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Hospital performance evaluation (HPE) has a major role in improving the quality, safety, and effective-
ness of health care services, so it is indispensable for proper and continuous operation of hospitals.
Although several studies have been performed on HPE, few have used group decision-making (GDM).
This study presents a comprehensive multi-criteria GDM model for HPE under uncertain conditions.
In this model, we have combined the group best-worst method (GBWM) and fuzzy preference
programming (FPP) method to create an applicable framework for GDM in which members of a
decision-making group including decision-makers (DMs) have different expertise and the importance
of criteria and DMs opinions are determined by a supervisor. The advantages of the proposed method
include the integration of the GDM process in the form of a single model and there is no need to
calculate separately the consistency of the decisions of the decision-making team members. Finally,
a case study conducted on 5 hospitals in Tehran is presented to demonstrate the applicability and
effectiveness of the proposed method. The results show that Sina Hospital, Baharloo Hospital, and
Tehran Heart Center were ranked first to third, respectively. Also, we can conclude from this study
that the proposed integrated framework is capable to address the HPE problem by using a GDM and

considering the uncertainty of the comparisons made by decision-making team members.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Hospitals are complex and multipurpose organizations that
utilize many up-to-date technologies. Complexity of healthcare
organizations, high costs of treatments, emphasis on special-
ization, and the importance of efficiency and effectiveness of
customer service are factors that have increased the importance
of performance evaluation in these types of organizations. There-
fore, these organizations need a performance evaluation frame-
work to monitor their activities and move towards sustainable
development. High performance and precision tools are needed
for hospital performance evaluation (HPE) so that managers can
select and execute the right strategies to increase performance in
their organizations based on the results of performance evalua-
tion.

Hospitals are the main units in the health system; they con-
sume the majority of a country’s health care budget, play an
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important role in providing health care services, and greatly affect
the efficiency of the health care system [1]. Health centers are
directly responsible for saving lives. Since human health and life
are very important, one of the measures proposed for developing
countries is to improve the performance of these centers [2]. De-
spite major and undeniable advances in science and technology,
healthcare systems still face many challenges [3].

Performance evaluation is an effective tool used by hospital
management to evaluate and monitor hospital activities [4]. Re-
cently, hospital evaluation has received more attention due to
the increasing demand for health services, increasing number of
jobs in the health system, resource constraints, and high costs of
treatment. Measuring and managing the performance of health
systems, which include hospitals, medical centers, etc., has be-
come more complex than ever. Therefore, managers should adopt
appropriate strategies for managing, improving, and developing
current systems based on the existing conditions [5,6]. By eval-
uating hospitals’ performance, the management team can take
more effective measures to improve and increase the level of
hospital performance and efficiency. Health systems are generally
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service-oriented organizations that their success depends on the
quality of services. The quality of service is closely related to the
level of customer satisfaction and can be one of the key success
factors for this type of organizations. HPE can help maintain
public welfare, improve the quality of health care, and ensure the
sustainable development of hospitals [7].

Developing a powerful and effective tool for identifying and
ranking factors affecting hospital performance can greatly help
the management team to accurately evaluate and improve the
current situation. Multi-criteria decision-making (MCDM) tech-
niques can be used for HPE. These techniques help decision-
makers (DMs) make proper decisions when they deal with a
wide range of data and decision criteria. Many studies have been
conducted on HPE based on MCDM techniques including Ana-
lytical Hierarchy Process (AHP) [8,9], Data Envelopment Analysis
(DEA) [1,10,11], and best-worst method (BWM) [7,12], and many
more.

BWM is one of the new methods of MCDM introduced by
Rezaei [13]. This method yields better results than the AHP
method and requires less pairwise comparisons for decision-
making. In this method, the best and worst criteria are chosen
by DMs and then other criteria are compared with the best and
worst criteria. The BWM-based group decision-making (GDM)
method has been developed in a study [14]. In their method,
opinions of the manager and expert team are combined into
an integrated model to determine the final weights. Also, the
Consistency Ratio (CR) is calculated separately for the manager
and each expert so that inconsistent decisions of an expert do not
adversely affect the group final decision. The proposed method in
this study is a combination of group best-worst method (GBWM)
and fuzzy preference programming (FPP), which forms an in-
tegrated GBWM-FPP approach. In this study, by combining the
above methods, a new fuzzy approach is presented for HPE to
determine the importance of each criterion and thus to select
the best alternative among the other alternatives. Summary of
important points in this article are as follows: Using the new
MCDM method to create HPE framework, using the logic of
BWM because it includes less pairwise comparisons than other
methods, and using the GBWM method to build a GDM platform
and increase the reliability of the decisions.

Given the importance of the HPE and the important role that
health centers play in community health, hospital assessment
based on a GDM approach can enhance the accuracy of assess-
ment and help managers to identify hospital strengths and weak-
nesses. On the other hand, today’s real-world decision-making
conditions are often faced with uncertainty. As the literature
review section illustrates, the existing literature does not address
a GDM approach that includes uncertainty.

A new fuzzy method for evaluating the performance of treat-
ment units is provided using a combination of GBWM and FPP
(GBWM-FPP) so that by using the advantages of the BWM and
fuzzy relationships in FPP method, a new framework is created
for the accurate evaluation of hospital performance.

The performance of real cases in Tehran, including several hos-
pitals, is evaluated by developing an appropriate questionnaire
for collecting related data from health and treatment experts, as
well as using the proposed method in the form of an integrated
mathematical model and comparing and analyzing the results.

The rest of this paper is organized as follows: Section 2 re-
views the literature and describes MCDM-based HPE methods
and models. In Section 3, the research methodology is described.
In Section 4, actual HPE cases are used to evaluate the proposed
method. The results of the research and suggestions for future
research are provided in Section 5.

2. Literature review

This section reviews previous related studies to the BWM
method and different models offered for HPE. Various methods
have been used for HPE in different countries and environments.
A summary of the research literature is provided in Table 1.

Bannick & Ozcan [15] was one of the studies evaluating the
performance and effectiveness of health care centers that used
the DEA model to compare hospital performance under the De-
partment of Health and Department of Defense in US; It had six
inputs and two outputs; their studies showed that Department of
Defense hospitals were significantly more efficient.

Ersoy et al. [1] examined the technical efficiency of Turk-
ish hospitals using the DEA method. Their results showed that
less than 10 percent of hospitals were more efficient than their
counterparts.

Ouellette & Vierstraete [16] investigated the impact of semi-
fixed inputs on performance measurement and technology change
in the emergency department of a hospital in Montreal; they
proposed a modified DEA method with semi-fixed inputs.

Another study presented a performance evaluation model
based on the DEA method in which the inputs and outputs
were selected based on local environment and classified in more
detail [17].

In another study, outsourcing of the hospital information sys-
tem was investigated using the combined entropy method and
Technique for Order of Preference by Similarity to Ideal Solu-
tion (TOPSIS). They point out that establishing specific criteria
for evaluating contractors can encourage hospital managers to
outsource their IT-related activities to contractors [18].

Window analysis was used by Weng et al. [19] and the DEA
model was extended accordingly. This model enabled HPE over
multiple time periods and also reduced the errors of hospital
evaluation over a given time period.

In study Yawe [10], hospitals were rated and analyzed using
the Super-Efficiency Model in the DEA and combined it with the
BSC method to perform HPE.

Tsai et al. [20] proposed a Fuzzy Analytic Hierarchy Process
(FAHP) and a fuzzy sensitive analysis-based approach to reduce
the uncertainty and make the evaluation process more transpar-
ent.

Chuang et al. [21] used a combination DEA-artificial neural
network and DEA-assurance region model to analyze hospital
data for HPE and then discussed efficiency and inefficiency of the
hospitals using regression. Ajami & Ketabi [8] and Gholamzadeh
Nikjoo et al. [9] evaluated the performance of hospital units using
AHP. Davis et al. [22] evaluated public sector hospitals in New
Zealand between 2001 and 2009; they conducted their research
on three dimensions: efficiency, effectiveness, and equity.

Akdag et al. [23] used the fuzzy hybrid MCDM method to
evaluate the quality of Turkish hospital services. Chang [24] used
the VIKOR method to evaluate the quality of service in Taiwan’s
public and private hospitals under a fuzzy environment with
triangular fuzzy variables. It concluded that the quality of private
hospital services was better than public hospitals because private
hospitals were rarely subsidized by the government and had to
retain existing patients or attract new patients in order to survive.

Another study examined the impact of organizational, tech-
nological, environmental, and human factors on selecting the
hospital information systems in Malaysia. 13 sub-criteria were
selected for the four main criteria and their effects were mea-
sured using MCDM based on Analytic Network Process (ANP)
and Decision-making Trial and Evaluation Laboratory (DEMA-
TEL). They showed that, according to experts’ judgments, per-
ceived technical competence was the most important among
the human factors; comparative advantage was more important
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among the technological factors; hospital size was more impor-
tant among the organizational factors; and government policy
was more important among the environmental factors [25].

Gholami et al. [26] examined the impact of IT investment on
hospitals’ performance and quality. Using the double-bootstrap
DEA and two-year data of 187 hospitals in the United States,
they demonstrated the impact of IT investment on quality and
operational efficiency of the hospitals.

Rouyendegh et al. [27] proposed a hybrid model based on
DEA and fuzzy Analytic Hierarchy Process (FAHP) for HPE. They
showed that the proposed model can help improve decision-
making by determining appropriate weights.

Chowdhury & Zelenyuk [28] evaluated the performance of
hospital services in Ontario Canada using the DEA method with
bootstrap approach and regression. They first estimated the effi-
ciency using the DEA method, then calculated the distribution of
efficiency based on different geographic and educational condi-
tions and different sizes of hospitals using the double bootstrap
method. They found that many organizational factors such as
employment rate, outpatient treatment, geographic location, size,
and training status were determinants of hospital performance.

Supeekit et al. [29] proposed a modified DEMATEL-ANP
method for hospital internal supply chain assessment. They used
this method to examine the relationship between groups and
calculate the weights of the performance criteria. They used the
DEMATEL method to investigate the causal relationships between
groups and performance criteria in each group, and then used
these causal relationships to determine the criteria weights using
the modified ANP method.

Nilashi et al. [30] examined importance of influencing factors
in the hospital information system using the ANP method. They
examined four main criteria (technology, environment, human,
organization) with 17 sub-criteria introduced in the previous
literature and used ANP technique to determine the most impor-
tant criteria. The decisions were made by 20 experts who were
familiar with the hospital information system and the hospital
decision-making process. Their results showed that hospitals that
want to adapt themselves, reduce their complexity, and support
customers should pay more attention to the hospital information
system.

Lobo et al. [31] used the dynamic DEA method to evaluate
the performance of university hospitals. Dynamic DEA evalu-
ates performance across different years using the variable of
“boundary change”. They stated that determining scores for per-
formance, monitoring the changes of overall performance and
performance of each segment, and defining clear goals for per-
formance improvement are some advantages of the proposed
model.

Pasqualini Blass et al. [32] used a scientific approach to mea-
sure environmental performance in hospitals. They point out that
measuring environmental performance results in reduced envi-
ronmental impacts and improved quality of results and processes.
They conducted field studies on 10 hospitals in the southern
region of Brazil and concluded that there was no framework
for measuring, monitoring, improving, and reporting the envi-
ronmental performance. Their framework and process provided
a systematic approach for monitoring and reporting hospitals
performance.

Johannessen et al. [33] used the DEA method to evaluate
physicians at a Norwegian hospital. Their study highlighted the
need to pay attention to multifunctional staff.

Chen et al. [11] examined the impact of a major economic
recession on hospital performance using the DEA method; they
pointed out that the cost of medical care usually comprises a
relatively large portion of the budget of the advanced countries,
and as a result, hospital performance declines during recession.

In another study, service quality of three hospitals in Indonesia
was assessed using a combination of TOPSIS and AHP; they used
the AHP method to measure criteria weights and the TOPSIS
method to rank hospitals [34].

Haghighi & Torabi [12] evaluated hospital information system
as one of the most important factors affecting patient satisfaction.
They used the BWM to calculate the criteria weights and then
evaluated the performance of each unit using the DEA method.

Giménez et al. [35] performed HPE by combining static and
dynamic evaluation. They used the Malmquist-Luenberger global
index and bipartite decomposition.

Torkzad & Beheshtinia [36] evaluated hospital performance
using four hybrid models including modified digital logic-TOPSIS,
AHP-TOPSIS, AHP-ELECTRE, and modified digital logic-ELECTRE.

Li et al. [37] used DEA based on variable returns to scale
to evaluate non-homogenous hospitals in Hong Kong. Their ap-
proach was based on the assumption that hospitals do not neces-
sarily have similar inputs and outputs. They suggested that their
proposed approach could be applied to other organizations as
well.

Liao et al. [7] performed HPE using the hesitant fuzzy linguistic
BWM. They analyzed the proposed method using a case study and
compared the results with the fuzzy BWM and the interval BWM.

Jiang et al. [38] used a large group linguistic Z-DEMATEL to
determine key performance indicators (KPIs) in hospital per-
formance management. Their approach included a similarity-
based clustering approach. They stated that their approach could
help managers to identify systematically a limited number of
indicators for performance evaluation.

With regard to the above literature review and Table 1, it
can be seen that many models have been proposed for HPE. But
most of the research and models presented have been done in
a deterministic environment, the decision makers’ preferences
have been described imprecisely, and we also rarely see group
HPE models. For this reason, in this paper, we intend to present
a new method based on the fuzzy GBWM for accurate evaluation
of hospitals.

Hospitals are organizations consisting of various units and
departments that deal directly with community members. Man-
agers always consider the level of client satisfaction as a key
factor in the success of hospitals and take steps to increase client
satisfaction. This requires a rigorous performance evaluation sys-
tem to assist hospital managers in achieving this goal and identify
important and influential factors for improving performance.

By reviewing the literature, we found that few studies have
been conducted in the field of HPE in fuzzy environment. This
paper proposes a new method for evaluating HPE in fuzzy en-
vironment using GDM, in order to increase the reliability of the
decisions and to cover the gaps in previous studies.

In studying the HPE and health centers, choosing the right
set of indicators is crucial. In this study, based on the research
literature and experts’ opinions, the following criteria were se-
lected for performance evaluation: patient average length of stay,
number of patient beds, bed occupancy rate, bed turnover rate,
and number of hospitalized patients. It is obvious that DMs do
not consider equal importance for all criteria and therefore the
weights of the criteria will be calculated using the proposed
method. The evaluation criteria are described in Table 2. The
evaluation criteria based on the research literature and experts’
opinions.

As mentioned earlier, the purpose of this study was to intro-
duce fuzzy group decision making based on FPP and BWM. BWM
is one of the new MCDM techniques developed by Rezaei [13].
BWM is based on pairwise comparisons of criteria with the best
and worst criteria, known as reference comparisons. Then a pro-
gramming model is developed based on the reference compar-
isons. The criteria weights are obtained by solving the model.
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Table 1

Summary of the HPE techniques.
Reference Technique(s) used Uncertainty Application
Bannick & Ozcan [15] DEA The Department of Defense hospitals of USA
Ersoy et al. [1] DEA Turkish acute general hospitals
Ouellette & Vierstraete [16] DEA hospital emergency services in Montreal
O'Neill et al. [17] DEA systematic review of previous studies
Hsu & Hsu [18] Entropy and TOPSIS Taiwan’s hospital
Weng et al. [19] DEA Iowa Hospital Association (IHA)
Yawe [10] DEA HPE in Uganda
Tsai et al. [20] FAHP and Delphi V4 Taiwan's hospital

Chuang et al. [21] DEA and regression tree

Ajami & Ketabi [8] AHP
Gholamzadeh Nikjoo et al. AHP
[9]

BSC-Correlations and
comparisons

AHP And TOPSIS

Davis et al. [22]

Akdag et al. [23]
Chang [24] VIKOR
Ahmadi et al. [25] ANP and DEMATEL
Gholami et al. [26] DEA

Rouyendegh et al. [27] DEA-FAHP

DEA with truncated
regression

DEMATEL-modified ANP

Chowdhury & Zelenyuk [28]

Supeekit et al. [29]
Nilashi et al. [30] FANP
Lobo et al. [31] DEA

Pasqualini Blass et al. [32] Meaningful framework
Johannessen et al. [33]
Chen et al. [11] DEA
Ulkhaq et al. [34]

Haghighi & Torabi [12]

DEA and panel analysis

AHP and TOPSIS
BWM and DEA

Giménez et al. [35] Mamlquist Luenberger
index and Bipartite

decomposition

Torkzad & Beheshtinia [36] Hybrid MCDM

Li et al. [37] DEA
Liao et al. [7] HFL-BWM
Jiang et al. [38] Large group linguistic

Z-DEMATEL

This Study New fuzzy MCGDM

Taiwan’s hospital
Medical Records Departments in iran

Hospital performance indicators
New Zealand public hospital sector

Vv Some Turkish hospitals

Vv Medical centers in Taiwan
Malaysian public hospitals
Hospitals in USA

Vi Hospitals in turkey

Hospital services in Ontario

Hospital supply chain performance
Vi Malaysian public hospitals
Brazilian hospitals
hospitals in the Southern region of Brazil
Norwegian hospitals
Pennsylvania hospitals
Hospitals in Semarang, Indonesia
A real general hospital

Colombian hospitals

Iranian public hospitals
Hong Kong hospitals
Vv Hospitals performance evaluation in china

Determination of KPI in hospitals

Vi Educational hospitals of Tehran University of
Medical Sciences

The BWM requires fewer pairwise comparisons than the AHP
method and provides more consistent results. Therefore, several
researchers have used it in decision-making. In the following
we review the application of the BWM method in a number of
studies.

Rezaei et al. [43] used BWM to classify suppliers into differ-
ent groups based on selected criteria. This classification made
it possible to allocate scarce resources more efficiently. Torabi
et al. [44] proposed an advanced risk assessment framework for
business continuity management systems. They used BWM to
evaluate risk analysis sub-factors. These sub-factors were used to
measure the impact of the identified risks. Gupta and Barua [45]
applied BWM to identify and rank the key players in the innova-
tion of Micro-Small and Medium Enterprises (MSMEs) in India.

Their proposed approach was focused on some key factors to
maintain the global competitiveness of MSMEs.

Salimi and Rezaei [46] used BWM to evaluate the effectiveness
of projects undertaken as a type of collaboration between indus-
try and university by Ph.D. students. Examples of their studied
projects were the projects of graduate students at Eindhoven
University of technology. The results of their study showed that
projects performed by Ph.D. students inside universities are more
efficient than joint university and industry projects.

Van de Kaa et al. [47] used BWM to weigh the factors of
biomass thermo-chemical conversion technology selection in the
Netherlands. The weights were then used to evaluate and rank
technologies. Moktadir et al. [48] identified a set of challenges and
barriers to the implementation of Industry 4.0 in the Bangladeshi
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Table 2
Hospitals evaluation criteria in this study.

Criteria Description

Reference

Number of patients (C;)

Number of patients who are hospitalized simultaneously in a

Rahimi et al. [39]

hospital or a treatment center in a given time period

Length of stay (C3)

The length of time a patient has been hospitalized in a given

Masoumi et al. [40]

time period, which is calculated by subtracting the reception

date from discharge date.

Bed occupancy rate (C3)

It is defined as the number of hospital bed days divided by

Zhijun et al. [41]

the number of available hospital beds, multiplied by the

number of days in a year.

Bed turnover rate (Cy4)

Number of discharges (including deaths) in a given time

Zhijun et al. [41]

period Divided by Number of beds in the hospital during that

time period.
Number of patient beds (Cs)

Numbers of bed specially designed for hospitalized patients or

Wang et al. [42]

others in need of some form of health care.

leather industry and evaluated them by BWM. According to the
results, the "lack of technology infrastructure" was identified as
the most important challenge for implementing Industry 4.0.

Liu et al. [49] used BWM to weight the indicators and sub-
indicators of environmental impact of power grid projects in
high altitude areas. Salimi and Rezaei [50] used BWM to weigh
and evaluate performance of R&D efforts. They examined R&D
performance of 50 high-tech small-to-medium sized enterprises
(SMEs) in the Netherlands using a questionnaire. Rezaei et al. [51]
used the BWM to weight airline baggage handling systems indi-
cators. Results of their study showed that reliability was the most
important indicator.

Van de Kaa et al. [52] used BWM to identify major factors
of business reporting standards. These standards are used by
businesses for reporting data to the government. Their results
showed that the main factors were overall commitment of key
stakeholders, timing of entry, and installed base. Ren [53] used
BWM to determine and prioritize criteria weights to select bal-
last water treatment technologies. The results showed that the
economic criterion was the most important.

Rezaei et al. [54] used BWM to examine performance indica-
tors of ports and showed that shipping cost and shipping time are
important factors for competition in the ports. Their results also
showed that the availability of certain options could influence
the port situation. Kheybari et al. [55] used BWM to determine
weights of criteria and sub-criteria for selecting Bioethanol facil-
ity location. Then they ranked the locations (provinces of Iran)
and showed that Khuzestan province was the most suitable place
for Bioethanol production in Iran. Kumar et al. [56] ranked green
airports which are less harmful to the environment. They used
BWM to measure criteria and sub-criteria of Indian airports.

The abovementioned studies show that BWM is a very appli-
cable method in real-world decision-making problems.

3. Methodology

This section includes the following sub-sections: Section 3.1
introduces BWM; Section 3.2 describes the FPP method; in Sec-
tion 3.3, an integrated decision-making method is developed
by combining BWM and FPP; Section 3.4 describes the GBWM
method; and finally in Section 3.5 a combination of GBWM and
FPP is developed for an integrated GDM.

3.1. Best-Worst Method (BWM)

BWM is a multi-criteria decision-making technique. An impor-
tant advantage of this method is that it requires less DM input
to calculate the weights of the variables and save DM time and
facilitates the required computations [13]. In this method, all
the criteria (alternatives) are compared with the best and worst

criteria in a manner shown in Fig. 1. The complexity of pairwise
comparisons and the low CR in the AHP method have made BWM
more widely used recently.

BWM includes the following steps:

Step 1: Defining the decision criteria as {c1, ¢, ..., Cy}.
Step 2: Identifying the best and worst criteria.

Step 3: determining the priority of the best criterion over each of
other criteria as a number between 1 and 9, which is expressed
as Ag = (ag1, ap, . .., ags), where ag; is the priority of the best
criterion over jth criterion and agg = 1.

Step 4: determining the priority of each criterion over the worst
criterion as a number between 1 and 9, which is expressed as
Aw = (aw, Qw, ..., aw), where gy is the priority of j-th
criterion over the worst criterion and ayy = 1.

Step 5: Calculating the optimal weights of the criteria (w}, w3,
..., wy): To obtain the optimal weight of each criterion, we form
the pairs wg/w; — ag; and w;j/ww — ajw then we try to minimize
the maximum of |wg/w; — ag| and |w;/ww — aw | for each j.

Given that the weights are non-negative, BWM can be written
as follows:

Wp

min max{
Y,

J

Wi
, )] —ajw‘}
ww
st: Zw;: 1, wj>0
j

Expression (1) can be rewritten as Expression (2):
min &

wg

*—asj‘ <EVj

Wj

. (2)
o ajw\ < £.Y)

ww

ijj:ijZO

St

The linear BWM has been presented in [44] as follows:
min &
|wp — agwj| < &,Vj
st: |wj—aijW| <&,Vj (3)
Zj wj=1w>0
Calculating the CR in the BWM Method: Using the value of
&*obtained from Expression (2) or (3) and the Consistency Index

(CI) presented in Table 3 which is calculated based on the priority
of the best criterion over the worst criterion, the CR is calculated
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Fig. 1. Reference comparisons in BWM.

Table 3
Cl in BWM.

apw 1 2 3 4 5 6 7 8 9
Cl 000 044 100 163 230 3.00 373 447 523

using the Expression (4).

¥
Consistency Ratio = E— (4)
Consistency Index

3.2. Fuzzy Preference Programming (FPP)

Mikhailov [57] introduced the FPP method to derive weight
vector from a pairwise comparison set. Suppose that the DM
makes his decisions based on the fuzzy comparison matrix in-
stead of the definitive pairwise comparisons. For example, it is
likely that ith criterion is more important than jth criterion by
coefficient of my, where the value of my is between l; and uy;
therefore, the pairwise comparison matrix is defined as follows:

Z = (aij)nxn
1 (Liz, myz, uz)
(b1, my1,up) 1

(lin, Myn, un)
(IZn; Moy, u2n)

(In1, mpy, upr)  (In2, My, U2) ... 1
where 0 < [j < my < uj, and we have u; = 1/l;, my = 1/my,
and Iy = 1/uj for all i,j = 1,...,n (i # j). Also the crisp priority
vector is w = (w1, ..., ws)’ > 0 which is derived from A and
in which Y, w; = 1. Mikhailov [58] proposed a membership

function for A in the form of Expression (6).

(/)= v _
wj mg—l  Cw
Wij (J) — g b j 6)
wj uj — (wi/wy) w -

, — = M
Ujj — myj Wj

In the fuzzy preference programming, the variable A is defined

to calculate CR of the comparisons. Also, the significance vector
with the highest membership degree can be described as follows.

wi
min{uij<—'>}:A,i:1,...,n—1;j:i+1,...,n (7)
"

j
Therefore, calculation of priorities can be formulated as an
optimization problem (Expression (18)).
max A
,ul-j(w,-/wj)zk,iz1,...,n—1;j=i+1,...,n 8)
st: Yiwi=1lw>0
A, free variable

By substituting the membership function (Expression (6)) in
the optimization problem (Expression (8)), the FPP model can be
rewritten as Expression (9).

max A
(wi/wj)—lij - e
Wzk,z_1,...,n—1,j_1+1,...,n

st ) G im0 -t ®)

Yiwi=1lw>0
A, free variable

The model presented in Expression (9) can also be rewritten as
a nonlinear optimization problem in the form of Expression (10).

max A
—w,——l—l,-jwj—i—)»(mij—l,-j)wj§O,i=1,...,n—1;
j=i+1,...,n
" wi—uywj+k(uv—mg)wj50,i=1,...,n—1; (10)
st j=i+1,....n

Zj wj = 1, wj = 0
A, free variable

By solving the above nonlinear programming problem, the
w™ vector is obtained, which indicates the highest membership
function in the fuzzy domain. A* also indicates the degree of con-
sistency; A > 0 indicates that the comparisons are consistence;
A = 1 indicates that the comparisons are fully consistent; other
values of A indicate that there is inconsistency between the fuzzy
judgments and the obtained solution is not optimal.

3.3. Hybrid MCDM based on BWM and FPP

In this section, a new model is developed by combining the
FPP and BWM methods for weighting the criteria or alternatives
in decision-making process; the mathematical relationships of
this model are adapted from the FPP model, but, like the BWM
method, all criteria or alternatives are compared to the best and
worst criteria to produce a set of reference comparisons. Suppose
that the DM wants to compare the criteria or alternatives with
the best and worst ones instead of using the AHP pairwise com-
parisons matrix. For example, it is likely that the best criterion is
more important than jth criterion by coefficient of mg;, where the
value of mg; is between Ig; and ug;; also it is likely that jth criterion
is more important than the worst criterion by coefficient of mjy,
where the value of mjy is between ljw and u;w; Therefore, the
comparisons are expressed as Expression (11).

A=

~ {53j= (Ig1, mp1, up1) , ..., (Iga, Mpn, Upn) (11)

aiw = (hiw, Mmiw, ww) , . . ., (aw, Maw, Unw)
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where 0 < lj < mg; < ugjand 0 < Ly < mjw < uw; also the
crisp priority vector is w = (wy, ..., wy)T > 0 which is derived
from A and in which Y | w; = 1.

The membership functions presented in Expressions (12) and
(13) can be proposed to determine the priority of the best crite-
rion over the jth criterion and the priority of each criterion over
the worst criterion for A.

(ws/wj) — I wg -
— T, T = Bj
5 (5) = 1y ) (12)
wi Ugi — \wWp/w; w
i 5 — (ws/ J),iszj
Upj — Mg; wj
(wi/ww) = bw
, L < my,
pw () = e (13)
M\ ww uw — (wj/ww)  w
————, —— = M
Ujw — Mjw ww

To calculate the consistency of the comparisons, the variable A
is defined (similar to its definition in BMW) and its value can be
calculated using Expression (14) following the calculation of the

weight vector w = (w7, ..., w;).

. wp wj
max min y ip; ? s Mjw wf =A (14)
j w

Therefore, evaluation of priorities can be formulated as an
optimization problem (Expression (15)).

max A
g (ws/wy) = A, Vj
st- | Haw (wj/ww) > A,V (15)

Zj wj = 1, wj = 0
A, free variable
By substituting the membership functions presented in Ex-

pressions (12) and (13) into Expression (15), the developed model
can be rewritten as Expression (16):

max A
A o .
(wB/wj) Bj > Upj (wB/w]) > AV
mgj — I Ugj — Mp; (16)
wi/ww) — [; uw — (wij/w
st: ( j/ W) W Z)L§ 1144 ( j/ W) )»;Vj
My — hw Uw — My

jwj:],WjZO

A, free variable
Expression (16) can be rewritten as Expression (17):
max A
—wg + Iijj + A (mBj — lBj) wj < 0,Vj
wp — Ugjwj + A (qu - mBj) w; <0, vj
—wj + hwww + Amw — lw)ww < 0,Vj (17)
wj — Uwww + A (ij — mjw) ww <0,Vj
Z]- wj = 1, wj = 0
A, free variable

St:

By solving the above nonlinear programming problem, the
vector w* is obtained which represents the weights of the criteria
or alternatives. Also, unlike BWM which requires calculation of
consistency rate, the proposed model does not need to calculate
it separately and A* plays the role of the consistency component;
A > 0 indicates that the comparisons are consistent.

3.4. Group Best-Worst Method (GBWM)

Today, in most organizations, decisions are made by groups,
meaning that several people examine different dimensions of a

particular issue or problem and try to find the most appropriate
solution by evaluating the alternatives. In many organizations, de-
cisions are made by a special “group” or “technical committee”;
for example, specialized groups or teams are formed to analyze
specific issues. In this section we will review the GDM method
presented by Tabatabaei et al. [14]. Their proposed method is
based on BWM and it is applicable when a decision-making group
includes a group supervisor and DMs. One of the advantages
of their model is that the model detects inconsistent compar-
isons of each member, so these inconsistent comparisons will not
adversely affect the decisions of the whole group.
The group best-worst method includes the following steps:

Step 1: Defining the decision criteria as {c, ¢z, ..., Cq}.
Step 2: evaluating the DMs by the group supervisor.

Step 2.1: Identifying the best and the worst DMs by the supervisor
based on their expertise level in the problem.

Step 2.2: determining the priority of the best DM over each of
the other DMs by the supervisor through assigning a number
between 1 and 9, which is expressed as Ag; = (a1, apy, . . . , Gd),
where ag; is the priority of the best DM over the ith DM and
agg = 1.

Step 2.3: determining the priority of each DM over the worst DM
by the supervisor through assigning a number between 1 and 9,
which is expressed as Ay = (aiw, daw, . .., dgw), Where a;y is
the priority of the ith DM over the worst DM and ayy = 1.

Step 3: evaluating the decision criteria by the group supervisor.
Step 3.1: Identifying the best and worst criteria by the supervisor.

Step 3.2: determining the priority of the best criterion over each
of the other criteria by the supervisor through assigning a number
between 1 and 9, which is expressed as Ag; = (ag1, gy, . . ., dgn),
where ag; is the priority of the best criterion over the jth criterion
and agg = 1.

Step 3.3: determining the priority of each criteria over the worst
criterion by the supervisor through assigning a number between
1and 9, which is expressed as Ajw = (1w, Qow, . . ., Gaw), Where
a;w is the priority of the jth criterion over the worst criterion and
aww = 1.

Step 4: evaluating the decision criteria by the DMs.

Step 4.1: Identifying the best and worst criteria by the DMs.

Step 4.2: determining the priority of the best criterion over each
of the other criteria by each DM through assigning a number
between 1 and 9, which is expressed as Ay = (dg;. ap,. .. . . Gg,),
where ay; is the priority of the best criterion over the jth criterion
determined by the ith DM, and aj, = 1.

Step 4.3: determining the priority of each criterion over the worst
criterion by each DM through assigning a number between 1
and 9, which is expressed as A, = (dyyy, Gy . - ... @y ), Where
aJ’W is the priority of the jth criterion over the worst criterion
determined by the ith DM, and dj,,, = 1.

Step 5: determining the value of «: the parameter « indicates the
importance of the supervisor’s opinions and (1—«) represents the
importance of the opinions of all DMs and its value is between 0
and 1.

Step 6: the DMs weights assigned by the supervisor (A}, A3,
., A}), the criteria optimal weights assigned by the supervi-
sor (wy, wy, ..., wy), the criteria weights assigned by the DMs
(wi, wi, ..., w,’;f‘), and the fingl weights of the criteria (u}, 13,
.., uy) are obtained by executing the group best-worst method.
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Given that the weights and the sum of the weights are non-
negative, the model can be formulated as Expression (18):

ming +& 4+ &

A A 5
f—asi‘ Sé&,’ﬁ—aiw‘ié,\?’l

, 1o | Wi . reo\q
jj—aBj‘ES, W_ajw‘§$5 vj

i
wi .

J i
— —ad

i w
Yy J

i
w i
B 1
£ _qb.
i Bj
Yi

<& <&: Vi,V (18)

st:
i = awj+ (1—a) Y, wik;
Sihi=1,%>0
Y iwi=1lw>0
ij}= 1,w}20

Assuming that there are a number of equally important DMs
to decide on an issue, the group best-worst model changes as
follows:

min Z &

<& ,Vi,Vj (19)

| < é&; W — Gy

St: > w}i

After calculating the Expressions (18) and (19), we can calcu-
late the CR of the decisions of the supervisor and each of the DMs
separately using the Expression (4).

3.5. Hybrid MCGDM based on GBWM and FPP

The proposed method in this study is a combination of GBWM
and FPP, which forms an integrated GBWM-FPP approach to
determine criteria weights in GDM problems. The mathematical
relationships of the model are derived from the FPP method but
its comparisons are performed in a manner similar to GBWM.
The proposed fuzzy approach is used when there is a need
for group decision-making in an organization and the decision-
making group includes a supervisor and a number of DMs. The
GBWM is a group performance evaluation technique based on
best-worst method that can help decision makers to achieve
an agreed joint decision. The FPP technique is used to obtain
the vector of the criteria weights. The output of both methods
is the significance vector or the weight vector of the criteria.
In the group best-worst method, each expert (team member)
assigns a weight for each criterion based on his viewpoint. Then a
combined weight is calculated for each criterion by combining the
views of the decision-making team members. But the fuzzy pref-
erence programming technique has not a capability to consider
the fuzzy preference vector for several experts. Therefore, the
proposed approach in this study, which is based on a combination
of GBWM and FPP, allows the experts to evaluate criteria or
alternatives in a fuzzy group decision making framework. Also,
the proposed approach does not require experts to calculate the
consistency of their decisions separately, because if the objective
function value is positive it means that the decisions of experts
are consistent.

The proposed method includes the following steps:

Step 1: Defining the decision criteria as {c, ¢2, ..., Cq}.

Step 2: Identifying the best and the worst DMs, determining
the priority of the best DM over each of the other DMs, and

Table 4
Linguistic terms for criteria comparison.

Linguistic terms

Fuzzy scales

Equally importance (EI) (
Weakly important (WI) (
Moderate importance (MI) (
Moderate plus importance (MP) (
Strong importance (SI) (4,5,6)
Strong plus importance (SP) (
Very strong importance (VS) (
Extreme importance (EX) (

Table 5
Prioritization of DMs by the group supervisor.

Decision maker Best DM Worst DM DMs
DM; DM, DM;
. DM, - (123)  (1L,1,1)  (456)
Group supervisor B DM (3.45) (45.6) (1.1.1)

determining the priority of each DM over the worst DM by the
supervisor through assigning fuzzy numbers provided in Table 4,
which is expressed as Expression (20):

agi = (g1, Mp1, Up1) , . . ., (Iga, Mpa, Upq) (20)
aw = (hw, M, tw) , ..., (law, Maw, Uaw)

where agg = 1 and ayw = 1.

Step 3: Identifying the best and worst criteria, determining the
priority of the best criterion over each of the other criteria, and
determining the priority of each criterion over the worst criterion
by the supervisor through assigning fuzzy numbers provided in
Table 4, which is expressed as Expression (21):

(:IBj = (Ig1, M1, 1), . .., (Ign, My, Upy) (21)
Gw = (hw, Mw, Uiw) , ..., (hw, Maw, Unw)

where agg = 1 and ayy = 1.

Step 4: Identifying the best and worst criteria, determining the
priority of the best criterion over each of the other criteria, and
determining the priority of each criterion over the worst criterion
by each DM through assigning fuzzy numbers provided in Table 4,
which is expressed as Expression (22):

Gy = (B ) o (O ) )

1 — 1 1 1 1 1 1
@Gy = (s Myws Uiw) - - oo (B My Upyy
S i
Where az; = 1 and ay,, = 1.

Step 5: determining the value of «: the value of this parameter is
between 0 and 1 and it indicates the importance of the opinions
of the supervisor and DMs. Its value can be determined by the
supervisor or by agreement of the members of the decision-
making group. The closer the value of o to 1, the greater the
importance of the supervisor’s opinions, and the closer the value
of o to 0, the greater the importance of the DMs’ opinions in
determining final weights of the criteria.

Step 6: the DMs’ weights assigned by the supervisor (A7, A3,
.., Ay), the criteria weights assigned by the supervisor (w7, wy,
.., wy), the criteria weights assigned by the DMs (wf", w5,

..., wy") are obtained by executing the hybrid model GBWM-FPP

shown in Expression (23).

Acceptability of the proposed model solution can be evaluated
by considering the following conditions:

1. If £ > 0O, the comparisons made by the supervisor to evaluate
the DMs are consistent; if & = 1, the comparisons made by the
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Table 6
Prioritization of the criteria by the DMs.
Decision Best Worst G G, (& Cy Cs
makers criterion criterion
Group Cs - (3,4,5) (1,2,3) (1,1,1) (6,7,8) (4,5,6)
Supervisor - Cy (2,34) (5,6,7) (6,7,8) (1,1,1) (1,2,3)
oM G - (456) (1.1.1) (345) (789) (234)
! - G (2.34) (7.89) (234) (1,1,1) (45.6)
DM G - (1,1,1) (2,34) (4,5,6) (1,2,3) (5.6,7)
2 - Cs (5,6,7) (2,3,4) (1,2,3) (3.4,5) (1,1,1)
DM G - (345) (6,7,8) (1,1,1) (1,2,3) (1,2,3)
3 - (&} (2,3,4) (1,1,1) (6,7,8) (4,5,6) (4,5,6)
Table 7

Optimal weights of the HPE criteria, determined by the group supervisor and DMs.

Decision makers

Optimal weights of criteria

w1 wy w3 Wy Ws
Group Supervisor 0.148 0.212 0.490 0.064 0.086
DM1 0.117 0.484 0.117 0.055 0.226
DM2 0.438 0.165 0.098 0.232 0.067
DM3 0.118 0.051 0.391 0.220 0.220
otherwise, there are some inconsistencies in the DMs’ decisions.
maxé + £+ ) &
000 o i
—
mmw G/ A)=lBi o £ UBi=0/M) < g vyi
/msi—lﬁlzi =23 uBi_(ml;i Z &)
Decision makers Group Supervisor (Ai/Aw)—liw > £- uiw —(Ai/Aw) > £ Vi
miw —lw  — §: ujw—miw  — §:V)
(wp/wj)—lg; > i_—/. upj—(wp/wj) > %-/. vj
mgi—lg = > ug—mg = >
Qufow)“hw o gr. tw—(/vw) o g1y
Bed Number of mjwiljw - ijfmjw -
Number of Length of R Bed turnover e (wi/wi)—li Lli _(w,‘ /w,‘)
patients stay B j Bj Bj B/ 7j . .
i = &~ > E VLY (23)
M. —1l. ub.—mb,
st: ( i ?])Bji i Bj( iBj i )
. wh/wh )=, Uy — | w;/w . .
j,-W,-jWZ&'; }Wi jiW Zéi;Vl,V]
mi, —I ul —mt
wow w W
diri=1
Zj wj =1
i
Zj wj =1

Sina Hospital

Razi Hospital Baharloo Hospital ~ Shariati Hospital Tehran Heart Center

Fig. 2. Hierarchical structure of group decision-making problem for HPE.

Table 8
Optimal weights of DMs, determined by the group supervisor.

Decision maker Optimal weights of Decision makers
DM1 DMZ
0.354 0.546

DM;
0.100

Group Supervisor

supervisor to evaluate the DMs are fully consistent; otherwise,
there are some inconsistencies in the supervisor’s decisions.

2. If & > 0, the comparisons made by the supervisor to evaluate
the criteria are consistent; if & = 1, the comparisons made by the
supervisor to evaluate the criteria are fully consistent; otherwise,
there are some inconsistencies in the supervisor’s decisions.

3. If & > 0 for DMi (ith DM), the comparisons made by the DMi
to evaluate the criteria are consistent; if & = 1, the comparisons
made by the DMi to evaluate the criteria are fully consistent;

AiEO,w;zO,w}zo
&, &', & free variable

Expression (24) is the nonlinear form of the programming
problem (23):

max & + &' + Zf;

—Ap + lgidi + & (mp; — lgi) A; < 0, Vi
Ap — Ugidi + & (ugi — mp;) A; < 0, Vi
—Ai +lwiw + & (mw — Lw) Aw < 0, Vi
Al — UiwAw + & (Liw — Mw) Aw < 0, Vi
—wp + lijj + &' (mBj - lBj) wj <0, Vi
wpg — Ugjwj + & (qu — mgj) wj < 0,Vj
—wj + hwww + & (Mw — hw) ww < 0,Vj
wj — Ujw Ww + & (Lljw — mjw)‘ wy <0,V
st: —wp + [w; + & (mlsj ) w;j <0,Vi,Vj
wp — Ugw; + & (u’Bi - m'Bj) wj < 0,Vi,Vj
-yl +& (1~ ) vl <091,
w — iy, wiy, + & (uhy, — mjy, ) wiy, < 0,Vi,Vj

(24)

Zi)‘izl
ijle

| —
ijj_l

)»iZO,ijO,w’:ZO
£, & & free variable
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Table 9
The merged weights of criteria for different values of «.
Criteria Alpha
0 0.1 0.2 0.3 0.4 05 0.6 0.7 08 0.9 1
i 0.292 0.278 0.263 0.249 0.235 0.220 0.206 0.191 0.177 0.162 0.148
U2 0.266 0.261 0.256 0.250 0.245 0.239 0.234 0.228 0.223 0.217 0.212
U3 0.134 0.170 0.205 0.241 0.276 0.312 0.134 0.383 0.419 0.454 0.490
Ua 0.168 0.158 0.147 0.137 0.126 0.116 0.106 0.095 0.085 0.074 0.064
s 0.138 0.133 0.128 0.123 0.117 0.112 0.107 0.102 0.096 0.091 0.086
Unlike the model presented in Section 3.3 (Expression (17)), Table 10
which only can be used with one decision-maker, the proposed ~ Data of hospitals in 2018.
model in this section (Expression (24)) is useful when we have a Hospitals G G G G4 Gs
group of decision-makers. Sina Hospital 27452 3.78 83.15 59.58 461
Razi Hospital 4960 2.38 48.26 71.88 69

The combined weight of experts and group supervisor is cal-
culated by Expression (25).

= awj+(1—a)» wi (25)
1

We use Expression (26) for ranking the alternatives, where
w; represents the weight obtained by combining the alternatives
determined by the group supervisor and DMs for the criterion j,
and py; is the normalized data value of the alternatives k for the
criterion j. Also, the normalized data values of the positive and
negative criteria are obtained using Expressions (27) and (28),
respectively, where x; represents the normalized data value of
the alternative k for the criterion j [55].

n
Vi = Z iPkj» for all k (26)
=1
Yo
i = ——, for positive criteria (27)
> Xk
1/Xk]' . S
P = ———, for negative criteria (28)
! > 1/
4. Case study

In this study, the performance of 5 hospitals in Tehran was
evaluated in order to identify the hospital providing the highest
quality medical and health services. Proper resource allocation,
proper spending of resource, proper service delivery, proper con-
trol, accurate and systematic evaluations, etc. can all be the
results of successful implementation of a performance evaluation
model.

The selected hospitals for performance evaluation included:
Sina Hospital, Razi Hospital, Baharloo Hospital, Shariati Hospital,
and Tehran Heart Center. The decision-making group consisted
of 4 persons, including the group supervisor and three experts;
all of them were professors and experts in the medical sciences
and had extensive experience in the field of health care. More
precisely, the group supervisor was the head of the department
of supervision over medical centers, two of the selected ex-
perts were supervisors and performance evaluator in the field of
health care and another expert was technical director of medical
equipment at one of the health centers. The selected criteria for
performing the evaluations are shown in Table 2. Data related to
these criteria were collected for five hospitals for the year 2018.

First, the members of the decision-making team compare the
criteria using the Hybrid MCGDM based on the GBWM and FPP
methods presented in Section 3.5. Then, hospitals are ranked us-
ing the data and weights obtained for the criteria by the decision-
making team. Fig. 2 shows the hierarchical structure of the GDM
method used in this study, in which the decision-maker first
evaluates the three DMs using the proposed method; the criteria
are then evaluated by the group supervisor and DMs; finally, the

22454 3.69 76.26 75.29 298
22124 6.73 84.07 45.38 487

Baharloo Hospital
Shariati Hospital

Tehran Heart Center 19268 6.55 84.65 42.68 451
Table 11
The normalized decision matrix of hospitals.
Hospitals Cq Cy C3 Cy Cs
Sina Hospital 0.285 0.210 0.221 0.202 0.261
Razi Hospital 0.051 0.334 0.128 0.244 0.039
Baharloo Hospital 0.233 0.215 0.200 0.255 0.169
Shariati Hospital 0.230 0.118 0.120 0.154 0.276
Tehran Heart Center 0.200 0.121 0.225 0.145 0.255

final weights of the criteria are calculated based on combination
of the opinions of the group supervisor and the DMs.

Table 5 shows the comparisons made by the group supervisor,
in which the priority of the best DM over the rest of the DMs and
the priority of each DM over the worst DM are determined using
fuzzy numbers provided in Table 4.

Table 6 shows the comparisons made by the group supervisor
and DMs, in which the priority of the best criterion over the
rest of the criteria and the priority of each criterion over the
worst criterion are determined using fuzzy numbers provided in
Table 4.

By substituting the fuzzy comparisons made by the group
supervisors and DMs into Expression (23) or (24) and solving the
model, the weights of the HPE criteria are obtained. The weights
were calculated using LINGO 17.0 software. Table 7 shows the
weights of the HPE criteria, determined by the group supervisor
and DMs. Table 8 shows the weights of DMs, determined by the
group Supervisor.

The proposed method includes a parameter called « that reg-
ulates bureaucratic and democratic decisions of the decision-
making group. An « value close to 1 indicates that the obtained
weights of the hospital evaluation criteria are the results of rel-
atively bureaucratic decisions in which the group supervisors
plays the most important role. On the other hand, an « value
close to 0 indicates that the obtained weights are the results
of relatively democratic decisions. Table 9 shows the merged
weights of criteria obtained from the model for different values of
«; These weights are calculated using the Expression (25). Also,
variations of the merged weights for different values of o are
shown in Fig. 3.

Table 10 shows the criteria data for the hospitals under study
in 2018; this table also referred to as the decision matrix. Ex-
pressions (27) and (28) are used to normalize the positive and
negative data, respectively and the results of the normalization
are shown in Table 11.

Table 12 shows the weighted normalized decision matrix for
different values of alpha as well as the hospital rankings obtained
using the Expression (26). The effect of group supervisor on the
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ul u2
0.5

0 0.2 0.4

alpha

K3 U4 == u5

0.6 0.8 1

Fig. 3. The merged weights of the HPE criteria in different values of alpha.

Table 12

The weighted normalized decision matrix for alpha values of 0.2, 0.5 and 0.8.
Hospitals Alpha Cq C, C3 Cy Cs Sum Rank
Sina Hospital 0.075 0.054 0.045 0.030 0.033 0.237 1
Razi Hospital 0.014 0.086 0.026 0.036 0.005 0.166 5
Baharloo Hospital 0.2 0.061 0.055 0.041 0.038 0.022 0.217 2
Shariati Hospital 0.060 0.030 0.025 0.023 0.035 0.173 4
Tehran Heart Center 0.053 0.031 0.046 0.021 0.033 0.184 3
Sina Hospital 0.063 0.050 0.069 0.023 0.029 0.235 1
Razi Hospital 0.011 0.080 0.040 0.028 0.004 0.164 5
Baharloo Hospital 0.5 0.051 0.052 0.062 0.030 0.019 0214 2
Shariati Hospital 0.051 0.028 0.038 0.018 0.031 0.165 4
Tehran Heart Center 0.044 0.029 0.070 0.017 0.029 0.189 3
Sina Hospital 0.050 0.047 0.093 0.017 0.025 0.232 1
Razi Hospital 0.009 0.075 0.054 0.021 0.004 0.162 4
Baharloo Hospital 0.8 0.041 0.048 0.084 0.022 0.016 0.211 2
Shariati Hospital 0.041 0.026 0.051 0.013 0.026 0.157 5
Tehran Heart Center 0.035 0.027 0.094 0.012 0.025 0.194 3

weights was maximum for « = 0.2, and it was minimal for indicators for measuring hospital performance. Considering the

o = 0.8. As can be seen, Sina Hospital, Baharloo Hospital, and
Tehran Heart Center ranked first to third, respectively, for all
three values of alpha.

Proper hospital management involves proper allocation and
utilization of hospital resources. Performance evaluation and de-
cision making are useful tools for managing resources in hos-
pitals. In general, hospital performance evaluation is performed
based on specific indicators. Considering the same importance
for these indicators can cause these centers to be mistakenly
ranked, because performance evaluation indicators are not of
equal importance. To address this problem, a new approach has
been developed in this study that helps to evaluate and weight
the evaluation indicators. The proposed approach, which is based
on agreement between members of a decision-making team (con-
sisting of a group supervisor and three experts), seeks to weight
evaluation indicators by combining the weights assigned by each
member of the team for each indicator. By examining the results
of hospital evaluations, the managers of these centers can identify
which aspects of hospitals need improvement in order to meet
medical standards.

As mentioned earlier, the alpha parameter with a value be-
tween 0 and 1 has been used to determine the effect of opinions
of experts and group supervisor on the final results. After pairwise
comparisons using linguistic terms, the decision-making team
determined the optimal alpha level. For example, for alpha value
of 0.5, the following results have been obtained; Bed occupancy
rate has been ranked as the most important indicator. Therefore
it can be recognized as one of the most important and applicable

need to pay attention to the equitable distribution of hospital
beds and health facilities throughout Iran, and to avoid lack of
specialist human resources and wide coverage of health services,
efforts should be made to plan for better utilization of existing
hospital beds. Length of stay has been ranked as the second im-
portant indicator of the evaluation. Considering the importance of
this indicator from the experts’ points of view, it should be noted
that reducing unnecessary patient stay in hospitals could lead to
better care for more patients, reduction of number of patients,
and reduction of investments needed for and establishing new
treatment centers. Also, the number of patients, bed turnover
rate, and number of patient beds are the criteria that have been
ranked third, fourth, and fifth, respectively. It should be noted,
however, that even if the rank of a hospital evaluation indicator is
low, it cannot be ignored because each index in turn can influence
the optimal performance of hospitals. Hospitals rankings based on
the weights obtained in Table 12 show an overview of hospitals
performance. As it can be seen, Sina Hospital has been ranked
first for both C3 and C; indicators, which have been the most
important indicators from the experts’ point of view. This hospital
has been selected as a reference hospital. Other hospitals should
look for new ways to improve their performance, given their
scores of indicators.

Overall, hospital performance evaluation is important to main-
tain public welfare, improve the ability and quality of health
care, and ensure the sustainable development of the hospitals. In
addition, the results of the performance evaluation can be useful
not only for the hospitals’ managers but also for the community.
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Announcing the results of performance evaluations is a useful
manner to improve social supervision on the hospitals.

The hospitals can identify their strengths and weaknesses
using these results. High weight of a criterion and the good
performance of a hospital in satisfying that criterion can bring
a higher rank. Hospitals that rank higher in terms of medical
services can serve as reference models for other hospitals. HPE
results can be useful for patients, government, and hospitals’ staff.
Using these results, patients can become aware of the quality of
hospitals’ medical services, the government can focus on the so-
cial benefits of hospitals, and staff can strive for more sustainable
development of hospital.

5. Conclusion

The purpose of this paper was to present a hybrid MCGDM-FPP
technique for HPE to identify hospitals that better meet patients’
needs. To this end, by combining GBWM and FPP, we introduced
a decision model that includes a decision group consisting of
a group supervisor and DMs. These DMs may have different
levels of knowledge about HPE, so the proposed method does
not consider equal importance for DMs’ opinions. The importance
of DMs’ opinions is determined by the group supervisor. Data
related to the selected criteria were collected for five hospitals for
the year 2018. A four-person decision-making team of professors
and experts was asked to complete the questionnaires. Finally,
we implemented the proposed model and evaluated its feasibility.
Sina Hospital, Baharloo Hospital, and Tehran Heart Center ranked
first to third, respectively, for various values of alpha. The advan-
tage of the proposed method is that it covers uncertain condition
and does not need to calculate separately the consistency of the
decision-making team members.

This study provides physicians and managers of health centers
with information on the quality of hospital services. Provision of
a clear and rational framework for performance evaluation is one
of its advantages that can improve service quality. Also, using the
proposed method, we can compare hospital performance scores
based on each criterion and improve hospitals with low perfor-
mance scores by implementing the necessary programs. Finally,
we recommend hospital managers and health care providers to
use the HPE’s proposed framework. The proposed approach can
be used to address other MCDM issues such as selecting a green
or sustainable supplier. Other MCDM techniques such as WASPAS
and SWARA can also be used to rank the alternatives.
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