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ABSTRACT 
One of the typical issues in group decision-making is determining the relative importance of the 
decision-makers’ competence. This paper presents a new model for solving this issue. The model is 
based on the application of the basic elements of the theory of fuzzy sets. The proposed procedure is 
planned in three steps. In the first step, members of a group give other members fuzzy assessments. 
The assessment procedure is performed in accordance with two criteria: knowledge of the decision-
making problem area, and knowledge of the method which will be applied. In the second step, 
calculation is performed on the basis of the previously assigned fuzzy assessments. The final fuzzy 
assessments of each decision-maker are determined in this way. In the third step, calculation of each 
decision-maker’s competence relative weight is performed. The calculation is performed by applying 
an original method. The basis for calculation in the third step are the final fuzzy assessments of each 
decision-maker which were obtained in the second step. The application of the proposed model 
provides a high degree in achieving quality and objective distribution of the relative weights among 
the participants of the group decision-making process. 
Keywords: group decision-making, decision-makers, relative weights. 
 
1. INTRODUCTION 
Group decision-making, (GDM), represents a special area of decision-making theory which has been 
developing intensively over the last decades. There are numerous references which deal with this 
problem area, for example: [1, 2, 3, 11, 12]. Both advantages and disadvantages of GDM can be 
identified by summing up these references. 
The advantages of GDM are: increased resourcefulness, a larger number of approaches to a problem, 
generation of a larger number of alternatives, better acceptance and execution of a decision, better 
content and increased accuracy of a decision, better identification of mistakes by a group than by an 
individual, group work often stimulates its members, inclination to risk is more balanced, etc. 
The disadvantages of group decision-making are: dominance of an individual, collective 
responsibility, pressing for a particular option, social pressure, fear of assessing a publicly expressed 
idea, loss of information, polarization between the members of the group, conflicts between the 
members of the group, existence of disposition to reach a compromise, a possibility of presence of 
individuals who are guided by personal interests, turning group work into uncontrolled friendly 
gatherings, etc. 
Members of the group can have the same or different weights (importance) of their respective 
opinions. For that reason, in group decision-making there is the presence of the problem of 
determining the relative weights for all the decision-makers in a particular process. This paper 
presents a possible approach to this issue, that is, a mathematical apparatus for solving it. The 
proposed model was inspired by the methods which are presented in the references like [1, 2]. The 
references which deal with the area of multi-criteria decision-making and fuzzy sets were also 
extremely helpful [7, 10]. 
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2. PRESENTATION OF THE MODEL 
Determining decision-makers’ competence relative weights unfolds in three steps according to the 
model proposed in this paper. 
 
Step One 
Each member of the group assigns fuzzy assessments to other members of the group. The fuzzy 
assessments are assigned on the basis of two criteria: knowledge of the subject problem area, and 
knowledge of the decision-making method which will be applied. For the time being, it is adopted that 
these two criteria have the same weight (0.5 each). Consequently, the average of these two 
assessments represents the fuzzy assessments one decision-maker has assigned to the other one. The 
use of the interval scale with qualitative assessments ranked into five levels is proposed before 
determining the fuzzy assessments. The first step can unfold ‘in secrecy’. 
 
Step Two 
The average of the fuzzy assessments is calculated for each decision-maker (the assessments assigned 
by other members of the group). The following expression is used in the process: 
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in which: 
FFADMx – the final fuzzy assessment of the x-th decision-maker, where x = 1,2, ..., ns, and in which ns 
is the number of DM's, 
FADMx,s – the fuzzy assessment assigned to the x-th decision-maker by the s-th decision-maker, where 
s = 1,2, ..., ns, and in which s ≠ x (DM's do not assess themselves). 
 
Step Three 
Fuzzy assessments calculated in the previous step represent the final fuzzy assessments of all the 
decision-makers (DM’s). In the third step, and based on these assessments, determining competence 
relative weights of all the decision-makers is carried out next. One of the numerous methods can be 
used in the process, for example: [4, 6, 8], and others. In [5], an original method was applied, which is 
outlined briefly in this paper. 
 
a) Determining the difference of fuzzy assessments of all the pairs of decision-makers – AHDM 

and ALDM
For a specified difference of fuzzy assessments within each pair of decision-makers, the 
corresponding assessment is assigned to the higher-ranked decision maker (AHDM), and the lower-
ranked decision-maker (ALDM) in the pair. For the start, it is assumed that each pair has the aggregate 
assessment 100, in which the higher-ranked decision-maker in the pair has the assessment of 50 + X, 
and the lower-ranked one has the assessment 50 - X (in which X∈0,1,2,...,50). In this way, the 
possible combinations would be 60:40, 70:30, 95:5, and so on. 
The assessment of the higher-ranked decision-maker in the pair, AHDM, linearly and proportionally 
depends on the difference of fuzzy assessments (DFA) for the observed pair. The AHDM is calculated 
through the expression: 

AHDM = 50 + ⏐DFA⏐ ⋅ 50                                                     (2) 
When the AHDM value has been calculated, the assessment of the lower-ranked decision-maker in that 
pair, ALDM, is obtained by the expression: 

ALDM = 100 - AHDM                                                              (3) 
 
b) Determining of the fuzzy assessment aggregates of all the pairs of decision-makers and VHDM 
and VLDM values 
The next is the idea that each pair has its corresponding, common assessment, which has then to be 
distributed to the members of the pair. For example, if the fuzzy assessments of one pair are 0.3 and 
0.2, and of the other one 0.9 and 0.8, the DFA is in both cases 0.1, so that the same assessments of the 
higher-ranked and lower-ranked decision-makers would be formed for both pairs. However, on the 
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whole, the second pair is considerably ‘stronger’, so that it seems illogical that these two pairs have 
the same aggregate assessment of 100. The real aggregate assessment (RAA) of the pair is obtained 
through the following expression: 

RAA = 50 ⋅ SFA                                                                     (4) 
where is: SFA - sum of fuzzy assessments. 
The final value of the higher-ranked decision-maker in the pair (VHDM) is determined by applying the 
expression:  

RAA
100

AH
VH DM

DM ⋅=
                                                         (5) 

The final value of the lower-ranked decision-maker in the pair (VLDM) is calculated through the 
expression: 

RAA
100

AL
VL DM

DM ⋅=
                                                          (6) 

c) Determining the criteria relative weights 
The VHDM and VLDM values represent the final assessments of the decision-makers in a pair. These 
values are entered in a separate table similarly to the AHP method [9]. In a pair, the decision-maker 
who has a higher previous fuzzy assessment gets the VHDM value, and the decision-maker who has a 
lower previous fuzzy assessment gets the VLDM value. 
 
3. AN EXAMPLE OF THE PROPOSED MODEL 
There are four decision-makers–DM1, DM2, DM3, DM4 – who are taking part in the decision-making process. 
In the Step One, each DM assigns a fuzzy assessment to the other members of the group. For 
example, let the group members assess their colleagues in the way shown in Table 1. 
 
Table 1 Fuzzy assessments of each DM for the other DM's 

DM1 DM2 DM3 DM4Criteria 
DM2 DM3 DM4 DM1 DM3 DM4 DM1 DM2 DM4 DM1 DM2 DM3

Knowledge of 
the problem 

(0.5) 
0.4 0.6 0.9 0.7 0.4 0.7 0.6 0.2 0.9 0.4 0.7 0.5 

Knowledge of 
the method 

(0.5) 
0.8 0.3 0.8 0.8 0.2 0.6 0.9 0.7 0.7 0.7 0.6 0.2 

Average fuzzy 
assessments 0.6 0.45 0.85 0.75 0.3 0.65 0.75 0.45 0.8 0.55 0.65 0.35 

 
In Step Two, the final fuzzy assessment for each DM is calculated:  

FFADM1 = 
3

55.075.075.0 ++
= 0.6833   

FFADM2 = 
3

65.045.06.0 ++
= 0.5667 

FFADM3 = 
3

35.03.045.0 ++
= 0.3667   

FFADM4 = 
3

8.065.085.0 ++
= 0.7667 

 
In Step Three, the competence relative values for all the DM’s are calculated. The calculation for the 
first two stages of the method of comparing DM’s in pairs is shown in Table 2. The values from the 
last two columns of Table 2 (the VHDM and the VLDM values) represent the final values of the criteria 
assessments in a pair. These values are entered in Table 3. In the last column of Table 3, the relative 
weights of all the DM’s for the analysed case are read: w1 = 0.2872; w2 = 0.2301; w3 = 0.1499; w4 = 
0.3327. With the relative values of all the DM’s determined in this way, some of the numerous 
methods of group decision making is entered. 
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 Table 2 The first two stages of the method of comparing the criteria in pairs for the given example 
Initial DM's assessments in 

a pair 
The final value of the assess. 

of the criteia in a pairs 
Decision-makers’ 
final fuzzy assess. 

FFADMi

Difference of 
fuzzy assess. 

in a pair 
DFAi,j

AHDMi,j ALDMi,j

Sum of fuzzy 
assess. of 

pair of crit. 
SFAi,j

Real aggreg. 
ass. of a pair 

of criteria 
RAAi,j

VHDMi,j VLDMi,j

0.1166 55.83 44.17 1.25 62.5 34.89375 27.60625 
0.3166 65.83 34.17 1.05 52.5 34.56075 17.93925 

FFADM1 = 
0.6833 

-0.0834 54.17 45.83 1.45 72.5 39.27325 33.22675 
0.2 60 40 0.9334 46.67 28.002 18.668 FFADM2 = 

0.5667 -0.2 60 40 1.3334 66.67 40.002 26.668 
FFADM3 = 

0.3667 -0.4 70 30 1.1334 56.67 39.669 17.001 

FFADM4 = 
0.7667 - - - - - - - 

 
          Table 3 Calculation of the criteria relative weights for the given example 

 
 DM1 DM2 DM3 DM4 Σ wj

DM1  34.89375 34.56075 33.22675 102.6813 0.287212 
DM2 27.60625  28.002 26.668 82.27625 0.230137 
DM3 17.93925 18.668  17.001 53.60825 0.149949 
DM4 39.27325 40.002 39.669  118.9443 0.332702 

ΣΣ 357.51 1.00000 
 
4. CONCLUSION 
The proposed method of determining the decision-makers’ competence relative weights has the 
following characteristic features:  
 members of the group assess other members of the group by fuzzy assessments, 
 two criteria for assessing the decision-makers are introduced (knowledge of the decision-making 

problem area, and knowledge of the method), 
 final fuzzy assessments of each decision-maker is determined (the DM’s relative importance is 

determined according to them), 
 calculation of the decision-makers’ relative weights is performed by applying an original model. 

Realization of the proposed method undoubtedly leads to the increase in the degree of objectivity in 
assigning the relative importance to the decision-makers in the models of group decision-making. 
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1. INTRODUCTION


Group decision-making, (GDM), represents a special area of decision-making theory which has been developing intensively over the last decades. There are numerous references which deal with this problem area, for example: [1, 2, 3, 11, 12]. Both advantages and disadvantages of GDM can be identified by summing up these references.


The advantages of GDM are: increased resourcefulness, a larger number of approaches to a problem, generation of a larger number of alternatives, better acceptance and execution of a decision, better content and increased accuracy of a decision, better identification of mistakes by a group than by an individual, group work often stimulates its members, inclination to risk is more balanced, etc.


The disadvantages of group decision-making are: dominance of an individual, collective responsibility, pressing for a particular option, social pressure, fear of assessing a publicly expressed idea, loss of information, polarization between the members of the group, conflicts between the members of the group, existence of disposition to reach a compromise, a possibility of presence of individuals who are guided by personal interests, turning group work into uncontrolled friendly gatherings, etc.


Members of the group can have the same or different weights (importance) of their respective opinions. For that reason, in group decision-making there is the presence of the problem of determining the relative weights for all the decision-makers in a particular process. This paper presents a possible approach to this issue, that is, a mathematical apparatus for solving it. The proposed model was inspired by the methods which are presented in the references like [1, 2]. The references which deal with the area of multi-criteria decision-making and fuzzy sets were also extremely helpful [7, 10].


2. PRESENTATION OF THE MODEL


Determining decision-makers’ competence relative weights unfolds in three steps according to the model proposed in this paper.


Step One


Each member of the group assigns fuzzy assessments to other members of the group. The fuzzy assessments are assigned on the basis of two criteria: knowledge of the subject problem area, and knowledge of the decision-making method which will be applied. For the time being, it is adopted that these two criteria have the same weight (0.5 each). Consequently, the average of these two assessments represents the fuzzy assessments one decision-maker has assigned to the other one. The use of the interval scale with qualitative assessments ranked into five levels is proposed before determining the fuzzy assessments. The first step can unfold ‘in secrecy’.


Step Two


The average of the fuzzy assessments is calculated for each decision-maker (the assessments assigned by other members of the group). The following expression is used in the process:
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in which:


FFADMx – the final fuzzy assessment of the x-th decision-maker, where x = 1,2, ..., ns, and in which ns is the number of DM's,


FADMx,s – the fuzzy assessment assigned to the x-th decision-maker by the s-th decision-maker, where s = 1,2, ..., ns, and in which s ( x (DM's do not assess themselves).

Step Three


Fuzzy assessments calculated in the previous step represent the final fuzzy assessments of all the decision-makers (DM’s). In the third step, and based on these assessments, determining competence relative weights of all the decision-makers is carried out next. One of the numerous methods can be used in the process, for example: [4, 6, 8], and others. In [5], an original method was applied, which is outlined briefly in this paper.

a) Determining the difference of fuzzy assessments of all the pairs of decision-makers – AHDM and ALDM

For a specified difference of fuzzy assessments within each pair of decision-makers, the corresponding assessment is assigned to the higher-ranked decision maker (AHDM), and the lower-ranked decision-maker (ALDM) in the pair. For the start, it is assumed that each pair has the aggregate assessment 100, in which the higher-ranked decision-maker in the pair has the assessment of 50 + X, and the lower-ranked one has the assessment 50 - X (in which X(0,1,2,...,50). In this way, the possible combinations would be 60:40, 70:30, 95:5, and so on.


The assessment of the higher-ranked decision-maker in the pair, AHDM, linearly and proportionally depends on the difference of fuzzy assessments (DFA) for the observed pair. The AHDM is calculated through the expression:


AHDM = 50 + (DFA( ( 50                                                     (2)


When the AHDM value has been calculated, the assessment of the lower-ranked decision-maker in that pair, ALDM, is obtained by the expression:


ALDM = 100 - AHDM                                                              (3)


b) Determining of the fuzzy assessment aggregates of all the pairs of decision-makers and VHDM and VLDM values


The next is the idea that each pair has its corresponding, common assessment, which has then to be distributed to the members of the pair. For example, if the fuzzy assessments of one pair are 0.3 and 0.2, and of the other one 0.9 and 0.8, the DFA is in both cases 0.1, so that the same assessments of the higher-ranked and lower-ranked decision-makers would be formed for both pairs. However, on the whole, the second pair is considerably ‘stronger’, so that it seems illogical that these two pairs have the same aggregate assessment of 100. The real aggregate assessment (RAA) of the pair is obtained through the following expression:


RAA = 50 ( SFA                                                                     (4)


where is: SFA - sum of fuzzy assessments.


The final value of the higher-ranked decision-maker in the pair (VHDM) is determined by applying the expression: 




RAA


100


AH


VH


DM


DM


×


=


                                                         (5)


The final value of the lower-ranked decision-maker in the pair (VLDM) is calculated through the expression:
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c) Determining the criteria relative weights


The VHDM and VLDM values represent the final assessments of the decision-makers in a pair. These values are entered in a separate table similarly to the AHP method [9]. In a pair, the decision-maker who has a higher previous fuzzy assessment gets the VHDM value, and the decision-maker who has a lower previous fuzzy assessment gets the VLDM value.


3. AN EXAMPLE OF THE PROPOSED MODEL


There are four decision-makers–DM1, DM2, DM3, DM4 – who are taking part in the decision-making process.


In the Step One, each DM assigns a fuzzy assessment to the other members of the group. For example, let the group members assess their colleagues in the way shown in Table 1.


Table 1 Fuzzy assessments of each DM for the other DM's


		Criteria

		DM1

		DM2

		DM3

		DM4



		

		DM2

		DM3

		DM4

		DM1

		DM3

		DM4

		DM1

		DM2

		DM4

		DM1

		DM2

		DM3



		Knowledge of the problem


(0.5)

		0.4

		0.6

		0.9

		0.7

		0.4

		0.7

		0.6

		0.2

		0.9

		0.4

		0.7

		0.5



		Knowledge of the method


(0.5)

		0.8

		0.3

		0.8

		0.8

		0.2

		0.6

		0.9

		0.7

		0.7

		0.7

		0.6

		0.2



		Average fuzzy assessments

		0.6

		0.45

		0.85

		0.75

		0.3

		0.65

		0.75

		0.45

		0.8

		0.55

		0.65

		0.35





In Step Two, the final fuzzy assessment for each DM is calculated: 
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FFADM4 = 

3
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= 0.7667


In Step Three, the competence relative values for all the DM’s are calculated. The calculation for the first two stages of the method of comparing DM’s in pairs is shown in Table 2. The values from the last two columns of Table 2 (the VHDM and the VLDM values) represent the final values of the criteria assessments in a pair. These values are entered in Table 3. In the last column of Table 3, the relative weights of all the DM’s for the analysed case are read: w1 = 0.2872; w2 = 0.2301; w3 = 0.1499; w4 = 0.3327. With the relative values of all the DM’s determined in this way, some of the numerous methods of group decision making is entered.


 Table 2 The first two stages of the method of comparing the criteria in pairs for the given example


		Decision-makers’ final fuzzy assess.


FFADMi

		Difference of fuzzy assess. in a pair


DFAi,j

		Initial DM's assessments in a pair

		Sum of fuzzy assess. of pair of crit.


SFAi,j

		Real aggreg. ass. of a pair of criteria


RAAi,j

		The final value of the assess. of the criteia in a pairs



		

		

		AHDMi,j

		ALDMi,j

		

		

		VHDMi,j

		VLDMi,j



		FFADM1 = 0.6833

		0.1166

		55.83

		44.17

		1.25

		62.5

		34.89375

		27.60625



		

		0.3166

		65.83

		34.17

		1.05

		52.5

		34.56075

		17.93925



		

		-0.0834

		54.17

		45.83

		1.45

		72.5

		39.27325

		33.22675



		FFADM2 = 0.5667

		0.2

		60

		40

		0.9334

		46.67

		28.002

		18.668



		

		-0.2

		60

		40

		1.3334

		66.67

		40.002

		26.668



		FFADM3 = 0.3667

		-0.4

		70

		30

		1.1334

		56.67

		39.669

		17.001



		FFADM4 = 0.7667

		-

		-

		-

		-

		-

		-

		-





          Table 3 Calculation of the criteria relative weights for the given example

		

		DM1

		DM2

		DM3

		DM4

		(

		wj



		DM1

		

		34.89375

		34.56075

		33.22675

		102.6813

		0.287212



		DM2

		27.60625

		

		28.002

		26.668

		82.27625

		0.230137



		DM3

		17.93925

		18.668

		

		17.001

		53.60825

		0.149949



		DM4

		39.27325

		40.002

		39.669

		

		118.9443

		0.332702



		((

		357.51

		1.00000





4. CONCLUSION


The proposed method of determining the decision-makers’ competence relative weights has the following characteristic features: 


· members of the group assess other members of the group by fuzzy assessments,


· two criteria for assessing the decision-makers are introduced (knowledge of the decision-making problem area, and knowledge of the method),


· final fuzzy assessments of each decision-maker is determined (the DM’s relative importance is determined according to them),


· calculation of the decision-makers’ relative weights is performed by applying an original model.


Realization of the proposed method undoubtedly leads to the increase in the degree of objectivity in assigning the relative importance to the decision-makers in the models of group decision-making.


5. REFERENCES


[1] Bodily, S.E.: Modern Decision Making (A Guide to Modeling with Decision Support Systems), McGraw - Hill Book Company, New York, 1985.,

[2] Čupić, M., Tummala, R., Suknović, M.: Decision Making: a formal approach, Faculty of Organizational Sciency, Belgrade, 2001., (in Serbian),

[3] DeSanctis, G., Gallupe, B.: A Foundation For The Study of Group Decision Support Systems, Management Science, Vol. 33, Issue 5., 1987.,

[4] Leskinen, P.: Measurement, scales and scale independence in the analytic hierarchy process, Journal of Multi-Criteria Decision Analysis, Vol. 9, Issue 4, pp. 163-174., 2000.,

[5] Nikolić, M.: Quantitative model for selecting a new product with research into relevant criteria, PhD thesis, University of Belgrade, Faculty of Mechanical Engineering, 2004., (in Serbian),

[6] Noghin, V.D.: Relative importance of criteria: a quantitative approach, Journal of Multi-Criteria Decision Analysis, Vol. 6, Issue 6, pp. 355-363., 1997.,

[7] Pedrycz, W., Gomide, F.: An Introduction to Fuzzy Sets - Analysis and Design, A Bradford Book, Cambridge and Massachusetts Institute of Technology, 1998.,

[8] Podinovski, V.V.: The quantitative importance of criteria for MCDA, Journal of Multi-Criteria Decision Analysis, Vol. 11, Issue 1, pp. 1-15., 2002.,


[9] Saaty, T.L.: The Analytic Hierarchy Process, McGraw-Hill, New York, 1980.,

[10] Triantaphyllou, E.: Multi-Criteria Decision Making Methods: A Comparative Study, Kluwer Academic Publishers, Boston, 2000.,


[11] Turban, E., Aronson, E.J.: Decision support systems and intelligent systems, Prentice - Hall, International, Inc., New Jersey, 1998.,

[12] Ware, J.: Some aspects of problem solving and conflict resolution in management groups, Harvard Business School Press, Boston, 1995.


PAGE  

1069



_1200641567.unknown



_1200641621.unknown



_1200332490.unknown



_1200332492.unknown



_1200641553.unknown



_1200332491.unknown



_1200332489.unknown



