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a b s t r a c t 

Present measures of the degree of agreement in group decision-making using hesitant fuzzy linguistic 

term sets allow consensus or agreement measurement when decision makers’ assessments involve hesi- 

tance. Yet they do not discriminate with different degrees of consensus among situations with discordant 

or polarized assessments. The visualization of differences among groups for which there is no agreement 

but different possible levels of disagreement is an important issue in collective decision-making situa- 

tions. In this paper, we propose new collective and individual consensus measures that explicitly con- 

sider the hesitance of the decision makers’ hesitance in giving an opinion and also the gap between non- 

overlapping assessments, thus allowing the measurement of the polarization present within the group’s 

opinions. In addition, an expert’s profile is defined by considering the expert’s behavior in previous as- 

sessments in group decision-making processes in terms of precision and dissension. 

© 2017 Elsevier B.V. All rights reserved. 

Introduction 

Several studies have shown that, in general, people do not use 

purely quantitative models when expressing preferences and in- 

terests and are more comfortable using global or abstract forms, 

that can be understood as models based on qualitative or linguistic 

information [1–3] . Analogously, in Group Decision-Making (GDM) 

environments, the design of systems to facilitate decision-making 

processes is considered suitable for describing alternatives to be 

made in terms of non-numerical values and reflect the uncertainty 

inherent in human reasoning [4–8] . In the literature, this impre- 

ciseness has been modeled with intervals or fuzzy values through 

a linguistic approach [9–11] . 

Rodríguez et al. [9] introduced the Hesitant Fuzzy Linguistic 

Term Sets (HFLTSs) over a well-ordered set of linguistic labels to 

deal with decision-making situations through hesitant fuzzy lin- 

guistic assessments. In this way, one can express not only the 

uncertainty but also the hesitance inherent in human reasoning. 

There are several contributions in the literature that have stud- 

ied HFLTSs, their properties, aggregation functions, preference re- 

lations, distances and so on [12–16] . These approaches have con- 
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tributed either from a theoretical point of view or by proposing 

different applications. An algebraic extension of the set of HFLTSs 

is presented in [17] to take into account the gap between non- 

overlapping assessments. 

In recent times, consensus in GDM problems through HFLTSs 

has been studied by several approaches [12,18–22] . While some of 

them focus on the aim of quantifying the level of agreement, some 

others focus on the consensus reaching process. The problem is set, 

for all of them, with a group of experts or Decision Makers (DMs) 

evaluating a set of several alternatives by means of HFLTSs. Despite 

this, some differences emerge among the approaches that try to 

quantify the consensus level. A first key difference between them 

is that, while some approaches study, for each alternative, the con- 

sensus of an expert with respect to the rest of the group [12,20] , 

others study the consensus of the whole group on each alternative 

[18,19,21] . Both types of consensus approaches might be useful un- 

der different kinds of situations: while approaches of the first type 

can be used to evaluate the relation of each expert with respect 

to the group, approaches of the second type can be used to eval- 

uate the available alternatives. For instance, when in a GDM pro- 

cess the most dissenting decision makers are asked to reconsider 

their opinion, a measure of the first kind should be used. On the 

contrary, when everyone is asked to reconsider his or her assess- 

ment on the most controversial alternative, a second type measure 

should be used instead. In this paper, we propose a new measure 

of consensus that can be adapted to the measurement of both in- 

dividual and collective consensus. 

http://dx.doi.org/10.1016/j.inffus.2017.09.004 

1566-2535/© 2017 Elsevier B.V. All rights reserved. 

http://dx.doi.org/10.1016/j.inffus.2017.09.004
http://www.ScienceDirect.com
http://www.elsevier.com/locate/inffus
http://crossmark.crossref.org/dialog/?doi=10.1016/j.inffus.2017.09.004&domain=pdf
mailto:jordi.montserrat-adell@upc.edu
mailto:nuria.agell@esade.edu
mailto:monica.sanchez@upc.edu
mailto:francisco.javier.ruiz@upc.edu
http://dx.doi.org/10.1016/j.inffus.2017.09.004


2 J. Montserrat-Adell et al. / Information Fusion 42 (2018) 1–11 

The second main difference among approaches lies in whether 

the definition of the measure of consensus is based on the con- 

cept of distance or on the concept of similarity. On the one hand, 

the consensus level presented in [12] is a distance-based mea- 

sure. According to the distance that it is used in [12] , if two opin- 

ions do not overlap, the consensus level is always zero, regard- 

less how far apart the opinions are. This is because the distance 

used does not take into consideration the gap between HFLTSs in 

the cases in which the intersection is the empty set. In this pa- 

per we define more accurate agreement measures, based on the 

distance presented in [13] that does take into consideration this 

gap. On the other hand, the measures presented in [18–21] are not 

distance-based but similarity-based. The concept of similarity be- 

tween HFLTSs is presented in [18] , and later used in [21] , based 

on the comparison, between two experts, of their preferences of 

a given alternative over another one and extended in [19] as a 

comparison, between two experts, of their assessment of a spe- 

cific alternative. In any case, this similarity concept neither takes 

into consideration how distant non-overlapping assessments are 

nor the level of hesitance used by the experts when assessing an 

alternative. The measures presented in this paper solve these is- 

sues by considering both the hesitance of the assessments and the 

gap between them if they do not overlap. 

Selecting or prioritizing suitable experts or DMs is a frequent 

problem in GDM applications in real situations [23,24] . This paper 

introduces the concepts of preciseness and dissent of an expert as- 

sessing a set of alternatives. This allows the definition of an ex- 

pert’s profile, which keeps track of how experts have made his/her 

previous assessments with respect to how precise or how dissent- 

ing they are. These profiles characterize the up-to-date behavior of 

experts in GDM processes and can be useful for the task of select- 

ing the appropriate experts to form part of future committees or 

decision groups. 

The rest of this paper is structured as follows: first, 

Section 1 presents a summary of the basic concepts in the liter- 

ature that are used throughout the paper. A new degree of con- 

sensus for the whole group on each alternative is introduced in 

Section 2 with a further comparison study with other similar mea- 

sures. Section 3 defines a different degree of consensus for an ex- 

pert with respect to the group and it is also compared with the 

similar existing measures. A precision–dissension profile is pre- 

sented in Section 4 to keep track of the assessments of a DM 

within several groups. Finally, Section 5 presents the main conclu- 

sion and lines of future research. 

1. Theoretical framework 

The aim of this section is to provide a summary of basic con- 

cepts related to HFLTSs that appear throughout this paper. In par- 

ticular, a special focus on the distance between HFLTSs that is used 

in this work is required. 

From this point onwards, let S denote a finite total ordered set 

of linguistic terms, S = { a 1 , . . . , a n } with a 1 < . . . < a n . 

Definition 1 [9] . A hesitant fuzzy linguistic term set (HFLTS) over 

S is a subset of consecutive linguistic terms of S, i.e., { x ∈ S | a i ≤
x ≤ a j } , for some i, j ∈ { 1 , . . . , n } with i ≤ j . 

Following the concept of uncertain linguistic term introduced 

by Xu [25] , in this paper we denote HFLTSs by linguistic inter- 

vals. Thus, for the rest of this article, the HFLTS { x ∈ S | a i ≤ x ≤ a j } 
is denoted as [ a i , a j ] or, if j = i, { a i }. In addition, H S represents the 

set of all the possible HFLTSs over S including the empty HFLTS, ∅ . 
In order to define a suitable distance between two HFLTSs that 

takes into consideration not just the intersection of them, but also 

the gap between them if they do not intersect, an algebraic ex- 

tension of the set H 

∗
S = H S − {∅} is presented in [17] as H S differ- 

Fig. 1. Graph of the extended set of HFLTSs, H S . 

Fig. 2. Elements of H S included in [ a 1 , a 2 ]. 

ent than the extension presented in [14] that includes HFLTS with 

non-consecutive linguistic terms from S . This algebraic extension 

includes the concepts of the negative HFLTSs , −H 

∗
S = {−H| H ∈ H 

∗
S } , 

the zero HFLTSs , A = { α0 , . . . , αn } and the positive HFLTSs , H 

∗
S . The 

graph of this set is presented in Fig. 1 . 

In the frame of H S , an extended inclusion relation is introduced 

based on the graph of H S ( Fig. 1 ) and the usual inclusion relation 

between HFLTSs. Fig. 2 shows, as an example, all the elements of 

H S included in [ a 1 , a 2 ] according to the extended inclusion rela- 

tion. Additionally, this extended inclusion relation is used to ex- 

tend the connected union and the intersection of HFLTSs to an op- 

eration between elements of H S . 

Definition 2 [17] . Given H 1 , H 2 ∈ H S , then: 

a) The extended connected union of H 1 and H 2 , H 1 � H 2 , is defined 

as the least element that contains H 1 and H 2 , according to the 

extended inclusion relation. 

b) The extended intersection of H 1 and H 2 , H 1 � H 2 , is defined as 

the largest element being contained in H 1 and H 2 , according to 

the extended inclusion relation. 
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