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Abstract. In this paper, sustainability-related factors involved in the success of healthcare
system management including a group of hospitals are considered. A three-pronged
approach is adopted based on the internal functions of a hospital which a ect such
functions as social responsibility and the ones related to the services received from
health centers. A novel comprehensive multi-period evaluation of hospital performance
is applied to the proposed dynamic network. This hybrid data envelopment analysisbased fuzzy multi-criteria decision-making model incorporates fuzzy Decision Making
Trial and Evaluation Laboratory (DEMATEL), and the best-worst method provides a
number of useful managerial insights based on a realistic case study from Iran to ensure
sustainable management of the healthcare system. Obtained results indicate the important
role of considering potential inter-related relations between network nodes to ensure a
comprehensive performance assessment of the healthcare service system.
©
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1. Introduction
Most healthcare service-providing systems are facing
various challenging concerns and new obstacles such as
staggering increase in costs, growing number of patients
admitted to the hospital, raising healthcare standards,
and serious lack of required and skilled numbers of
physicians and nurses [1,2]. To eciently meet the
aforementioned challenges, there is a need to evaluate
the overall performance of hospitals. In all sectors,
especially in healthcare, performance evaluation is im*. Corresponding author.
E-mail addresses: aa.hasani@shahroodut.ac.ir (A. Hasani);
Mokhtari ie@kashanu.ac.ir (H. Mokhtari)
doi: 10.24200/sci.2020.54452.3758

portant for an organization to appropriately compete
with the aim of controlling their shortages related to
their competitors according to the bounded inputs and
desired outputs. To gain more competitive advantages,
hospitals should utilize maximum available capacities
of resources for achieving sta eciency, assessing all
features of organizational performance, and eciently
responding and adopting decisions according to ndings from the business environment. Sustainability
factors play a serious role in the long-term achievement
of the organization and gaining of competitive advantages; hence, the organization's eciency evaluation
becomes more complicated due to today's social and
environmental pressures as well as common nancial
concerns. Therefore, economic, social, and environmental factors have been concurrently considered in
a sustainable development concept [3]. Furthermore,
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governments and various non-governmental institutes
have played major roles in driving sustainable development [4]. Therefore, sustainable development
issues have received impressive attention so as to meet
customers' needs. Organization planning consistent
with the key principles of sustainable development
ensures stable economic growth and environmental
protection. Finally, an organization's reputation will
be enhanced through concentration on the corporate
social responsibility [5]. It should be noted that
hospitals have a key function in amending the public
health [6]. Based on the report of the World Health
Organization (WHO), the healthy population of each
country has a signi cant impact on national economic
growth rate and development [7]. The healthcare
service-providing system, especially hospital centers, is
one of the key national resources and is considered to be
a critical potential for social and economic promotions.
In addition, the rate of local employment can be
in uenced by healthcare system development, such as
increase in the number of hospitals. Therefore, the
society can gain advantages if hospitals succeed in providing high-quality health services and implementing
integrated sustainability approaches [8]. In this way,
simultaneously various outcomes such as economic persistence, operating eciency, organizational resource
management, and corporate social responsibility will
be achievable [9]. These results indicate the importance of making hospitals sustainable. Hospitals need
appropriate access to resources in not only physical
and non-physical respects but also social one. Data
Envelopment Analysis (DEA) among all the existing
methods to assess the eciency has been noted and
proven to be an e ective approach in recent years
[10,11]. DEA is a nonparametric method with no
frontier in the eciency boundary that evaluates the
relative eciency of a group of observed homogenous
Decision-Making Units (DMUs) which may change over
time in terms of comparable objectives and variables
that can be grouped into two separate groups of inputs
and outputs [10].
Despite the importance of this issue, only a few
studies have been done on sustainability issues and the
actual execution is still not satisfactory. Healthcare
service network has a profound impact on Iran economy
and represents one of the major grounds for boosting
the economic growth [12]. There is an essential need
for further investigation in this domain [13]. Enhancing
the sustainability of hospitals ensures the future of
health planning [14]. Therefore, making Iran's healthcare network sustainable is essential, too. It is obvious
that fundamental assessment approaches to promoting sustainability of each node of healthcare network
can improve its economic, social, and environmental
conditions. Thus, the main objective of this study is
to propose a comprehensive model for the eciency

evaluation of the dynamic performance of hospitals
with multidimensional functions based on the key
principles of sustainable development. The network of
hospitals includes three main nodes: hospital, community, and patient. For this purpose, the interval type2 fuzzy dynamic network DEA is applied to conduct
the aforementioned analysis for healthcare network sustainability and to investigate the eciency of the entire
healthcare management system on diverse time scales.
To determine total eciency, the proposed assessment
model considers three related subsystems along with
the internal functions of the healthcare network, its
impact on community as a whole, and its straight
impact on patients. Eciency score calculations can
be conducted on various time scales. This timedependent analysis facilitates performance evaluation
of healthcare networks on speci c time scales including
disaster and normal times. Uncertainties in input and
output data are handled using the interval type-2 fuzzy
technique incorporated in the dynamic network DEA,
thus making it possible to consider uncertainty in the
entire process of analysis and to improve the accuracy
of the obtained results.
This paper is organized as follows. Section 2
discusses the related literature. Section 3 formulates
the proposed network dynamic eciency assessment
model, which is de ned and established mathematically. Section 4 describes a case study analysis and
presents some results and managerial insights. Finally,
Section 5 concludes the paper.

2. Literature review
In recent years, numerous research studies have assessed the healthcare and primary care facilities from
various angles [15]. Healthcare systems are evolving
towards a complex network of interrelated services
as a result of growing expenses as well as expectations of patients for high-level services. Therefore,
there is a strict need to appropriate management
methods and techniques to enhance the eciency of
healthcare systems, particularly in emerging economies
with severe resource constraints [16]. Among the
many approaches proposed for the hospital eciency
assessment, DEA has been the most popular one where
complex processes with multiple inputs and outputs are
regarded without requirement for any prior assumptions or suppositions about the functional form of the
considered process [11,16]. The DEA method is capable
of considering several vital and relevant outputs and
inputs, which are added to the e ective evaluation,
and determining unit eciency as well as ranking them
[17,18]. DEA has been widely applied in the previous
research for the purpose of eciency assessment of
hospitals. Various parameters are regarded as input
factors including numbers of labor and beds as well
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as costs. Some of the common output factors are
`the number of patients referred for diagnosis and
treatment', `number of beds being occupied', `training
of the medical sta ', `incomes', and other similar cases.
Bhat et al. [19] investigated the hospital eciency of
district-level government-funded hospitals and grantin-aid hospitals in Gujarat using the DEA approach in
terms of their technical and allocative eciency. Ozgen
and Ozcan [20] conducted a longitudinal analysis of
eciency in multiple output dialysis markets using the
DEA-based Malmquist index in the United States from
1994{2000. Kontodimopoulos and Niakas [21] assessed
the total factor productivity of dialysis facilities in
Greece over a 12-year period from 1993{2004 using
nationally representative panel data with hybrid DEA
and Malmquist productivity indices by considering
technical eciency as well as technological changes.
Ng [22,23] proposed an eciency assessment model
based on DEA technique to evaluate the productivity
of hospitals in China and investigate the relationship
between regional development and hospital eciencies.
Li et al. [24] examined the productivity status of
public hospitals in Beijing and analyzed the created
productivity growth in speci c periods. Du et al. [25]
proposed a super-ecient assessment model based on
the DEA, which considers both the quantity and the
quality of the output, to assess hospital eciency in
Pennsylvania. Feng et al. [26] studied the hospital efciency assessment problem by considering di erences
between geographic location (i.e., geographic location
and ownership) and ownership (i.e., public and private
hospitals) status. Various studies have assessed the
eciency of hospitals in terms of ownership types such
as public, private, and non-pro t hospitals [27]. Arya
and Yadav [27] proposed a novel intuitionistic fuzzy
slack-based measure model to examine the eciency of
DMUs and intuitionistic fuzzy super eciency slackbased measure for a healthcare sector. In many real
cases of the decision-making environment, we have
only limited information about the distribution of the
considered uncertain parameters. In this situation,
there is no appropriate qualitative or quantitative
explanation on behavior of the uncertain parameter.
Therefore, because of the limited historical data to
t appropriate probability distribution for uncertain
parameters in many real-world applications as well as
the inherent modeling and/or computational complexities of stochastic programming models, applications
of the stochastic programming models are restricted.
In these situations, fuzzy programming and robust
optimization approaches could be adopted for handling
uncertainty of parameters. When an interpretation of
the behavior of uncertain parameter distribution within
a speci c range is proposed, a fuzzy programming
approach is applied to handle uncertainty [28]. A type2 fuzzy set is described by a fuzzy membership function,
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unlike a type-1 fuzzy set. In the type-1 fuzzy set,
the membership degree is considered a crisp number.
Therefore, a type-2 fuzzy set is capable to model the
uncertainties directly since it o ers extra degrees of
freedom [29]. The consequential sets of the if-then rules
for a type-2 fuzzy logic system are of type 2. type-2
fuzzy logic systems have been used in many real studies
in recent years [30].
Another important concern is the resource allocation problem with an noticeable impact on hospital
success performance [31,32]. The DEA is capable to
be used as a resource allocation method besides other
common methods such as dynamic programming, goal
programming, and simulation [33,34]. Khushalani and
Ozcan [35] proposed a DEA model for hospital subdivisions including medical and surgical care eciency
assessment. Omrani et al. [36] proposed a DEA
model based on the clustering method for DMUs under
uncertainty to assess the total performance of healthcare centers. Motevali Haghighi and Torabi [37] proposed a hybrid sustainability-resilience framework for
Hospital Information System (HIS) assessment using
the Best-Worst Method (BWM) for determining the
importance weight of each assessment indicator and the
DEA for performance evaluation at di erent hospital
departments. Zare et al. [38] developed a hybrid DEAGame theory framework to analyze the total performance of healthcare centers in Iran. Rouyendegh et
al. [39] proposed a DEA that incorporates an Analytic
Hierarchy Process (AHP) to improve the total business performance in the healthcare system network.
Ghahremanloo et al. [40] proposed a new approach
to hospital eciency assessment to simultaneously
examine the eciency, e ectiveness, and applicability
of an extended DEA model.
It should be mentioned that only the values of
primary inputs and outputs of the healthcare service
network are determined by the aforementioned traditional DEA as an assessment technique. Therefore,
intermediate activities are considered as a black box in
the process assessment. However, these activities could
play an important role in transforming the determined
inputs to desired outputs and creating desirable values
in such a complex healthcare network. For tackling this
challenge, no study has been conducted on the network
DEA model for the healthcare system which considered
the intermediate variables as the relationship between
variables through linkage variables. There are two
common approaches to handling the analysis of the
network process by DEA including radian and SlacksBased Measure (SBM) network approaches [41,42].
This study takes into account the interrelated role of
intermediate activities by determining speci c nodes
such as hospital, community, and patients in the
healthcare service network. Therefore, wide ranges of
activities and interactions yielding potential feedback
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are considered in the proposed healthcare service network.
Another challenge of eciency assessment of complex systems is considering the dynamic nature of the
assessment environment. To increase the e ectiveness
of the assessment process, there is a strict need to
consider the impacts of a prior performance of a
group of units on the evaluation of their present
performance. To handle the aforementioned challenge, the dynamic network DEA approach is adopted,
which considers the next impact of decision variable
on the process performance using carry-over variables
(i.e., variables link di erent networks on each time
scale) [43{45]. For instance, a positive attitude of
the organization resulting from various factors like
corporate reputation could lead to a positive word of
mouth, which ultimately comes back to cause further
changes in the corporate reputation (i.e., a reinforcing
loop). Finally, the sensitivity of a community to
corporate mistakes will be reduced upon growth in
company reputation. These aforementioned merits
encourage companies to develop their popularity via
various approaches including the e orts to attend to
environmental and social responsibility concerns, which
are really important for the community [46,47]. The
interested readers are referred to the study of Cantor
and Poh [15] for further information about the DEA
as a performance evaluation technique in eciency
measurement of healthcare systems. Despite all these

studies, there is still a need to develop more powerful and ecient comprehensive assessment models
for evaluating the eciency of sustainable healthcare
service-providing system. The main contribution of the
present study is to propose a comprehensive eciency
assessment model for a sustainable healthcare system
by considering the network assessment model, dynamics of decision-making environment, and uncertainty
of assessment variables. For this purpose, a new
hybrid fuzzy DEA-MCDM technique is proposed (see
Table 1).

3. Problem statement
In this study, the main objective is to evaluate hospitals' total eciency in terms of their policies and
initiatives in line with the key principles of sustainable
development. The framework of the proposed hybrid
eciency assessment is depicted in Figure 1. The
proposed assessment model is developed based on the
network DEA approach (see Figure 2). The considered nodes in the proposed network include hospital,
community, and patients. Since a hospital could not
remain isolated from other sections of its related society
and has an interaction with them, it is not sucient
to merely consider its inter-organizational functions
or nancial performance measures such as achieved
revenue in determining the eciency of the hospital.
The aim of the organization's social responsibility is to

Figure 1. The proposed hybrid method for eciency assessment.
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Figure 2. Network DEA for the hospital eciency assessment.
admit responsibility for the organization's activities
and reinforce positive feedback from conducted e orts
for the environment, consumers, employees, communities, and all the other relevant stakeholders at the
society level. Therefore, a wide range of industries
with diverse functional levels should consider environmental and social responsibilities in order to maintain
appropriate consistency as well as the progress of their
business.
Reliance on nancial objectives alone cannot ensure the survival of a hospital as one of the most
important healthcare facilities. Regardless of this
responsibility, an organization could not gain a ne
reputation and corporate sustainability could not be
guaranteed without a good reputation. In this study,
the hospital's acts in contradiction to the community
expectations are so important and regarded for proper
total eciency assessment of hospitals. In addition,
the activities of the hospital managers should be taken
into account to enhance the quality of healthcare
services according to patients' needs. Furthermore,
these attempts should be made such that patients
would recognize them and nd them rewarding. This
recognition by patients will have a signi cant impact on
their satisfaction. Otherwise, one can argue that the
resources of the hospital are wasted. The e ectiveness
of the internal functions as a standalone parameter
cannot be adequate. Dissatisfaction of patients and
the community threatens hospital sustainability during

the planning horizon. Consequently, there is a strict
need to de ne hospital eciency, as a whole system, on
di erent levels as subsystems of hospital, community,
and patients. Each node of the considered network can
have a speci c weight, which represents the importance
of its activities in determining eciency. In this study,
these weights are determined based on the hybrid
decision-making method which incorporates an interval
type-2 fuzzy Decision Making Trial and Evaluation
Laboratory (DEMATEL) and BWM techniques based
on the experts' opinions. The main steps of the applied
fuzzy DEMATEL are summarized as follows:
 Step 1-1: Collect data by means of group experts or
Decision-Makers (DMs). They are asked to ll the
ratio from \0" to \4", from no in uence to very high
in uence;
 Step 1-2: Generate the initial direct-relation matrix
by aggregating the DMs' opinions;
 Step 1-3: Calculate the normalized initial directrelation matrix;
 Step 1-4: Construct n  n matrix to t the identi ed
matrix;
 Step 1-5: Attain the total-in uence matrix, T ;
 Step 1-6: Conduct structural correlation analysis;
 Step 1-7: Calculate the expected value, E (W ), to
convert the interval type-2 fuzzy set into crisp
numbers;
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Step 1-8: Construct a causal diagram based on E
(Di + Ri) and E (Di + s):

In addition, the main steps of the applied fuzzy
BWM method are summarized as follows:







Step 2-1: Design a decision criteria system that
is comprised of decision criteria (i.e., n decision
criteria C1 ; C2 ; :::; Cn ), which is very important for
performing the alternatives evaluation reasonably.
The values of this matrix present the performance
of di erent alternatives;
Step 2-2: Determine the best (CB ) and worst (Cw )
criteria based on DMs' opinions;
Step 2-3: Execute fuzzy reference comparisons for
the best and worst criteria. First, a pairwise
comparison a^ij is made for all the considered criteria
in case i is the best element and ci is the best
criterion CB . Second, a pairwise comparison a^ij
is made for all the considered criteria in case j
is the worst element and ci is the worst criterion
CW . These comparisons including fuzzy best-toother and other-to-worst vectors are made using
linguistic variables. Then, they are transformed
into triangular fuzzy numbers according to the
considered transformation rules;
Step 2-4: Determine the optimal fuzzy weights
using the constrained optimization problem
(w^1 ; w^2 ; :::; w^n ).

Through the assessment process, some variable
values are calculated based on the patients' opinions
by using a standard questionnaire (see Figures A.1
and A.2 as well as Table A.1 in the Appendix). The
questionnaire was validated and found reliable based
on the experts' opinions and Cronbach's alpha =
0.80, respectively. To consider linguistic variables and
descriptive answers of respondents, the fuzzy approach
is used based on the concept of type-2 fuzzy sets as an
extension of the concept of the type-1 fuzzy set [48]. Finally, eciency assessment is done using the proposed
SBM dynamic network DEA (see Subsection 3.1).

3.1. Model development and description

In this section, the proposed SBM dynamic network
DEA is introduced. More levels of uncertainty could
be considered in the assessment process using type2 fuzzy sets compared with general type-1 fuzzy sets.
Interval type-2 fuzzy numbers handle the uncertainty
of membership function, as shown in Eq. (1) [49]. A
crisp number including C could be converted into an
interval type-2 fuzzy number as follows: (c; c; c; c; 1; 1)
and (c; c; c; c; 0:9; 0:9) [50]. Considering \IF1 " and
\IF2 " as two trapezoidal interval type-2 fuzzy numbers
as follows (see Eqs. (1) and (2)). The mean of patients'
opinions of each dimension of the considered variables
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is calculated by Eq. (2). Index \Tn " represents the total
number of patients, as members of research society,
at each hospital. The mean of the obtained patients'
opinions about each research question is calculated
using Eq. (2):
IF1 = IF1 U ; IF1 L




U ; if U ; if U ; if U ; HO IF U ;
= if11
1
1
12 13 14




L ; if L ; if L ; if L ; HO IF L ;HO IF L ; (1)
if11
1
1
1
1
12 13 14


IF1 = IF2 U ; IF2 L =


U ; if U ; if U ; if U ; HO IF U ;
if21
1
2
22 23 24




L ; if L ; if L ; if L ; HO IF L ;HO IF L : (2)
if21
1
2
1
2
22 23 24

The lower and upper bounds of each research variable in the form of fuzzy set number are determined
according to the patients' statements using Eqs. (3)
and (4), respectively (Eqs. (3) and (4) are shown in
Box I). By using the interval type-2 fuzzy numbers,
variable values in the proposed network are determined (Eqs. (5) and (6) are shown in Box II). In
addition, Eqs. (7) and (8) determine the upper and
lower bounds of the values of the considered variables.
Finally, the SBM model incorporated into the dynamic
networks DEA calculates the total eciency of DMUs
and their nodes in each period, separately. These
lower and upper bounds are taken so as to set the
lower and upper bounds of the considered hospitals'
eciencies.
1 Ub
Ub  HOUb
MO (IF1 ) = if15
+ 2if16
1
6
1 Lb
Lb  HOLb ;
+ if11
+ 2if12
(7)
1
6
1 Ub
Ub  HOUb
MO (IF1 ) = if18
+ 2if17
2
6
1 Lb
Lb  HOLb :
+ if14
+ 2if13
(8)
2
6
Speci c constraints are regarded for each input
(in), output (ou), link (li), and carry-over (co) of
all the nodes in the proposed network to determine
the upper bound eciency. In the proposed network,
there are three types of nodes: hospital, community,
and patients. The desirable or undesirable inputs
and outputs of each node in each time period are
determined using Eqs. (9) and (10), respectively. inLt
j
and ouut
j represent the input and output of each
node, respectively. siqk t input and siqk t output indicate
the link as input and output of each node, respectively.
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IF1 + IF2 = IF1 Ub ; IF1 Lb + IF2 Ub ; IF2 Lb =
00

0

 1



HO1 IF1 Ub ;

0



 11 1

HO2 IF1 Ub ;

BB
B
C
B
CC C
B Bif Ub + if Ub ; if Ub + if Ub ; if Ub + if Ub ; if Ub + if Ub ; minB
C
CC C
B
21
12
22
13
23
14
24
B @ 11

 A ; min@

 AA ; C
@
B
C
Ub
Ub
HO1 IF2
HO2 IF2
B
C
B0
0

 1
0

 11 C ;
B
C
HO1 IF1 Lb ;
HO2 IF1 Lb ;
B
C
BB
B
C
B
CC C
B Bif Lb + if Lb ; if Lb + if Lb ; if Lb + if Lb ; if Lb + if Lb ; minB
C ; minB
CC C
21
12
22
13
23
14
24
@ @ 11
@

A
@

 AA A

HO1 IF2 Lb







00

BB
B Bif Ub if Ub ; if Ub
21
12
B @ 11
B
B
B 0
B
B
B B
B Bif Lb + if Lb ; if Lb
21
12
@ @ 11

HO2 IF2 Lb



IF2 = IF1 Ub ; IF1 Lb + IF2 Ub ; IF2 Lb =

IF1

(3)

0



 1



C
C
 A;



C
C
 A;

HO1 IF1 Ub ;

B

Ub ; if Ub if Ub ; if Ub if Ub ; minB
if22
13
23
14
24
@

HO1 IF2 Ub

 1
HO1 IF1 Lb ;

0

Lb ; if Lb if Lb ; if Lb
if22
13
23
14

B
Lb ; minB
if24
@

HO1 IF2 Lb

0



 11 1

HO2 IF1 Ub ;

CC C
CC C
 AA ; C
C
Ub
HO2 IF2
C
C:
0

 11
C
HO2 IF1 Lb ;
C
C
B
CC
C
CC
minB
A
@

 AA
B

min B
@



(4)

HO2 IF2 Lb

Box I






Ub ;
1
1 Ub 1 Ub 1 Ub 1 Ub
T n (IF1 ) = T n if11 ; T n if12 ; T n if13 ; T n if14 ; HO1 IF1





1 if Lb ; 1 if Lb ; 1 if Lb ; 1 if Lb ; HO IF Lb ; HO IF Lb ;
1
1
1
1
T n 11 T n 12 T n 13 T n 14


B = IF1 Ub ; IF1 Lb

IF1

00







(5)



IF2 Ub ; IF2 Lb =

0



 1

HO1 IF1 Ub ;
B
C

0



 11 1

HO2 IF1 Ub ;
B
BB
CC C
C
B
BBif Ub  if Ub ; if Ub  if Ub ; if Ub  if Ub ; if Ub  if Ub ; minB
CC C
24
14
23
13
22
12
21
B@ 11
@

 A ; min@

 AA ; C
C
B
Ub
Ub
HO1 IF2
HO2 IF2
(6)
C
B
B 0
0

 1
0

 11 C :
C
B
Lb
Lb
HO1 IF1 ;
HO2 IF1 ;
C
B
B
C
B
CC C
B B
C ; minB
CC C
B Bif Lb  if Lb ; if Lb  if Lb ; if Lb  if Lb ; if Lb  if Lb ; minB
24
14
22
13
23
12
21
@

A
@

 AA A
@ @ 11
HO1 IF2 Lb
HO2 IF2 Lb

Box II
nX
DMU
j =1

t input = inLt
t
inLt
j :qj + siqk
0

8t; q = 1; 2; 3;
nX
DMU
j =1

k = 1; :::; ninputs ;

(9)

t
t output = ouUt
ouUt
j qj + siqm
0

8t; q = 1; 2; 3;

m = 1; :::; noutput :

(10)

It should be mentioned that all the relations and
carry-overs as outputs of the rst node are considered
the input of the second node. The desirability of

each node is incorporated by Eqs. (11) and (12).
Continuity of the link connection among the related
nodes is presented through Eq. (13). tqj represents the
coecient of the Variable Return to Scale (VRS) model
for each node. Eq. (14) considers a similar approach to
carry-overs. The proposed model is applied in the VRS
by using Eq. (15). Eq. (16) indicates that variables 
and s are positive.
nX
DMU
j =1

li(joutput)Ub :tif2 ;j =

8t; DMU;

nX
DMU
j =1

li(jinput)Lb :tif1 ;j

(11)
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nX
DMU
j =1

co(joutput)Ub :tif2 ;j =

nX
DMU
j =1

X

j

8q; t;

tqj = 1

their desirability for each related node. Similarly,
equations of undesirable inputs are better to be de ned
as the equations of desirable outputs.

co(jinput)Lb :tif+1
1 ;j

8t; DMU;

8s;   0:

(12)

nX
DMU

(13)

j =1

(14)

Eqs. (15) and (16) de ne auxiliary variables for
Eqs. (17){(19). Eq. (19) shows the objective function
for calculating the upper bound of total eciency of
the health service-providing network in the assessment
period. Eq. (18) determines the upper bound of each
node eciency in each period. Eq. (19) calculates the
upper bound of each node eciency in the assessment
period. It should be mentioned that the lower bound
of the considered eciency measures is de ned in the
same way.

X

1

tq
input =

P

c=inputs;
ink as input;
carryover as input

+

X

r

c


X

1

c=outputs;
ink as output;
carryover as output

r

2

c

m

"

6
6 t=1

U0 = min 6
6

2
4P
t=1

"

wt

q=1

3
P

q=1



wq 1 + tq
input 7


wq 1 + tq
output

(17)

#

"

1 + tq
input
0Uq = min
;
tq
1 + output
Uq
0 =

7
#7
7;
 5

3
2 2
P t
tq 
1
+

w
input 7
6 t=1
7:
min 6
4P
2

5

t=1

wt 1 + tq
output

8t; q = 1; 2; 3

sitqmoutput = ouLt
0
k = 1; :::; noutput :

(21)

In addition, Eqs. (22) and (23) display the connection
between the links and carry-overs in the proposed
dynamic DEA network. Finally, Eqs. (24) and (25)
are added to the proposed eciency assessment model,
similar to previous cases:
nX
DMU

nX
DMU
j =1

10
X

#3

3
P

t

ouUt
j : xlim
!0qj
j =1

(20)

li(joutput)U :tbj

=

nX
DMU
j =1

li(jinput)U :taj

(22)

co(joutput)U :tbj =

nX
DMU
j =1

co(jinput)U :taj+1

8t; DMU;

sitqmoutput
ouUt
0


wt

nX
DMU

k = 1; :::; ninputs ;

8t; DMU;

t;t+1) output
sitqr output X si(qm
+
; (16)
z0Ut
z0(t;t+1)U
m

2
P

t input = inUt
t
inLt
j :qj + siqk
0

8t; q = 1; 2; 3

j =1



P

+

sitqk input
inLt
0

t;t+1) input
sitqr input X si(qm
+
;
z0Lt
z0(t;t+1)U
m
(15)

tq
output =

X

k

2199

(18)

j =1

(23)

8q; t;

tqj = 1

(24)

8s;   0:

(25)

Eqs. (26) and (27) de ne auxiliary variables for
Eqs. (28){(30). Eqs. (28){(30) present the three
considered objective functions of the proposed model.
Eq. (30) shows the lower bound of total eciency.
Eq. (31) illustrates the lower bound of node eciency
in each period. Eq. (32) presents the lower bound of
each node eciency during the assessment period:
0 tq

input


X

1
P

=

c=inputs;
ink as input;
carryover as input

(19)

Eqs. (20) and (21) consider the desired values of inputs
and output variables. As mentioned before, the links
and carry-overs should be taken as input of the second
node and output of the rst node in accordance with

+
0 tq
output =

X

r

c

k

sitqk input
inUt
0


sitqr input X si(qnt;t+1) input
; (26)
+
z0Ut
z0(t;t+1)U
n

1

P

c=outputs;
ink as output;
carryover as output



c

X

m

sitqmoutput
ouLt
0
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X

+

r
2

L0 =



sitqr output X si(qnt;t+1) output
+
; (27)
z0Lt
z0(t;t+1)L
n

2
P

"

wt

wq

h

1 + 0 tq
input

6
6 t=1
q=1
"
min 6
6 2
3

4P t P
w
wq 1 + 0 tq

t=1

0Lq

3
P

q=1

#3
i
7
7
#7
7;
 5

(28)

output

#
1 + 0 tq
input
;
= min
1 + 0 tq
output
"

Lq
0 =

(29)

2 2
i3
P t h
0 tq
w
:
1
+

input 7
6 t=1
7:
min 6
4P
2

5

t=1

(30)

wt : 1 + 0 tq
output

By using Eq. (31), the possibility degrees of the
realized preferences about the hospitals' eciencies can
be determined considering the upper and lower bounds
of their eciencies.
p (E2  E1 ) =



max 0; E2 E2 + E1 E1 max 0; E1 E2


:
E2 E2 + E1 E1
(31)

Eq. (32) shows the matrix of possibility degrees
of preferences for hospitals. Each row of the proposed
possibility degree matrix presents the possible degrees
of preferences of a hospital compared to other ones.
This matrix contains a set of values with degrees equal
to or greater than 0.5 in one row. Therefore, the
associated hospital has been ranked rst among the
others. Other hospitals are evaluated after removing
the associated row and column of the selected hospital
in the previous step [48].
0

P=

B
@

P (E1  E1 ) ::: P (E1  E28 )
..
.
.
::: ..
P (E28  E1 ) ::: P (E28  E28 )

1
C
A:

4. Experimental results and managerial
insights
4.1. Assessment of network nodes priorities

Each node as a key component of the considered
network has a speci c weight and the importance of
node activities in eciency assessment. The weights
of network nodes are calculated using a hybrid method
that incorporates the interval type-2 fuzzy DEMATEL
and BWM based on the experts' opinions. DEMATEL
is used to investigate the complex and intertwined
problematic group that has been extensively known
as one of the best methods to explain the causal
relationship between the assessment measures [51].
DEMATEL is proposed to investigate and develop
the causal relationship between evaluation measures or
to derive interrelationship between factors [52]. The
BWM is based on an organized pairwise comparison
of the decision factors which are applied as input
values to a decision-making problem [53]. The obtained
outcomes are the weights of the considered factors.
The noticeable attribute of the BWM is that it uses
an organized approach to making pairwise comparisons, leading to consistent outcomes [53]. Experts
are particularly selected among the studied hospitals'
managers at various organizational levels. Therefore,
105 experts are utilized to assess the signi cance of
hospital, community, and patient nodes. For defuzzi cation of the obtained fuzzy results, a common method
called Converting Fuzzy data into Crisp Scores (CFCS)
is applied [54]. The determined weights of hospital,
community, and patient are 0.516, 0.301, and 0.183,
respectively. The results of the applied interval type-2
fuzzy DEMATEL and BWM are presented in Figure 3
and Table 2, respectively.
The nal weights of the timescale 1 (New Year
holiday) and timescale 2 (normal time) are considered
as 0.43 and 0.57, respectively, based on experts' suggestions.

4.2. Network eciency assessment
(32)

To assess the eciency of the hospital's performance
by considering the sustainable development principles,
the SBM dynamic network DEA inspired by the model,

Table 2. Preference of the best and worst criteria in comparison to other criteria.
Best node (hospital node)
Hospital node
Patient node
Community node

(0; 0:111; 0:111; 0:092; 1; 1) ; (0; 0:111; 111; 0:061; 0:9; 0:9)
(0:59; 0:48; 0:48; 0:47; 1; 1) ; (0:55; 0:48; 0:48; 0:49; 0:9; 0:9)
(0:52; 0:41; 0:41; 0:44; 1; 1) ; (0:53; 0:41; 0:41; 0:46; 0:9; 0:9)

Hospital node
Patient node
Community node

(0:97; 0:87; 0:87; 0:80; 1; 1) ; (0:93; 0:87; 0:87; 0:85; 0:9; 0:9)
(0:1; 0:14; 0:14; 0:19; 1; 1) ; (0:12; 0:14; 0:14; 0:19; 0:9; 0:9)
(0; 0:06; 0:06; 0:08; 1; 1) ; (0; 0:06; 0:06; 0:03; 0:9; 0:9)

Worst node (community node)
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Figure 3. Cartesian coordinate system of the interval
type-2 fuzzy DEMATEL output for the main criteria.

which was initially proposed by Tone and Tsutsui [42],
is applied. The proposed model is a dynamic DEA
model with the network structure as a composition of
the dynamic SBM and the network SBM. This model
can investigate the total eciency over the planning period, dynamic change of eciency during the planning
period, and dynamic change of divisional eciency. By
using the SBM (i.e., non-radial), it is assumed that
there is no proportional reduction as well as growth
in the value of assessment measures. The VRS is a
type of the frontier scale used in the DEA methods.
The VRS helps estimate eciencies, that is, whether
an increase or decrease in inputs or output values does
not lead to a proportional variation in values of outputs
or inputs, respectively. Given that production balance
is not granted to constituents of social behavior such as
service receipt satisfaction by patients, the mentioned
approach is important. For instance, it was observed
that the enhancement of service quality level would not
make a signi cant change in the satisfaction of patients.
In addition, in terms of the considered network, the
non-radial approach di erentiates the ecient nodes
of the network from inecient ones much better than
the radial model. Besides, estimation of hospitals'
eciency in each time period indicates the performance
of the considered node more clearly. Therefore, the
nal eciency examination has been applied for the
last two six-months to facilitate investigating the status
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of the studied hospitals during New Year holiday and
normal time period as timescales 1 and 2, respectively.
Finally, the main objective of this assessment is to
identify the clear path towards achieving sustainability
excellence as an organizational goal.
Table 3 shows the opinions of patients as linguistic
variables about the considered hospital assessment
variables including social responsibility, hospital reputation, and service reception satisfaction as well as
quality collected using a standard questionnaire based
on the 5-point scale Likert as well as its fuzzy equivalent. Patients state their opinions separately for each
considered assessment period. The uncertainty of the
announced opinions is handled by the related interval
type-2 fuzzy numbers. Finally, the lower and upper
bounds of each research variable under uncertainty,
handled by fuzzy set theory, are determined based on
the patients' opinions (see Table 4).
The values of the policy-making and hospital
waste as the other variables of the model are not
determined based on the patients' opinions. To assess
values of these variables, they are determined through
consulting experts as a consequence of lack of relevant
data and the need to assess the relevant documents at
the Planning and Standard Department of the Ministry
of Health and Medical Education in Iran. Table 5
shows the values of the lower and upper bounds of
the policymakers and hospital waste variables. Levels
of hospital waste production did not signi cantly vary
during the considered time periods for eciency assessment. Therefore, their related values are set equivalent
in the considered time periods in terms of experts'
opinions at the Iran Ministry of Health and Medical
Education. Detailed required information about 11
hospitals, which are located in the selected province of
Iran, is collected and the proposed eciency assessment
model is run using GAMS 23.4.
Obtained results indicate that Hos 7 has the
greatest eciency based on the considered network
during the assessment timescales. Hos 1 and Hos 11 are
ranked second and third, respectively, in terms of total
eciency measure, while Hos 10 holds the last place
in the total eciency ranking. A similar investigation

Table 3. Linguistic variable representation by interval type-2 fuzzy number.
Linguistic variable

Equivalent interval type-2 fuzzy number




i:e: aU1 ; aU2 ; aU3 ; aU4 ; H1 AU ; H2 AU ; aL1 ; aL2 ; aL3 ; aL4 ; H1 AL ; H2 AL

Strongly agree

(0:8; 0:9; 0:9; 1 : 1; 1) ; (0:85; 0:9; 0:9; 0:95 : 0:9; 0:9)

Agree

(0:6; 0:7; 0:7; 0:8 : 1; 1) ; (0:65; 0:7; 0:7; 0:75 : 0:9; 0:9)

Undecided

(0:4; 0:5; 0:5; 0:6 : 1; 1) ; (0:45; 0:5; 0:5; 0:55 : 0:9; 0:9)

Disagree

(0:2; 0:3; 0:3; 0:4 : 1; 1) ; (0:25; 0:3; 0:3; 0:35 : 0:9; 0:9)

Strongly disagree

(0; 0:1; 0:1; 0:1 : 1; 1) ; (0; 0:1; 0:1; 0:05 : 0:9; 0:9)
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Table 4. Bounds of the fuzzy variables of the eciency assessment based on the patients' opinions.
Hospital reputation
Patients' satisfaction
Service quality
Social responsibility
Hospitals Timescale 1 Timescale 2 Timescale 1 Timescale 2 Timescale 1 Timescale 2 Timescale 1 Timescale 2
LB UB LB UB LB UB LB UB LB UB LB UB LB UB LB UB
Hos 1
Hos 2
Hos 3
Hos 4
Hos 5
Hos 6
Hos 7
Hos 8
Hos 9
Hos 10
Hos 11

0.316
0.402
0.231
0.187
0.121
0.362
0.409
0.427
0.468
0.447
0.388

0.370
0.431
0.257
0.202
0.135
0.396
0.441
0.472
0.518
0.488
0.426

0.160
0.422
0.226
0.234
0.194
0.431
0.381
0.380
0.418
0.399
0.442

0.175
0.453
0.247
0.267
0.219
0.468
0.429
0.431
0.452
0.450
0.480

0.251
0.423
0.194
0.199
0.106
0.304
0.327
0.363
0.335
0.311
0.275

0.313
0.450
0.219
0.224
0.120
0.331
0.362
0.409
0.382
0.352
0.306

0.155
0.424
0.182
0.220
0.183
0.396
0.345
0.322
0.312
0.268
0.239

0.169
0.463
0.201
0.231
0.206
0.432
0.384
0.363
0.348
0.298
0.334

0.303
0.405
0.232
0.168
0.112
0.289
0.340
0.433
0.476
0.455
0.373

0.360
0.438
0.264
0.180
0.138
0.315
0.367
0.475
0.515
0.488
0.412

0.145
0.393
0.209
0.227
0.201
0.363
0.377
0.401
0.402
0.398
0.421

0.162
0.431
0.237
0.254
0.224
0.400
0.419
0.446
0.455
0.486
0.477

0.212
0.401
0.217
0.163
0.107
0.299
0.395
0.452
0.503
0.457
0.373

0.366
0.434
0.237
0.180
0.123
0.327
0.439
0.497
0.550
0.519
0.423

0.135
0.405
0.202
0.201
0.198
0.432
0.404
0.401
0.421
0.403
0.441

0.147
0.444
0.223
0.221
0.220
0.474
0.434
0.450
0.464
0.441
0.490

Table 5. Bounds of the fuzzy variables of the eciency assessment through consulting experts.
Hospital reputation

Patients' satisfaction

Timescale 1 Timescale 2 Timescale 1 Timescale 2
Hospitals

LB

UB

LB

UB

LB

UB

LB

UB

Hos 1

0.161

0.177

0.160

0.172

0.555

0.604

0.161

0.177

Hos 2

0.084

0.093

0.088

0.094

0.502

0.551

0.084

0.093

Hos 3

0.070

0.077

0.073

0.080

0.501

0.552

0.070

0.077

Hos 4

0.038

0.043

0.042

0.045

0.512

0.550

0.038

0.043

Hos 5

0.029

0.031

0.028

0.030

0.547

0.598

0.029

0.031

Hos 6

0.016

0.018

0.015

0.016

0.464

0.527

0.016

0.018

Hos 7

0.012

0.013

0.013

0.014

0.489

0.544

0.012

0.013

could be done for each node of the considered network
including hospital, community, and patients. For
instance, Hos 7 is ranked rst in total eciency on
two time scales regarding network variables associated
with the hospital node, while it is ranked rst on
each of Timescales 1 and 2 separately (see Table 6).
Obtained results indicate the condition of the sustainability of the considered healthcare network including
11 hospitals. Each hospital can de ne the desired and
speci c preferences in the strategic planning and use
the advantage of the best practices of the ecient hospitals. It should be noted that particular management
circumstances such as accessibility of human resources,
healthcare status of each region, resource management,
and cultural development types must be considered in
applying benchmarking process. Through detailed eciency assessments, more useful managerial, economic,
and political interpretations are proposed. Figure 4

presents the averages of total eciencies of 11 hospitals
considering various nodes. The community node and
the patient node have the lowest and greatest means of
eciency values by comparison, separately.

4.3. Sensitivity analysis

Figure 5 presents the total number of ecient hospitals
among all the assessed hospitals in terms of the three
considered nodes including hospital, community, and
patient. For instance, in 7 of total 11 hospitals, the
patient node is of higher eciency than hospital and
community nodes. In addition, the eciency of the
hospital node is greater than the other considered nodes
in 4 hospitals. Finally, the eciency of the community
node is greater than those of hospital and patient
nodes only for 4 governmental hospitals, which are
located in each city of the considered province. These
ndings strictly indicate that the major issue of Iran
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Table 6. Eciencies of the investigated hospitals.

Hos.a

Hospital node eciencies
Total R Total T. R. T.1 R. T.2
eciency

Hos 1 [0.56,0.68] 2 [0.73,1] 4 [0.27,0.43]
Hos 2 [0.50,0.56] 6 [0.48,0.69] 6 [0.45,0.48]
Hos 3 [0.48,0.49] 10 [0.22,0.45] 10 [0.2,0.21]
Hos 4 [0.48,0.55] 9 [0.41,0.67] 7 [0.35,0.38]
Hos 5 [0.54,0.60] 4 [0.79,1] 2 [0.96,1]
Hos 6 [0.50,0.55] 7 [0.26,0.65] 9 [0.26,0.28]
Hos 7 [0.56,0.70] 1 [0.85,1] 1 [0.95,1]
Hos 8 [0.51,0.61] 5 [0.29,0.66] 8 [0.26,0.28]
Hos 9 [0.45,0.59] 8 [0.79,1] 2 [0.85,1]
Hos 10 [0.48,0.52] 11 [0.76,1] 3 [0.95,1]
Hos 11 [0.53,0.68] 3 [0.63,0.79] 5 [0.63,1]

a Hos.: Hospital

6
5
9
7
1
8
2
8
3
2
4

[0.95,1]
[0.41,0.48]
[0.22,0.24]
[0.39,0.46]
[0.96,1]
[0.22,0.23]
[0.95,1]
[0.28,0.30]
[0.96,1]
[0.96,1]
[0.47,0.47]

Community node eciencies
R. Total T. R. T.1 R. T.2
2
4
8
5
1
7
2
6
1
1
3

Patients node eciencies
R. Total T. R. T.1 R. T.2

[0.54,1] 1 [0.86,1] 1 [0.77,1] 3 [0.72,1]
[0.35,0.53] 7 [0.44,0.79] 6 [0.65,0.89] 7 [0.83,0.87]
[0.32,0.37] 10 [0.43,0.51] 9 [0.57,0.67] 10 [0.62,0.64]
[0.33,0.47] 9 [0.33,0.55] 10 [0.65,0.82] 8 [0.71,0.73]
[0.46,0.63] 5 [0.72,1] 3 [0.67,0.97] 6 [0.67,0.81]
[0.35,0.54] 6 [0.40,0.74] 7 [0.60,0.84] 9 [0.63,0.65]
[0.53,1] 2 [0.79,1 ] 2 [0.87,1] 1 [0.72,1]
[0.37,1] 4 [0.47,1] 5 [0.63,1] 5 [0.59,0.61]
[0.18,0.63] 8 [0.24,0.38] 11 [0.72,1] 4 [0.52,0.74]
[0.31,0.40] 11 [0.48,0.66] 8 [0.57,0.70] 11 [0.38,0.56]
[0.46,1] 3 [0.70,1] 4 [0.78,1] 2 [0.67,0.81]

Figure 4. The means of total eciencies of hospitals.

Figure 5. Evaluation of the considered network nodes
compared to each other.

hospital eciency management depends on existing
relationships with community node and associated liability, besides hospital management issues. European
commission [55] indicates the importance of considering
community dimension in hospital eciency assessment
and development of patient-reported outcome measures which o er a promising opportunity to improve
outcome measurement for a comprehensive assessment
framework.
Based on the obtained results, studied hospitals

1
2
5
4
3
6
1
8
7
9
3

R.

[0.55,0.64] 11 [0.74,0.81] 3
[0.86,0.87] 1 [0.83,0.85] 1
[0.63,0.65 ] 6 [0.59,0.61] 7
[0.69,0.71] 4 [0.71,0.73] 4
[0.58,0.67] 9 [0.66,0.87] 5
[0.65,0.66] 7 [0.60,0.61] 8
[0.68,0.78] 3 [0.78,0.86] 2
[0.58,0.63] 10 [0.59,0.60] 10
[0.68,0.81] 2 [0.57,0.63] 9
[0.60,0.68] 8 [0.33,0.38] 11
[0.66,0.67] 5 [0.70,0.74] 6

have been unsuccessful in meeting their desired social
responsibilities. In addition, they have not been able
to manage their service capacity such that a good
reputation for organization is established and the waste
of organizational resource and waste production are
reduced, leading to environmental pollution. Undesirable level of hospital social responsibility in Iran and
its potential impacts on total eciency are also given
in other studies and have been con rmed in previous
studies [56{58]. To tackle this challenge, de ning
appropriate organizational visions related to hospital
social responsibility as well as reducing the number
of environmental pollutions besides setting comprehensive strategies and coordinated tactical planning with
a speci c schedule can be helpful in achieving the
considered goals. The development policies adopted
by hospitals under consideration should be o ered
to the organization's stakeholders and appropriate
communication channels should be managed with the
aim of making them able to propose their cooperative
statements. These initiatives lead organizational stakeholders to a better recognition that hospitals should
believe in their responsibilities with respect to the
society and attend to the necessity of ecient waste
management in order to reduce the resource waste
and environmental pollutions as a key issue while
considering the opinions of other stakeholders. To
tackle this challenge, using best practice benchmarking
of hospitals' experiences and formulating an e ective
branding strategy could facilitate achieving sustainable
success for corporates. The existence of a speci c
oce at each hospital equipped with resolute and
trained hospital personnel responsible for conserving
the local kinds and tracking the decreasing trend
of waste production contributes to the realization
of hospital responsibility for environmental issues.
Furthermore, adoption of a comprehensive plan for
healthcare service-providing systems throughout the
day leads to waste and pollution levels such as hospital
waste, which is produced in the diagnosis, treatment,
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and immunization processes. Among the considered
variables related to the hospital node given in Figure 2,
non-healthcare income potentially plays a crucial role
in making hospitals more ecient. This opportunity
has also been con rmed by experts. The addition of
new service lines such as educational, consulting, and
research services as well as exploitation of other opportunities like the number of business partners are some
of the best practices for increasing hospital pro tability.
In addition, other factors such as budgeting method
and various approaches to policy-making would be used
so that the social and environmental responsibilities of
hospitals as well as the quality-of-service consistency
for community and patients' demands can be simultaneously enhanced. Obtained results indicate that
the average eciency of hospitals regarding patient
node is greater than the eciencies of community and
hospital nodes (Figure 2). One of the main reasons
for the occurrence of this phenomenon is that the
majority of the studied hospitals are local facilities
with patients who are not well aware of the updated
health service standards. Nevertheless, people in the
community could be informed of hospitals' performance
through available media, especially social media, and
they evaluate the realized performance in comparison
to other hospitals in terms of high standards. Therefore, hospital managers should continuously attempt
to enhance the quality of healthcare services. Di erent
timescales could be considered to assess the eciency
of the considered network during the planning horizon.
Figure 6 presents the comparison among network nodes
including hospital, community, and patients in terms of
the considered timescale.
In view of the hospital node on time scale 1, 27.2%
of the total 11 hospitals performed better. New Year
holidays in Iran, representing timescale 1 here, is one of
the major travelling seasons with the highest number
of holidaymakers along with many road accidents.

Time scale 2 is considered as an ordinary timescale
during the year. In addition, 54.5% of hospitals had a
better performance on time scale 2. Finally, 18.18% of
hospitals were equal in performance on two time scales
1 and 2. A large number of the injured during the
vacation parallel to a small number of employees cause
high workload during the holidays. This condition
reduces hospitals' performance in providing health
services. The same results are made considering the
nodes of community and patient. The reputation of
the hospital is reduced by increasing the total workload
during the bounded period. Finally, the performance of
most of the hospitals is better on time scale 2. Hospital
managers could reduce the gap associated with the
total eciency of the organization by taking various
measures and considering improvement programs during the New Year vacation. These initiatives could
increase the satisfaction of stakeholder community.

4.4. Managerial insights

The obtained key results are investigated in depth to
provide the following practical managerial insights to
ensure ecient sustainable healthcare network management:






Figure 6. Performance comparison in terms of the
considered timescales.

By applying detailed eciency assessments based
on interrelated roles and multi-time scales, viable
managerial, economic, and political interpretations
could be presented as a guide for complex healthcare
network management by extensive interactions with
its external environment;
Social responsibility has become increasingly important to healthcare system planners who seek
investments that are not only pro table but also
conducive to the welfare of society and the environment. Hospitals as key players in the healthcare
system need to focus more on enhancing social
responsibility by managing their service capacities
in a way that a good reputation for organizations
can be established. In addition, waste minimization
and resources usage optimization using zero waste
principles should be adopted to reduce environmental pollutions aligned with the organization vision
goals over the planning period;
Appropriate collaboration through proper communication channels with the organization's stakeholders should be planned so that they can contribute their cooperative statements. Therefore,
what stakeholders hold dear is that hospitals should
solidify their responsibilities with respect to the
society and attend to the necessity of ecient
waste management in order to reduce the resource
waste and environmental pollutions as a key issue
while considering the opinions of other stakeholders.
Waste management in key processes of diagnosis,
treatment, and immunization involves prevention,
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recycling, reuse, and recovery which relieves the
burden on managing land lls, conserves natural
resources, and saves energy. These initiatives
should be comprehensively planed, done, checked,
and acted by a speci c center de ned within the
organizational structure;
Based on the considered three dimensions of hospital, community, and patients in the proposed
assessment network, e orts such as adding new
service lines and exploiting other opportunities like
the extensive network of business partners are some
of the best practices for boosting growth and profitability of the hospital node. In recent years,
educational, consulting, and research services have
attracted the attention of hospital managers as new
service lines;
Applying accurate budgeting method and appropriate approaches to policy-making is important to simultaneously improve the social and environmental
responsibilities of hospitals as well as the qualityof-service consistency for the community and patients. Through these management e orts, rapid
changes in the decision-making environment should
be made including changes in patients' expectations.
Improving hospital performance using developed
standards under the supervision of the governmental
and non-governmental organizations is strictly recommended. Increase in patients' awareness about
the updated health service standards acts as an
e ective lever for making changes to improve the
eciency and service quality of the hospitals;
Making an appropriate balance between demand of
healthcare services and capacity of service providing
has a signi cant impact on hospital performance.
High workload on hospital employees during particular work periods like holidays and pandemics such
as COVID19 attenuates hospital reputation and its
total performance. Therefore, considering backup
resources including reserved specialized manpower
can improve the balance between demand of healthcare services and service capacity.

5. Conclusion
In this study, a comprehensive investigation of the
e ective performance of hospitals, which play an
important role in the healthcare system, was done
with emphasis on sustainable development principles.
For this purpose, the uncertainty surrounding the
assessment variables is handled by the dynamic
network Data Envelopment Analysis (DEA), which
incorporated the interval type-2 fuzzy Decision Making
Trial and Evaluation Laboratory (DEMATEL) and
best-worst method based on experts' opinions. By
applying the proposed eciency assessment model,
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hospital managers can comprehensively analyze
the present situation and adopt an appropriate
strategic plan as well as corrective actions. A viable
sustainability assessment needs multi-perspective
analysis to facilitate key management concerns in
terms of environmental, social, and economic causes
and their main direct and indirect consequences of
the inequities. This study promotes awareness on how
the organizational activities of the hospitals should be
regarded from various viewpoints to ensure consistency
with each other and to make the entire hospital a
sustainable entity. According to obtained results,
the studied hospitals were ranked in terms of total
eciency by considering the sustainability-related
variables involved. In light of the sustainability
concepts, there is a secure and successful path for
organizational growth in the future. Despite the initial
expectations of eciency assessment, the main current
problem as a key improvement opportunity for most of
the studied hospitals is associated with their relationships with community pillar. Therefore, healthcare
policymakers and hospital administrators should
adopt precise strategies to keep their sustainability
levels aligned with the key aspects of the community.
In addition, they should conduct comprehensive plans
with the aim of de ning appropriate solutions with
respect to social and environmental responsibilities.
Future studies should consider service quality, which is
an important factor in healthcare service provision, in
the hospital eciency assessment process. In addition,
other e ective factors including working conditions of
employees in the hospitality sector, hygiene, turnover,
and other related issues in the community node could
increase the e ectiveness of the assessment process.
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Appendix
Questionnaires
Through the assessment process, some variable values
are calculated based on standard questionnaire (see
Figures A.1 and A.2 as well as Table A.1).

Figure A.1. BWM questionnaire template.
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Table A.1. Questions of the questionnaire presented to the patients.
Hospital reputation

 This hospital has a good reputation in comparison to other considered hospitals.
 Services at the hospital are done decently and in order.
 I believe that management and hospital personnel are always looking to improve the serving process.
 It is oblivious that how to overcome the need that arises in the future has been considered in I believe
the hospital services planning.
 I believe that hospital management and personnel are always looking to meet the needs of patients.

Hospital social responsibility

 Various business functions at the hospital show that hospital management cares for creating as well as

enhancing opportunities for revenue-earning and employment in the region.
 Played ceremonies, billboards or announcements on the hospital's website show that the management care about
environmental preservation and sustainable development and the transferring of this culture among the public.
 Selling medical and non-medical suppliers needed by patients at the hospital (i.e., local suppliers have a higher
priority) and it seems that management pays attention to transferring the culture of the region to the patients.
 Billboard or announcements that are available on the hospital website specify that the hospital cares about
humanitarian activities as well as promoting public health and tries to promote this culture among the public.
 Using equipment and new technology shows that the hospital management seeks to reduce energy consumption
and tries to protect environmental resources.
 Since things like trash bins for plastics or paper are available, it becomes clear that the separation of waste at the
source is important in this hospital.

Patients satisfaction

 Carried sucient attention to the seeds of patients in the process of providing services associated with healthcare,

which cause my satisfaction. The use of hospital services makes me feel less anxiety during treatment.
 I am satis ed with the supplementary services at the hospital.

Service quality

 Provision of services is done magni cently and in a standard manner.
 The performance of the hospital and the delivery of services are just as already promised.
 If the service is not provided as promised, the reason is announced to patients with patience.
 Amenities to meet basic needs such as prayer rooms, toilets, and changing rooms for children or residents are
accessible at the hospital.

 The state of cleanliness and hygiene in the entire hospital area is appropriate.
 Patients' statuses are considered in providing services and this matter is obvious from the presence of a feature.
 Public transport is available so that patients can easily use them to reach the main centers of the area.
 Taking advantage of online services for patients, through the use of Wi-Fi systems or cafe-net is possible to

create opportunities to obtain information in the shortest possible time.
 Parking with sucient capacity and with easy access to the area around the hospital is available.
 Necessary information about hospital services or ceremonies and special activities is announced through
means such as websites or bulletin boards.
 The low-income strata of society have been considered in projects such as the construction of the dining and
transport system from the hospital to other areas.
 The healthcare services formalities at the hospital are announced on the website or through means such as
billboards to make patients able to have a more comfortable treatment experience.
 The service providers' behaviors at the hospital with patients are polite and with humility.
 Facing complaints and criticisms of the patients are done patiently, with empathy, and with enough time consumption.
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