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ABSTRACT Hotel managers can learn about hotel customer satisfaction by analyzing online reviews. There
are differences in the experience of reviewers, the release time and the degree of recognition for different
online reviews, which leads to different reliability in reflecting customer satisfaction. The issue of how
to determine hotel customer satisfaction more rationally with this reliability in mind is still a problem.
To address this problem, this paper proposes a method for measuring hotel customer satisfaction based on the
Dempster-Shafer (D-S) evidence theory, which considers the reliability of online reviews and information
from multiple online travel review websites. This method is composed of three stages. First, considering
the difference in online reviews’ reliability, the basic probability assignment is generated based on online
reviews. Next, the aggregation of the evaluation information is conducted based on the entropy weight
method and Dempster’s rule of combination. Finally, the utility function is used to calculate the expected
utility, and customer satisfaction is analyzed based on the calculated expected utility. Therefore, improvement
strategies of customer satisfaction can be developed according to customer satisfaction ranking. To verify the
feasibility and effectiveness of this method, a case study for four hotels is presented. The proposed method
is expected to help hotel managers understand the hotel’s customer satisfaction, and develop corresponding
improvement strategies to enhance its competitiveness.

INDEX TERMS Customer satisfaction, hotel, online reviews, reliability, Dempster-Shafer evidence theory,
the entropy weight method.

I. INTRODUCTION
Customer satisfaction is a key concept in services market-
ing and management [1]–[4]. Especially in the hotel indus-
try, customer satisfaction is not only directly related to the
image [5] and performance [6] of the hotel but also the
key to the long-term success of the hotel operation [7].
High customer satisfaction can improve customer loyalty and
hotel’s customer retention rate [8], [9], and it helps exist-
ing customers recommend the hotel to potential customers.
In this way, customer satisfaction can increase the number
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of customers and drive increases in profitability, thereby
improving hotel’s performance [6], [10].

There are many related theories of customer satis-
faction. Previous literature indicates that the expectancy-
disconfirmation theory, equity theory, attribution theory,
dissonance theory and contrast theory are commonly
used in customer satisfaction research [11], [12]. Among
them, the most frequently applied is the expectancy-
disconfirmation theory [13]. Before purchasing a certain
product or service, the customer will have performance
expectation regarding the product or service, and then com-
pare the actual perception with the expectation after purchas-
ing. If the actual performance is better than the expectation,
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positive disconfirmation will occur; if the actual performance
is equal to the expectation, no disconfirmation will occur; if
the actual performance is lower than the expectation, negative
disconfirmation will occur. Among them, no disconfirma-
tion and positive disconfirmation cause customer satisfac-
tion, whereas negative disconfirmation leads to customer
dissatisfaction. When applying this theory in researching
customer satisfaction, some methods can be used to inquire
directly about the extent to which customer’s service experi-
ence exceeded, met, or fell short of expectation. In existing
research, the methods for obtaining the degree of expecta-
tion disconfirmation include questionnaires [14] and inter-
views [14]–[16], among othermethods. However, the relevant
information obtained from the customer through these ways
may not truly reflect the satisfaction of the customer after
the stay, due to the customer’s reluctance to cooperate or the
interference of other external factors in the investigation
process.

With the widespread application of Internet technology,
customers are more likely to book hotels online; after stay-
ing, some customers post reviews on the booking website
concerning their stay. The evaluation information reflects the
extent to which the customer’s service experience exceeds,
meets, or falls short of expectation. Additionally, poten-
tial customers will refer to these reviews before booking
hotels. Therefore, compared with data obtained by ques-
tionnaires, interviews, or other ways, online reviews are
generated spontaneously by customers, which can better
reflect the customer’s real satisfaction with the hotel and
be of practical significance. In addition, the openness of
the Internet also makes this way of data acquisition more
cost-effective. The existing studies on hotel evaluation based
on online reviews are mainly classified into three aspects.
(1) Studies on the influence factors of hotel customer satis-
faction based on online reviews. For instance, Xiang et al.
analyzed online textual reviews collected from Expedia.com
to deconstruct customer experience and explore the rela-
tionship between customer experience and customer satis-
faction [17]. Radojevic et al. used a multilevel analytical
framework to analyze customer satisfaction from five lev-
els: service encounter, visitor, visitor’s nationality, hotel, and
destination. They found that the most powerful influence
factors were hotel attributes and visitor characteristics [18].
Mariani et al. conjointly analyzed the influence of hotel ser-
vice attributes and reviewers’ cultural background on the cus-
tomer satisfaction on the basis of online reviews and revealed
the positive and negative factors of hotel customer satis-
faction [19]. Liu et al. explored the difference in customer
satisfaction determinants among different language groups
and found that Chinese tourists preferred room-related hotel
attributes [20]. Xu et al. used latent semantic analysis (LSA)
and the regression analysis method to investigate the driv-
ing factors of customer satisfaction and dissatisfaction [21].
Guo et al. extracted the dimensions of hotel customer satis-
faction from textual reviews using latent Dirichlet allocation
(LDA) and further identified the most important dimensions

by perceptual mapping [22]. (2) Studies on hotel selection
based on online reviews. For instance, Peng et al. developed a
hotel decision support model based on online reviews, where
probabilistic linguistic term sets were used to sum evaluation
information up [23]. Liang et al. proposed a quantitative
method for hotel selection. In the method, textual reviews
were transformed into distribution linguistic information by
using feature extraction and sentiment analysis, and a new
distribution linguistic VIKOR (DL-VIKOR) decision model
was developed for ranking hotels [24]. Nie et al. established
a semantic partitioned sentiment dictionary for determining
the sentiment level of textual reviews, and proposed a hotel
selection model based on the evidence theory in the context
of LDAs [25]. To explore the differences in hotel selection
among different types of travelers, Wang et al. used TF-IDF
and Word2Vec algorithms to obtain the key factors and the
criterion importance, and proposed a picture fuzzy TODIM
method that considered travelers’ bounded rationality to ana-
lyze selection results [26]. Zhang et al. proposed a multi-
stage multi-attribute method based on online reviews for
hotel evaluation in the longtime dimension [27]. (3) Studies
on hotel customer satisfaction evaluation method based on
online reviews. For instance, to discover a product or ser-
vice’s improvement priorities and allocate limited resources
reasonably, Wu et al. proposed a novel method based on
dynamic importance-performance analysis [28]. Ahani et al.
took hotels in the Canary Islands as an example and used self-
organizing map (SOM) and TOPSIS to determine travelers’
preferences and satisfaction [29]. Using technologies such
as LDA, Bi et al. extracted important product or service
attributes that customers cared about and performed the IPA
based on online reviews [30]. Sánchez-Franco et al. adopted a
maximum relevance minimum redundancy (MRMR) method
based on mutual information statistical measure to extract
attributes from online reviews, and developed a naive Bayes
classifier for sentiment classification [31]. For SPA hotels,
Ahani et al. used SOM, HOSVD and CRT to develop a
novel method for market segmentation and travel choice [32].
Hu et al. first identified attributes in online reviews, and
after the performance and importance weights of attributes
were obtained, they assessed the relationship between
attributes and customer satisfaction using sentiment analysis
and statistics methods. Finally, the results were visualized
in 3D [33].

The existing studies have made significant contributions to
the evaluation of hotel customer satisfaction based on online
reviews. However, there are still some limitations in the exist-
ing studies. First, most of these studies do not consider the
reliability of online reviews. That will reduce the evaluation
results accuracy. In reality, online reviews on travel review
websites come from different reviewers, and the reliability of
the reviews varies due to the different knowledge, experience
and preference of reviewers. For example, Leung and Yang
pointed out that when two customers were equally satisfied
with the hotel experience, a customer with a higher level
might give lower ratings [34]. This difference in reliability
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leads to uncertainty of the evaluation information given
by customers, which cannot be handled well by traditional
MCDM methods [35]. The evidence theory proposed by
Dempster and Shafer [36] is a useful method for dealing with
uncertain evaluation information and providing a simple way
to merge evaluation information from multiple sources. Sec-
ond, most of these studies focus on a single website. In fact,
online reviews of the same hotel often exist on multiple travel
review websites. The simultaneous consideration of multiple
websites can increase the amount of research data to improve
the accuracy of evaluation and reveal the hotel’s customer
satisfaction more comprehensively by carefully considering
the attributes set by different websites. However, the dif-
ferences in preset attributes and evaluation grades among
websites make existing methods for a single website difficult
to apply to multiple websites. In addition, most of the existing
studies are based on textual reviews. When posting textual
reviews, customers will only evaluate the attributes they care
about, which makes the structured data transformed from
textual reviews relatively sparse [37]. That makes it difficult
to evaluate customer satisfaction with online textual reviews.
In fact, the online review websites preset several attributes,
allowing customers only to appraise these attributes, that
is, the online ratings. Geetha et al. pointed out that textual
reviews and online ratings are emotionally consistent [38].
Thus online ratings can be used for the research of hotel cus-
tomer satisfaction. Therefore, to reveal the hotel customer sat-
isfaction, a new customer satisfaction measurement method
based on online ratings is necessary, which is this paper’s
motivation.

This paper aims to propose a method for measuring hotel
customer satisfaction based on D-S evidence theory. In the
proposed method, online evaluation information is first col-
lected from multiple online travel review websites and pro-
cessed to obtain the basic probability assignment considering
its reliability. Then, the D-S evidence theory is used for the
fusion of evaluation information. Finally, the utility function
is used to calculate the utility value of customer satisfaction
on each attribute and the expected utility value of overall
customer satisfaction; in this way, customer satisfaction for
the same type of hotel on different dimensions and overall
level can be compared. The research results are expected to
make meaningful contributions to the research on customer
satisfaction and help hotel practitioners and researchers make
a more realistic assessment of the impact of electronic word
of mouth.

The remainder of the paper is organized in the following
way. Section 2 briefly describes the problem of measur-
ing hotel customer satisfaction considering the reliability of
online reviews. Section 3 introduces a method for measuring
customer satisfaction with the reliability of online reviews in
mind. In Section 4, a case study of customer satisfaction for
four hotels of the same type illustrates the proposed method’s
use. Finally, conclusions and future research direction are
given in Section 5.

FIGURE 1. Screenshot of one online review sample on TripAdvisor. com.

FIGURE 2. Screenshot of one online review sample on holidaycheck.de.

II. PROBLEM DESCRIPTION
After staying in a hotel, customers will post online reviews
on online travel review websites, reflecting their satisfaction
with the hotel to a certain extent. The online review inter-
faces of TripAdvisor and HolidayCheck are given respec-
tively in Fig. 1 and Fig. 2. Generally, the website information
includes reviewer level, online ratings, review time, helpful
votes, among other items. The following information can be
obtained from Fig. 1 and Fig. 2. First, online reviews differ
in three aspects: review time, reviewer level, and helpful
votes. As the hotel may improve service and facilities in the
course of operation, reviews posted more recently reflect the
hotel’s current satisfaction. In addition, since the reviewer
level reflects reviewer’s evaluation experience, the review
made by the reviewer with higher level is more objective
and reliable. Furthermore, each review has helpful votes,
representing the extent to which reviewers in the same online
community approve the review. The more helpful votes a
review obtains, the more reliable it is. Next, it should be noted
that preset attributes differ among online review websites,
which may be due to the differences in the various sites’ core
concerns. Therefore, consideration of multi-site evaluation
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information can evaluate hotel customer satisfaction more
comprehensively. Secondly, the evaluation grade may differ
among travel review websites. As shown, TripAdvisor adopts
a 5-point scale as its evaluation grade (Fig. 1), whereas Hol-
idayCheck uses a 6-point scale (Fig. 2). Therefore, in the
measurement of customer satisfaction, the difference in eval-
uation grades needs to be handled.

As mentioned above, such information is essential for
measuring customer satisfaction; thus this paper utilizes such
information in revealing customer satisfaction of the hotel.
Then, the problem to be solved in this paper is to measure
hotel customer satisfaction with such information and deter-
mine the order of improving hotel customer satisfaction for
each attribute.

The following notations are used to denote the sets and
variables in the problem:

• W = {W 1,W 2, . . . ,W L
} : the set of L online travel

review websites, whereW l denotes the lth online travel
review website, l = 1, 2, . . . ,L.

• A = {a1, a2, . . . , aN } : the set of N hotels of the same
type, where an denotes the nth hotel, n = 1, 2, . . . ,N .

• E = {e1, e2, . . . , eJ } : the set of J hotel attributes, where
ej denotes the jth hotel attribute, j = {1, 2, . . . , J}.

• ω = {ω1, ω2, . . . , ωJ } : the set of attribute weights,
where ωj denotes the weight of attribute ej, such that

ωj ≥ 0 and
J∑
j=1
ωj = 1, j = {1, 2, . . . , J}.

• 2 = {H1,H2, . . . ,HI } : the set of I evaluation
grades, where Hi denotes the ith evaluation grade, i =
1, 2, . . . , I .Without the loss of generality, it is assumed
that Hi+1 is preferred to Hi, i = 1, 2, . . . , I − 1. For
example, when I = 5, i.e. 2 = {H1,H2, . . . ,H5},
H1 and H5 are set to the worst and the best grades,
respectively.

• 2l
= {H l

1,H
l
2, . . . ,H

l
Il } : the set of Il evaluation grades

on website W l , where H l
t denotes the tth evaluation

grade on websiteW l , t = 1, 2, . . . , Il , l = 1, 2, . . . ,L.
• ui : the utility of evaluation grade Hi, i = 1, 2, . . . , I .
• ult : the utility of evaluation grade H l

t , t = 1, 2, . . . , Il ,
l = 1, 2, . . . ,L.

• Pln : the total number of online reviews about hotel an on
website W l , n = 1, 2, . . . ,N , l = 1, 2, . . . ,L.

• Gl : the maximum of reviewer level on websiteW l , l =
1, 2, . . . ,L.

• gl,pn : the reviewer level corresponding to the p th review
about hotel an on website W l, p = 1, 2, . . . ,Pln, n =
1, 2, . . . ,N , l = 1, 2, . . . ,L.

• d l,pn : the duration between the review time of the pth
review about hotel an on website W l and the measure
time of customer satisfaction, in the unit of the day, p =
1, 2, . . . ,Pln, n = 1, 2, . . . ,N , l = 1, 2, . . . ,L.

• d l,∗n : the duration between the earliest review time of all
reviews about hotel an on website W l and the measure
time of customer satisfaction, in the unit of the day,
i.e., d l,∗n = max

p
(d l,pn ), n = 1, 2, . . . ,N , l = 1, 2, . . . ,L.

FIGURE 3. The resolution procedure for measuring hotel customer
satisfaction.

• vl,pn : the number of helpful votes obtained by the pth
review about hotel an on website W l , p = 1, 2, . . . ,Pln,
n = 1, 2, . . . ,N , l = 1, 2, . . . ,L.

• vl,∗n : the maximum number of helpful votes obtained
by all reviews about hotel an on website W l , i.e., vl,∗n =
max
p

(vl,pn ), n = 1, 2, . . . ,N , l = 1, 2, . . . ,L.

• r l,pn : the reliability of the pth review of hotel an on
website W l , p = 1, 2, . . . ,Pln, n = 1, 2, . . . ,N , l =
1, 2, . . . ,L.

• uj,n : the expected utility of customer satisfaction
with attribute ej of hotel an, j = {1, 2, . . . , J}, n =
1, 2, . . . ,N .

• un : the expected utility of customer satisfaction with
hotel an, n = 1, 2, . . . ,N .

III. THE METHOD
To solve the above problem, we present a new method for
measuring hotel customer satisfaction considering the relia-
bility of online reviews in this section. The resolution proce-
dure of the method is shown in Fig. 3. It can be seen from
Fig. 3 that the method is composed of the following three
stages:
• Stage 1: Generating the basic probability assignments
from online reviews.

• Stage 2: Aggregating online reviews.
• Stage 3: Calculating the expected utility and ranking
customer satisfaction.
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In the first stage, online evaluation information of hotels is
collected frommultiple online travel review websites, includ-
ing online ratings for each attribute, review time, reviewer
level, and helpful votes; then, the reliability of each review
is calculated with the reviewer level, review time, and helpful
votes; further, based on the obtained reliability and online rat-
ings, basic probability assignments are obtained from online
reviews. In the second stage, the information from different
websites is first transformed into a unified frame of dis-
cernment using the rule-based information transformation
technique; the transformed information is then aggregated on
each attribute with Dempster’s rule of combination; finally,
the weight of each attribute is calculated using the entropy
weight method, and the information aggregation on each
hotel is conducted based on Dempster’s rule of combina-
tion. In the final stage, the combined probability assignments
and the overall probability assignments are converted to the
expected utility that is easy to compare; then, the ranking
of customer satisfaction is conducted based on the obtained
expected utility so that the hotel can make customer satisfac-
tion improvement plans.

A. GENERATING THE BASIC PROBABILITY ASSIGNMENTS
FROM ONLINE REVIEWS
1) EVIDENCE THEORY
Evidence theory was first proposed by American scholar
Dempster in 1967 and further developed and refined by
Shafer in his book A Mathematical Theory of Evidence [39].
Therefore, this theory is also called the Dempster-Shafer the-
ory of evidence, or the D-S theory for short. Due to its ability
to deal with uncertainty, the D-S evidence theory is applied
to information fusion in the field of decision making [40],
[41]. To facilitate understanding of the proposed method, this
section will briefly introduce the basic definitions of evidence
theory.
Definition 1: [39], [42] For one decision problem, the

possible results that we know or think we know are expressed
in the set2, and any propositions we interest are in a one-to-
one correspondence with the subset of 2. Set 2 is called the
frame of discernment, a finite set of mutually exclusive and
exhaustive propositions. For example, a website’s attributes
can be evaluated on four grades, thus, the frame of discern-
ment for the website is 2 = {H1,H2,H3,H4}.
Definition 2: [36], [43] Let 2 be a frame of discernment.

A basic probability assignment is a mapping m : 22 →
[0, 1], which is called a mass function and satisfies:

m(φ) = 0 and
∑
A⊆2

m(A) = 1

where 22 is the power set of 2, φ is the empty set, and A
is any subset of 2. The quantity m(A) is called the basic
probability number of proposition A, which measures the
belief exactly assigned to A and represents how strongly the
evidence supports A.
Definition 3: [36], [44] Dempster’s rule of combination is

the kernel of D-S theory by which evidence from different

sources is combined or aggregated. Let m1 and m2 be two
basic probability assignments that are derived from two dis-
tinct sources. For propositions A,B ⊆ 2, Dempster’s rule is
given as follows:

m(C) = m1(A)⊕ m2(B)

=


0, C = φ∑

A∩B=C m1(A)m2(B)
1−

∑
A∩B=φ m1(A)m2(B)

, C 6= φ

where ⊕ represents the operator of the combination, the
denominator 1 −

∑
A∩B=φ m1(A)m2(B) is called the normal-

ization factor and
∑

A∩B=φ m1(A)m2(B) is called the degree
of conflict that measures the conflict between the pieces of
evidence.

2) CALCULATING THE RELIABILITY OF ONLINE REVIEWS
There are differences in the reviewer’s experience, review
time and helpful votes; thus, online review reliability is
diverse. Above all, customers’ online reviews will be affected
by their own previous experiences with accommodation and
evaluation. For one customer, the more experience the person
has with accommodation and evaluation, the more reliable
the review. In addition, the release time and the helpful
votes of online review will also influence its reliability. The
closer the release time of a review is, the more it can reflect
the hotel’s current customer satisfaction, and the higher the
reliability of the review is. Similarly, the helpful votes show
howmany customers agree with the review. The more helpful
votes a review obtains, the more reliable it is for expressing
customer satisfaction. Therefore, this paper uses the reviewer
level, review time, and helpful votes of online reviews as the
influencing factors for reliability and combines the three to
calculate an online review’s reliability.

First, due to the different dimensions of reviewer level,
review time and helpful votes, a dimensionless treatment
of the three items is adopted. The calculation process is as
follows:
• The reviewer level

X l,p1,n =
gl,pn
Gl

(1)

• The review time

X l,p2,n = exp

(
−
d l,pn
d l,∗n

)
(2)

• The helpful votes

X l,p3,n =


vl,pn
vl,∗n

, vl,∗n 6= 0

0, vl,∗n = 0
(3)

Then, according to the data after normalization, the reli-
ability of evaluation information is calculated. Suppose
reviewer level, review time, and helpful votes are of equal
importance, the reliability r l,pn is as follows:

r l,pn = (X l,p1,n + X
l,p
2,n + X

l,p
3,n)/3 (4)

225230 VOLUME 8, 2020



M. Li et al.: Revealing Customer Satisfaction With Hotels Through Multi-Site Online Reviews

3) OBTAINING THE BASIC PROBABILITY ASSIGNMENTS
Before evidence combination by D-S theory of evidence,
the basic probability assignments required in the combina-
tion rule need to be generated from online reviews. When
a customer releases an online review concerning the hotel
experience, the customer will give each attribute set by the
website a rating. Suppose in the pth review of hotel an on
website W l , a customer evaluates attribute ej as grade H l

y;
thus, the review given by the customer for attribute ej can be
expressed as follows:

λ
l,p
t,j,n =

{
0, t 6= y
1, t = y,

t = 1, 2, . . . , Il (5)

For example, in the pth review of hotel an on website W l ,
a customer evaluates attribute ej as grade H l

3, thus the review
given by the customer for attribute ej can be expressed as
λ
l,p
3,j,n = 1; λl,pt,j,n = 0, t 6= 3.
Therefore, the basic probability assignment β lt,j,n, which

represents the probability assignment to which attribute ej
of hotel an is assessed to grade H l

t on website W l , t =
1, 2, . . . , Il , l = 1, 2, . . . ,L, j = 1, 2, . . . , J , n =
1, 2, . . . ,N , can be calculated by

β lt,j,n =



0, H l
t = φ

Pln∑
p=1

r l,pn λ
l,p
t,j,n

Pln∑
p=1

r l,pn

, H l
t 6= φ,H

l
t ∈ 2

l (6)

B. AGGREGATING ONLINE REVIEWS
1) TRANSFORMING MULTI-SITE INFORMATION INTO THE
UNIFIED FRAME OF DISCERNMENT
The evaluation grades set by different online travel review
websites may be diverse. For example, Booking sets its
evaluation grade as 10-point scale, whereas TripAdvisor and
HolidayCheck adopt 5-point and 6-point scales, respectively.
To clarify how online reviews on different websites reflect
the overall satisfaction of the hotel, it is necessary to trans-
form various sets of evaluation grades to a unified set before
multi-site evaluation information fusion, so as to evaluate all
attributes in a consistent and compatible manner. According
to Yang, there are two ways to transform: the rule-based
technique and the utility-based technique [45]. The utility-
based information transformation technique is employed in
this paper.

First, the utilities for the unified evaluation grade and
evaluation grades on different websites are calculated, respec-
tively. Suppose the utility follows the equidistant distribution
of the interval [0,1]. The specific calculation process is as
follows:

ult =
t − 1
Il − 1

, t = 1, 2, . . . , Il; l = 1, 2, . . . ,L (7)

ui =
i− 1
I − 1

, i = 1, 2, . . . , I (8)

Next, the information from multiple websites is trans-
formed into a unified frame of discernment. The transformed
basic probability assignment function mli,j,n is given by the
following equations:

mli,j,n

=



∑
t∈πi

β lt,j,nτi,t , i = 1∑
t∈πi−1

β lt,j,n(1− τi−1,t )+
∑
t∈πi

β lt,j,nτi,t , 2 ≤ i ≤ I−1∑
t∈πi−1

β lt,j,n(1− τi−1,t ), i = I

(9)

where

πi

=

{
{t|ui ≤ ult < ui+1, t = 1, 2, . . . , Il}, i = 1, . . . I− 2
{t|ui ≤ ult ≤ ui+1, t = 1, 2, . . . , Il}, i = I − 1

(10)

and

τi,t =
ui+1 − ult
ui+1 − ui

, if ui ≤ ult ≤ ui+1 (11)

To facilitate understanding, an example is given now. There
is the basic probability assignment β lt,j,n, where t = 1, 2, 3,
and the frame of discernment for website W l is 2l

=

{H l
1,H

l
2,H

l
3}. The calculation process of transforming the

basic probability assignments to the unified frame of discern-
ment 2 = {H1,H2, . . . ,H5} is as follows:
From Equation (7), the utilities of the frame of discernment

2l are

ul1 = 0, ul2 = 0.5, ul3 = 1

From Equation (8), the utilities of the unified frame of
discernment 2 are

u1 = 0, u2 = 0.25, u3 = 0.50, u4 = 0.75, u5 = 1

From Equation (10), we have

π1 = {1}, π2 = φ, π3 = {2}, π4 = {3}

From Equation (9), we have

ml1,j,n =
∑
t∈π1

β lt,j,nτ1,t = β
l
1,j,nτ1,1

ml2,j,n =
∑
t∈π1

β lt,j,n(1− τ1,t )+
∑
t∈π2

β lt,j,nτ2,t

= β l1,j,n(1− τ1,1)

ml3,j,n =
∑
t∈π2

β lt,j,n(1− τ2,t )+
∑
t∈π3

β lt,j,nτ3,t = β
l
2,j,nτ3,2

ml4,j,n =
∑
t∈π3

β lt,j,n(1− τ3,t )+
∑
t∈π4

β lt,j,nτ4,t

= β l2,j,n(1− τ3,2)+ β
l
3,j,nτ4,3

ml5,j,n =
∑
t∈π4

β lt,j,n(1− τ4,t ) = β
l
3,j,n(1− τ4,3)
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From Equation (11), we have

τ1,1 = 1, τ3,2 = 1, τ4,3 = 0

Therefore, the results of the information transformation for
website W l are as follows:

ml1,j,n = β
l
1,j,n,m

l
3,j,n = β

l
2,j,n,m

l
5,j,n = β

l
3,j,n

2) AGGREGATING THE INFORMATION FROM DIFFERENT
WEBSITES ON EACH ATTRIBUTE
The combined probability assignment mi,j,n, which repre-
sents the probability assignment to which attribute ej of hotel
an is assessed to gradeHi, can be generated by aggregating the
evaluation information of attribute ej of hotel an on all the L
websites. The specific aggregation process is as follows (12),
as shown at the bottom of the page, where

K =

1− ∑
Hi1 ,...,HiL∈2
Hi1∩···∩HiL=φ

m1
i1,j,n · · ·m

L
iL ,j,n


−1

(13)

3) CALCULATING THE WEIGHTS OF ATTRIBUTES
The measurement of hotel customer satisfaction is based
on customers’ online reviews; thus, it is necessary to deter-
mine the attribute weight objectively. However, the subjective
weighting method determines weights based on the degree
to which the decision-maker attaches subjective importance
to each attribute and reflects their subjective intention. The
subjective intention of the decision-maker may interfere with
evaluation results, making it unable to truly reveal customer
satisfaction for a hotel. In addition, when determining the
attribute weight, the change of the attribute value needs to be
taken into account. If the value of a certain attribute changes
greatly among different customers, there is a big difference
in customer opinions against this attribute. Therefore, this
attribute needs to be paid more attention to when evaluating
customer satisfaction. In contrast, if a certain attribute’s value
does not vary much, customer opinions tend to be consistent.
The attention to the attribute can be appropriately reduced
when evaluating customer satisfaction. Given this, this paper
applies the entropy weight method to determine the attribute
weight.

The entropy weight method is a widely used method to
determine attribute weights based on attribute differences.
This method’s principle is that the greater the difference of
attribute values, the smaller the information entropy, the more
information provided by attribute values, and the greater the
weight of the attribute, and vice versa. The calculation result

is more objective, and the decision result is more reliable. The
specific calculation process is as follows [46] :

Step 1: Standardized processing.

fj,n =
I∑
i=1

mi,j,n • ui, j = 1, 2, . . . J ; n = 1, 2, . . .N (14)

Step 2: Calculating information entropy.

Ej = −

N∑
n=1

pj,n lnpj,n

ln (N )
, j = 1, 2, . . . , J (15)

where

pj,n =
fj,n
N∑
n=1

fj,n

, j = 1, 2, . . . J (16)

Step 3: Determining the attribute weight

ωj =
1− Ej

J∑
j=1

(
1− Ej

) , j = 1, 2, . . . , J (17)

4) AGGREGATING THE INFORMATION OF MULTIPLE
ATTRIBUTES ON EACH HOTEL
Let the evaluation grades set 2 = {H1,H2, . . . ,HI } be
regarded as the unified frame of discernment. The combined
probability assignmentmi,j,n is further aggregated to generate
the overall probability assignment for hotels.

First, suppose m′i,j,n is the intermediate probability assign-
ment to which attribute ej of hotel an is confirmed to gradeHi
considering the attribute weightωj. The combined probability
assignment mi,j,n needs to be converted to the intermediate
probability assignment m′i,j,n by combining with attribute
weights using the following equation:

m′i,j,n =



0, Hi = φ

ωjmi,j,n, Hi 6= φ,Hi ∈ 2

1−
I∑
i=1

m′i,j,n, Hi = 2

(18)

Second, the evaluation information of hotel an on all the
J attributes is aggregated into the overall evaluation, that is,
the intermediate probability assignment m′i,j,n is aggregated
to generate the overall probability assignment. Suppose mi,n
expresses the overall probability assignment for evaluation of
hotel an, i = 1, 2, . . . , I , n = 1, 2, . . . ,N . The combination

mi,j,n =


0, Hi = φ

K
∑

Hi1 ,...,HiL∈2
Hi1∩···∩HiL=Hi

m1
i1,j,nm

2
i2,j,n · · ·m

L
iL ,j,n, Hi 6= φ,Hi ∈ 2 (12)
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process is as follows:

mi,n

=


0, Hi = φ

K •
∑

Hi1 ,...,HiJ ∈2
Hi1∩···∩HiJ=Hi

m′i1,1,n · · ·m
′
iJ ,J ,n, Hi 6= φ,Hi ∈ 2

(19)

where

K =

1− ∑
Hi1 ,...,HiJ ∈2
Hi1∩···∩HiJ=φ

m′i1,1,n · · ·m
′
iJ ,J ,n


−1

(20)

C. CALCULATING THE EXPECTED UTILITY AND RANKING
CUSTOMER SATISFACTION
Through the above calculation, the combined probability
assignments and the overall probability assignments can be
obtained. For instance, for attribute e1 of hotel a1, the com-
bined probability assignments are m1,1,1 = 0.2, m2,1,1 =

0.3, m3,1,1 = 0.5. The probability assignments are not
conducive to comparing customer satisfaction with different
attributes or different hotels. Thus, this paper employs the
expected utility to compare and rank them. The expected
utility of customer satisfaction with each attribute of hotel is
calculated by

uj,n =
I∑
i=1

mi,j,n
1− mH ,j,n

ui, j = 1, 2, . . . , J ; n = 1, 2, . . . ,N

(21)

where mH ,j,n denotes the probability assignment not to any
grade.

Similarly, the expected utility of the overall customer sat-
isfaction with each hotel is calculated by

un =
I∑
i=1

mi,n
1− mH ,n

ui, n = 1, 2, . . . ,N (22)

where mH ,n denotes the probability assignment not to any
grade.

Finally, the revelation of hotel customer satisfaction can
be carried out by comparing expected utilities obtained from
Equations (21) and (22).

If

uf ,n > uk,n, f 6= k; f , k = 1, 2, . . . , J ,

customer satisfaction with attribute ef is better than attribute
ek for hotel an. Thus, the improvement of customer satisfac-
tion of hotel an can start with attribute ek .

Similarly, if

uq > un, q 6= n; q, n = 1, 2, . . . ,N ,

the overall customer satisfaction of hotel aq is superior to that
of hotel an.

To sum up, the specific steps of the method to measure
hotel customer satisfaction with online review reliability are
provided below.

Step 1: Compute the reliability r l,pn of online reviews using
Equations (1) - (4).

Step 2: Convert online evaluation information into the
basic probability assignment using Equations (5) and (6).

Step 3: Transform the information from multiple
websites into the unified frame of discernment using
Equations (7) - (11).

Step 4: Aggregate the transformed information on each
attribute using Equations (12) and (13).

Step 5: Compute the attribute weight ωj using
Equations (14) - (17).

Step 6: Aggregate the information of multiple attributes on
each hotel using Equations (18) - (20).

Step 7: Compute each attribute and hotel’s expected utility
using Equations (21) and (22) and rank customer satisfaction
by comparing the computed expected utility.

IV. CASE STUDY
In this section, we describe a case study conducted to illus-
trate the effectiveness of the proposed method. First, the pro-
posed method is used to evaluate the customer satisfaction of
four mid-range business hotels. Next, comparisons between
the proposed method and the existing method are presented.

A. EVALUATING CUSTOMER SATISFACTION WITH HOTELS
Four mid-range business hotels, i.e., FD, DJ, KM, and
HI, are located in Beijing’s Wangfujing business dis-
trict. The related data of four hotels was collected from
China’s two major online travel review websites, i.e., Qunar
(https://www.qunar.com) and Ctrip (https://www.ctrip.com).
There are many online reviews for the hotels on the two
websites. These online reviews reflect the real evaluations of
the hotel’s accommodation experience by customers and can
be used to evaluate hotel’s customer satisfaction.

First, the crawler tool GooSeeker (http://www.gooseeker.
com) is applied to collect the related online reviews con-
cerning FD (a1), DJ (a2), KM (a3), and HI (a4) from Qunar
(W 1) and Ctrip (W 2). The five hotel attributes, i.e., service
(e1), facility (e2), cleanliness (e3), location (e4), and environ-
ment (e5), are selected as attributes for evaluating customer
satisfaction by analyzing the collected online evaluations.
Since both online ratings are quantified on a 5-point scale,
from 1 (very dissatisfied) to 5 (very satisfied), the frames of
discernment on Qunar (W 1) and Ctrip (W 2) are set to 21

=

{H1
1 ,H

1
2 , . . . ,H

1
5 } and2

2
= {H2

1 ,H
2
2 , . . . ,H

2
5 } respectively.

Moreover, 2 = {H1,H2, . . . ,H5} is set as the unified frame
of discernment.

The reviewer level, review time, and helpful votes are
normalized using Equations (1)-(3). Moreover, online review
reliability can be calculated based on the normalized results
using Equation (4). For instance, the online review in Fig. 4 is
the first review for FD (a1) on Ctrip (W 2) released on
March 29, 2019, where the reviewer level is LEVEL 1,
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FIGURE 4. An example of the collected data on Ctrip.com.

TABLE 1. The basic probability assignments of hotels on Qunar.

helpful votes are 1, and the online ratings for service, facility,
cleanliness, and environment are 2, 4, 4, and 3 respectively.
By analyzing all online reviews of FD (a1) on Ctrip (W 2),
we find the highest level of reviewer is LEVEL 3, and the
maximum number of helpful votes is 11, that is G2

= 3,
v2,∗1 = 11. In addition, the earliest review time is August 14,
2016, and the time of measuring customer satisfaction is
August 23, 2019, that is d2,∗1 = 1104, d2,11 = 147. Therefore,
the results after normalization are X2,1

1,1 = 0.3333, X2,1
2,1 =

0.8753 and X2,1
3,1 = 0.0909, and the reliability of the review

is r2,11 = 0.4332.
Next, the online review’s conversion to the basic proba-

bility assignment β lt,j,n, l = 1, 2, t = 1, 2, 3, 4, 5, j =
1, 2, 3, 4, 5, n = 1, 2, 3, 4 is conducted using Equations (5)
and (6). The results for the two websites are provided in
TABLE 1 and TABLE 2, respectively.

The basic probability assignments from the two websites
are aggregated on each attribute to generate the combined

TABLE 2. The basic probability assignments of hotels on Ctrip.

probability assignments mi,j,n, i = 1, 2, 3, 4, 5, j =
1, 2, 3, 4, 5, n = 1, 2, 3, 4 by Equations (12) and (13). The
results are shown in TABLE 3.

According to Equations (14)-(17), the computed attribute
weights are ω1 = 0.0512, ω2 = 0.0695, ω3 = 0.0239,
ω4 = 0.6620, ω5 = 0.1934, and then the combined proba-
bility assignments of the five attributes can be aggregated by
Equations (18)-(20). The results are provided in TABLE 4.

With the aid of Equation (21), the expected utilities of dif-
ferent attributes are computed and then the results are plotted
as Fig. 5. In Fig. 5, the utilities of the five attributes of hotel HI
are relatively big; thus, hotel HI satisfies customers in various
attributes. However, those of hotel FD are relatively small;
thus, its customer satisfaction is relatively poor. The four
hotels’ customer satisfaction is close for the three attributes
of service, facility, and cleanliness. However, for the other
two attributes (i.e., environment and location), the satisfaction
among hotels is quite diverse. Especially for the location
attribute, the difference in the utility between hotel FD and
hotel HI is the largest. At the same time, the utility of the
location attribute is the smallest of all the utilities of hotel
FD, which means that the location attribute belongs to the
shortcomings of hotel FD. If hotel FD intends to improve
customer satisfaction to enhance its competitiveness in the
trading area, it can start with location.

The expected utility of each hotel can be calculated by
Equation (22), and then the ranking of customer satisfac-
tion of the four hotels is conducted. The result of ranking
customer satisfaction is HI � DJ � KM � FD in
TABLE 4. Therefore, hotel HI has the best overall customer
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TABLE 3. The combined probability assignments of hotels.

TABLE 4. The overall probability assignments and ranking of hotels.

satisfaction among the four hotels, whereas hotel FD has the
worst.

B. COMPARING THE PROPOSED METHOD WITH THE
EXISTING METHOD
A comparison with the method provided by Fan et al. [47]
is conducted to investigate the advantages and character-
istics of the proposed method. It is necessary to point
out that, although the method of Fan et al. can be
used to rank the customer satisfaction of the hotel based
on online reviews, the attribute weights in their method
are determined according to customers’ subjective prefer-
ences instead of online reviews. Thus, we assume that the
set of attribute weights provided by customers is ω =

{0.0512, 0.0695, 0.0239, 0.6620, 0.1934}. Next, the method
provided by Fan et al. is used for evaluating the four mid-
range business hotels.

First, denoise processing is conducted, and the processed
evaluations are used to calculate the discrete percentage dis-
tributions. The results are shown in TABLE 5.

Second, according to the discrete percentage distributions
and stochastic dominance rules, pairwise comparisons of the
four hotels concerning each attribute are conducted to deter-
mine the stochastic dominance relation stnqj, and set up the
corresponding stochastic dominance relation matrix STj =
[stnqj]4×4, n, q = 1, 2, 3, 4, j = 1, 2, 3, 4, 5. stnqj = ‘‘−’’
denotes there is no stochastic dominance relation between
two hotels an and aq for attribute ej, and FSD denotes first
degree stochastic dominance.

ST1 =


− − − −

FSD − FSD −

FSD − − −

FSD FSD FSD −


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FIGURE 5. The expected utility of hotels on each attribute.

ST2 =


− − FSD −

FSD − FSD −

− − − −

FSD FSD FSD −



ST3 =


− − FSD −

FSD − FSD −

− − − −

FSD FSD FSD −



ST4 =


− − − −

FSD − FSD −

FSD − − −

FSD FSD FSD −



ST5 =


− − − −

FSD − FSD −

FSD − − −

FSD FSD FSD −



In addition, the stochastic dominance degree sdnqj for pair-
wise comparisons of the four hotels for each attribute can
be calculated. Moreover, the stochastic dominance degree
matrix SDj = [sdnqj]4×4, n, q = 1, 2, 3, 4, j = 1, 2, 3, 4, 5
can be set up as follows.

SD1 =


− − − −

0.2624 − 0.1318 −

0.1505 − − −

0.3811 0.1609 0.2715 −

 ,

SD2 =


− − 0.1341 −

0.0554 − 0.1820 −

− − − −

0.2480 0.2039 0.3489 −

 ,

TABLE 5. The discrete percentage distributions for the four hotels
concerning the five attributes.

SD3 =


− − 0.0394 −

0.0691 − 0.1434 −

− − − −

0.2318 0.1748 0.2621 −

 ,

SD4 =


− − − −

0.3126 − 0.1143 −

0.2239 − − −

0.4527 0.2039 0.2948 −

 ,

SD5 =


− − − −

0.1731 − 0.0404 −

0.1382 − − −

0.2822 0.1319 0.1670 −


Then, the overall stochastic dominance matrix SD =

[sdnq]4×4 is set up as follows.

SD =


0 0 0.0103 0

0.2593 0 0.1063 0
0.1826 0 0 0
0.3966 0.1871 0.2719 0


Finally, according to the overall stochastic dominance

degree sdnq, the dominant degree φ+(an), the non-dominant
degree φ−(an), and the overall relative dominant degree φ(an)
for each hotel can be obtained. The results are shown in
TABLE 6.
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TABLE 6. The evaluation results of the four hotels.

The ranking result of the overall customer satisfaction
obtained by the method proposed by Fan et al. is HI �
DJ � KM � FD, which is the same as the one obtained
by the method proposed in this paper. However, Fan et al.’s
method cannot be used to evaluate customer satisfaction with
different attributes. Ranking the overall customer satisfac-
tion alone cannot help the hotel to make targeted satisfac-
tion improvement decisions from the attribute perspective.
The method proposed in this paper evaluates the customer
satisfaction of each hotel attribute to help the hotel under-
stand its advantages and disadvantages in different attributes
to develop specific satisfaction improvement strategies for
attributes. Next, the evaluation grades of different websites
in our case are the same. However, for the case of inconsis-
tencies in the evaluation grades among websites, the method
proposed by Fan et al. no longer applies, while the method in
this paper does. In addition, the proposedmethod in this paper
determines attribute weights based on online reviews, which
ismore objective andmore suitable for hotel applications than
the method proposed by Fan et al.

V. CONCLUSION
This paper proposes a method for measuring hotel customer
satisfaction considering the reliability of online reviews. This
method is based on the D-S evidence theory, and considers
comprehensively online evaluation information of multiple
online travel review websites. This evaluation information
includes online ratings, reviewer level, review time and help-
ful votes. Based on the collected reviewer level, review time,
and helpful votes, online review reliability can be calcu-
lated. The basic probability assignments are then obtained
through the calculated reliability and online ratings. After
that, the various sets of evaluation grades from multiple web-
sites are transformed into a unified set to combine the basic
probability assignments by Dempster’s rule of combination.
The combined probability assignments are used to compute
the weights of attributes and then further aggregated to the
overall probability assignments. At last, the expected utility
is calculated and used to analyze the customer satisfaction of
hotels. The major contributions of this paper are discussed as
follows.

This paper’s proposed method considers the reliability of
online reviews, which relates to three aspects, i.e., reviewer
level, review time, and helpful votes. Specifically, the higher
the reviewer’s level, themore abundant his review experience,
hence the more reliable his review; the closer the review

time is, the more the review conforms to the hotel’s actual
situation, and the higher the reliability of the review is;
the more helpful votes the review obtains, the more con-
sumers approve of the review, and the more reliable the
review is.

The proposed method in this paper can be applied to
hotel customer satisfaction evaluation based on multi-site
online reviews. In reality, there are many online travel review
websites, on which a lot of online reviews reflect customer
satisfaction with the hotel. However, the evaluation grades
are not always the same among websites, which makes it
difficult to evaluate hotel customer satisfaction based on
multi-site online reviews. In view of the different evaluation
grades among websites, this method gives a specific solution.
Therefore, the proposed method is more flexible.

Based on the above analysis, this paper has following man-
agement implications. On the one hand, the proposed method
in this paper can help hotel managers evaluate the overall
customer satisfaction and customer satisfaction on various
attributes. On the other hand, due to the openness of the Inter-
net, hotel managers can obtain online reviews of competing
hotels to employ the method to analyze their customer satis-
faction. By comparing with competing hotels, hotel managers
can identify the hotel’s strengths and weaknesses in different
attributes to make targeted decisions about allocating limited
resources. In this way, the hotel can increase customer satis-
faction and thus improve its competitiveness in the industry.

This paper also has limitations, which may serve as
avenues for future research. This paper does not consider the
problem of fake reviews. At present, there are indeed cases of
posting fake reviews on online review sites, which interfere
with customer satisfaction evaluations for a hotel; thus, future
research can take into account the impact of fake reviews.
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