CHAPTER 4
TOLERANCE BASED MODERATOR GUIDED
HETEROGENEOUS GROUP DECISION MAKING
INVOLVING EXPERTS AND END-USERS

This chapter focuses on two issues of group decision-making same as discussed in
the first chapter. First, the multiple rounds of feedback recommendations in the
consensus-reaching process (CRP) make GDM inefficient. Second, there is no
involvement of heterogeneous decision-makers (DMs), possibly end-users, as
stakeholders apart from the experts. To address the first issue, a novel threshold-based
feedback mechanism is introduced to improve the efficiency of the CRP, which in turn
helps experts reach a consensus in, at most, one round of feedback. To address the second
issue, invite end-users to participate in decision-making where their majority group
opinion is generated. After dealing with the opinions of experts and end-users exclusively,
the concern is to obtain a global solution that is accepted by all the DMs. In this regard,
a moderator with a tolerance degree is designed who promises to obtain the global
decision considering the consensual opinion of experts and the cumulative opinion of
end-users based on its tolerance value. The effectiveness of the proposed method is
demonstrated through a case of healthcare service selection. Further, various
experiments are conducted to show how the proposed work outperforms the existing

works.

4.1 Background

Traditionally, the experts with the structured knowledge are considered to be the sole
DMs who come together to derive the decision-making process. However, with the rapid

advancement of information and communication technology, the social media platforms
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like Twitter, Facebook and WeChat, helped individuals become more informed and
aware. They promptly share their opinions and experiences through these platforms [94],
[95] and are willing to participate in the decision-making process. Consequently, these
individuals being novice ones are the potential participants in the decision-making

process.

With the explosion of information technologies, new challenges have been brought
in decision-making. The decision-making events like service selection, in general, are
important for society or a specific community of people [96]. Therefore, instead of only
involving the representative stakeholders in decision-making, one should also involve the

potentially affected individuals too. The important reasons are:

e Related information provided by the providers may not be sufficient to make the

decision.

e Services could have been designed to address the need of a large group or to fulfill

the specific need of a small group of customers.

e Rapid growth in the market is encouraging service providers to create different types

of services, resulting in increasing the difficulty in service selection.

For example, in the healthcare sector, various developments like Telemedicine, Al-
enabled medical devices, and blockchain-based electronic health records have taken
place. These developments made it challenging to find the best healthcare service that
satisfies the requirements of all stakeholders. Though system experts can be invited to
select the best service alternative, they may only be able to incorporate some possible
requirements of the end service user. Therefore, to better interconnect and perceive the
service’s usefulness, service users and the leading experts must evaluate the alternatives.

The advantage of inviting the end service users is the actual practical standpoints. As far
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as we know, the GDM problems that simultaneously contain the experts and the users
(the novice experts) called heterogeneous DMs in this thesis have not been thoroughly
considered in the literature. In this direction, to fill the aforementioned research gap, the
heterogeneity discussed in this study is about the types of DMs having structured and

unstructured knowledge.

In general, it is challenging to reach an agreement with the DMs owing to different
interests, motivations and backgrounds. Thus, CRP is essential to obtain the solution that
is to be agreed upon by all the experts. However, it is assumed that for some application
the resources are limited for building consensus. The GDM being a time-consuming
process, one such resource that we consider is the number of rounds required to reach
consensus [52]. It is observed that there are situations when decisions need to be made in
a short time, especially in the emergency events [67]. These events occur suddenly, and
decisions must be made in a limited time. Thus, an important issue is designing an
effective and efficient feedback process for building CRP. To fill this research gap, this
thesis considers the heterogeneity in the context of types of DMs, i.e., the experts and the

end-users, while minimizing the number of rounds to reach a consensus.

In this direction, one of the objectives of this chapter is to propose a feedback
mechanism that achieves consensus at once. However, in some scenarios, involving all
the experts and end-users in the interactive process would be inconvenient, where they
modify their preferences for several rounds. Also, the users may not be interested in
getting feedback advice. All they can do is to provide their initial preferences sincerely.
Thus, an alternative approach is necessary to obtain the optimal decision solution in the
presence of both the experts and the end-users. For this, we here employ the concept of

tolerance behavior of the moderator to obtain the final decision. This moderator's
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behavior is characterized by defining the tolerance degree of the moderator. The
tolerance-based moderator controls the actual decision deviation from the expert's
consensual solution in the presence of the user's opinion while generating the final
decision. Therefore, this approach is conducive to modifying the expert's consensual

opinion in the final decision generation.

4.2 Proposed Model

Though end-users can be invited to GDM, engaging them (as novice experts) in the CRP
to modify their preferences would be difficult. Furthermore, giving up end-user’s
opinions may lead to the loss of information. Focusing on the role of end-users in
decision-making, this chapter makes the moderator responsible for obtaining the solution
from the expert’s consensus opinion and end-users' cumulative opinion. The moderator

decides the influence of the end-user’s opinion on the final solution.

The proposed GDM model consists of four phases. The first phase is the
construction of an expert consensus solution. In this phase, the moderator decides on a
consensus threshold for experts and gives feedback to experts to reach a consensus. We
call the solution obtained in this phase 'Expert Consensus Solution (ExCS)." Here, we
propose a novel CRP for the first phase in which, at most, one-time feedback is given to
the experts to reach a consensus, whereas the second phase is the construction of end-
users' cumulative solutions. In this phase, the moderator creates a cumulative solution
based on the preferences given by the end-users in the second phase that represents the
majority group opinion while preserving the extreme opinions of end-users. In this phase,
we call the obtained solution' End-users Cumulative Solution (EuCS)'. The third phase is
the construction of the final solution. In this phase, the moderator has to create a Global

Consensus Solution (GCS) based on obtained solutions from phases first and second,
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creating a solution that considers the opinions of experts and end-users. We propose a
novel method in which the moderator makes a GCS based on its tolerance degree. The
tolerance degree associated with the moderator decides the degree to which the moderator
can tolerate the deviation from experts' opinions while incorporating the users' opinions.
It controls the impact of users' opinions in generating the final decision GCS. The fourth
phase is the Selection Phase. The resolution framework of the proposed model based on
experts and end-users’ opinions and a tolerance-based moderator is presented in Fig. 4.1.
The step of the proposed framework is summarized in Algorithm 1. The main difference
between the proposed CRP (given in Fig. 4.1) and the CRP in existing works (shown in
Fig. 2.1) is the tolerance-based moderator that considers end-users’ opinion to generate
the final solution GCS and the model defined CRP which minimizes the round to reach

consensus.

Group of GDM
Decision Makers ;J

Problem % Preference @RP > Excs
| >
Set of Experts Toézrsaeréce GCS | selection | | , Ranked
X| .
Alternatives P Moderator Process Alternatives

Preference’ Aggregation Ly EuCS
Operator

End-Users

Fig. 4.1: Framework of the Proposed Tolerance Based Model

In the proposed GDM model, there is a problem to solve for which the opinions of
experts and end-users are required. For the specified problem, there is a set of feasible
alternatives, X = {x;,X,,....x,} where n = 2, and the group of two or more experts,
E ={e;, e,,....e,} where m > 2. Experts are characterized by their own experience,
ideas, backgrounds, and knowledge. They express their opinion about the provided set of

alternatives. For incorporating the opinion of end-users as input to decision making, the
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moderator requests them to provide their opinion for the given set of alternatives. Their
opinions would either be collected by requesting them directly or by collecting from the
publicly available information on the Internet. Let [ be the number of end-users
represented as U = {uy, u,,....1u;}, where | = 2. Each expert and end-user provide a
preference matrix V and T, respectively, of size n X n in which each entry v;; represents
preference given to the alternative i over alternative j. Notably, we consider the

cumulative preference of the end-users’ so that we have the general opinion of users.

4.2.1 Expert Consensus Solution (ExCS)

LetV?P = (V?j)nxn. for i < j be the preference vector of the expert e, € E located in the
Euclidean space. Let w, = (Wd, wZ,...,w") be the weight vector of the experts, where
w? > 0 is the weight associated with the expert e, and Y7L, w? = 1. Then the group
decision matrix of the experts V6P = (viGjD )nxn can be obtained by the weighted average
operator, given in Eq. (2.1). To obtain the expert consensus solution (ExCS), consensus
reaching process involves two stages: Consensus Measure and Threshold-based Feedback

Mechanism. Both stages are discussed as follows:

(i) Consensus Measure

In GDM, the experts are required to participate in the discussion process to reach
a consensus solution. In the consensus process, a method for obtaining the consensus
solution for experts is introduced based on the degree of deviation between the individual
expert’s and group decision matrix as per [15]. The degree of deviation between VP of

expert e, € E and VP defined using Eq. (4.1) is given as follows:

1
D(VP,V6P) = (—— Z VP — pSPY2)L/2 4.1
( ) (\/E( i,j €{1,2,..n}and i<j( Y g ") @D
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nx(n-1)

where k = . Based on the distance between the individual and group decision

matrix, the consensus degree of expert e,, is obtained as given in Eq. (4.2).
CD(VP,V¢P) =1 —-D(VP,VEP) (4.2)

Let A € [0, 1] be the consensus threshold defined as the minimum expected consensus
among the experts. If the obtained consensus level of e, is greater than or equal to the
threshold, i.e., CD(V?,VP) > A, the expert e, reaches the consensus. Whereas if
CD(VP,VEP) < A, then expert e, will be given the feedback to modify the preference

matrix in order to achieve the consensus. The feedback process to guide experts below

the consensus level is discussed below.

- ~,
’
’ N

/' Repeat until all experts reach consensus \

( Feedback recommendation
to expert with lower
l consensus degree

Calculate

Experts consensus
Preferences degree of each

expert e,

Collective
expert
preference

Generation of ExCS

Fig. 4.2: A Framework of CRP with Threshold-based Feedback Recommendation

(ii) Threshold-based Feedback Mechanism

In the general CRP framework described in Chapter 2, the group preference matrix V6P
is directly employed to produce the advice given in the feedback using Eq. (2.4). The
experts then modify their preferences accordingly to achieve the consensus threshold. In
this study, we assume that experts accept the feedback recommendations and do not
present non-cooperative behaviors. However, reaching a consensus threshold may take

several feedbacks round due to the uncertain range of advice provided, which might be a
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time-consuming process and thus impact the consensus reaching process. To overcome
this limitation, a constant and personalized feedback mechanism based on the consensus
threshold is proposed, shown in Fig. 4.2, which is contended to favor the expert in

accepting the personalized advice, thus achieving the group consensus at once.

In general, the minimum required consensus level, also called the consensus
threshold, is the minimum degree of agreement (4 € [0,1]) among the experts. That
means, if the value of threshold 4 = 0, it implies no agreement among the experts and if
A =1, it implies full agreement among them over the decision, which is ideally not
possible. Therefore, there will always be the possibility of some degree of disagreement
among experts, which is allowed in every decision-making situation. Hence, provided the
minimum degree of agreement, we can obtain the maximum degree of disagreement (1 —
A), a which will be used in this work to formulate the feedback process. Thus, the
proposed feedback mechanism provides personalized advice to experts so that the
consensus level can be achieved in a single round. The feedback mechanism consists of
two rules: (i) the identification rule, which is identical to the rule discussed in Chapter 2,
and (ii) the direction rule, which aims to provide advice to the inconsistent experts to
achieve the group consensus level based on the predefined threshold. The second rule is

elaborated below.

If for e, € E, D(VP,VEP) > (1 — 1), then e, is an inconsistent expert, and the
feedback mechanism should be carried out for the expert e, . The advice provided to the
expert e, will be different from the V? in order to satisfy D(V?,VP) < (1 —2). We

propose to compute personalized advice for the experts that varies according to the group
preference matrix and the degree of disagreement that respects the initial preference of

the experts while achieving consensus. To do so, a feedback matrix AVP? is computed for
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an inconsistent expert e, at a maximum disagreement degree from the initial group
preference matrix VP, The method for obtaining the feedback matrix in the feedback
process is introduced based on two factors: the degree of deviation between an individual
expert decision matrix VP and the group decision matrix V2 i.e., D(VP,V5P) and the
predefined degree of disagreement (1 — 4). Based on these two factors, a feedback matrix
AVP = (avipj)nm will be generated to advice the expert e,. This received advice if
properly considered; the consensus would be reached without undergoing any other round

of negotiation. The feedback matrix AV? is calculated using Eq. (4.3).

a-n/2

— y6D GD
AVP =V +W(VP—V ) 4.3)
AVP satisfies the following.
1
1 2 1-2
D(AVP,VEP) = —<z av?. — vEP 2) = (4.4)
\/E i,j €{1,2,..,n}and i<j( H Y 2
Specifically, replacing ———22_by &, in Eq. (4.3), we h
pecifically, replacing Zo2-rcr- by 0y in g. (4.3), we have
avlpj =(1 —Sp).vf]p + 5p.vfj (4.5)
which guarantees that avlpj + avﬁ = 1 and avlpj € [min(vij ,vfj),max(vij ,vlpj ] €

[0,1]. The value range of feedback parameter &, can be derived as follows. An expert e,

would only undergo the feedback mechanism only if its degree of deviation from the

a-m/2

DWPVED) * it will always be less than 1

group opinion is greater than (1 — 4). As §, =

since D(VP,VEP) > (1 —1). As we already know that the value of the consensus
threshold (4) lies in the range [0,1] where 0 means no consensus and 1 means full

consensus. When the consensus threshold is 1, we obtain the minimum value of §,,, which
is 0. This implies that the value of &, lies in the range [0,1). Further, when the value of

6, is small (i.e., &, is closer to 0), the feedback mechanism focuses more attention on the
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group opinion than the individual opinion. When the value of &, is large (i.e., §, is closer
to 1) the feedback mechanism focuses more attention on the individual opinion than the
group opinion. Thus, the feedback mechanism is designed in such a way that whatever be
the value of obtained &,, the group opinion V¢? will always be considered along with the
individual opinion V?. Thus, to improve the consensus level of the identified expert, the

advised adjustment direction is:

Ffj € [min(vij,avfj),max(vij,avlpj Liz=j “6)
v, = 1-7, i<j '
. P i (2,GD P GD P ‘o
Notice that because of av;; € [min(v;”,v;;), max(vj,v;;)], this adjustment

direction ensures that the adjusted preference Ff} will be closer to the group preference
than the preference vlpj that gets replaced and that too in the range of consensus threshold.
After the experts modify their preference in the advised range, they certainly will agree

—GD
with each other. Then the updated group decision matrix of the experts, V. = (Eij)nxn

can be obtained using the weighted average operator given in Eq. (2.1). The aim of the
feedback mechanism based on the consensus threshold is to carry out different adjustment

suggestions, which respects the experts’ initial preferences too.
From the above discussion, the following property can be derived.

Lemma 4.1: LetV = {V1,V?,....V™}and w, = {w},wZ,...,w/"} be the m preference

relations and the weight vector of the m experts expressed as E = {e1,€5,€3,....,em},
. =P =l . . . . .
respectively. V' and V' be the possible modified preference relation of inconsistent expert

—GD
e, € E and e, € E consequent upon receiving feedback. V' be the modified group

decision matrix utilizing the weighted average operator. Then,
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p(V".7") < max{p (V. 7")}

e|EE

— —1
Proof: V' and V are the modified preference relation of inconsistent expert e, and e;.
From Eq. (4.1),

—p —GD —GD —
D(V ,V ) = i — vij)z)l/z)

=0
Vk ( ij €{1,2,..n}and i<j

—l —p 1 —p —1
p(v,v') = —z P TLy2)1/2

( ) (\/F( i,j E{l,2,...,n}andi<j( Y U) ) )
Then,

—p —GD 1 —GD -
D(V v ) = (7 Qujee..mand i<j(Vij — viHY?)

(% (Zi,j €{1,2,..n}and i<j(2?;1 Wﬁ:j — Xi=1 Wﬁfj)z)l/z)

= (FCj ez, mana i<)(C wi@; = TH)HY?)

= iZiw (% (Zi,j €{1,2,..,n}and i<j(5£j - E%1)]')2)1/2)

=ym wD (Vl,vp) < Xliw max {D (VI,V”)} = max {D (VI,V”)}
This completes the Proof of Lemma 4.1.
Lemma 4.1 shows that the deviation degree between individual preference relation V' of
expert e, and the associated group preference relation VGDis not greater than the largest
deviation degree between any two of the preference relations in V' and Vl, e €EE.

Lemma 4.2: LetV = {V1,V?,....V™}and w, = {wl,wZ,...,w/"} be the m preference

relations and the weight vector of the experts expressed as E = {ej,€3,€3,....,€m},

— —l
respectively. V" and V' be the possible modified preference relation of experts e, and e,

consequent upon receiving the feedbacks. Then,

p(V.7)<a-n
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Proof: Suppose VP be the group preference matrix associated with the original

preferences of the experts. Then,

—1l —p 1 —p —1
p(V,7")=—= Z v.._v..z)
( ) \/E( i,j €{1,2,...,n}and i<j( Y U)
Using Eq. (4.6), the advice generated for the inconsistent expert e, will be:

p RS,
{Vu € [mln(vl] ,a )max(vU yavi)] i 2]

7= 1-9

ji Vij, 1<J

Let us consider that the modified preference relation of expert e, and e; are av and av}; 15

Le. v?] = avp and v vU = avl-lj respectively. Then,

1
=l —p 1 ]
bv.vi)= Jr z , av?. — av!. 2)
( ) k ( i,j €{1,2,..,n}and i<]-( t u)

1
1 l GD 2\2
N 211 €{1,2,.. n}andl<](av — avy; + Vij —17] ) )

[

(#
(

1
< <ﬁ (Zi,j €{1,2,...,n}and i<j(avipj - ViGjD)Z)2> +

1
N ZL] €{1,2,.. n}andl<j((av —17 )+ (U - avilj))z)z>

=

1 1
<ﬁ (Zi,j €{1,2,..,n}and i<j(17iGjD - avilj)z)z)
—l —p
D(V.V") < D(AVP,V%P) + D(AV!,VEP)
— — - —
FromEq. (44) D (V,7") s 24+ &8

—1 —p
Consequently, D (V Vv ) <(1-2

This completes the Proof of Lemma 4.2.
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Lemma 4.2 shows that the largest deviation degree between the modified opinion V' and
Vlof the expert e, and e, respectively, is not greater than the maximum disagreement
degree (1 — 4).

Theorem 4.1: Using the proposed threshold-based feedback mechanism, experts reach

—p —GD
consensus in at most one round of feedback, i.e., CD (Vp, vV ) > 1
Proof: From lemma 4.1 and lemma 4.2, it can be inferred that

p(V'.7") smax{p(V.V")} < 1 -
) _ l ) —_
.. . —p —GD

This implies that D (V ,V ) <1-2
Therefore, CD (V”,VGD) >

Theorem 4.1 shows that the deviation degree between the modified opinion V' of the

—GD
expert e, € E and the updated group preference matrix V' obtained after experts modify
opinion according to advice recommended is not greater than the maximum disagreement
degree (1 — A). That means each expert e, reaches consensus just after accepting the

feedback advice given to them at once.

4.2.2 End-Users’ Cumulative Solution (EuCS)

The end-users, being naive, are invited as resource persons to GDM. It is inconvenient to
ask them to participate in the interactive process where the moderator produces feedback,
and they modify their preferences accordingly [46], [97]. It is a time-consuming process
and requires participants to be aware of the decision-making process. But in some
situations, they may not be aware of their participation in the case where their opinion is

being made use of from one or other sources. Moreover, the moderator's issue when
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relying on opinions of the end-user data is similar to reading the online customer reviews.
Most people who give reviews for any service or product either hate it or love it. But most
valuable feedbacks are from those in the middle who are not responding emotionally.
They could be utilized as a resource person. Furthermore, if we discard the extreme
decision information, we may lose some information. The end-user with extreme
preferences is more likely to provide different opinions from the group. Thus, we need to
produce the majority group opinion while preserving the extreme opinions in the decision

making. For that, we prioritize the users based on the similarity of opinions.
First, we calculate the distance between each pair of users. Let T? = (tfj)nxn be
the preference relation of a user ug € U, and T* = (t;;)nxn be the preference relation of

a user ug € U. Here, we use the Euclidean distance function to measure the distance

between the users u, and u,, given in Eq. (4.7).

1
Dys = (—= Z th — t$)$)1/? 47
= (\/F( i,jE{l,Z,...,l}andi<j(U )77 “.7)

Using this pairwise distance, we can obtain the relative distance of a user from other users.
In this way, the weights of the users can be determined based on the similarity of opinions.

The relative distance of user u, can be calculated using Eq. (4.8).

l
D, = ZDqS (4.8)
s=1

Let w, be the weight of the user u,, and it can be computed using Eq. (4.9).

(1—=Dy)

" =T 4

The cumulative end-user’s opinion EuCS, i.e., T¢ = (tfj)nxn, can be obtained using the

weighted average (WA) operator as given in Eq. (4.10).
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l
tl-Cj = WA(tilj, tl-zj, ...... ,tl-lj) = ZWs-tiSj'fOT Lj=1,....,n (4.10)
s=1

In this way, we can preserve the impact of all the users’ information in the cumulative

opinion.

4.2.3 Global Consensus Solution

In decision-making with heterogeneous DMs, the opinions of experts and end-users can
be dispersive since both groups can have different knowledge and experience
backgrounds. Therefore, it is required to obtain the final solution considering ExCS and
EuCS both. Different from existing GDM models, our proposed model allows the opinion
of experts and end-users. The moderator is responsible for generating the global solution
called Global Consensus Solution (GCS) to get the final decision result. The moderator
considers ExCS as a reference solution and operates to incorporate the end-users opinions
to get the GCS. The GCS may come across some deviation from the reference solution
ExCS to incorporate the opinions of the end-users EuCS. To handle the degree of
deviation caused in the reference solution, i.e., EXCS, the moderator is furnished with a
parameter called tolerance degree 6 that defines how much deviation from the reference

solution can be tolerated to obtain the final solution.

The value of the tolerance degree 8 can be determined in the same way we
determine the consensus threshold for CRP based on the nature of the problem. As already
discussed in the manuscript, an appropriate value of § can control the degree of deviation
of experts toward users. So, depending upon the nature of the application, one can decide
the value of 6. If the value of 8 is closer to 0, the moderator shows no tolerance, i.e., the
moderator is reluctant to converge towards the user’s opinion. It reduces to expert only
for decision making. If the tolerance degree 6 is less than but closer to 1, too much

importance is given to users' opinions. Thus, the tolerance degree 8 controls the impact
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of users' opinions in generating the final decision GCS. This indicates that although the
subjectivity of the consensus solution gets increased by adding the tolerance degree,
adding the tolerance degree provides the moderator with a greater degree of freedom to

control the decision process.

To harness the valuable and important opinions of experts and end-users both, the

moderator generates the final decision depending on tolerance degree 6. The process for

—GD
obtaining the GCS gets initiated once EXCS V and EuCS T¢ is obtained (shown in
Fig. 4.3). The GCS determination depends on the degree of deviation between the end-

user’s cumulative opinion and the expert’s consensus opinion that works as follows.

Final Solution:

Experts 3 GCS = WA(EXCS, EuCS)
Consensual
Solution
ExCS
D(ExCS, EuCS)
<6
Users’
Cumulative

Solution

Final Solution:
EuCS ; GCS =
g \ (1 —y)XExCS + yXWA(ExCS, EuCS)

Fig. 4.3: Obtaining the Final Solution using Moderators’ Tolerance

Let w, and w,, be the weights associated with the ExCS and EuCS, respectively.
To obtain the final decision, the moderator performs the evaluation operation by

comparing the degree of deviation, using Eq. (4.1), between the ExCS and EuCS denoted

—GD
as D(V ,T¢) with its tolerance degree. If the obtained degree of deviation is less than
or equivalent to 6, then the moderator is ready to perform operations over the reference

solution ExCS with respect to EuCS to obtain GCS. If the differences in the opinions of

. —GD
the experts and users are greater than the moderators’ tolerance, i.e., D(V ,T¢) >0,

then the moderator generates a final solution subject to its maximum tolerance degree 6.
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To better manage the experts’ and users’ opinions in the final solution, conditional GCS

generation is defined in Egs. (4.11) - (4.12).

GCS = WAV, TC) = (we x BEP) + (wy X t5), if DV ,T€) <@  (411)

GCS = (1= XV~ + yx WAV ", TS, if DV, T >6  (4.12)

0
wherey =
Y T wa@ oy

—GD

If the user opinion lies within the tolerance degree 0, i.e., D(V ,T¢) < 8 then

the final decision will be the weighted average (WA) of the expert and user opinion,
defined in Eq. (4.11). The GCS in Eq. (4.12) combines two reference points and is used

to generate specific solution. This defines the case when users’ opinion lies beyond the

—GD
tolerance degree, i.e., D(V ,T¢) > 6, the final decision GCS can be formulated exactly

on the tolerance boundary.

The selection of tolerance value € can be determined voluntarily based on the
specific decision problem that controls the emphasis on experts’ and end-users’ opinions.
An appropriate 8 can control the degree of deviation of experts toward users. In this study,
6 = 0 means the moderator has no tolerance behavior, i.e., the moderator is reluctant in
converging towards the user’s opinion, i.e., only experts play the role in decision making.

If the tolerance degree 6 is less than but closer to 1, then too much importance is given to

the user’s opinion. If 8 = D(VGD,WA(VGD,TC)), the weighted average is the final
solution which reduces to the case discussed in Eq. (4.11), and if 8 = 1, then Eq. (4.11)
holds true as from Eq. (4.1), we can say that the maximum degree of deviation between
ExCS and EuCS is always 1. In such a case, the user’s opinion will always be within the
tolerance of the moderator, and so the solution in Eq. (4.11). Furthermore, the weights

provided to the experts and users play an integral role in producing the GCS as it reflects
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the relevance of the users in the final decision. In this way, the opinions of both the experts
and the end-users are reserved in the final decision, depending on the weights provided

to them. The proposed GDM is summarized in Algorithm 1.

Algorithm 1. The Proposed GDM Model

Input:  Preference VP = (vipj)nxn of each expert e, € E and Preference
T? = (tiqj)nxn of each end-user u,; € U, the consensus

threshold A and the tolerance degree 6.

Output: The final ranking of alternatives X = {x, X5, X3,...., X}

Step 1: Compute the experts’ group preference matrix, V6P =
(viGjD)an using Eq. (2.1)

Step 2: Determine the consensus degree of each expert e, €E,
CD(VP,V5P) using Eq. (4.2).
If CD(VP,VEP) < A, go to Step 3; otherwise V= yp.

Step 3:  Adopt feedback mechanism to generate recommendations for
inconsistent experts obtained as follows:

Compute feedback matrix AVP = (avipj)an using Eq. (4.3)

Utilize Eq. (4.6) to generate the adjustment direction for each
inconsistent expert ej,.
Step 4 Compute ExCS, VGDusing Eq. (2.1)
Step 5: Use Eq. (13)-(15) to obtain the weight w, of end-user u,.
Step 6:  Compute EuCS, T¢ = (t{)nxy, using Eq. (4.10).
Step 7 Calculate D(VGD, T©) using Eq. (4.1)
—GD
If((V ,T¢) <6)
Calculate GCS using Eq. (4.11)
Else
Calculate GCS using Eq. (4.12)

Step 8:  Obtain the final ranking of alternatives by applying Eq. (2.5) on
GCS.

Step 9:  End
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4.3 An Illustrative Example

Digital transformation and automation in information systems for healthcare have a
positive impact of technology, leading to smart healthcare services. Telemedicine, Al-
enabled medical devices and blockchain electronic health records are just a few concrete
examples of digital transformation in healthcare that completely reshape how one
interacts with health professionals, how our data is shared among providers and how
decisions are made about our treatment plans and health outcomes. The market of Internet
of Things (IoT)-based healthcare is predicted to reach USD 260.75 Billion in 2027 [98].
Many loT-based healthcare solution providers are present in the market, such as
CONTUS [99], MINDBOWSER [100] and Biz4Intellia [101]. They are offering various
healthcare services. Finding the best healthcare service for the requirements of all
stakeholders is a challenging problem. We discussed the possible reasons behind this
problem in Section 4.1: insufficient information, availability of many services and the
inappropriate number of targeted end-users. Therefore, experts and end-users both should
be invited to evaluate the healthcare services. Without consent and satisfaction of end-
users, the selected service will fail no matter how much good experts were involved in
GDM. The advantage of inviting the end-users is that the moderator can use the untapped
potential of the end-users (who may or may not be recognized as experts) to make a
meaningful decision. Thus, the ineffective service and its bad outcomes could be
eliminated by the decision made collaboratively by the experts and end-users, resulting

in higher quality service.

Suppose a hospital management wants to select a healthcare service provider
providing healthcare IoT solutions. Through a process of pre-evaluation, we identify four
healthcare IoT solutions providers, say x;:Service Provider 1; x,: Service Provide 2; x5:

Service Provide 3; x,: Service Provide 4. To evaluate the services provided by these
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service providers, we also assume that there are 6 experts E = {e;, e,, e5, €4, €5, €5} and
eight related stakeholders who are experienced users of these services U =
{uy, uy, us, Uy, Us, Ug, Uy, Ug} are invited to form a selection committee. Note that more
than eight users can also be involved in the proposed method, but for the demonstration
purpose, only eight users’ opinions are considered here in this example. All these six
experts and eight users use fuzzy preference relation (also called additive fuzzy

preference relation) to express their preference information, which is listed as follows:

0.50 045 0.06 0.21 050 021 0.08 0.57

yi - [ 055 050 052 003) p2 (079 050 019 0.07
= 1094 048 050 0.76 092 081 050 091
0.79 097 024 0.50 043 093 0.09 0.50

0.50 0.54 0.35 0.87
0.46 0.50 095 0.78
0.65 0.05 0.50 0.69
0.13 0.22 031 0.50

V3 =
045 031 050 0.61

0.62 043 039 0.50
0.50 0.02 095 043 0.50 025 0.17 0.89
098 050 0.82 0.48
0.05 0.8 050 0.88
0.57 052 0.2 0.50

0.50 0.72 0.40 0.35 0.50 091 0.96 0.89
71— (028 050 026 056| 72 =[009 050 021 044
0.50 0.39

V5 = ye —[075 050 049 0.23

050 030 055 0.38
yt —[070 050 069 057
0.83 051 0.50 0.88>

0.11 0.77 0.12 0.50

0.60 0.74 0.50 0.30 0.04 0.79
0.65 044 0.70 0.50 011 056 0.61 0.50
0.50 0.18 0.87 0.33
0.82 0.50 0.05 0.57
0.13 095 0.50 0.54
0.67 043 046 0.50

039 0.50 0.53 0.94
0.11 0.47 050 0.27
0.47 0.06 0.73 0.50

T3 = T4 =

0.50 0.01 0.75 0.73
099 0.50 0.07 0.99
0.25 093 0.50 0.21

0.27 0.01 0.79 0.50

0.50 0.10 1.00 0.32
0.89 0.50 0.46 0.69
0.00 0.53 0.50 0.44
0.68 0.31 0.56 0.50

TS =

0.50 0.61 0.90 0.53)

0.50 0.34 097 0.62

0.66 0.50 0.88 0.88
0.03 0.12 0.50 0.37

0.38 0.12 0.63 0.50

0.50 0.11 0.84 0.82

77 —|089 050 078 075)| T° =
0.16 022 0.50 0.30
0.18 0.25 0.70 0.50

The following sub-sections illustrate the use of the proposed GDM model. The

first sub-section demonstrates the Expert Consensus Solution (ExCS). The second sub-
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section demonstrates the calculation of End-user Cumulative Solution (EuCS). Lastly, the

Global Consensus Solution (GCS) is obtained.

4.3.1 Illustration of Expert Consensus Solution (ExCS)

Step 1: Value of A depends on the decision-making problem [34] and A can be between
0 to 1, where value of 4 = 0 implies no agreement among the experts and 4 = 1 implies
full agreement among them over the decision, which is ideally not possible. Let A = 0.80
and all six experts have equal weights. Using Eq. (2.1), we calculate the initial group

decision matrix V¢P of the experts.

0.50 0.29 0.36 0.56

0.71
0.64
0.44

VGD —

0.50
0.39
0.64

0.61
0.50

0.21

0.36
0.79

0.50

Step 2: We calculate the degree of consensus between each expert matrix and the group

decision matrix using Eq. (4.2).

CD(VY,VEeP) = 0.7558, CD(V2,VEP) = 0.7545, CD(V3,VEP) = 0.7215, CD(V*, VEP) =
0.8420, CD(V5,VE¢P) = 0.7103, CD(V6,VEP) = 0.8234

Step 3: Since 4 = 0.80, we find that only experts e, and eg achieve the consensus from

the obtained results in step 2. The feedback mechanism is initiated for other experts.

Step 4: We use the feedback mechanism and compute feedback matrices AV, AVZ2, AV3,

and AV® for inconsistent experts e;, e,, 3, and es, respectively using Eq. (4.5).

050 036 024 0.41 050 0.26 025 0.56
Ayt — [ 064 050 057 0.22 Az — 074 050 044 024
0.76 043 050 0.77 0.75 056 0.50 0.84
059 078 023 0.50 0.44 076 0.16 0.50
0.50 0.38 036 0.67 0.50 0.20 056 0.51
A3 — 062 050 073 051 AvS — [ 080 050 068 0.40
0.64 0.27 050 0.75 0.44 032 050 0.82
0.33 049 025 0.50 0.49 0.60 0.18 0.50
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Step 5: We generate advice using Eq. (4.6), which are as follows:

i). For ey, it should decrease the values with respect to the v{, in the range [0.29, 0.36],
and increase values with respect to position vis, vi,, V13, V3, and v3, in the range [0.24,

0.36], [0.41, 0.56], [0.57, 0.61], [0.22, 0.36] and [0.76, 0.78], respectively.

ii). For e,, it should increase values with respect to position vZ,, vZ; , Va3 and v2, in the
range [0.26, 0.29], [0.25, 0.36], [0.44, 0.60], [0.24, 0.36] respectively and decrease values

with respect to position vZ, and v3, in the range [0.55, 0.56], [0.79, 0.84] respectively.

iii). For es, it should increase values with respect to position v¥; and v3, in the range
[0.35,0.36] and [0.75, 0.78], respectively, and decrease values with respect to position
v3,, vi,, v3; and v3, in the range [0.29, 0.38], [0.55, 0.67], [0.61, 0.73] and [0.36, 0.51],

respectively.

iv). For es, it should increase values with respect to position v3,, v3, and v3, in the range
[0.20, 0.29], [0.51, 0.55] and [0.78, 0.81], respectively, and decrease values with respect
to position v;, v3; and v3, in the range [0.36, 0.56], [0.61, 0.67] and [0.36, 0.40],

respectively.

Suppose that all experts accept the suggestions provided and make the

corresponding modifications. our new preferences are given as follows:

0.50 036 024 0.41 050 027 025 0.56
g1 —[064 050 057 022| p2 _[073 050 059 035
0.76 0.43 050 0.77 0.75 0.41 050 0.82
0.59 0.78 023 0.50 0.44 0.65 0.18 0.50
0.50 030 036 0.65 0.50 0.25 041 0.54
73 —[070 050 065 041| s _(075 050 0.62 037
0.64 035 050 0.75 0.59 038 050 0.79
035 059 025 0.50 046 0.63 021 0.50

Step 6: We calculate the updated group decision matrix V ¢? of the experts using Eq. (2.1).
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0.50 0.29 033 0.57
76D = 0.71 050 0.60 0.36
0.67 040 0.50 0.77

043 0.64 0.23 0.50
Then we calculate the degree of consensus between each expert matrix and the updated
group decision matrix using Eq. (4.2). Obtained results are as follows:
CD(VY,VEP) = 0.9022, CD(V?,VEP) = 0.9605, CD(V3,VEP) = 0.9542,

CD(V*,VEP) = 0.8344,CD(V>,VEP) = 0.9583 and CD(V6,V¢P) = 0.8327

We can observe that all experts achieved the consensus in at most one feedback round

and, therefore, VP becomes the ExCS.

4.3.2 Mllustration of End-user Cumulative Solution (EuCS)

Step 1: We calculate the relative distance of each end-user from other users using Eq.

(4.8). Obtained results are as follows:

D, = 0.3657,D, = 0.3928, D; = 0.3285,D, = 0.2839,

Ds = 0.2944, Dy = 0.3516,D, = 0.33185, Dg = 0.3147.
Step 2: We calculate the weight of each end-user using Eq. (4.9). Obtained results are as
follows:
w; = 0.1186, w, = 0.1135, w3 = 0.1255, w, = 0.1338,
ws = 0.1319, wg = 0.1212, w;, = 0.1274, wg = 0.1281.
Step 3: We calculate the end-user cumulative solution (EuCS) T¢ using Eq. (4.10).

0.50 037 0.84 0.57
0.63 050 042 0.73
0.16 058 050 0.35

0.43 0.27 0.65 0.50

TC =
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4.3.3 Illustration of the Global Consensus Solution (GCS)

Let 8 = 0.3, i.e., tolerance degree of moderator is 0.3 to modify experts’ opinion ExCS

and let equal weight is provided to the experts and users solution, i.e., w, = w,, = 0.5

Step 1: We calculate the degree of deviation between the ExCS and EuCS, i.e.,
—GD . —GD . .

D(V ,T¢) using Eq. (4.1), and we get D (V ,TC) = 0.3201 which is greater than

tolerance degree of moderator. In such a case Eq. (4.12) will get executed and the obtained

GCS is:

0.50 036 0.81 0.57
0.64 050 043 0.71
0.19 0.57 0.50 0.38

0.43 0.29 0.62 0.50

GCS =

Finally, the selection process activated, and the following ranking of alternatives is

obtained using Eq. (4.1): x, > Xxq > X4 > X3

4.4 Performance Evaluation and Discussions

This section first presents the visualization of the consensus process based on the
multidimensional scaling (MDS) [102] technique used to project high dimensional data
into the 2-dimensional map. Then, some comparisons are given to demonstrate the

advantage of our proposed CRP model.

4.4.1 CRP Visualization

To visualize the consensus evolution in 2-D maps, we use the MDS technique. Fig. 4.4
presents the visual representation of experts’ preferences. It is to note that MDS does not
represent the absolute positions of the preferences, but it represents the relative nearness
of the preferences among the experts. Fig. 4.4(a), 4.4(b), 4.4(c), and 4.4(d) represent the
initial states (IS) and final state (FS) of 6 experts, represented as es and el respectively

for different thresholds. At consensus threshold A = 0.80, 4 = 0.85, 2 = 0.90 and
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A = 0.95 respectively, for the example discussed in section 4, the experts reach the
consensus level after one feedback. We can observe from Fig. 4.4 that the closeness in
the preferences of experts increases with the increase in threshold in the CRP. We should
note that the efficiency of CRP relies on the number of feedback rounds to achieve the
consensus. In the proposed feedback mechanism, we achieve the consensus in only one
round, irrespective of the threshold value. Therefore, the proposed CRP is an efficient

consensus reaching process in terms of the number of feedback rounds.
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Fig. 4.4: Visualization of Preferences at Different Thresholds (a) A = 0.8; (b) A = 0.85; (¢)
A =09;@dA =095
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4.4.2 Comparison with Existing Consensus Reaching Models
In this section, we compare the proposed model with the existing CRP [103], [104] to
show the novelty of the article and obtained results are given in Table 4.1. Adjustment

process in existing CRP is given in Eq. (4.13).

av? = 6.viGjD +(1—6).vlpj, izj

P _ _ p . .
avy; = 1 av;;, i <j

(4.13)

where § € [0,1] is a feedback parameter to control the degree of advice given to
inconsistent experts. In existing CRP, feedback parameter is same for all experts, unlike
the proposed CRP where feedback parameter &, is calculated using the threshold A and
degree of deviation D(VP,V¢P) in Eq. (4.5) for each inconsistent expert ep. Since
threshold A is the same for all the experts, we conclude that feedback parameter 6, for
expert e, depends on D(V?, VD) for a given threshold. Without altering the essence of
the CRP, we replace the Eq. (4.5) with Eq. (4.13) to compare the proposed CRP with the

existing CRP [103], [104].

We also compare the consensus improvements provided in Li and Dong [105] with
the proposed consensus model in this paper. Obtained results are given in the Table 4.1.
To design the work in Li and Dong [105], we replace the Step 3(b) in Algorithm 1 with

following step to modify the opinion of the expert.

Modified Step 3(b) in Algorithm 1: Let AVP = (avlpj)nxn be the preference
relation of the corresponding moderator e,, to help e, to improve its consensus. Also, e,,
has an acceptable consensus degree and has the closest distance to e,. Therefore, the

direction rule provided to e,, is as follows:
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). If v}, < av), <wv

close to AVP,

ii). vap <vf’ < avg,
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then e, should increase the preference for pairwise (xi, xj) to be

then e, should decrease the preference for pairwise (xl, x]) to

then e, should decrease the preference for pairwise (xi,xj) to

v). Otherwise, e,, should change the preference for pairwise (xl-, xj), ie., ﬁlpj = vlpj.
Table 4.1. Evaluation of Proposed CRP for different values of &,
. . No. of .
Atd =08 Feedback Parameter Initial Final NOZOf inconsistent Ranking
Consensus | Consensus |Iterations result
experts
Different for
Proposed | Depends on . Xy > X
CRP D(VP, VD) different 0.7679 0.9070 1 4 >, > %
experts
_ Xy > Xy
CRP using | Voluntarily 8 =04 0.7679 0.8305 2 4 > Xy > Xq
Bq-@13) 1 selected 1 5 _ 065 | 07679 | 08736 1 4 Yo = X4
> X > Xq
Lietal. X, > X
[105] - - 0.7679 0.8606 3 8 x>,

Observation 1: In most CRPs [15], [103], [104], the adjustment advice produced by the
feedback mechanism is used as reference advice for the experts to adjust their preferences.
But these CRPs do not consider the predefined consensus threshold that has to be
ultimately achieved. For the case solved in Section 4.3, compared to these CRPs, the
proposed model provides the adjustment suggestions based on the individual’s degree of

deviation from the group preference matrix and the consensus threshold. The results in
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Table 4.1 show that the proposed CRP converges to the consensus faster than the CRP
that selects the feedback parameter voluntarily using (4.13), where the feedback

parameter is same for all inconsistent experts.

Observation 2: The number of iterations to achieve the consensus is three, with eight
inconsistent experts in Li and Dong [105] method. This shows that the proposed method
has better performance in terms of the number of iterations to achieve the consensus than

the Li and Dong [105] method.

Observation 3: Also, in the existing CRP, when § is greater than 0.5, the feedback
generation using Eq. (4.13) leads experts to the group decision rather than towards the
experts’ initial opinion. If § is smaller than 0.5, then Eq. (4.13) will show a higher impact
of expert’s initial opinion than the group preference. Different values of § will show
different results, and accordingly, the number of iterations may increase or decrease to

reach the consensus.

Observation 4: It is difficult even for experts to repeatedly accept feedback advice and
change preferences accordingly in a real-world decision-making situation. They may
have limited time and understanding, or sometimes the system itself has time constraints
to generate decisions like in emergency group decision-making [8], [106]. In all such
cases, the proposed model respecting the experts’ initial opinion generates feedback
recommendations such that experts reach the consensus at once, which is more reasonable

than the works in [26], [27].

4.4.3 Impact of Threshold degree 6

The proposed GDM model is a flexible GDM model which takes care of the experts’
opinions. It is easier to implement and understand. Here, the moderator is responsible for

giving the decision result while preserving both experts’ and users’ opinions. Moreover,
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the model is well suited for situations where experts’ opinion is more important than users
and vice versa. The value of tolerance controls the influence of either of the opinions in
the final decision result. We can understand this for extreme values of tolerance defined

n two cases.

Case 1: When the tolerance degree 8 is minimum, the moderator is reluctant to change
the expert’s consensual opinion, implying that the final decision (GCS) will purely rely
on experts’ opinions. Factually, it favors the situation where consensual opinions from

the experts are given more priority than the users.

Case 2: When the tolerance degree 6 is maximum, it indicates the maximum deviation
from experts’ consensual solution that the moderator can tolerate. Even if the moderator
is allowed to converge toward the users’ opinion, the final decision considers the experts'

opinion in the form of the weighted average of experts’ and users’ opinions.

Thus, our model is sufficiently flexible in preserving the experts’ and user’
preferences in the final decision. One can argue that the experts have higher knowledge
than the users assumed as novice experts; the expert’s opinion in either situation is not

ignored fully. The final decision result always gives thought to the experts’ opinion.

4.4.4 Impact of Presence of Experts and End-Users

The proposed model resembles the classical GDM situations under certain conditions.
Table 4.2 illustrates the behavior of the proposed GDM under three cases. Case 1
discusses the situation when there are only experts and no users for decision-making. In
Case 1, our model behaves like a classical GDM with CRP but with improved efficiency
in terms of the number of feedback rounds to reach consensus. In Case 2, where there are

no experts and only users are there for decision-making process, our model resembles the
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classical GDM employing aggregation and exploitation phase [47]. Lastly, our proposed

model works well when both the experts and users are invited for decision-making.

Table 4.2. Analyzing the Behavior of Proposed Model

No. of Experts No. of Users GDM
Case 1 m 0 Classical GDM with improved CRP efficiency
Case 2 0 n Classical GDM without CRP [47]
Case 3 m n Proposed GDM

4.4.5 Impact of End-Users’ Opinion

In the proposed model, if we do not consider the opinion of users, ExCS becomes the
final decision. GCS is the final decision when we consider the opinion of users. Therefore,
to observe the impact of users’ opinions on the final decision, first, we calculate the
correlation between the ranks obtained from the final decision when users’ opinion is not
considered, i.e., EXCS and cumulative opinion of end-users, i.e., EuCS. Further, we
calculate the correlation between the ranks obtained from the final decision when users’
opinion is considered, i.e., GCS, and end-users’ cumulative opinion, i.e., ExCS. The
Spearman’s Rank Correlation Coefficient is the most frequently used tool to measure the

correlation and is defined as:

6Ty, dif?
nd—n

cC=1- , j=12,..n (4.14)

where dif; is the difference between the ranks of i alternative obtained from two
different decisions, n is the number of the alternatives, and CC has a value between —1
and +1. CC close to +1 implies no significant difference between the obtained ranks in
two different decisions. Thus, it implies a great correlation between the two decisions. CC
close to —1 implies almost a reverse ordering of the two decisions. CC close to 0 implies
a great difference between the orderings of the two decisions. This means that there is no

correlation between the two decisions.
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Using Eq. (2.5) the rank of alternatives obtained for ExCS is x5 > x, > x4 > x4,
EuCSisx; > x, > x4 > x3,and GCSis x, > x; > x, > x3. We calculate CC between
ExCS and EuCS when users' opinion is not considered. The obtained value is —0.4.
Further, we calculate CC between GCS and EuCS when users’ opinion is considered in
the final decision. The obtained value of CC is 1. In case of considering the opinions of
end-users in GDM, the obtained CC value is 1, which is greater than the CC value when
end-users opinion is not considered. This means the final decision would be more accurate

and possibly better accepted than when users' opinion is not incorporated.

4.4.6 Impact of ExCS and EuCS on Final Decision Result

We analyze the effect of the closeness measure of EXCS and EuCS on the final decision
result for different values of tolerance degree for the example discussed above. Obtained
results can be seen in Fig. 4.5. The tolerance degree of the moderator will affect the
closeness measure of ExCS and EuCS with the final decision, calculated in terms of
similarity of the experts’ and users’ opinion, respectively, with the final decision. As the
tolerance degree of the moderator increases gradually, the closeness measure of ExCS
with the final decision, i.e., CM(GCS,ExCS), decreases progressively, while the
closeness measure of users with the final decision, i.e., CM(GCS, EuCS), increases
gradually. Then both become stable. This result is caused due to the moderator’s tolerance
for the convergence of experts’ opinions towards users’ opinions. The more the tolerance
degree is, the more users’ closeness to the final decision will be but only upto certain
value of tolerance after which it becomes constant. Specifically, when the tolerance
degree exceeds the maximum possible deviation between the experts and the user’s
opinion, the weighted aggregation result will always be considered the final decision and

the constant value of the closeness measure. As a whole, the overall closeness measure
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of the experts and users with respect to final solution becomes constant after certain value

of tolerance.
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Fig. 4.5: Effect of 0 on the Closeness Measure
4.5 Summary
This work developed a novel GDM model to address the two issues of existing GDM
models. The first issue is that multiple rounds of feedback recommendations in the
consensus reaching process (CRP) makes GDM inefficient. The second issue is no
involvement of heterogeneous decision-makers (DMs), possibly end-users as the
stakeholders apart from the experts. To address these issues, the contributions of this

paper are as follows:

1. Anovel threshold-based feedback mechanism is introduced to improve the efficiency
of the CRP. Experts reach consensus in at most one round of feedback using the

proposed mechanism.

2. A method is designed to get the cumulative opinion of end-users that represents the

majority group opinion while preserving the extreme opinions of end-users.

3. A novel concept of moderator’s tolerance is introduced to obtain the final decision.
The final decision considers the consensual opinion of experts and the cumulative

opinion of end-users. The tolerance threshold defines the acceptable deviation of the
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final decision from the consensual opinion of experts in order to preserve the opinions

of the experts.

In the proposal, the preference structures of the experts and the users are
considered fuzzy preference relations. However, other more complex preference
structures such as hesitant fuzzy linguistic preference relation (HFLPR) or hesitant fuzzy
preference relation (HFPR) can be used directly in the proposed GDM model. Also, we
verified the effectiveness of the proposed model using an example of the healthcare
system. A few important observations obtained while analyzing the performance of the

proposed GDM are as follows:

(a) The feedback parameter is important and depends on threshold A and degree of

deviation D(VP,V¢P).

(b) Experts’ opinion is not entirely ignored in the proposed method.

(c) The whole process reduces to the traditional GDM with experts when the number of

service users is zero and the role of tolerance degree of the moderator goes off.

(d) The proposed method behaves like classical GDM that works through aggregation
and comprehension of the users’ experience for decision making when the number

of experts becomes zero.

The proposed model relies on the additional arrangement of working on users' opinions
apart from the traditional models based solely on experts’ opinions. We understand that
the additionality may be performed when the users’ opinions based on their own
experiences are perceived to be useful in decision making. One limitation of the proposed
work is that it does not address the non-cooperation of the experts. However, there may

be experts who may exhibit non-cooperation for convergence because of reluctance to
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accept the feedback provided [75]. Compared to the traditional GDM models, the

proposed CRP model is not much interactive as it reduces the number of rounds of

discussions.
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