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Aging has become a serious social problem in China. Traditional informal long-term care is hard to sustain because of the
reduction in family size and elders’ childrenmigration to big cities.)e institution offering services for the disabled elders has been
a tendency.)ere exists a strange phenomenon: some nursing homes are difficult to enter for most disabled elders, while the other
ones must search for elders to maintain operation. )erefore, for the evaluation of nursing homes, two problems should be
considered: (1) selecting suitable nursing homes for disabled elders; (2) obtaining the key factors influencing the selection of elders
and helping nursing homes improve their services based on the key factors. First, we propose a newDEMATEL (Decision-Making
Trial and Evaluation Laboratory) method for PLTSs to solve the second problem. )en, we present a novel PROMETHEE
(Preference Ranking Organization Methods for Enrichment Evaluations) method to rank the alternatives and make a sensitivity
analysis for criteria. Finally, we illustrate our proposed methods to an evaluation problem in Zhenjiang City by a case study. Based
on the case study, we can obtain that our proposed methods are effective and practicable.

1. Introduction

With the development of society and medical level, China is
entering an aging society. By the end of 2019, there are more
than 253 million old people aged 60 or over. )e population
of disabled elders is more than 40 million. With the reducing
size of families and adult children moving to cities, many
disabled elders live alone and lack long-term care [1].
Traditional informal long-term care may lead to some
problems for disabled elders, such as psychological loneli-
ness [2] and reduction in household income [3].)erefore, it
is necessary for disabled elders to seek long-term care from
nursing homes [4]. )ere have been numerous nursing
homes in every city. )e service levels of different nursing
homes are multifarious. On one hand, some nursing homes
are very popular that most disabled elders must wait for
several years to enter them. On the other hand, many
nursing homes’ occupancy rate is very low. To cope with the
contradiction, there are two key problems that need to be
solved. (1) How to help disabled elders choose suitable

nursing homes? (2) What are the factors of concern for
disabled elders and how to improve these factors? For the
first problem, we can use a multiple criteria decision-making
(MCDM) method to solve. With respect to the second one,
in this paper, we use a Decision-Making Trial and Evaluation
Laboratory (DEMATEL) method to obtain the key factors
for evaluation system.

ForMCDM problems, there have been a large number of
researches. In many cases, decision-makers (DMs) usually
use linguistic information [5] to express their viewpoints.
)ere have been lots of studies for linguistic information
[6, 7]. To aggregate the information of different DMs easily,
Pang et al. [8] proposed the definition of probabilistic lin-
guistic term set (PLTS). Many studies for PLTSs have
emerged from theory to application. As for aggregating rules
for PLTSs, Pang et al. [8] first proposed the basic rules for
PLTSs. Liao et al. [9] proposed some new operational rules
based on disparity degrees. Li and Wei [10] put forward a
series of new rules based on evidence theory. With regard to
the application of PLTSs, Lin et al. [11] put forward a novel
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best worst method for PLTS and applied it to evaluate IoT
platforms. Li et al. [12] proposed a new case-based reasoning
method for PLTS and solved the evaluation of poverty-
stricken families. Lin et al. [13] proposed some clustering
algorithms for PLTSs. Lin et al. [13] proposed an ELECTREE
method for PLTS. Lin et al. [14] proposed a new score
function for PLTS and applied it to select children English
educational organization.

DEMATEL method is an effective way to obtain the key
factors influencing the evaluation system. Cause-effect in-
teractions for different criteria (factors) can be obtained by
processing a comprehensive direct influencing matrix.
DEMATEL method has been expanded to different uncer-
tain information, such as fuzzy numbers [15], grey numbers
[16], hesitant fuzzy linguistic term set [17], and PLTS [18].
DEMATEL method has been applied to many research
areas, such as supply chain management [19], new energy
[20], and business ecosystem [21].

To solve the second key problem mentioned in the first
paragraph, we will use the DEMATELmethod to analyze the
key factors influencing the choices of disabled elders. Be-
cause the evaluation information is expressed by PLTSs, we
should extend the traditional DEMATEL method to prob-
abilistic linguistic environment. Furthermore, in order to
address the first key problem, we will propose a new
PROMETHEE method to help disabled elders select suitable
nursing homes for them. We choose the PROMETHEE
method because it is easy to make a sensitivity analysis for
criteria weights.

In this paper, we will propose a new DEMATEL method
for PLTS to make an analysis of key factors influencing the
evaluation system. )en, we will put forward a novel
PROMETHEE method to rank the alternatives and make a
sensitivity analysis for criteria. )e main contributions and
innovation points of this paper can be concluded as follows:

(1) Propose a new DEMATEL method for PLTSs by
transforming PLTSs into TFNs based on WOWA
operators, which will help nursing homes obtain the
concern factors of elders and can improve their
services precisely

(2) Propose a novel PROMETHEE II method for PLTSs,
which will help elders select the most suitable
nursing homes

(3) Propose an approach to sensitivity analysis of criteria
weights using a stability interval (WSI) method for
PLTSs, which can help DMs find the variation range
of criteria weights if the ranking results are stable

)is paper is organized as follows. Section 2 reviews
some basic definitions of PLTSs, TFNs, and WOWA op-
erator. Section 3 proposes a novel DEMATEL method for
PLTSs to obtain key factors for the evaluation system.
Section 4 presents a PROMETHEE II method for PLTS and
makes a sensitivity analysis for criteria. Section 5 applies our
methods to an evaluation problem for nursing homes in
Zhenjiang City. Section 6 makes a summary for this paper.

2. Preliminaries

In this section, we will review the basic definitions for PLTSs,
TFNs, and WOWA operator.

2.1. PLTS. In real life, DMs may use linguistic information,
such as “high” and “low,” to express their opinions for
evaluating some objects. A typical linguistic term set (LTS)
can be described as S � st|t � − τ, . . . , − 1, 0, 1, . . . , τ , where
τ is a positive integer and 2τ + 1 is called granularity of LTS
S.

It is easy to find that LTS can describe the subjectivity of
DM. However, in many cases, there are many DMs par-
ticipating in the decision process. Traditional LTS cannot
express the information conveniently in this situation. To
address this issue, Pang et al. [8] proposed the definition of
PLTS, which can effectively describe the information of
many DMs using LTSs.

Definition 1 (see [8]). Let S be an LTS; then a PLTS can be
defined as

L(p) � L
(k)

p
(k)

 |L
(k) ∈ S, p

(k) ≥ 0, k � 1, 2, . . . , #L(p), 

#L(p)

k�1
p

(k) ≤ 1
⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
, (1)

where L(k)(p(k)) is the linguistic term L(k) associated with
probability p(k) and #L(p) is the number of all different
linguistic terms in L(p).

Example 1. Given an LTS S � s− 2, s− 1, s0, s1, s2 , then
L1(p) � s− 1(0.4), s0(0.4), s1(0.2)  and L1(p) � s− 1(0.4),

s1(0.4)} are both PLTSs.
From Example 1, we can give some explanations: (1) for

PLTS L1(p), 40 percent of the DMs give evaluations using
s− 1, 40 percent give of the DMs give evaluations using s0, and
20 percent of the DMs give evaluations using s1; (2) for PLTS

L2(p), 40 percent of the DMs give evaluations using s− 1, 40
percent of the DMs give evaluations using s1, and 20 percent
of the DMs give up their opinions for some reasons. We can
find that PLTSs can effectively describe the linguistic in-
formation of many DMs.

2.2. Triangular Fuzzy Number (TFN). TFN uses three ele-
ments to describe uncertain information. It is convenient to
use TFNs to express some uncertain linguistic information
[12]. )e definition of TFN can be seen as in Definition 2.
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Definition 2 (see [22]). A three tuple A � (a, b, c) is defined
as a TFN if it satisfies

μA(x) �

0, x< a,

x − a

b − a
, a≤x≤ b,

c − x

c − b
, b≤x≤ c,

0, x> c.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(2)

Given three TFNs A � (a, b, c), A1 � (a1, b1, c1), and
A2 � (a2, b2, c2), then the following operational rules hold
[22]:

(1) A1⊕A2 � (a1 + a2, b1 + b2, c1 + c2)

(2) A1ΘA2 � (a1 − c2, b1 − b2, c1 − a2)

(3) ηA � (ηa, ηb, ηc), η≥ 0

Definition 3 (see [18, 22]). Let A � (a, b, c) be a TFN; then
its defuzzified centroid can be defined as

DC(A) �
a + b + c

3
. (3)

2.3. WOWA Operator. )e definition of the WOWA op-
erator is defined as follows.

Definition 4 (see [23]). Let P � (p1, p2, . . . , pn) be a
weighting vector of numbers a1, a2, . . . , an satisfying
0≤pi ≤ 1 and 

n
i�1 pi � 1. )en, mapping fP,W

WOWA: R⟶ R,
which has an associated weighting vector W � (w1,

w2, . . . , wn) such that 0≤wi ≤ 1 and 
n
i�1 wi � 1, is called a

WOWA operator if

f
P,W
WOWA a1, a2, . . . , an(  � 

n

i�1
vibi, (4)

where bi is the i-th largest element in a1, a2, . . . , an and vi is
called comprehensive weight and can be obtained by

vi � w
∗



i

j�1
pσ(j)

⎛⎝ ⎞⎠ − w
∗



i− 1

j�1
pσ(j)

⎛⎝ ⎞⎠, (5)

where w∗ is monotone increasing function and can be seen
in the paper proposed by Li et al. [18].

For simplicity, we call P � (p1, p2, . . . , pn) and
W � (w1, w2, . . . , wn) importance weighting vector and
position weighting vector, respectively. We can obtain the
position weighting vector W � (w1, w2, . . . , wn) by the
following mathematical programming [24]:

min δ � δ∗,

(P1) s.t.

orness w
∗

(  � 
k

n�1

k − n

k − 1
· w
∗
n � λ,

w
∗
n− 1 − w

∗
n


≤ δ∗,



k

n�1
w
∗
n � 1, ∀w∗n ≥ 0,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(6)

where parameter λ can be given by DMs.

3. Obtaining Key Factors for Evaluation
System by DEMATEL Method for PLTSs

When evaluating nursing homes, ranking alternatives are
important but not the only target. Obtaining the key factors
for the evaluation system is another target because it can
help DMs to find the reasons leading to the decision results.
DEMATELmethod is an effective method to seek key factors
and obtain criteria weights [18]. In the traditional
DEMATEL method, DMs need to make a comparison be-
tween two criteria and give a comprehensive direct influ-
encing matrix and then a total influencing matrix. )e
information for PLTSs cannot be used directly in the
DEMATEL method. )erefore, we need to transform PLTSs
into TFNs.

Given a PLTS L(p), we can use the WOWA method to
transform it into a TFN. We assume that a PLTS is
L(p) � si(pi), si+1(pi+1), . . . , sj(pj) . It is worth noting
that, in traditional PLTS, the subscripts of linguistic terms
may be not continuous. We need to add the missing lin-
guistic terms with their probabilities equal to 0. We can
transform the linguistic term sk (i≤ k≤ j) into TFN Ak �

(aL
k, aM

k , aR
k ) by the following rules [18, 25]:

(1) If − τ < k< τ, then aL
k � (τ + k − 1/2τ),

aM
k � (τ + k/2τ), and aR

k � (τ + k + 1/2τ)

(2) If k � τ, then aL
k � (2τ − 1/2τ) and aM

k � aR
k � 1

(3) If k � − τ, then aL
k � aM

k � 0 and aR
k � (1/2τ)

We can write L(p) � si(pi), si+1(pi+1), . . . , sj(pj)  as a
numerical set T � aL

i , aM
i , aM

i+1, . . . , aM
j , aR

j . )en, we can
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transform PLTS L(p) into a TFN based on the following
rules [18]:

Rule 1: if j � τ, then TFN A � (aL
i , fP,W

WOWA
(aM

i , aM
i+1, . . . , aM

τ ), aM
τ )

Rule 2: if i � − τ, then TFN A � (aM
− τ , fP,W

WOWA
(aM

− τ , aM
− τ+1, . . . , aM

j ), aR
j )

Rule 3: If i> − τ and j< τ, then A � (aL
i , fP,W

WOWA
(aM

i , aM
i+1, . . . , aM

j ), aR
j )

Based on Rules 1–3, PLTS L(p) can be transformed into
a TFN A. We then obtain key factors for evaluation system
by the DEMATEL method as follows.

3.1. Establish a Comprehensive Direct Influencing Matrix Q.
For the evaluation problem, experts E1, E2, . . . , Em express
their opinions by making pair comparisons for criteria
C1, C2, . . . , Cn using LTS S. We aggregate the information
from these experts and obtain a comprehensive direct
influencing matrix Q � (Lij(p))n×n.

3.2. Transform the Matrix Q into TFNMatrix A. Because we
cannot illustrate PLTS matrix Q to process the DEMATEL
method, so we transform matrix Q into TFN matrix A �

(aL
ij, aM

ij , aR
ij)n×n based on Rules 1–3.

3.3. Obtain Total Influencing Matrix T. Normalize TFN
matrix A to B � (bL

ij, bM
ij , bR

ij)n×n � ((aL
ij/ρ), (aM

ij /ρ), (aR
ij/

ρ))n×n, where ρ � max maxi ja
R
ij ,maxj ia

R
ij  . Com-

pute the total influencing matrix T based on

T � t
L
ij, t

M
ij , t

R
ij 

n×n
� B + B

2
+ · · · � B(I − B)

− 1
. (7)

3.4. Make an Analysis for Relationship of Criteria. Based on
total influencing matrix T, compute the defuzzified centroid
matrix Y � (yij)n×n � (tL

ij + tM
ij + tR

ij/3)n×n. Calculate sums of
rows and columns of matrix Y as follows:

ri � 

n

j�1
yij,

ci � 
n

i�1
yij.

(8)

Set a threshold ε � (
n
i 

n
j yij/n2) [26]. In the defuzzified

centroid matrix Y, if the element yij > ε, we can say criterion
Ci has influence on Cj.

Make an analysis based on the values of ri − ci, which
indicates net effect of criterion Ci to the evaluation system. If
ri − ci > 0, then criterion Ci is called net cause factor. On the
contrary, if ri − ci < 0, then criterion Ci is called result factor.

Furthermore, we can obtain the criteria weights by the
following [27]:

ωi �

������������

2 ri( 
2

+ 2 ci( 
2




n
i�1

������������

2 ri( 
2

+ 2 ci( 
2

 . (9)

4. A Novel PROMETHEE II Method for PLTS
and Sensitivity Analysis for Criteria

In this section, we will propose a novel PROMETHEE II
method for PLTS and make a sensitivity analysis for criteria
based on the WSI method.

4.1. A PROMETHEE II Method for PLTS. For evaluating
nursing homes problems, criterion set is
C � (C1, C2, . . . , Cn), alternative set (nursing homes) is
X � X1, X2, . . . , Xm , and the criteria weights set is
W � (ω1,ω2, . . . ,ωn). Experts give a decision matrix
U � (uij)m×n, where uij is a PLTS and indicates the value
alternative Xi with respect to criterion Cj.

Step 1. Transform PLTS matrix U into TFN
information
To make the decision process easy to compute, we
firstly transform PLTS matrix U into TFN matrix H �

(hL
ij, hM

ij , hR
ij)m×n based on Rules 1–3 in Section 3.

Step 2. Obtain the defuzzified centroid matrix Z

Compute the defuzzified centroid matrix of TFN
matrix H as Z � (zij)m×n, where

zij �
h

L
ij + h

M
ij + h

R
ij

3
. (10)

Step 3. Determine the positive flow Φ+ and negative
flow Φ−

For criterion Cj, the preference degree for alternative
Xi over Xk can be obtained by

Fj Xi, Xk(  � Hj zij − zkj , (11)

where Hj is a nondecreasing preference function.)ere
are mainly six types of preference functions to choose
[28]. In this paper, in order to compute simply, we
choose the following preference function:

Hj(x, y) �
1, x≥y,

0, x<y.
 (12)

)en, we can obtain the overall preference value of
alternative Xi over Xk as

F Xi, Xk(  � 
n

j�1
ωjFj Xi, Xk( , (13)

where ωj is the criterion weight for Cj and can be
obtained by equation (9).
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)e positive flow Φ+(Xi) and negative flow Φ− (Xi) for
alternative Xi can be calculated by (14) and (15),
respectively:

Φ+
Xi(  �

1
m − 1



m

k�1,k≠i
F Xi, Xk( , (14)

Φ−
Xi(  �

1
m − 1



m

k�1,k≠i
F Xk, Xi( . (15)

Step 4. Compute the net flow Φ and rank the
alternatives

)e net flow Φ(Xi) for alternative Xi can be calculated
by (16):

Φ Xi(  � Φ+
Xi(  − Φ−

Xi( . (16)

Rank the alternatives according to the values of net flow
for all alternatives. )e larger the values of net flow of the
alternative, the higher the priority of the alternative.

4.2. Sensitivity Analysis for Criteria Using WSI Method.
Accurate criteria weights are very important to make a
reasonable decision. WSI method [29] is an effective method
to make a sensitivity analysis for criteria. For criterion Cj, its
weight is ωj, and we will see how the weight value can be
modified without changing the ranking result. )e new
criteria weights are defined as follows:

ωj
′ � (1 + α) · ωj, α≥ − 1,

ωl
′ � β · ωl, β �

1 − (1 + α)ωj

1 − ωj

, 0≤ β≤
1

1 − ωj

,∀l≠ j.

(17)

Based on the PROMETHEE II method, we assume that

Δ Xi, Xk(  � Φ Xi(  − Φ Xk( ,

Δj Xi, Xk(  � Φj Xi(  − Φj Xk(  �
1

m − 1


m

h�1,h≠i
Fj Xi, Xh(  − 

m

h�1,h≠k
Fj Xk, Xh( ⎛⎝ ⎞⎠.

(18)

We give the following definition:

Ω0 � Xi, Xk(  ∈ X × X, s.t.Δj Xi, Xk( < 0 andΔ Xi, Xk(  � 0 ,

Ω−
� Xi, Xk(  ∈ X × X, s.t.Δ Xi, Xk(  · Δj Xi, Xk( < 0 ,

Ω+
� Xi, Xk(  ∈ X × X, s.t.Δ Xi, Xk(  · Δj Xi, Xk( >Δ2 Xi, Xk(  ,

β−
j � max

Δ Xi, Xk(  · Δj Xi, Xk( 

Δ Xi, Xk(  · Δj Xi, Xk(  − Δ2 Xi, Xk( 
, Xi, Xk(  ∈ Ω−

,

β+
j � min

Δ Xi, Xk(  · Δj Xi, Xk( 

Δ Xi, Xk(  · Δj Xi, Xk(  − Δ2 Xi, Xk( 
, Xi, Xk(  ∈ Ω+

.

(19)

)en, we can get the weight stability interval of the
criterion Cj as follows:

ω−
j ,ω+

j  � 1 − 1 − ωj  · β+
j , 1 − 1 − ωj  · β−

j , (20)

where ω−
j and ω+

j are the lower and upper bounds of the
weight stable interval of criterion Cj.

5. A Case Study

In this section, we will use our proposedmethods to solve the
evaluation of nursing homes in Zhenjiang City, Jiangsu
Province. )is section will include four parts: (1) decision
problem description, (2) obtaining key factors for evaluation

system and criteria weights based on DEMATEL, (3)
ranking alternatives based on PROMETHEE II method for
PLTS, and (4) further discussions and sensitivity analysis
using WSI method.

5.1.Decision ProblemDescription. In recent years, due to the
influence of the fertility policy, the number of the elderly
populations in China began to increase continuously. China
has become an aging population country. In such a pop-
ulation environment, the pension service industry began to
develop. )ere are a variety of different pension models for
the elderly to choose. As part of the pension pattern, in-
stitutional pensions are defined as institutions that provide
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centralized housing and care services for the elderly, such as
nursing homes.

Recently, we walked into a service community for the
elderly in Zhenjiang City, Jiangsu Province. In the early stage
of preparation, we collected the relevant information of
caregivers in four local nursing homes. In the process of
investigation, we provided the relevant materials of care-
givers in four nursing homes to the elderly in the community
and invited them to make a comprehensive evaluation of
caregivers in four nursing homes (X1, X2, X3, X4). )ere are
four criteria [30] considered in the evaluation process: price
acceptability (C1), sustainability of service (C2), responsi-
bility (C3), and service quality (C4).

5.2. Obtaining Key Factors for Evaluation System and Criteria
Weights Based on DEMATEL.

(1) We invite ten experts to make a comparison between
two criteria using LTSs. By aggregating the infor-
mation, we obtain the comprehensive direct influ-
encing matrix Q as shown in Table 1.

(2) Based on Rules 1–3, we obtain the TFN matrix A as
shown in Table 2.

(3) Based on equation (6), we obtain the total influ-
encing matrix T as shown in Table 3.

(4) We can compute the defuzzified centroid matrix Y as
shown in Table 4.

We can obtain the threshold ε � (
n
i 

n
j yij/n2) � 1.424.

Influence relation between criteria can be seen in Figure 1.
)e values of rici, ri + ci, ri − ci and ωj can be seen in

Table 5.
We can obtain the cause-effect relationship of criteria as

shown in Figure 2.
It can be seen from Figure 2 that criteria price accept-

ability (C1) and service quality (C4) are cause factors
influencing the evaluation system, while and sustainability of
service (C2) and responsibility (C3) are effect ones that are
affected by the evaluation system. In other words, price
acceptability (C1) and service quality (C4) are the most
concerned factors of elders in four ones. Nursing homes
should lower the service price and improve service quality.

5.3. Ranking Alternatives Based on PROMETHEE II Method
for PLTS. Based on the aggregation of the experts’ opinions,
the decision matrix U can be seen in Table 6.

Step 1. Based on Rules 1–3, we can transform PLTS
matrix U into TFN decision matrix H as shown in
Table 7.

Table 1: Comprehensive direct influencing matrix Q.

C1 C2 C3 C4

C1 0 {s− 2(0.2), s− 1(0.2), s1(0.4), s2(0.2)} {s− 2(0.2), s− 1(0.5), s2(0.3)} {s− 2(0.3), s− 1(0.3), s0(0.4)}
C2 {s− 2(0.2), s− 1(0.3), s0(0.5)} 0 {s− 2(0.2), S1(0.6), s2(0.2)} {s− 1(0.2), S1(0.6), s2(0.2)}
C3 {s− 1(0.3), s0(0.2), s1(0.2), s2(0.3)} {s0(0.4), s1(0.2), S2(0.4)} 0 {s− 2(0.2), s− 1(0.6), s2(0.2)}
C4 {s− 2(0.3), s− 1(0.1), s0(0.6)} {s0(0.5), s1(0.3), s2(0.2)} {s0(0.3), s1(0.6), s2(0.1)} 0

Table 2: TFN matrix A.

C1 C2 C3 C4

C1 <0.000, 0.000, 0.000> <0.000, 0.620, 1.000> <0.000, 0.775, 1.000> <0.000, 0.225, 0.750>
C2 <0.000, 0.282, 0.750> <0.000, 0.000, 0.000> <0.000, 0.800, 1.000> <0.000, 0.805, 1.000>
C3 <0.000, 0.606, 1.000> <0.250, 0.757, 1.000> <0.000, 0.000, 0.000> <0.000, 0.800, 1.000>
C4 <0.000, 0.339, 0.750> <0.250, 0.782, 1.000> <0.250, 0.804, 1.000> <0.000, 0.000, 0.000>

Table 3: Total influencing matrix T.

C1 C2 C3 C4

C1 <0.000, 0.191, 3.267> <0.000, 0.472, 4.000> <0.000, 0.529, 4.000> <0.000, 0.357, 3.733>
C2 <0.000, 0.306, 3.467> <0.000, 0.351, 3.750> <0.000, 0.583, 4.000> <0.000, 0.540, 3.783>
C3 <0.000, 0.403, 3.733> <0.083, 0.585, 4.250> <0.000, 0.411, 4.000> <0.000, 0.563, 4.017>
C4 <0.000, 0.322, 3.467> <0.090, 0.562, 4.000> <0.083, 0.589, 4.000> <0.000, 0.332, 3.533>

Table 4: Defuzzified centroid matrix Y.

C1 C2 C3 C4

C1 1.153 1.491 1.510 1.363
C2 1.257 1.367 1.528 1.441
C3 1.379 1.640 1.470 1.527
C4 1.263 1.551 1.558 1.288
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C1 C2

C4 C3

Figure 1: Influence relation diagram between criteria.

Table 5: Values of rici, ri + ci, ri − ci, and ωj.

ri ci ri + ci ri − ci ωj

C1 5.516 5.052 10.568 0.464 0.232
C2 5.593 6.048 11.641 − 0.454 0.255
C3 6.015 6.065 12.080 − 0.050 0.265
C4 5.659 5.620 11.279 0.040 0.248

C1

C2

C4

C3r + c

Effect

Cause

10.40 10.60 10.80 11.00 11.20 11.40 11.60 11.80 12.00 12.20

–0.60

–0.40

–0.20

0.00

0.20

0.40

0.60

r –
 c

Figure 2: Cause-effect relationship of criteria.

Table 6: Decision matrix U.

C1 C2 C3 C4

X1 {s− 1(0.4), s0(0.2), S1(0.4)} {s− 1(0.2), s1(0.8)} {s− 2(0.6), s1(0.4)} {s− 2(0.2), s− 1(0.4), s0(0.2), s2(0.2)}
X2 {s− 1(0.2), s0(0.4), s1(0.2), s2(0.2)} {s− 1(0.4), S1(0.4), s2(0.2)} {s− 2(0.2), s− 1(0.6), s0(0.2)} {s− 1(0.4), s1(0.6)}
X3 {s− 2(0.3), s− 1(0.3), s0(0.4)} {s− 1(0.4), s0(0.2), s1(0.2), s2(0.2)} {s− 1(0.2), s0(0.3), s1(0.4), s2(0.1)} {s− 2(0.4), s0(0.6)}
X4 {s− 1(0.3), s1(0.5), s2(0.2)} {s0(0.4), s1(0.4), s2(0.2)} {s− 1(0.2), s0(0.2), s1(0.4), s2(0.2)} {s0(0.2), s1(0.6), s2(0.2)}

Table 7: TFN decision matrix H.

C1 C2 C3 C4

X1 <0.000, 0.507, 1.000> <0.000, 0.683, 1.000> <0.000, 0.623, 1.000> <0.000, 0.620, 1.000>
X2 <0.000, 0.628, 1.000> <0.000, 0.755, 1.000> <0.000, 0.307, 0.750> <0.000, 0.624, 1.000>
X3 <0.000, 0.225, 0.750> <0.000, 0.628, 1.000> <0.000, 0.690, 1.000> <0.000, 0.372, 0.750>
X4 <0.000, 0.777, 1.000> <0.250, 0.757, 1.000> <0.000, 0.628, 1.000> <0.250, 0.807, 1.000>
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Table 8: Defuzzified centroid matrix Z.

C1 C2 C3 C4

X1 0.502 0.561 0.541 0.540
X2 0.543 0.585 0.352 0.541
X3 0.325 0.543 0.563 0.374
X4 0.592 0.669 0.543 0.686

Table 9: Values of positive flow Φ+.

C1 C2 C3 C4

X1 1 1 1 1
X2 2 2 0 2
X3 0 0 3 0
X4 3 3 2 3

Table 10: Values of negative flow Φ− .

C1 C2 C3 C4

X1 2 2 2 2
X2 1 1 3 1
X3 3 3 0 3
X4 0 0 1 0

Table 11: Comparison results with the method of Pang et al. [8].

Decision-making method Ranking order Optimal alternative
Pang et al. [8] method X4 ≻X1 ≻X2 ≻X3 X4
Proposed method X4 ≻X2 ≻X1 ≻X3 X4

0.265

0.260

0.255

0.250

0.245

0.240

0.235

0.230

w1 w2 w3

λ = 0.1
λ = 0.2
λ = 0.3
λ = 0.4

λ = 0.5
λ = 0.6
λ = 0.7

w4

λ = 0.8
λ = 0.9
λ = 1.0

Figure 3: Values of criteria weights under different parameter λ.
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Step 2.We can obtain the defuzzified centroid matrix Z

as shown in Table 8.
Step 3. Obtain the positive flow Φ+ and negative flow
Φ− as shown in Tables 9 and 10, respectively.
Step 4. Compute the net flow Φ of four alternatives as
follows:

Φ X1(  � − 0.333,

Φ X2(  � − 0.020,

Φ X3(  � − 0.470,

Φ X4(  � 0.823.

(21)

)e ranking result is X4≻X2≻X1≻X3.
We make a comparison between our proposed method

and the method proposed by Pang et al. [8] as shown in
Table 11.

As can be seen from Table 11, the ranking results of the
two methods are different. )e main reason may be lie in the
different decision-making mechanisms for the two methods.
)e method proposed by Pang et al. [8] uses the traditional
TOPSIS method, while our method uses a specific out-
ranking method. )e advantages of the method to the other
one are simple calculation and convenience in sensitivity
analysis using the WSI method.

5.4. Further Discussions and Sensitivity Analysis Using WSI
Method. In Section 3, the values parameter λ can make an
influence on the final decision results. We will choose dif-
ferent values of λ to discuss the ranking results and sensi-
tivity analysis situations. )e criteria weights and ranking

results under different values of λ can be seen in Figure 3 and
Table 12, respectively.

We choose λ � 0.1, λ � 0.4, and λ � 0.7 to make a sen-
sitivity analysis using the WSI method as shown in Table 13.

As can be seen from Table 13, the smaller the value of
parameter λ, the larger stable the weight intervals. In fact, the
parameter can reflect the confidences of DMs. If DMs have
enough confidence on their judgments, the variation of
weights will be very small. )is is also true of reality.

6. Conclusions

China has been one of the most serious aging countries in
the world. With the liberalization of the family planning
policy, more and more families have two children. Many
families have the 4-2-2 family structure, which means a
couple should support four elders and raise two children. It
is difficult for the couple to spend enough time to support
the four elders. Furthermore, many young people migrate to
big cities to bring home the bacon. Traditional informal
preserving pattern for the elders based on families is not
realizable for many families. )e institution offering services
for the elders is a new tendency. A few nursing homes’
supply falls short of demand that leads to the fact that most
elders cannot enjoy their care services. While most private
nursing homes operate hardly and have to look for cus-
tomers. In order to resolve the contradiction, it is necessary
to evaluate nursing homes, which will not only help elders to
select suitable nursing homes but also find key concern point
for elders. )erefore, in this paper, the evaluation process
has two phases: seeking key factors and ranking results. We
illustrate the DEMATEL method for PLTSs to analyze the
key factors influencing evaluation process and obtain criteria

Table 12: Ranking results under different parameter λ.

λ Ranking order Optimal alternative
0.1 X4>X1>X2>X3 X4
0.2 X4>X2>X1>X3 X4
0.3 X4>X2>X1>X3 X4
0.4 X4>X2>X1>X3 X4
0.5 X4>X2>X3>X1 X4
0.6 X4>X2>X3>X1 X4
0.7 X4>X2>X3>X1 X4
0.8 X4>X2>X3>X1 X4
0.9 X4>X2>X3>X1 X4
1.0 X4>X2>X3>X1 X4

Table 13: Results of stable weight intervals using the WSI method.

λ � 0.1 C1 C2 C3 C4

(β−
j , β+

j ) (0.000, 1.308) (0.000, 1.340) (0.777, 1.357) (0.556, 1.326)
(ω−

j ,ω+
j ) (0.000, 1.000) (0.000, 1.000) (0.000, 0.428) (0.000, 0.581)

λ � 0.4 C1 C2 C3 C4
(β−

j , β+
j ) (0.000, 1.258) (0.000, 1.258) (0.907, 1.361) (0.000, 1.258)

(ω−
j ,ω+

j ) (0.034, 1.000) (0.063, 1.000) (0.000, 0.333) (0.054, 1.000)
λ � 0.7 C1 C2 C3 C4
(β−

j , β+
j ) (0.949, 1.312) (0.000, 1.056) (0.808, 1.027) (0.974, 1.325)

(ω−
j ,ω+

j ) (0.001, 0.276) (0.212, 1.000) (0.243, 0.405) (0.000, 0.264)
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weights. )en, we propose a novel PROMETHEE method to
rank the alternatives and make a sensitivity analysis for
criteria. Finally, we applied our methods to solve the nursing
homes evaluation problem in Zhenjiang City to illustrate the
effectiveness and practicability of our methods.

Future research will focus on clustering disabled elders
to different categories based on case-based reasoning
method, which will help government to give different fi-
nancial support for certain disabled elders [31].
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