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Abstract. This study proposes a linguistic preference relations approach to eva-
luate the quality of healthcare under a fuzzy environment. Pairwise comparisons 
are utilized to derive the importance weights of evaluation criteria and to obtain 
the performance rating of feasible healthcare organizations. The subjectivity 
and vagueness in the evaluation processes are dealt with linguistic variables pa-
rameterized by triangular fuzzy numbers. By calculating the distance of each 
feasible healthcare organization to the fuzzy positive ideal reference point 
(FPIRP) and the fuzzy negative ideal reference point (FNIRP) respectively, a 
closeness coefficient is obtained and utilized to rank the order of all feasible 
healthcare organizations. A case is simultaneously shown to demonstrate the 
computational procedures of this proposed approach. 

Keywords: Fuzzy linguistic preference relations, pairwise comparison, health-
care service, quality evaluation, fuzzy set. 

1 Introduction 

Healthcare is a service industry which has the characteristics of highly specialized 
medical capability and close contact with many persons [1]. From 1995, the 
inhabitants in Taiwan enjoyed higher quality but relatively cheaper healthcare service 
compared with the developed countries. The request for healthcare quality is gaining 
momentum in the world all the time [2]. Hospital is a place where provides several 
kinds of healthcare services. The goals of managing a hospital successfully are 
providing good healthcare quality and meeting various requirements for the patients, 
and then retaining as many customers as possible. To manage these organizations 
efficiently, comparative healthcare quality evaluation, usually evaluated with itself 
over time or by comparison with others in the same industry, is taken as an essential 
resolution of the managerial control function [3]. There are papers discussing the 
healthcare or medical care quality evaluation problems. Andaleeb [4] investigated the 
medical care quality perceptions and patients’ satisfaction of hospitals in a developing 
country. Li [6] explored the relationship between healthcare quality management and 
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service quality performance for US community hospitals by using a path analytic 
model. Many critical factors are considered in the healthcare quality evaluation, so 
this issue is regarded as a multicriteria decision making problem. This study therefore 
proposes an analytic hierarchy framework based on the fuzzy linguistic preference 
relations to evaluate the healthcare quality of these healthcare organizations. 

2 Fuzzy Linguistic Preference Relations 

Wang and Chen [8] initiated the fuzzy linguistic preference relations, with the capa-
bility of solving the phenomena that are too difficult to state with traditional quantita-
tive ways, to improve the accuracy, efficiency and effectiveness of analytic hierarchy 
approach. For the purpose of references, some important definitions and propositions 
of this method are reviewed as follows. 

Definition 1. A fuzzy positive reciprocal multiplicative matrix )~(
~

ija=Α  is consistent 

if and only if 

 kijkij aaa ~~~ ≅⊗  (1) 

Proposition 1. For a fuzzy linguistic preference relations matrix )~(
~
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tent verifies the reciprocal additive transitivity consistency and the following state-
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3 Framework to Evaluate the Quality of Healthcare by Using 
Fuzzy Linguistic Preference Relations 

Given t  feasible alternatives (Au, u =1,2,..., t) are compared pairwisely with respect 
to n  evaluation criteria (Ci, i =1,2,..., n) by m evaluators (Ek, k = 1,2,..., m) under a 
fuzzy environment. The procedures of evaluating the feasible alternatives by utilizing 
the fuzzy linguistic preference relations are described as follows. 

3.1 Determine the Importance Weights of Evaluation Criteria 

Providing evaluators linguistic variables to assess the importance weights of 
evaluation criteria and evaluate the priority ratings of alternatives is critical in fuzzy 
decision making environments. These linguistic variables are expressed with positive 
triangular fuzzy numbers as shown in Table 1. 
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Table 1. Linguistic variables for assessing the importance weights of criteria and priority 
ratings of alternatives 

Linguistic Variables Linguistic Variables Corresponding TFNs 

Very Very High (VVH) Very Very Good (VVG) (0.8 ,0.9 ,1.0) 

Very High (VH) Very Good (VG) (0.7 ,0.8 ,0.9) 

High (H) Good (G) (0.6 ,0.7 ,0.8) 

Medium High (MH) Medium Good (MG) (0.5 ,0.6 ,0.7) 

Fair (F) Fair (F) (0.5 ,0.5 ,0.5) 

Medium Low (ML) Medium Poor (MP) (0.3 ,0.4 ,0.5) 

Low (L) Poor (P) (0.2 ,0.3 ,0.4) 

Very Low (VL) Very Poor (VP) (0.1 ,0.2 ,0.3) 

Very Very Low (VVL)  (0.0 ,0.1 ,0.2) 

The procedures to determine the importance weights of evaluation criteria are 
described as follows. 

(1) Construct a pairwise comparison matrix amongst the evaluation criteria iC  (

ni ,...,2,1= ). The evaluators kE  ( mk ,...,2,1= ) then are asked which is the more 

important of each two adjoining criteria for a set of 1−n  preference triangular 

fuzzy values }~,...,~,~{ 12312
k

nn
kk aaa − . 

(2) Use Eqs. (2)-(6) to derive the unknown triangular fuzzy numbers k
ija~ . 
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where α  is the absolute value of the minimum in this fuzzy linguistic preference 
relations matrix. 

(3) Use the method of average value to integrate the aggregated fuzzy importance 
weights of criteria. Take k

ijp~  to denote the transformed fuzzy importance 

weight of thk  evaluator for assessing the criterion iC  and jC . 

 )~...~~(
1~ 21 m
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m

p +++=  (6) 

where m  is the number of evaluators. 
(4) Take iz~  to denote the averaged fuzzy importance weight of criterion iC , that 

is, 
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(5) Give iw~  to indicate the fuzzy importance weight of criterion iC , that is, 
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(6) Defuzzify the triangular fuzzy numbers into the best nonfuzzy performance 
(BNP) values, 

iwBNP  indicates the BNP value for the triangular fuzzy number 

iw~ , that is, 
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3.2 Determine the Priority Ratings of Feasible Alternatives 

The procedures to determine the priority ratings of feasible alternatives uΑ  

( tu ,...,2,1= ) with respect to each evaluation criterion are described as follows. 

(1) This study utilizes the method of average value to integrate the fuzzy priority 
ratings of all alternatives. Give uvi q

~  to denote the aggregated fuzzy priority 

rating matrix of m  evaluator for assessing the alternative uΑ  and vΑ  in 

terms of criterion iC , that is, 

 )~...~~(
1~ 21 m

uviuviuviuvi qqq
m

q +++=  (10) 

(2) Take ui λ
~

 to represent the averaged fuzzy priority rating of alternative uΑ  

with respect to criterion iC , that is, 
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(3) Take uiφ
~

 to stand for the weighted fuzzy priority rating of alternative uΑ  with 

respect to evaluation criterion iC , that is, 

 iuiui w~
~~ ⊗= λϕ  (12) 

3.3 Rank the Feasible Alternatives 

(1) Determine the FPIRP and FNIRP: Because the positive triangular fuzzy num-
bers are included in the interval ]1,0[ , the fuzzy positive ideal reference point 

(FPIRP, +β ) and fuzzy negative ideal reference point (FNIRP, −β ) are re-
spectively defined as, 
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where )1,1,1(=+
iβ  and )0,0,0(=−

iβ , ni ,...,2,1=  

(2) Calculate the distance of alternative to FPIRP and FNIRP: The distance of each 
feasible alternative to FPIRP and FNIRP can be derived respectively as, 
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(3) Obtain the closeness coefficient and rank the alternatives: The closeness coeffi-
cient  ( uCC ) of feasible alternative is calculated as, 
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u
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4 Empirical Analysis 

Four hospitals located in southern Taiwan are evaluated by 6 evaluators according to 
5 major evaluation criteria in this study. The fuzzy linguistic preference relations 
approach is adopted to evaluate the healthcare quality of these sample hospitals. The 
computations of this proposed framework are described as follows. 

4.1 Identify the Evaluation Criteria 

The evaluation criteria are derived through literature review [11-17], widespread 
investigation and consultation with several professors and experts. They are: hospital 
sanitation and environment ( 1C ), pharmacy and medical treatment ( 2C ), service 

attitude ( 3C ), professional capability ( 4C ), and hospital equipment ( 5C ). 

4.2 Weighting Calculation for the Evaluation Criteria 

After a series of interviews with 6 evaluators, the importance weights of 5 evaluation 
criteria are derived. 

(1) The pairwise comparison matrices derived from 6 evaluators for a set of 4 ad-
joining evaluation criteria },,,{ 45342312 aaaa  are listed in Table 2. 

Table 2. The linguistic variables for 5 criteria given by 6 evaluators 

 1E  2E  3E 4E 5E 6E  

1C  VVL MH VVH VH VVL H 2C  

2C  F VL H VH H MH 3C  

3C  F VL F H VL VH 4C  

4C  MH VH VH VVH VH VH 5C  
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(2) The fuzzy importance weights of evaluation criteria are derived by Eqs. (7) - 
(8), and Eq. (9) is utilized to derive the BNP importance weight of criteria. The 
results are shown in Table 3. 

The results show that the importance weight order of 5 evaluation criteria is: profes-
sional capability (0.231) > pharmacy and medical treatment (0.225) > service attitude 
(0.209) > hospital sanitation and environment (0.200) > hospital equipment (0.168). 

Table 3. Importance weight and rank of evaluation criteria 

 Averaged TFN Fuzzy importance weight BNP Rank 

1C  (0.37, 0.48, 0.58) (0.12, 0.19, 0.27) 0.200 4 

2C  (0.47, 0.54, 0.61) (0.16, 0.21, 0.29) 0.225 2 

3C  (0.45, 0.50, 0.56) (0.15, 0.20, 0.27) 0.209 3 

4C  (0.49, 0.56, 0.62) (0.17, 0.22, 0.29) 0.231 1 

5C (0.29, 0.40, 0.50) (0.10, 0.16, 0.24) 0.168 5 

4.3 Calculation of the Priority Ratings for 4 Hospitals 

Six evaluators use the linguistic variables to express their preference about the 
priority ratings of 4 feasible hospitals with respect to 5 evaluation criteria. The 
computational procedures are described as follows. 

(1) The averaged fuzzy priority ratings of 4 hospitals are derived by using Eq. (10). 
Then use Eq. (11) to derive the averaged fuzzy priority rating of 4 hospitals 
with respect to 5 evaluation criteria. 

(2) Multiply the fuzzy importance weights of evaluation criteria and the fuzzy pri-
ority ratings of 4 hospitals. 

4.4 Rank 4 Hospitals 

This section describes the processes to rank 4 feasible hospitals, they are described as 
follows. 

(1) Use Eqs. (13) - (14) to measure the distance of 4 hospitals to FPIRP and FNIRP 
respectively, the results are listed in Table 4.  

(2) Uses Eq. (15) to calculate the closeness coefficient of 4 hospitals, the results 
are listed in Table 4. 

Table 4. Rank of 4 hospitals 

 
  

 

Rank 

 4.427 0.624 0.123705 1 

 4.482 0.557 0.110672 3 

 4.485 0.555 0.110214 4 

 4.468 0.583 0.115565 2 
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5 Conclusions 

Good healthcare quality is a significant factor leads to the success of the health and 
prosperity of a country. This study extends the fuzzy linguistic preference relation 
into a multicriteria group decision making environemnt to evaluate the healthcare 
quality. The proposed approach is based on the reciprocal additive consistent fuzzy 
preference relations, rather than using conventional multiplicative preference relation. 
Namely, this method considers only 1−n  pairwise comparisons, whereas the tradi-
tional fuzzy AHP takes  judgments in a preference matrix with n  elements, it is 
clear that the proposed approach is faster to execute and more efficient than the con-
ventional pairwise comparison methods. According to the importance weights of 
evaluation criteria, the professional capability and pharmacy and medical treatment 
are more important than other criteria. Furthermore, this proposed method is sug-
gested to solve the multiple criteria decision making problems. 
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