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agreement to tackle the crisis. However, a problem arises 
to reach the unanimity among the participants (Hart et al., 
1991), as there are conflicting interests regarding preferred 
allocation of power and resources (Granot, 1997). This 
conflict is usually related to questions over certain tasks, 
domains and jurisdictions (Moynihan, 2009), because par-
ticipants may have different views over a degree of the 
threat, nature of the crisis, over the priorities, or basically 
understand differently the situation, which results in lower 
level of collaboration (Berlin & Carlström, 2011; Daniels-
son, 2016; Kalkman et al., 2018).

The choice of the evaluation approach under uncer-
tainty depends on the type of available data and the kind 
of the problem (Medasani et al., 1998). It has been inferred 
that good decision-making model must be able to func-
tion in unstructured problems and must tolerate vague-
ness, ambiguity or inaccurate data (Yu, 2002; Lumbroso 
& Vinet, 2012). To minimize errors and risk related to the 
complexity of crises, methods based on multi-criteria de-
cision analysis are extensively used in such situations (Kai-
liponi, 2010; Kolen et al., 2013; Zhu et al., 2018). However, 
the existence of subjectivity in the decision-making can 
cause difficulties in results predictions, as slight varia-
tion in evaluations can greatly affect the final decision 
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Introduction

Decision-making under the uncertainty, subjectivity and 
ambiguity of human knowledge is specific especially to 
upper levels of management. One of the situations that 
is typical for the high level of uncertainty is crisis situa-
tion. There is no universally accepted definition of a crisis 
(Coombs & Holladay, 2012). However, according to Boin 
et al. (2005), crisis situations can be defined by three key 
elements: a threat to a community, uncertainty about the 
nature of the crisis and an urgent need to respond. For 
purposes of this article, crisis situation is understood ac-
cording to Rosenthal et  al. (1989, p. 10) as: “A serious 
threat to the basic structures or the fundamental values 
and norms of a social system, which under time pressure 
and highly uncertain circumstances necessitates making 
critical decisions”. 

The management and resolution of a crisis is one of 
the most difficult strategic issues decision makers face be-
cause of conditions of high uncertainty, time pressure, and 
limited control (Burnett, 1998). Crises require coordina-
tion between multiple organizations as response capaci-
ties and responsibilities are usually not centralized (Ansell 
et al., 2010). During a crisis, there is generally a common 
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(Lumbroso & Vinet, 2012). Fuzzy Theory is very helpful 
to deal with the vagueness of human thoughts in mak-
ing decisions (Zadeh, 1965; Lin & Wu, 2008), as well as 
to combine human-oriented interpretation together with 
quantitative and qualitative information (Jia et al., 2016). 
The theory assumes that people do not think in exact 
values (yes or no, 1 or 0, i.e. Boolean logic), but rather 
distinguish a range of “blurry” values (absolutely, rather 
yes, maybe no, i.e. linguistic expression) (Buckley et al., 
2006; Herrera et al., 2009). Therefore, fuzzy logic provides 
a simple method to reach a definite conclusion based on 
vague, ambiguous, imprecise or missing information. This 
is especially useful way to assess risk levels in cases where 
experts (participants) do not have enough reliable data 
(Iliadis, 2005; Jiang et al., 2009; Doskočil, 2015). The use 
of fuzzy sets in Crisis management is not a rare approach. 
Many authors, such as Nokhbatolfoghahaayee et al. (2010), 
Jia et al. (2016) and Drakaki et al. (2018) already applied 
the fuzzy approach in crisis decision-making in several 
distinctive areas. The approach presented in this article, 
unlike others, is enriched by the new way of using α-level 
cuts to transform triangular fuzzy number to trapezoidal 
fuzzy number. This is in contrast to the typical way of us-
ing α-level cuts to easily find the membership degree, de-
fine total ordering, etc.

Quality of a decision-making process depends primar-
ily on the nature of the problem, the context, and mostly 
on the decision makers’ expertise in the problem area 
(Wang et al., 2013). In group decision-making problems, it 
is almost impossible to have a homogeneous group of de-
cision makers whose experiences, knowledge and attitudes 
are the same or similar. Therefore, it is required to deter-
mine the weights of decision makers to reflect their rela-
tive importance or contribution to the problem (Cabrer-
izo et al., 2013; Koksalmis & Kabak, 2019). These weights 
can be assigned subjectively based on experts’ experience, 
status or age, or by application of quantitative methods 
based on available data (Saaty, 1990; Ishizaka & Nemery, 
2013). The advantage of quantitative methods lays in a 
reduction of the subjectivity. The calculation of weights 
depends mainly on each situation and its complexity. Ig-
noring the relative weights of experts can lead to errone-
ous and incorrect results that cannot be compensated in 
the final solutions (Mianabadi & Afshar, 2008). Therefore, 
it is crucial to specify hierarchical level of members of 
decision-making group to avoid problems as jurisdictions 
etc. (Moynihan, 2009). Application of fuzzy theory and 
α-level cuts enable considering the weights of a decision-
makers within a decision-making group, which creates an 
opportunity to incorporate different power of votes into 
the group decision-making process.

The objective of the article is to present a new approach 
for group decision-making in crisis situations based on in-
novative transformation of fuzzy numbers. Our ambition 
in this article is that the presented methodology will be 
easily understood by an expert with only basic knowledge 
of fuzzy set theory. Therefore, only the triangular and 

trapezoidal fuzzy numbers will be used, and the arithmetic 
operations defined on them will be presented in a simple 
way without excessive use of mathematical severity.

The remaining of this article has been organized as 
follows: The second chapter describes the used tools and 
methods with the main focus on fuzzy mathematics and 
the whole approach is described in detail. The third chap-
ter provides the case study from crisis management. The 
fourth chapter provides discussion, where the strengths 
and weaknesses and other research possibilities are dis-
cussed. In the conclusion, the proposed approach and re-
sults are summarized.

1. Materials and methods

1.1. Fuzzy logic

Fuzzy logic or fuzzy set theory provides a means of han-
dling the vagueness inherent in natural language through 
the use of linguistic variables and quantifiers. Linguis-
tic variables can represent words such as tall, age, hard 
and beauty. In addition, linguistic quantifiers such as 
old, many, some, less than, or average are quantifiers as 
fuzzy subsets, which correspond to imprecise values of an 
amount (Megahed & Hassan, 2000).

Fuzzy numbers are a special case of fuzzy sets. A fuzzy 
set is called fuzzy number if it is convex and normal (Nah-
mias, 1978).

1.2. Fuzzy numbers and α-level cuts

The proposed approach is based on the transformation 
of fuzzy numbers, more specifically on transformation of 
triangular fuzzy numbers to trapezoidal fuzzy numbers.

Triangular fuzzy number
A fuzzy number A is a triangular fuzzy number, if its 
membership function : 0,1Am →     has the following 
form

( )

1

1
1 2

2 1

3
2 3

3 2

3

0 if                       

if  

          

if

0 if ,                      

A

x a
x a

a x a
a a

x
a x

a x a
a a

x a

<
 − ≤ <
 −
m = 
 −
 < ≤

−
 >

, (1)

where 1 2 3, ,a a a  are real numbers and 1 2 3a a a≤ ≤ . Let us 

denote a triangular fuzzy number by ( )1 2 3, ,A a a a= .

The shape and position of triangular fuzzy number
The shape of the triangular fuzzy number is one of im-
portant variables that reflect the degree of influence of a 
member of decision-making group on the final decision. 
In suggested approach a specific triangular fuzzy number 
where 1 2  a a= or 2 3a a=  will be used. This means that 
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the left or right side of the fuzzy number from 2a  will 
be ignored.

The position of the fuzzy number is also crucial to the 
resulting values. The further the fuzzy number is from the 
origin, the bigger the resulting value will be (Figure 1).

Figure 1. Triangular fuzzy number ( )1 2 3, ,A a a a=  is lower 
than ( )1 2 3, ,A a a a′ ′ ′=  

Trapezoidal fuzzy numbers
The trapezoidal fuzzy number is determined by four pa-
rameters 1 2 3 4  a a a a≤ ≤ ≤ and is characterized by mem-
bership function : 0,1Am →     in the form of a trap-
ezoid. For the membership function Am  applies (Klir & 
Yuan, 1995):

( )

1

1
1 2

2 1

2 3

4
3 4

4 3

4

0 if                      

if  

         1 if

if

0 if .                       

A

x a
x a

a x a
a a

a x ax
a x

a x a
a a

x a

<
 − ≤ <
 −
 ≤ ≤m = 
 − < ≤

−
 >

. (2)

In the following, we use the notation ( )1 2 3 4, , ,A a a a a=  
for trapezoidal fuzzy number.

Arithmetic operations on fuzzy numbers
The arithmetic operations on trapezoidal fuzzy numbers 
are established in the following way. Let ( )1 2 3 4, , ,A a a a a=  
and ( )1 2 3 4, , ,B b b b b=  be two trapezoidal fuzzy numbers 
and k a real number. Then, the sum and product are 
given by

( )1 1 2 2 3 3 4 4, , , ,A B a b a b a b a b+ = + + + +  (3)

( )1 2 3 4, , ,k A ka ka ka ka× = . (4)

It is easy to see that the sum of two trapezoidal fuzzy 
numbers, is also a trapezoidal fuzzy number.

The average for n trapezoidal fuzzy numbers 
( ), , , , 1, ,j j j ja b c d j n= …  is the following:
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This operation yields trapezoidal fuzzy numbers as a 
result (Bojadziev & Bojadziev, 2007, p. 68).

Transformation of triangular fuzzy number to 
trapezoidal fuzzy number
Suppose we have a triangular fuzzy number and a real 
number 0,1a∈    that will arise from influence of a spe-
cific member in the decision-making group. The new trap-
ezoidal fuzzy number, which kernel is equal to the a -cut 
of original triangular fuzzy number, will be called the 
transformed fuzzy number. 

Definition: The transformation of triangular fuzzy 
number ( )1 2 3, ,A a a a=  is a trapezoidal fuzzy number 

( )1 2 3 4, , ,A a a a aa a a= , where the element 1  a remain the 
same and element 3a  from the original triangular fuzzy 
number will become element 4  a of the transformed trap-
ezoidal fuzzy number, in other words 4 3:=a a . New val-
ues of 2a a  and 3a a  are calculated using the following 
formulas:

( )2 1 2 1a a a aa = + a× − ; (6)

( )3 3 3 2a a a aa = −a× − . (7)

Then the new fuzzy number will be:
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The lower the a  is, the greater the influence of a spe-
cific member of the decision-making group on the deci-
sion will be. Graphical representation of this transforma-
tion is shown in the Figure 2. Also, in order to achieve 
the biggest effect of transformation, the 1a  and 2a  or 2a  
and 3a  will always be the same (as mentioned in chapter 
The Shape and Position of Triangular Fuzzy Number). In 
other words, the smaller the difference between outcom-
ing value of 2 1a a−  and 3 2a a− , the smaller the transfor-
mation effect and the influence of a specific member of the 
decision-making group on the decision will be.

Figure 2. Transformation of triangular to trapezoidal fuzzy number
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1.3. Fuzzy linguistic scale

For the purposes of expression of an agreement level, a 
linguistic fuzzy scale will be used. There are many dif-
ferent linguistic scales described for example in Lubiano 
et al. (2016), Ryjov (2003) or Xu (2012). In this article, the 
Likert scale will be used. A linguistic variable is defined 
using a quintuple ( ), , , ,X T U G M  where X is the name of 
the variable, { }1 2, , , nT T T T= …  is the set of terms of , X U  
is the universe of discourse (generally 0,1   ), G is a syn-
tactic rule for generating the derived terms, and M is a 
semantic rule for associating each term with proper fuzzy 
set (number) defined on U (Zhang et al., 2005). Conven-
tional values of cardinality used in the linguistic models 
are 5 or 7, where the midterm represents an assessment 
of “approximately 0.5”, and with the rest of the terms be-
ing placed symmetrically around it (Carrasco et al., 2011). 
Table 1 illustrates an example of a fuzzy linguistic scale.

Table 1. Fuzzy linguistic scale

Tj Linguistic Term
Fuzzy Number 

( ) ( )1 2 3 4, , ,j j j j jM T t t t t=

T1 Strongly Agree (0, 0, 0, 0)
T2 Agree (0.15, 0.15, 0.20, 0.40)
T3 Do not know (0.30, 0.30, 0.35, 0.60)
T4 Disagree (0.45, 0.45, 0.50, 0.80)
T5 Strongly Disagree (0.60, 0.60, 0.65, 1)

1.4. Defuzzification

The goal of defuzzification is to interpret the fuzzy num-
ber as proper crisp value to be used by the decision-maker 
(Sechilariu & Locment, 2016). There exist many defuzzi-
fication methods, but the center of gravity (COG) is often 
preferred among them (Užga-Rebrovs & Kuļešova, 2017). 
This method returns the value of the center of area under 
the curve created by the membership functions (Masoum 
& Fuchs, 2015). 

Specifically, if we suppose A  is a trapezoidal fuzzy 
number, for the COG of trapezoidal fuzzy number A , 
the following applies (Wang et al., 2006):

( )
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a a a a
+ − − + −
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+ − −
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where COG(A) is the center of gravity of the trapezoi-
dal fuzzy number A that is defined by four elements 

( )1 2 3 4, , ,A a a a a= .

1.5. Hamming distance

The linguistic term expressing the result of voting 
( )1 2 3 4, , ,A a a a a=  is received using method for de-

termination of distance between numbers. The Ham-
ming distance for trapezoidal fuzzy numbers is defined 
as follows (Shallit, 2009). Given ( )1 2 3 4, , ,A a a a a=  and 

( )1 2 3 4, , ,B b b b b=  be two trapezoidal fuzzy numbers with 
membership functions mA and mB, respectively. The Ham-
ming distance is defined as

( )
1
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H j j
j

d A B a b
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The distance coefficient is always between 0 and +∞, 
where 0 refers to the ideal solution.

1.6. Process of the decision-making

In this section, each step of the proposed approach of 
group decision-making in a crisis situation is described 
in detail.

Step 1: Selection of members of the decision-making 
group

The first step of this approach is the selection of mem-
bers of a decision-making group for crisis situations. As 
Björck (2016) confirms, there are various crisis types and 
different points of views. We try to create the most uni-
versal decision-making response group inspired by com-
position of Security Councils of main cities in the Czech 
Republic as Prague, Ostrava, Pardubice, etc. Also, we took 
into consideration the fact that groups composed of in-
dividuals with different characteristics have the potential 
to reach better decisions especially in highly uncertain 
situations, because they access greater variety of informa-
tion sources than homogeneous groups (Mello & Ruckes, 
2006). 

The fictitious decision-making group consists of mem-
bers presented in Table 2. Chairman manages the meet-
ings and discussions, whereas Deputy Chairman supports 
the Chairman and in case of his absence takes over his 
role. The position of Secretary is primarily to ensure for-
mal accuracy and support the Chairman or eventually the 
Deputy Chairman. The rest of members has no special du-
ties or rights regarding the organization.

Table 2. Typical members of decision-making group

No. Position Profession / Specialization

1 Chairman Mayor
2 Deputy Chairman Deputy Mayor
3 Secretary Head of Crisis Management
4 Member Representative of Police
5 Member Representative of Fire Brigade (FB)

6 Member Representative of Emergency 
Medical Service (EMS)

7 Member Representative of Military

Step 2: Determination of criteria
In this step the determination of criteria, by which 

the weights of a members in the decision-making group 
will be set, should be done. Saaty and Vargas (1994) pro-
pose criteria such as expertise, previous performance, ex-
perience or, for example, an effort on the problem. For 
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purposes of the Case study, the decision-makers impor-
tance in a hierarchy (position in the organizational struc-
ture) and relevance in the area of decision-making (spe-
cialization and knowledge of the issue) will be used as the 
criteria to set weights.

Step 3: Selection of fuzzy linguistic scales 
In the third step of this approach, it is necessary to 

define linguistic scales and related fuzzy numbers. For this 
purpose, Likert scales are used, asking respondents to in-
dicate their levels of agreement with a declarative state-
ment. The advantage of a Likert scale lies in possibility of 
its easy construction and modification, plus the measure-
ments based on Likert scaling have demonstrated a good 
reliability (Li, 2013). 

Every model should consist at least three fuzzy lin-
guistic scales. First scale for the voting itself, where the 
decision-makers express the degree of agreement or disa-
greement with a proposal. Second scale for considering 
the weights of each member of decision-making group 
and the last scale for interpretation of results. 

For the purposes of the Case Study, four fuzzy lin-
guistic scales will be used, since we will have two criteria 
by which the weight of each member of decision-making 
group will be determined. Unlike in articles of Lyu et al. 
(2020) or Voskoglou (2018), where the construction of 
fuzzy linguistic scales is based partly on calculations, the 
construction of fuzzy linguistic scales in this article, with 
only one exception, is based on the estimation of an expert 
in the field of crisis management. All in accordance with 
the rules about relationship between curve and linguis-
tic statement set out in publication of Chen and Hwang 
(1992). Specific shape of triangular fuzzy numbers de-
scribed in chapter Fuzzy Numbers and α-level cuts will be 
used. This ensures that the effect of the fuzzy transforma-
tion, described also in chapter Fuzzy Numbers and α-level 
cuts, on the resulting value after defuzzification will be in 
the desired direction.

Further, the fuzzy linguistic scale described in Ta-
ble 3 and Figure 3 will be used to express the level of 
agreement or disagreement of a decision-maker with 
a proposal. The values of the triangular fuzzy number 
where m  = 1 will be 0.35 for linguistic term Strongly 
Disagree, 0.45 for Disagree, 0.55 for Agree and 0.65 for 
Strongly Agree. In case of negative level of agreement 
(Strongly Disagree, Disagree) the right side of the fuzzy 
number will be ignored in order to receive more ex-
treme values in the negative direction after the trans-
formation of the fuzzy number (described in Chap-
ter 1.2.). On the same principle, in case of the positive 
level of agreement (Strongly Agree, Agree), the left side 
of the fuzzy number will be ignored.

It should also be noticed that the scale expressing 
the level of agreement or disagreement with a proposal 
in the Case Study is a four-part scale without a mid-
dle option. As Nowlis et al. (2002) confirm, the use of 
even-point scales is forcing respondents to choose a po-
sition, which is desirable in a crisis situation.

Table 3. Scale expressing level of agreement

Linguistic Term Fuzzy Number

Strongly Agree (0.65, 0.65, 1.0)
Agree (0.55, 0.55, 0.9)
Disagree (0.1, 0.45, 0.45)
Strongly Disagree (0.0, 0.35, 0.35)

Figure 3. Fuzzy scale expressing level of agreement

The next fuzzy linguistic scales should be used to 
describe weight of each member of the decision-making 
group.

In the Case Study, two fuzzy linguistic scales will be 
used to consider the weights. On the scale described in 
Table 4 and Figure 4 the importance in the hierarchy 
of a member within the group will be evaluated. The 
values of the triangular fuzzy number where μ = 1 will 
be 0.4 for linguistic term Very Important, 0.6 for Im-
portant, 0.8 for Moderately Important, 1.0 for Slightly 
Important and, finally, 1.0 for Not Important. Since the 
resulting fuzzy number of the scale can be later trans-
formed and the defuzzification of the number will be 
used as α (as described in the Step 4) the right side of 
the fuzzy number will be ignored in order to receive 
lower value of α after each transformation (described 
in Chapter 1.2.). 

Table 4. Scale expressing importance in hierarchy

Linguistic Term Fuzzy Number

Very Important (0.0, 0.4, 0.4)
Important (0.2, 0.6, 0.6)
Moderately Important (0.4, 0.8, 0.8)
Slightly Important (0.6, 1.0, 1.0)
Not Important (1.0, 1.0, 1.0)

Evaluation of the relevance of each member in the 
area of decision-making will be evaluated on the scale 
described in Table 5 and Figure 4. The fuzzy linguistic 
scale is identical with the previous one except that it 
uses different linguistic terms.

Finally, the fuzzy linguistic scale used for the in-
terpretation of the result should be based on the two 
extreme fuzzy numbers calculated as the most positive 
and the most negative results of the voting that the 
model (as described in the Chapter 1.6.) can theoreti-
cally allow. For the purposes of Case Study, the scale 
described in Table 6 and Figure 5 was calculated.
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Step 4: Determination of weight of each member of the 
decision-making group

In this step, the weight of each member in the deci-
sion-making group is determined based on pre-selected 
criteria (as, for example, level of knowledge, seniority or 
area of interest). The weight of a member is represented 
by value a . Based on the size of a , the transformation of 
fuzzy number representing the vote of the member will be 
done later. The a  for each member results from defuzzi-
fication of a fuzzy number A selected on the prearranged 
fuzzy linguistic scale.

In case that there is more than one criterion for the 
determination of weight, the order of criteria needs to 
be established. Then, the α obtained from the defuzzifi-
cation of the first fuzzy number, which is resulting from 
the evaluation according to the first criterion, will be used 
to transform the second fuzzy number, which is resulting 
from the evaluation according to the second criterion, etc. 

The last criterion provides the final α representing the final 
weight of a member.

Step 5: Voting of individual members of the decision-
making group

In the fifth step, which is also the only one that takes 
place after a crisis situation occurs, each member of the 
decision-making group votes on the pre-defined fuzzy lin-
guistic scale to express the level of agreement or disagree-
ment with the proposal. If the decision-maker’s weight is 

1,a <  then the transformation of the fuzzy number result-
ing from the decision-maker’s vote should be done (see 
Formula 8). Then, based on the resulting fuzzy number of 
each member of the decision-making group, the overall 
average fuzzy number should be calculated (see Formula 
5). After that, based on the Hamming distance approach, 
the difference between the resulting average fuzzy number 
and the fuzzy numbers in the fuzzy linguistic scale used 
for the final interpretation of results should be calculated. 
The final result of the voting (e.g. Yes or No, Accept or 
Reject) should be selected based on the shortest Hamming 
distance of a fuzzy number from the fuzzy linguistic scale 
to the average fuzzy number.

2. Case study

The goal of the Case Study is to decide whether to accept 
or reject a possible crisis decision in a predetermined sce-
nario. Since the voting in the Security Councils or other 
crisis institutions in the Czech Republic is rare and the 
votes of individual members are usually identical or un-
listed, we have decided that for the clarity of this Case 
Study the designed approach will be applied on a ficti-
tious crisis scenario and the votes of members of decision-
making group will be generated randomly. The fictitious 
crisis scenario created by an expert in the area of crisis 
management is as follows:

There is a rapidly spreading mass infection in the capi-
tal city of Prague. Approximately 10% of the population is 
infected and the hospital reports first deaths. The infection 
is manifested by severe fevers and vomiting. The type or 
source of infection is not yet known. It is necessary to 
decide on quarantine (in order to limit the spread of the 
infection) for the whole area of Prague.

Weights of each member of the decision-making 
group, represented by a, were calculated based on evalu-
ation of importance in the hierarchy within the decision-
making group, as well as based on relevance in the area of 
decision-making. All done in cooperation with an expert 
in crisis management.

The initial (first) weight, which reflects the importance 
of a member, was assigned to each member by selecting 
the most appropriate linguistic term on the fuzzy linguistic 
scale presented in Table 4. The corresponding fuzzy num-
ber to the term was defuzzified and thus the first value a 
was obtained specifically for each member. Calculations 
can be seen in the Table 7.

Table 5. Scale expressing relevance in the area

Linguistic Term Fuzzy Number

Very Relevant (0.0, 0.4, 0.4)

Relevant (0.2, 0.6, 0.6)

Moderately relevant (0.4, 0.8, 0.8)

Slightly Relevant (0.6, 1.0, 1.0)

Not Relevant (1.0, 1.0, 1.0)

Figure 4. Fuzzy scale expressing importance in hierarchy and 
the relevance in the area

Table 6. Scale with possible results

Linguistic Term Fuzzy Number

Accept (0.65, 0.65, 0.92, 1.00)

Reject (0.00, 0.08, 0.35, 0.35)

Figure 5. Fuzzy scale with possible results
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The final weights of each member were gained by 
selecting the most appropriate linguistic term (repre-
senting importance – second criterion) for each mem-
ber on the fuzzy linguistic scale presented in Table 5. 
The corresponding fuzzy number to the selected lin-
guistic term was transformed (as described in Chap-
ter 1.2.) using the initial weight as a level. The trans-
formed fuzzy number was defuzzified and the result 
used as the final weight specific for each member, as 
shown in Table 8.

Votes, more precisely the level of agreement or dis-
agreement with declaration of quarantine of each mem-
ber, were generated randomly by using a generator of 
random numbers. In Table 9 the individual votes of each 
member can be found along with corresponding triangu-
lar fuzzy number and its transformation (as described in 
Chapter 1.2.) by respective a  (final weight of individual 
members). The average fuzzy number (final vote) resulting 
from individual votes of each member of decision-making 
group is also presented in Table 9.

Table 8. Members of the decision-making group with assigned final weights

Position Profession / 
Specialization

Calculation of Final Weight

Relevance Triangular  
Fuzzy Number

Transformed  
Fuzzy Number

Defuzzification – 
Final Weight (a)

Chairman Mayor Slightly Relevant (0.6, 1.0, 1.0) (0.6, 0.70, 1.0, 1.0) 0.825
Dep. Chairman Deputy Mayor Slightly Relevant (0.6, 1.0, 1.0) (0.6, 0.79, 1.0, 1.0) 0.842
Secretary Head of Crisis Mgmt. Moderately Relevant (0.4, 0.8, 0.8) (0.4, 0.59, 0.8, 0.8) 0.642
Member Representative of Police Moderately Relevant (0.4, 0.8, 0.8) (0.4, 0.67, 0.8, 0.8) 0.656
Member Representative of FB Relevant (0.2, 0.6, 0.6) (0.2, 0.47, 0.6, 0.6) 0.456
Member Representative of EMS Very Relevant (0.0, 0.4, 0.4) (0.0, 0.27, 0.4, 0.4) 0.256
Member Representative of Military Slightly Relevant (0.6, 1.0, 1.0) (0.6, 0.87, 1.0, 1.0) 0.856

Table 9. Individual votes of members and resulting average fuzzy number

Position Profession / Specialization
Calculation of Weighted Vote

Vote Triangular  
Fuzzy Number

Transformed  
Fuzzy Number

Chairman Mayor Strongly Disagree (0.00, 0.35, 0.35, 0.35) (0.00, 0.29, 0.35, 0.35)

Deputy Chairman Deputy Mayor Strongly Agree (0.65, 0.65, 0.65, 1.00) (0.65, 0.65, 0.71, 1.00)

Secretary Head of Crisis Management Disagree (0.10, 0.45, 0.45, 0.45) (0.10, 0.32, 0.45, 0.45)
Member Representative of Police Agree (0.55, 0.55, 0.55, 0.90) (0.55, 0.55, 0.67, 0.90)

Member Representative of FB Disagree (0.10, 0.45, 0.45, 0.45) (0.10, 0.26, 0.45, 0.45)

Member Representative of EMS Disagree (0.10, 0.45, 0.45, 0.45) (0.10, 0.19, 0.45, 0.45)

Member Representative of Military Strongly Agree (0.65, 0.65, 0.65, 1.00) (0.65, 0.65, 0.70, 1.00)

Average Fuzzy Number – Final Vote (0.31, 0.42, 0.54, 0.66)

Table 7. Members of the decision-making group with assigned weights related to importance in hierarchy

Posi tion Profe ssion / Speciali zation

Calculation of Initial Weight

Impor tance Triangular  
Fuzzy Number

Defuzzi fication –
Initial Weight (a)

Chair man Mayor Very Important (0.0, 0.4, 0.4) 0.267

Deputy Chair man Deputy Mayor Important (0.2, 0.6, 0.6) 0.467

Secre tary Head of Crisis Mana gement Important (0.2, 0.6, 0.6) 0.467

Member Repre sen tative of Police Moderately Important (0.4, 0.8, 0.8) 0.667

Member Represen tative of FB Moderately Important (0.4, 0.8, 0.8) 0.667

Member Represen tative of EMS Moderately Important (0.4, 0.8, 0.8) 0.667

Member Represen tative of Military Moderately Important (0.4, 0.8, 0.8) 0.667
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The minimal Hamming distance of the average fuzzy 
number (that represents the final vote), and the fuzzy 
numbers (that represent possible results of the voting) 
presented on fuzzy linguistic scale described in Table 6 
is equal to 1.141. The calculated Hamming distances are 
presented in Table 10.

Based on the result of voting, the final decision should 
be to “Reject” the declaration of quarantine for the whole 
area of Prague. As it is obvious from Table 10 and Figure 6 
the result is not unambiguous and even a small change 
in the degree of agreement of one member could cause a 
different result of the voting.

3. Discussion

Interpretation of results
Since decision makers during the voting have to choose 
from multiple categories and are not limited to binary 
choice (yes / no), the results can be more accurate, as 
confirmed, for example, by Chen et al. (2017), who said 
that the greater the number of scale categories is, the 
more accurate the resulting evaluation will be. Additi-
onally, by interpreting the results using Hamming dis-
tance, it is possible to interpret the power with which 
a proposal was accepted or rejected. In other words, 
it is possible to determine the degree of agreement or 
disagreement with a given proposal within the decisi-
on-making group, as it is obvious from example in the 
Case study. In the presented Case study, the final re-
sult was to “Reject” the declaration of quarantine with 
Hamming distance of 1.141. However, the difference of 
Hamming distances between “Accept” and “Reject” was 
only 0.16. This slight difference provides the basis for 
claiming that the decision was not too strong. In this 
case, a simple scale could be established to interpret the 
power with which a proposal was accepted or rejected.

Accuracy of results
Weights calculated by a certain method are more accu-
rate than the weights obtained by the methods of a direct 
weight assignment based on the expert’s understanding of 
the significance of criteria (Pamučar et al., 2018). Based 
on this statement, it would be appropriate to supplement 
the expert estimate with an assignment method, in order 
to make the achieved results more accurate. For example, 
widely accepted Analytical Hierarchy Process (AHP) can 
be used in this case (Saaty, 1977, 1980), which enable to 
combine qualitative and quantitative evaluation to express 
weights.

In addition, the possible weakness regarding accuracy 
of results can also be found in the setting of the fuzzy 
linguistic scales. The slope and position of the fuzzy num-
bers is essential and should be set by an expert or group 
of experts who should determine what values a specific 
fuzzy number can reach. Not only within the Case Study 
the only fuzzy linguistic scale that is predetermined is the 
scale of possible results (see Table 6), because the Ham-
ming distance of the most important and relevant member 
in case of “Strongly Agree” or “Strongly Disagree” has to 
be 0. The proposed approach would also benefit from test-
ing on many different scenarios. Especially regarding in-
fluence of diverse conditions on weights and assessments.

Finally, it is important to note that linear fuzzy num-
bers do not need to be sufficient in some cases. Some-
times, it may be necessary to use curved or non-linear 
fuzzy numbers for more accurate results. For example, in 
case that increase of transformation effect with lowering 
alpha should be considered.

Hierarchical order of weights
In case there is more than one criterion determining the 
weight of a decision-maker and, at the same time, all fuzzy 
linguistic scales related to the criterion are the same, the 
following criterion in the hierarchy will always have big-
ger impact on the final results, than the previous crite-
rion in the hierarchy. As it can be seen in the Case Study, 
where the fuzzy linguistic scales determining the weight 
of decision-makers are the same (see Table 7 and 8), the 
relevance in the area of decision-making of a member has 
significantly greater impact then the importance in the 
hierarchy. That is why, the construction of the hierarchi-
cal structure must be carefully considered that the most 
important criteria should be placed last.

Conclusions

Managerial decision-making often involves the consider-
ation of multiple criteria with high levels of uncertainty 
(Hodgett & Siraj, 2019). The presented approach helps us 
to manage the imprecise ambiguous information. As the 
case study indicates, the approach provides accurate re-
sults while working with vague concepts. The approach 
with transformation of fuzzy numbers could be also used 

Table 10. Hamming distance for each result of the recruiting 
process

Variant of the Result Hamming Distance

Accept 1.301

Reject 1.141

Figure 6. Resulting average fuzzy number (solid line) and 
possible results (dot lines)
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in many areas where it is necessary to consider weights, 
not only in a group decision-making in crisis. The case 
study is only a brief example of a specific situation. Prac-
tical use of the suggested approach would require greater 
robustness. For example, the relevance of individual mem-
bers in the decision-making group should be in a pre-
prepared matrix, with all possible complex situations that 
may happen. As mentioned in Discussion, in the context 
of further research, it would be useful to focus on method 
of determining weights by expert and especially on more 
precise slope adjustment of fuzzy linguistic scales. Also 
use of non-linear fuzzy numbers should be considered as 
well.
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