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Abstract: The method known as the analytical hierarchy process (AHP), a
theoretical and methodological concept of multi-criteria analysis, is
increasingly used in solving various decision-making problems. AHP is an
excellent support to both the individual and group decision-making process,
however, the involvement of a greater number of decision makers complicates
the process and requires a different approach to when an individual decides
alone. The synthesis of individual decisions within a group can be done in
various ways, but the problem is how to deal with different levels of
consistency when there are a number of decision makers. Thus, this paper
presents some of the methods for defining the individual weights of decision
makers in group AHP decision making.

Key words: weights; decision makers; analytical hierarchy process; group
decision making.

1. Introduction

Decision making is as old as humanity itself. People have always made decisions
(without even being aware of it), since decision making is, in fact, an integral part of
everyday life. However, as life has become increasingly complex over time, it has also
become necessary to master new knowledge in order to make the right decisions.

In order to support the work of individual or group decision makers with complex
sets of diverse information that cross over at the psychological, technical and other
levels during the decision-making process, various mathematical and computer tools
have been developed to support the decision-making process. One of these tools is
AHP.

Considering that the AHP is based on individual (subjective) opinion of a decision
maker (DM) about decision-making issue, it is always better to make a decision in

* Corresponding author.
E-mail  addresses:  aleksandar.jankovic@gmail.com  (A.  Jankovic),

milenap@fon.bg.ac.rs (M. Popovic)


mailto:milenap@fon.bg.ac.rs

Methods for assigning weights to decision makers in group AHP decision-making

group context, as this reduces the risk of wrong assessment, as the problem is
approached from different perspectives based on different knowledge and experience
of decision makers, and finally, the decision made has greater legitimacy to be
realized.

The objective of the research presented in this paper is to indicate the difference
in significance of individual decision makers in group AHP synthesis. Basic
assumption is founded on the attitude that individuality brings participants'
subjectivity (education, knowledge, concentration, desire, etc.) into decision-making
process, so a quality methodological procedure is necessary that would objectivise
final (group) decision. Knowing the possibilities to define weights of decision makers
directly contributes to the transparency of group decision.

The paper with introduction and conclusion consists of four parts. In the second
part of the paper titled Analytical hierarchical process, mathematical basis of the AHP
is presented. In the third section of the paper, a case study is used to present some of
the methods for assigning individual weights to decision makers in group AHP. In the
Conclusion - the fourth section of this paper, are pointed out key contributions of the
conducted research and the directions for future research.

2. Analytical Hierarchy Process (AHP)

The Analytical Hierarchical Process (Saaty, 1980) is a method of multi-criteria
analysis that is widely used in the world to support individual and group decision
making (Escobar et al., 2004; Vaidya & Kumar, 2006; Altuzarra et al.,, 2007; Ho, 2008;
Arnette et al,, 2010; Subramanian & Ramanathan, 2012; Bernasconi et al., 2014). The
method is both "analytic" and "hierarchical” because a decision maker decomposes
complex problem of decision-making into several decision-making elements between
which he establishes hierarchy relation. The word "process" in the name of the
method suggests that after the formation of the initial hierarchy of a decision making
issue are allowed its iterative modifications (Saaty, 1999). The hierarchy of the
decision making issue has several levels, with the goal at the top of the hierarchy; the
following level contains the criteria, while the alternatives are at the bottom. Such
hierarchical setting refers to standard decision-making problem, but there are also
cases where the hierarchy has four and more levels, respectively, when there are sub-
criteria between criteria and alternatives. Also, there are decision making issues in
which the hierarchy has two levels, and then only alternatives are below the goal.

After setting the hierarchy, the decision maker compares pairs of elements at a
given level of hierarchy with respect to all the elements at the higher level
(superiors), in order to determine their mutual importance. In standard AHP, the
elements are compared by providing linguistic (semantic) evaluations of mutual
importance in relation to the elements at the higher level of the hierarchy using basic
scale in the Table 1 (Saaty, 1980).

In addition to Saaty’s scale, other scales can also be used, such as Lootsma’s
(Lootsma, 1988, 1990; Lootsma et al., 1990), Ma and Zheng'’s balanced (Ma & Zheng,
1991), etc,, but the Saaty 's scale is used mostly. Linear part of the Saaty’s scale
consists of integers [1,9], and non-linear part of its reciprocal values [1,1/9].

When a DM at the given level of hierarchy evaluates n elements of the decision-
making process as compared to the superior element according to the scale shown in
the Table 1, its semantic ratings according to the definitions in the left column are
expressed as numerical values from the right column and recorded in a square matrix
A.
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Table 1. Saaty 's relative importance scale

Definition Numerical value
Absolute dominance of the element i over the element j 9
Very strong dominance of the element i over the element j 7
Strong dominance of the element i over the element j 5
Weak dominance of the element i over the element j 3
The same importance of the elements i and j 1
Weak dominance of the element j over the element i 1/3
Strong dominance of the element j over the element i 1/5
Very strong dominance of the element j over the element i 1/7
Absolute dominance of the element j over the element i 1/9
(Intervalues) (2,4,6,8)

The matrix is positive and reciprocal (symmetrical in relation to the main
diagonal). In other words, the elements from the top of triangle of the matrix are
reciprocal to the elements from the bottom of triangle, and the elements on the main
diagonal are equal to 1 (a; :l/aij , for every iand j; a; =1for every i), as shown in

the relation 1.

all a12 aln
a a Leooda

A — 21 22 2n (1)
a'nl anz ann

If using standard Saaty 's scale, then every a;can have one of 17 values from a

discrete interval [1/9,9]. Determining weights of the compared elements based on
numerical values of the matrix A is called prioritization. Prioritization shows a

process of determining of priority vectors w = (Wl, ey W )T from the matrix A, where

n
every W, >0 and it's true Zwi =1.There are several matrix and optimization
i=1
methods of prioritization (Table 2), but the most commonly used methods are
eigenvalue method, logarithmic least square method and the method of additive
normalization (Blagojevi¢, 2015).

Table 2. Prioritization methods and their authors

Prioritization methods Authors of the method
Eigenvector method — EV Saaty (1980)
Additive normalization method — AN Saaty (1980)
Weighted least squares method — WLS Chuetal. (1979)
Logarithmic least squares method — LLS Crawford & Williams (1985)
Logarithmic goal programming method — LGP Bryson (1995)
Fuzzy preference programming method — FPP Mikhailov (2000)

Due to its simplicity and frequent use, as the example shown in this paper is used
the method of additive normalization (AN). To obtain a priority vector w it is enough
to divide each element from the given column of the matrix A with the sum of the
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elements of this column (normalization), then to sum up the elements in each row
and finally to divide each resulting sum with the rank of the matrix A. This procedure
is described by the relations 2 and 3:

a; =Y a;,ij=12..,n (2)
i=1

n

2% 3

w, =22 i=12,..n
n

Based on the evaluation, by selected prioritization method are determined local
weights of decision-making elements, and by synthesis, that is, additive synthesis, at
the end are determined weights of alternatives at the lowest level in relation to the
element at the highest level (goal), thus completing individual deciding using the
AHP. The additive synthesis is presented with the relation 4:

u, =Zjledij 4)

where in:
— U, —final (global) priority of the alternative i;

— W;— weight of the criterion j;
— d;;—local weight of the alternative i in relation to the criterion j;

In addition to the prioritization method, one of essential characteristics of the AHP
is that at all levels of the hierarchy consistency of the decision makers’ evaluation is
checked. For testing consistency, Saaty (1977) proposed consistency ratio (CR) used
in the AN prioritization method. Calculating the consistency ratio consists of two
steps. In the first step, the consistency index (CI) is calculated using the relation 5:

;l‘max il
Cl==1T (%)

where in:
—n — the rank of the matrix;
— A — the maximum eigenvalue of the comparison matrix;

In the second step, the consistency ratio (CR) is calculated as the relationship of
the consistency index (CI) and the random index (RI):

e

CR=—
RI

(6)

The random index (RI) depends on the rank of the matrix and its values are
obtained in random generation of 500 matrices (Table 3).
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Table 3. Random index values depending on the matrix rank

n 1 2 3 4 5 6 7 8 9 10
RI 000 0.00 052 089 111 125 135 140 145 149

If the consistency ratio (CR) is lower or equal to 0, 10 the result indicates that the
decision maker was consistent and there is no need for the re-evaluation (Jandri¢ &
Srdevi¢, 2000). If the consistency ratio (CR) is higher than 0.10, the decision maker
should repeat (or modify) his evaluation in order to improve consistency.

Important feature of the AHP is sensitivity analysis of the final solution. The
sensitivity analysis is carried out in order to see the extent to which the changes in
the input data reflect the changes in the obtained results (Nikoli¢ & Borovi¢, 1996). In
order to conclude whether the ranking list of the alternatives is sufficiently stable in
relation to acceptable changes in input data, it is recommended to check the priority
of alternatives for different combinations of input data. This analysis is very easily
performed using software packages (softwares) to support decision making. One of
the most commonly used is Expert Choice, which offers five sensitivity analysis
options: Dynamic, Performance, Gradient, Head to head and 2D . The analysis can be
done based on the goal or any other element in the hierarchy. Sensitivity analysis
based on the goal node shows the sensitivity of alternatives to all elements in the
hierarchical tree structure.

The stability of the results is performed using dynamic sensitivity analysis (option
Dynamic). If the rank of the alternatives remains unchanged when alternating the
importance of the main criteria by 5% in all combinations, the result is considered to
be stable (Hot, 2014 ) . The AHP algorithm implementation is shown in the Figure 1.

Set of alternatives, Decision maker and
criteria and goals analytic

| MODEL STRUCTURING |

COMPARISON OF ELEMENT IN PAIRS

0

RANKING ALTERNATIVES

STABLE
SOLUTION?

YES

FINAL RANK OF
ALTERNATIVES

Figure 1. The AHP algorithm (Hot, 2014)
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In the AHP there are several ways to consolidate individual decisions in group
equivalents (Blagojevi¢, 2015):

— Aggregation of Individual Priorities - AIP;

— Aggregation of Individual Judgments — AlJ;

— Consensus Model Convergence — CCM;

— Geometric Cardinal Consensus model — GCCM;

However, the synthesis of individual results of the AHP application and making
group decision requires prior determination of individual weights of decision makers.
This is a specific problem, which is especially difficult if there is no institutional
framework defining this issue. Therefore, in this paper several possibilities of
determining the criteria for defining weights of individual members of the group are
presented.

3. Possibilities of defining individual weights of group members

According to the described methodology for the implementation of the AHP, it is
discussed the hierarchy of decision making problems taken from (Lukovac, 2016),
Figure 2, which consists of three levels.

Figure 2. Hierarchy of decision making problems (Lukovac, 2016)

The goal is to "rank" the persons who can be included as assessors in the process
of assessing the performance of drivers, and it is at the top of the hierarchy.
The ranking criteria are at the following — intermediate level, which include:
— Knowledge of the work to be evaluated (K1);
— The best possible insight into the work to be evaluated (K2);
— Objectivity, impartiality, in the evaluation process (K3);
Alternatives (participants in evaluating assessors) represent the subjects of
ranking and they are at the lowest level of the hierarchy, which are:
— Superior (A1);
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— Dispatcher (A2);
— Colleague (A3);
— Client (A4);
— Self-assessment (A5);

The expert group consisted of twenty decision makers (DMs) to which the
assessment of the performances of direct executors - the drivers, was one of the
obligations arising from the functional duty they performed. The decision makers
compared the elements presented in a hierarchy in pairs using Expert Choice 2000
software, which automatically calculates the reciprocal values, so consequently only
the elements in the so-called upper triangles of the comparison matrices are
evaluated. The comparison matrices of the decision makers are presented in Tables 4

-10.
Table 4. The comparison matrices of DM 1to DM 3
DM 1 DM 2 DM 3
Goal Goal Goal
K1 K2 K3 K1 K2 K3 K1 K2 K3
K1 1 1 1 K1 1 1 K1 1 1/2 1/2
K2 1 1 K2 1 K2 1 1
K3 1 K3 K3 1
K1 K1 K1
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 2 5 3 Al 1 1 1 6 3 Al 1 2 1 6 2
A2 1 2 5 3 A2 1 1 6 3 A2 1 2 6 3
A3 1 3 2 A3 1 5 1 A3 1 4 1
A4 1 1 A4 1 1/4 A4 1 173
A5 1 A5 1 A5 1
K2 K2 K2
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 4 6 4 Al 1 1 4 6 4 Al 1 3 5 6
A2 1 4 6 4 A2 1 4 6 4 A2 1 2 5
A3 1 5 3 A3 1 5 3 A3 1 5
A4 1 1 A4 1 1 A4 1 172
A5 1 A5 1 A5 1
K3 K3 K3
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 3 5 7 Al 1 1 4 6 9 Al 1 2 5 7 9
A2 1 3 5 7 A2 1 4 6 9 A2 1 2 6 8
A3 1 3 5 A3 1 3 6 A3 1 4 7
A4 1 3 A4 1 6 A4 1 5
A5 1 A5 1 A5 1
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Table 5. The comparison matrices of DM 4 to DM 6

DM 4 DM 4 DM 6
Goal Goal Goal
K1 K2 K3 K1 K2 K3 K1 K2 K3
K1 1 1 1 K1 1 1 1/2 K1 1 1 1
K2 1 1 K2 1 1/2 K2 1 1
K3 1 K3 1 K3 1
K1 K1 K1
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 2 3 5 3 Al 1 2 2 9 2 Al 1 1 3 7 3
A2 1 2 6 2 A2 1 1 9 1 A2 1 2 8 2
A3 1 4 1 A3 1 9 2 A3 1 6 1
A4 1 Yo A4 1 1/7 A4 1 1/2
A5 1 A5 1 A5 1
K2 K2 K2
Al A2 A3 A4 AS Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 2 4 6 3 Al 1 3 3 5 Al 1 1 2 5 1
A2 1 2 4 2 A2 1 3 5 3 A2 1 2 5 3
A3 1 4 3 A3 1 3 2 A3 1 6 3
A4 11 A4 1 1/2 A4 1 172
A5 1 A5 1 A5 1
K3 K3 K3
Al A2 A3 A4 AS Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 3 4 7 Al 1 2 4 6 9 Al 1 2 3 5 9
A2 1 3 4 7 A2 1 2 5 7 A2 1 3 5 8
A3 1 4 7 A3 1 3 6 A3 1 5 7
A4 1 4 A4 1 1/2 A4 1 4
A5 1 A5 1 A5 1
Table 6. The comparison matrices of DM 7 to DM 9
DM 7 DM 8 DM 9
Goal Goal Goal
K1 K2 K3 K1 K2 K3 K1 K2 K3
K1 1 1/2 % K1 1 Kt 1 1/2 1/2
K2 1 1 K2 K2 1 1
K3 1 K3 K3 1
K1 K1 K1
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 3 7 3 Al 1 1 2 5 2 Al 1 1 1 5 1
A2 1 3 7 3 A2 1 2 5 2 A2 1 1 5 1
A3 1 7 1 A3 1 5 1 A3 1 5 1
A4 1 177 A4 1 1/3 A4 1 1/5
A5 1 A5 1 A5 1
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K2 K2 K2
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1/2 2 7 Al 1 1 2 6 3 Al 1 1 2 5 2
A2 1 3 7 A2 1 2 6 3 A2 1 2 5 2
A3 1 3 A3 1 5 2 A3 1 4 1
A4 1 1/3 A4 1 1 A4 1 1
A5 1 A5 1 A5 1
K3 K3 K3
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 4 6 7 Al 1 1 1 5 7 Al 1 1 2 5 9
A2 1 4 6 7 A2 1 1 5 7 A2 1 2 5 9
A3 1 3 7 A3 1 5 7 A3 1 4 7
A4 1 3 A4 1 4 A4 1 4
A5 1 A5 1 A5 1
Table 7. The comparison matrices of DM 10 toDM 12
DM 10 DM 11 DM 12
Goal Goal Goal
K1 K2 K3 K1 K2 K3 K1 K2 K3
K1 1 1 K1 1 1 1 K1 1 1
K2 1 1 K2 1 1 K2 1
K3 1 K3 1 K3 1
K1 K1 K1
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 1 4 1 Al 1 1 2 5 3 A1 2 2 7 4
A2 1 1 4 1 A2 1 2 5 3 A2 12 7 3
A3 1 4 1 A3 1 5 1 A3 1 5 1
A4 1 2] A4 1 1/4 A4 1 1/3
A5 1 A5 1 A5 1
K2 K2 K2
Al A2 A3 A4 A5 A1l A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 2 6 3 Al 1 1 2 5 3 Al 1 1 2 3 3
A2 1 2 6 3 A2 1 2 5 3 A2 1 2 3 3
A3 1 5 1 A3 13 1 A3 13 1
A4 1 1 A4 1 1/2 A4 1 1/3
A5 1 A5 1 A5 1
K3 K3 K3
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 2 3 4 8 Al 1 1 3 3 7 Al 1 1 2 3 7
A2 1 3 4 8 A2 1 3 3 7 A2 1 2 3 7
A3 1 4 8 A3 1 3 7 A3 1 3 7
A4 1 2 A4 1 3 A4 1 3
A5 1 A5 1 A5 1
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Table 8. The comparison matrices of DM 13 to DM 15

DM 13 DM 14 DM 15
Goal Goal Goal
K1 K2 K3 K1 K2 K3 K1 K2 K3
K1 1 1 1 K1 1 1 1 K1 1 1 1
K2 1 1 K2 1 1 K2 1 1
K3 1 K3 1 K3 1
K1 K1 K1
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 1 4 1 Al 1 1 1 3 2 Al 1 1 2 6 3
A2 1 1 4 1 A2 1 1 3 2 A2 1 2 6 3
A3 1 4 1 A3 1 3 1 A3 1 6 4
A4 1 Y A4 1 1/3 A4 1 1/3
A5 1 A5 1 A5 1
K2 K2 K2
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 2 5 Al 1 1 2 4 Al 1 1 2 3 3
A2 1 2 5 A2 1 2 4 A2 1 2 3 3
A3 1 5 A3 1 3 A3 1 5 2
A4 1 b A4 1 1/3 A4 1 1/3
A5 1 A5 1 A5 1
K3 K3 K3
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 2 3 5 Al 1 1 2 4 6 Al 1 1 2 4 6
A2 1 2 3 5 A2 1 2 4 6 A2 1 2 4 6
A3 1 3 5 A3 1 3 5 A3 1 3 5
A4 1 3 A4 1 3 A4 1 3
A5 1 A5 1 A5 1
Table 9. The comparison matrices of DM 16 to DM 18
DM 16 DM 17 DM 18
Goal Goal Goal
K1 K2 K3 K1 K2 K3 K1 K2 K3
K1 1 1 1 K1 1 1/2 1/2 K1 1 1 1
K2 1 1 K2 1 1 K2 1 1
K3 1 K3 1 K3 1
K1 K1 K1
Al A2 A3 A4 A5 Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 1 1 6 2 Al 1 1 1 5 2 Al 1 2 3 7 4
A2 1 1 6 2 A2 1 1 5 2 A2 1 2 6 3
A3 1 6 2 A3 1 5 2 A3 1 5 2
A4 1 % A4 1 1/3 A4 1 1/3
A5 1 A5 1 A5 1
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K2 K2 K2
Al A2 A3 A4 A5 Al A2 A3 A4 AS Al A2 A3 A4 AS
Al 1 1 2 4 3 Al 1 1 2 5 4 Al 1 1 2 3 4
A2 1 2 4 3 A2 1 2 5 4 A2 1 2 3 4
A3 1 4 2 A3 1 4 2 A3 1 3 2
A4 1 1/3 A4 1 1/3 A4 1 1/3
A5 1 A5 1 A5 1
K3 K3 K3
Al A2 A3 A4 A5 Al A2 A3 A4 AS Al A2 A3 A4 AS
Al 1 2 4 6 8 Al 1 1 2 4 8 Al 1 1 3 4 6
A2 1 3 5 7 A2 1 2 4 8 A2 1 3 4 6
A3 1 4 8 A3 1 3 7 A3 1 2 5
A4 1 3 A4 1 4 A4 1 3
A5 1 A5 1 A5 1
Table 10. The comparison matrices of DM 19 to DM 20
DM 19 DM 20
Goal Goal
K1 K2 K3 K1 K2 K3
K1 1 1 K1 1 1
K2 1 K2 1
K3 1 K3 1
K1 K1
Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 6 3 Al 1 6
A2 5 3 A2 4
A3 4 2 A3 4
A4 1 1/3 A4 1 1/3
A5 1 A5 1
K2 K2
Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 7 Al 1 8
A2 4 A2 8
A3 3 A3 7
A4 1 1/3 A4 1 1/3
A5 1 A5 1
K3 K3
Al A2 A3 A4 A5 Al A2 A3 A4 A5
Al 1 6 7 Al 1 5 7
A2 4 6 A2 4 6
A3 3 6 A3 3 5
A4 1 3 A4 1 3
A5 1 A5 1
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Table 11 presents the vectors of the priority alternatives for each decision maker,
obtained by means of relations (1)—(6) based on data from the comparison matrices
(Tables 4 — 10).

Table 11. Vectors of alternatives priorities by decision makers

.. Alternatives

Decision . . . Self- CR

maker Superior  Dispatcher Colleague Client
assessment

DM 1 0.351 0.351 0.165 0.066 0.068 0.02
DM 2 0.341 0.341 0.177 0.056 0.085 0.04
DM 3 0.433 0.257 0.171 0.055 0.083 0.05
DM 4 0.390 0.287 0.172 0.068 0.082 0.03
DM 5 0.424 0.253 0.181 0.045 0.098 0.03
DM 6 0.341 0.313 0.193 0.054 0.099 0.04
DM 7 0.327 0.381 0.150 0.051 0.090 0.03
DM 8 0.309 0.309 0.225 0.063 0.094 0.01
DM 9 0.303 0.303 0.203 0.067 0.127 0.02
DM 10 0.309 0.284 0.206 0.067 0.134 0.03
DM 11 0.330 0.330 0.170 0.068 0.101 0.02
DM 12 0.340 0.307 0.181 0.073 0.099 0.02
DM 13 0.286 0.286 0.224 0.076 0.128 0.01
DM 14 0.301 0.301 0.198 0.076 0.124 0.01
DM 15 0.317 0.317 0.213 0.066 0.088 0.02
DM 16 0.329 0.292 0.218 0.054 0.107 0.02
DM 17 0.319 0.319 0.211 0.067 0.084 0.01
DM 18 0.360 0.316 0.168 0.071 0.085 0.02
DM 19 0.405 0.284 0.16 0.057 0.094 0.02
DM 20 0.388 0.301 0.177 0.054 0.079 0.02

As during the implementation of dynamic alteration in sensitivity analysis of all
important criteria by 5% in all combinations (optional Dynamic in Expert Choice
software), there was no change in ranking of alternatives, the final results of the
conducted individual AHP can be considered stable.

Since all DMs performed all the evaluations, the information base is complete, and
thus is fulfilled one of the conditions for starting group syntheses of individual
priority vectors from the Table 11. However, the synthesis of the individual results of
the AHP application into a group decision requires prior defining of individual
weights of DMs. By means of the case study, five methods for assigning individual
weights to decision makers are considered (Lukovac, 2016).

"The first method" is to assign equal weights to all DMs and then synthesize a
group decision (Srdevi¢ et al, 2004). This approach, however, does not treat
individual DM consistency and is subject to manipulation and other irregularities. For
example, if a DM had personal motive (relative-friendly relations, possibility of
corruption, etc.), his ratings could be adjusted and/or inconsistent (to better rank the
desired candidates) and would not have suffered any consequences in relation to his
inconsistency (weights would remain the same as at other DMs).

According to this approach, in the specific case the weight (¢, ) of all DM would

be 0.05 (&, =1/20).

"The second method" is to assign to DMs the weights based on the values of
Spearman’s correlation coefficient which shows the compatibility of the individual
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DM with the reference group decision where also his decision was taken into account
(Srdevi¢ et al., 2009). Spearman’s correlation coefficient (S) is calculated according
to the relation 7.

o,
i=1

—1— (7)
n(n® -1)

D, is the difference between U, and V,, where U, and V, are the ranks for the

alternative a by reference list and by list compared to the reference, and nis the
number of alternatives. In a group context, the relation 7 is applied to each of the
combinations (group list, the list for kth member of the group, that is, the
Spearman’s coefficient is calculated according to the number of the members of the
group). Spearman’s coefficient value may vary between theoretical values of — 1 and
1. When the value approaches to 1, the indication is that the ranks are the same or
similar, and when the value approaches to zero and — 1, the ranks are reverse, or
negatively correlated.

In this case, the highest weight obtains the DM whose decision was the closest to
the group decision (the DM having the highest value of Spearman’s coefficient), while
the smallest weight obtains the DM whose decision was the furthest from the group
decision. All DMs are scaled according to the value of Spearman’s coefficient.

For the purpose of calculating the weights of DMs under this possibility, in the
considered case, the first thing to be done is making group decision. Two basic and
most commonly used ways for obtaining group decision in the AHP are the AIP and
the AlJ (Ramanathan & Ganesh, 1994; Forman & Peniwati, 1998).

For consolidating individual decisions into the group one, in this case, the AIP
method is used, which is characteristic for two aggregations:

(a) Weight Arithmetic Mean Weight Method — WAMM. It is provided the

alternative A, and its weight value (priority) Wi(k) for the k-th decision-maker. If all
members of the group (g)are assigned appropriate weights ¢,, the weight

arithmetic mean is:

Wi(g) = Zwi(k)ak (8)
k=1
where in:

w,"% final (composite) priority of the alternative A, .

— mnumber of decision makers (group members);
Assuming, individual weights ¢, of the members of the group were previously

additionally normalized, i.e., Z a, =1
k=1

(b) Geometric Mean Method — GMM. In this method, the aggregation consists in
applying the following expression:
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Wi(g) -

(Wi(k)) (9

k=1
The weights of group members ( ¢, ) are also previously additionally normalized.

In the Table 12 are shown the results of the AIP synthesis of the individual DM
priority vectors from the Table 11 in the case where DMs are assigned equal weights
(e, =0.05).

Table 12. The AIP synthesis for ¢, =0.05

AIP Superior Dispatcher Colleague Client Self-assessment
WAMM 0.345 0.307 0.188 0.063 0.097
GMM 0.345 0.307 0.188 0.063 0.097

From the Table 12 it can be seen that the identical values of group vector are
obtained of alternatives priorities for both aggregations of the AIP synthesis (WAMM
and GMM). With the synthesis carried out it is fulfilled the condition for calculating
Spearman’s correlation coefficient for every DM, respectively, for comparing
individual DM decisions with a reference, group decision. In the Table 13 are shown
the weights (¢, ) assigned to the DM based on the obtained Spearman’s coefficient of

DM based on the correlation 7.
Table 13. DM weights based on S value

Decision maker S a,
DM 1 0.975 0.050
DM 2 0.975 0.050
DM 3 1 0.051
DM 4 1 0.051
DM 5 1 0.051
DM 6 1 0.051
DM 7 0.9 0.046
DM 8 0.975 0.050
DM 9 0.975 0.050
DM 10 1 0.051
DM 11 0.975 0.050
DM 12 1 0.051
DM 13 0.975 0.050
DM 14 0.975 0.050
DM 15 0.975 0.050
DM 16 1 0.051
DM 17 0.975 0.050
DM 18 1 0.051
DM 19 1 0.051
DM 20 1 0.051

"The third method" is to determine the weights of the DMs based on their
competency for solving given decision making problem (Lukovac, 2016). According
to this approach, the competency coefficient for each DM is calculated. The obtained
competence coefficients are later additionally normalized and assigned as weights of
DMs. In the Table 14 are shown the weights (¢, ) assigned to the DMs by the value
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calculated according to their competence ration according to the approach developed

in (Lukovac, 2016).

Table 14. DM weights based on K value

Decision maker K a,
DM 1 0.6706 0.054
DM 2 0.5624 0.046
DM 3 0.561 0.046
DM 4 0.5833 0.048
DM 5 0.5621 0.046
DM 6 0.5619 0.046
DM 7 0.5598 0.046
DM 8 0.6918 0.056
DM 9 0.7195 0.058
DM 10 0.5686 0.046
DM 11 0.6141 0.050
DM 12 0.6319 0.051
DM 13 0.6946 0.056
DM 14 0.6738 0.055
DM 15 0.6341 0.051
DM 16 0.6018 0.049
DM 17 0.6754 0.054
DM 18 0.5888 0.048
DM 19 0.6242 0.051
DM 20 0.5673 0.046

"The fourth method" is to assign to DMs weights obtained by normalizing

reciprocal values of their consistency ratios (CR) ( Srdevic¢ et al.,, 2008 ), Table 15.

Table 15. DM weights based on CR value

Decision maker CR 1/CR a,
DM 1 0.02 50 0.047
DM 2 0.04 25 0.024
DM 3 0.05 20 0.019
DM 4 0.03 33.3333 0.032
DM 5 0.03 33.3333 0.032
DM 6 0.04 25 0.024
DM 7 0.03 33.3333 0.032
DM 8 0.01 100 0.095
DM 9 0.02 50 0.047
DM 10 0.03 33.3333 0.032
DM 11 0.02 50 0.047
DM 12 0.02 50 0.047
DM 13 0.01 100 0.095
DM 14 0.01 100 0.095
DM 15 0.02 50 0.047
DM 16 0.02 50 0.047
DM 17 0.01 100 0.095
DM 18 0.02 50 0.047
DM 19 0.02 50 0.047
DM 20 0.02 50 0.047
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"The fifth method" is that the weights of the DMs are determined by the
consistency ratio (CR) and total Euclidean distance (ED), explained in (Srdevi¢ et al,,
2009). This possibility was developed in (Blagojevi¢ et al., 2010) as a method
consisting of the following steps:

1. For every DM, CR and ED are calculated from all comparison matrices;

2. All CR values for every DM are summed separately, and then the same
procedure is repeated for ED values;

3. The reciprocal values of the CR and ED values are calculated for every DM;

4. Additive normalization is performed (the reciprocal value of a sum for one
DM is divided by a sum of reciprocal values of the sums of all DMs),
especially for CR and ED ;

5. For every DM, the mean value of the normalized values of CR and ED is
calculated and it is adopted as its weight in the group AHP decision,
respectively, o, = (NormCr+ NormED)/2.

Based on the data from the comparison matrices shown in (Lukovac, 2016), for

the considered AHP example, in the Tables 16 — 19 the calculation of the weights of
DMs based on CR and ED is described.

Table 16. Consistency and total Euclidean distance DM 1-DM 5

DM1 DM 2 DM 3 DM 4 DM 5

CR ED CR ED CR ED CR ED CR ED

Goal 0 0 0 0 0 0 0 0 0 0
K1 0.008 1.109 0.032 2.026 0.044 1.867 0.023 2.896 0.022 4.364
K2 0.056 3.775 0.099 6.483 0.074 4.897 0.054 3.048 0.050 3.226
K3 0.031 3.532 0.079 6.979 0.086 8.032 0.065 4.885 0.063 4.955
X 0.096 8.416 0.210 15488 0.204 14.796 0.142 10.829 0.135 12.546

1/¥ 1043 0.12 4.75 0.06 4.90 0.07 7.02 0.09 7.41 0.08

Norm 0.046 0.052 0.021 0.028 0.022 0.030 0.031 0.041 0.033 0.035

oy 0.049 0.025 0.026 0.036 0.034

Table 17. Consistency and total Euclidean distance DM 6-DM 10

DM 6 DM 7 DM 8 DM 9 DM 10

CR ED CR ED CR ED CR ED CR ED

Goal 0 0 0 0 0 0 0 0 0 0
K1 0.029 3.098 0.046 5.800 0.012 2.025 0.000 0.000 0.013 1.514
K2 0.054 2910 0.021 2.565 0.023 2.206 0.039 2339 0.042 2.634
K3 0.076 5836 0.064 5757 0.032 3.441 0.026 3.638 0.059 4.867
X 0.158 11.844 0.130 14.122 0.067 7.672 0.065 5977 0.114 9.015
1/% 6.32 0.08 7.71 0.07 1493 0.13 1542 0.17 8.78 0.11

Norm 0.028 0.037 0.034 0.031 0.066 0.057 0.068 0.074 0.039 0.049

Oy 0.032 0.033 0.062 0.071 0.044
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Table 18. Consistency and total Euclidean distance DM 11-DM 15

DM 11 DM 12 DM 13 DM 14 DM 15

CR ED CR ED CR ED CR ED CR ED

Goal 0 0 0 0 0 0 0 0 0 0
K1 0.026 3.057 0.024 3.049 0.013 1514 0.018 1.284 0.034 2.836
K2 0.006 0.910 0.034 2.403 0.018 1985 0.018 1964 0.052 3.248
K3 0.047 3.900 0.019 2.601 0.027 2469 0.020 2.482 0.020 2.482
X 0.079 7.866 0.078 8.053 0.059 5968 0.055 5730 0.106 8.567
1/¥ 1263 0.13 1288 0.12 1695 0.17 18.02 0.17 9.43 0.12

Norm 0.056 0.056 0.057 0.055 0.075 0.074 0.079 0.077 0.041 0.051

o, 0.056 0.056 0.074 0.078 0.046

Table 19. Consistency and total Euclidean distance DM 16-DM 20

DM 16 DM 17 DM 18 DM 19 DM 20

CR ED CR ED CR ED CR ED CR ED

Goal 0 0 0 0 0 0 0 0 0 0
K1 0.002 0.874 0.001 0456 0.019 3.260 0.011 1.724 0.017 1.906
K2 0.024 2.291 0.020 2.450 0.051 2961 0.015 2.050 0.026 4.422
K3 0.069 6.330 0.020 3.294 0.021 3.172 0.070 5971 0.045 4.003

X 0.096 9.495 0.041 6.200 0.092 9393 0.096 9.745 0.087 10.331

1/¥ 1045 0.11 2433 0.16 1091 0.11 1041 0.10 1143 0.10

Norm 0.046 0.046 0.107 0.071 0.048 0.047 0.046 0.045 0.050 0.043

oy 0.046 0.089 0.047 0.046 0.046

4. Conclusions

Decision making, especially at the strategic level, requires more participants in the
decision-making process (experts), who have different preferences depending on
institutional placements, interests, skills, education and the like. In order to
maximally objectify group context, in the procedure of synthesis of individual
decisions , in this paper, using specific case, several possibilities for grading
individual preferences of decision makers in group AHP synthesis are presented.

It is important to emphasize also the difference between the terms "joint" and
"group" decision. In the first case it is implied the consensus, and in the second not
necessarily. Group context treated in this paper fits to another case, no harmonization
is performed, no consultation among participants, and the results of individual
evaluations are consolidated later.

Further research should be directed towards analyzing the AHP synthesis results
for the shown possibilities of assigning weights to decision makers. The subject of the
research should also be directed towards the consensus of decision makers and the
so-called joint decision.
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