified weighting methods into objective or subjective, according to whether weights 
are indirectly computed from outcomes or directly obtained from decision makers. Marichal and Roubens 
(2000) determine criteria weights from partial ranking of the alternatives, individual criteria, or criteria pairs. 
Weber and Borcherding (1993) classify weight-determining procedures as statistical or algebraic, holistic or 
decomposed and direct or indirect. Bottomley and Doyle (2001) find that Max100 weight elicitation procedure, 
in which the most important criterion is given a weight of 100, has the highest reliability, rank-weight linearity 
and subject preference. Zopounidis and Doumpos (2002) provide a detailed survey of multi-criteria 
classification and ranking methods. Al-Kloub et al. (1997) describe an MCDM methodology for determining 
weights and ranks and apply it to rank water projects in Jordan. Kangas (2006) used simulation to assess the 
risks of using Stochastic Multi-criteria Acceptability Analysis (SMAA) with incomplete criteria weight 
information. The results indicate that the need to have at least a complete rank order of criteria in order to 
minimize the risk of making the wrong decisions. Lahdelma and Salminen (2001) develop the SMAA II model 
to support discrete group decision making. Lahdelma et al. (2002) use SMAA with ordinal criteria to convert 
criterion-wise rankings of alternatives into cardinal information used for selecting a waste treatment facility 
location. Hinloopen et al. (2004) integrate the assessment of the scores (cardinal input) and rankings (ordinal 
input) of the decision-makers’ preference structure. Relative criteria importance is represented by a set of 
cardinal weights or ranks.  
 Barron (1992) proposes centroid weights. Lootsma (1999) and Lootsma and Bots (1999) suggest geometric 
weights. Barron and Barrett (1996) support using centroid weights, while Gonzalez-Pachon and Romero (2001) 
favor a linear order under a context of complete ordinal ranking. Doyle et al. (1997) and Bottomley et al. (2000) 
report empirical results that indicate that the rank-weight relationship is basically linear. In the empirical 
experiments of Doyle et al., the slope of the linear function depends on the number of criteria being ranked. 
Kendall (1970) proposed an expert judgment method to determine the significances of the criteria. Zavadskas 
and Kaklauskas, (2007) discussed the application of this method in the construction. Mateos et al. (2006) used 
simulation and the centroid function to aggregate utility functions and attribute weight intervals from several 
decision makers. In a paper, Jia et al. (1998) used a simulation approach to investigate how different attribute 
weighting techniques affect the quality of decisions on multi-attribute value models. 
 Given criteria ranks, specific functions for assigning weights have been suggested by several authors. 
Stillwell et al. (1981) propose three functions: rank reciprocal (inverse), rank sum (linear) and rank exponent 
weights. Solymosi and Dompi (1985) propose the rank order centroid weights. Lootsma and Bots (1999) suggest 
two types of geometric weights. Roberts and Goodwin (2002) develop rank order distribution (ROD) weights, 
which approximate to the rank sum weights as the number of criteria increases. Recently, Alfares and Duffuaa 
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(2006) propose an empirically developed function linear rank-weight linear function whose slope depends on 
the number of criteria. 

 
The Proposed Subjective Weighting Method: 
 This study is concerned with a subjective weighting method, developed for ranking and measuring criteria 
based on the ideas of two or more DMs as a group decision making members. To perform this method, there 
exists a continuous interval scale, by which all combinations of criteria evaluate by group members. Mixing the 
members individual ideas, leads to the main decision matrix that will result in measuring criteria. 
 Consider a continuous interval scale with a [0 100] continuous numerical range and under consideration 
criteria; each of them on a card. Simultaneously, distribute the scale and the criteria between group members 
and ask them to determine importance of criteria, subjectively. Then, mach their scores (points) with the 
continuous interval scale. Because, the criteria values are definite, when matching the values with scale, 
inconsistency and error probability would be at least level and reliability will increase. 
 Assumed that it’s not important witch criterion chooses at first, but the next criteria must be compared 
inductively and should be deliberated relative to the previous criteria. This procedure continues since the last 
criterion take in continuous interval scale. Group members’ responses may cause to the different results: 
 
The Structures of Group Members’ Responses Are Same:  
 In this situation, to determine each criterion value, calculate arithmetic mean of the assigned scores. 
 
The Structures Of Group Members’ Responses Are Different:  
 In this situation, use the following equation to calculate each criterion value: 
 
Criterion Value = (Frequency of The Same Rank For Each Criterion *Sum Scores of The Criterion In The 
Same Rank) +Scores of Other Ranks For Under Consideration Criterion: 
 Follow this procedure three times and each time, record the scores assigned to the criteria in an individual 
matrix. Three conditions could be raised from aligning the scores of these matrixes: 
 The criteria scores and their ranks in three matrixes are same. In this situation, use arithmetic mean to 
calculate the criteria values. 
 In three matrixes, criteria ranks remain unchanged, but criteria scores are different. In this situation, use 
arithmetic mean to calculate the criteria values, too. 
 Neither criteria ranks nor criteria scores remain unchanged. In this situation, calculate the value of criteria 
with the following equation: 
 
Value of The Criterion = (Frequency of The Same Rank Assigned To The Criterion In All Matrixes*Sum 
Scores of The Criterion In The Same Rank In All Matrixes) + Scores Of Other Ranks For Under 
Consideration Criterion: 
 Note that in order to achieve to the criteria weights, their values must be normalized (based on probabilistic 
scale less method). 
 
Numerical Example:  
 The following simple example illustrates above concepts and shows how criteria weights can be 
determined. A tire company decides to measure customers’ satisfaction levels related to the three types of tire. 
Let us, consider important criteria affecting on tire quality as Table 1: 
 
Table 1: List of the criteria. 

Index Criterion 
A Structure of production line 
B Tire tread 
C under tread layer 
D Wires cross section 
E Between layers space 
F Size of the tire (size of the ring) 
G Rolling resistance 
H Automotive weight 

 
 Consider a group composed of three experts and give them piece of papers containing a scale with 
continuous range from 0 to 100(as a vertical ruler). Then, provide them all criteria one by one and ask them to 
subjectively mach their importance in satisfying the goal, as some points at the scale. Then, measure the criteria 
scores (points) with the continuous interval scale. 
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  Note that it’s not important witch criterion choose as the first one, but the next criteria must be compared 
inductively and should be deliberated related to the previous criteria. Group members’ responses may cause to 
the different situations: 
 The structures of group members’ responses are same.  
  The structures of group members’ responses are different.  
 If the structure of responses does not change and scores of the criteria be same for three experts, we will 
have the situation same as part A of table 2. 
 
Table 2: Criteria’ weights scores determined by the experts. Part A (Left column), Part B (Median column), Part C (Right column). 

 
 

 In this situation, in order to determine each criterion value, calculate arithmetic mean ( nxix / ) of 

the assigned scores as follow: 
 
Table 3: Criteria’ weights for part A (Left column). 

Criteria weight  
x  

 
Criteria Resp. 1 Resp. 2 Resp. 3 

0.179775  80  A 80 80 80 
0.11236  50  B 50 50 50 

0.067416   30   C 30 30 30 

0.157303  70  D 70 70 70 
0.089888  40  E 40 40 40 
0.134831  60  F 60 60 60 
0.213483  95  G 95 95 95 
0.044944  20  H 20 20 20 
1  455 Sum     

 

 Based on the probabilistic normalization method ( xxxW   / ), the weights of criteria are as follow: 

 

494404.044520:;213483.044540:;134831.044560:;089888.044540:

57303:;067416.044530:;11236.044550:;179775.045580:




GGFE

DCBA

WWWW

WWWW  

 
  If the structures of responses do not change, but criteria scores be different for three experts, we will have 
the situation same as part B of table 2. In this situation, in order to determine each criterion value, calculate 

arithmetic mean ( nx
n

i
ix /

1



 ) of the assigned scores as follow: 

 Based on the probabilistic normalization method ( iii xxW  / ), we have: 

 

04.036515:;11.036540:;19.036570:;08.036530:

16.036560:;05.036520:;22.036580:;14.036550:
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 If the structures of assigned scores change, we will have the situation same as part C of table 2. Therefore, 
use the following equation: 
 
Table 4: Criteria’ weights for part B (Median column). 

Criteria 
weight 

 
x  

 Crite
ria 

Resp
. 1 

Resp
. 2 

Resp
. 3 

 Criterion 
 Rank 

A B C D E F G H 

0.136986  50  A 60 55 35  First - 3  - - - - - 
0.219178  80  B 95 80 65  Second - -  - - 3 - - 

0.054795  20   C 30 20 10   Third - -  3 - - - - 

0.164384  60  D 70 65 45  Fourth 3 -  - - - - - 
0.082192  30  E 40 35 15  Fifth - -  - - - 3 - 
0.191781  70  F 85 70 55  Sixth - -  - 3 - - - 
0.109589  40  G 50 45 25  Seventh - - 3 - - - - - 
0.041096  15  H 25 15 5  Eighth - - - - - - - 3 
1  365                

 
Table5: Criteria’ weights for part C (Right column). 

xV  
 

Criteria Resp. 1 Resp. 2 Resp. 3  Criterion  
 Rank 

A B C D E F G H 

155  A 60 70 25  First - 3 - - - - - - 
720  B 95 80 65  Second 1 - - - - 2 - - 

80   C 30 45 5   Third 1 - - 3 - - - - 

540  D 70 65 45  Fourth - - - - - 1 1 - 
105  E 40 15 15  Fifth 1 - 1 - - - 1 - 
355  F 85 55 55  Sixth - - - - 2 - - 1 
105  G 50 20 35  Seventh - - 1 - - - 1 1 
70  H 25 35 10  Eighth - - 1 - 1 - - 1 

 
Value of The Criterion = (Frequency of The Same Rank For Each Criterion*Sum Scores of The Same Rank 
In Each Step) + Scores of Other Ranks For Under Consideration Criterion: 
 

70103525:;540)456570(*3:

105352050:;8030455:

35555)5585(*2:;720)958065(*3:

10515)4015(*2:;155607025:
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 Then, Based on the probabilistic normalization method ( xxx VVW  / ), the weights of criteria are as 

follow:  
 

 A B C D E F G H 

xV  155 720 80 540 105 355 105 70 

Criteria 
weight 

0.07277 
 

0.338028 
 

0.037559 
 

0.253521 
 

0.049296 
 

0.166667 
 

0.049296 
 

0.032864 
 

 
Conclusion: 
 In this work, we developed a new subjective weighting method in order to determine criteria weights, 
taking into account group members ideas. Combining individual criteria scores (rankings) supplied by different 
decision makers (based on a continuous scale range 0 to 100) into aggregate group scores for all criteria and 
based on the certain procedure, we obtained criteria weights. The continuous scale enables us to share fuzzy 
concepts in comparison of criteria. In addition, nature of the scale is an essential issue enables us to apply a wide 
variety of multi criteria decision making methods. Based on the proposed method, numerous decision makers 
could be participated in weights determination.  
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