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A thriving healthcare system perfectly reflects economic development and contentment amongst the
people of any region. With increasing anxiety concering health and growing medical needs, hospitals
worldwide face substantial challenge to provide patients with adequate medical facilities under one
roof. With a fragile state of the health industry in a developing country like India, there is a need for
the hospitals to opt for international standards and comply with other premier health centers of the
country. This paper aims to select the hospitals based on incongruous and conflicting criteria involving
group decision-making using the Intuitionistic Fuzzy (IF) and Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS) method. The criteria used are concomitant to an insured public
health scheme named Ayushman Bharat-National Health Protection Scheme (AB-NHPS) of the Gov-
ernment of India. For each alternative Euclidean distance has been used to calculate the positive and
negative separation measure from the ideal solution. The relative closeness to the ideal solution has
been used to rank the hospitals. The result is a list of hospitals ranked from best to worst based on the
laid criteria. It can aid governing bodies in decision-making under an uncertain environment with

multiple complex criteria to analyze.

DOI: 10.30657/pea.2022.28.01

1. Introduction

Economic development is paradoxical without the propor-
tionate sprouting of the healthcare centers. Today, people are
more mindful of their health and wholeness. Many developed
countries have been spending money on technology assess-
ment for safety, pricing, effectiveness, social and ethical con-
cerns (Bond et al., 1985). For instance, health indicators (IMR,
MMR) have shown advancement together with improvement
in life expectancy, quality of treatment, and patient safety have
shown refinement, transfiguring robotic technology for mini-
mally invasive surgery. As far as hospitals are concerned, pa-
tient satisfaction is considered important because it involves a
commitment to return in the future and recommendations to
others (Becker and Parsons, 2007). Facility management con-
tributes to business expansion and is considered a strategic
function (Alexander, 1994). For a favorable conveyance of

JEL: D81, M11

healthcare services, healthcare facility management is an in-
dispensable factor (Mohamad Nasbi Bin Wan Mohamad and
Ali, 2009). The three aspects of facility management embrace
policy sponsorship, strategy, and intelligence, including un-
derstanding and monitoring along with service management
(Williams, 1996). Customer-focused benchmarking could be
used as a leading-edge methodology (Hsin and Loosemore,
2001). Even though the healthcare industry is growing rapidly,
itis still facing some potential challenges. In affluent countries
with the increased use of state-of-the-art technologies, prob-
lems like over-prescription, over-hospitalization and mis-
spending of resources are analogical (Roncarolo et al., 2017).
However, to a great extent the actual challenge lingers around
the developing countries and countries with low Human De-
velopment Index (HDI) ratings.

At present, India’s healthcare industry is flourishing at 15
percent annually (Acharyulu & Shekbar, 2012). At the same

ARCHIWUM INZYNIERII PRODUKCJI


https://pea-journal.eu/
https://orcid.org/0000-0001-8814-6132
https://orcid.org/0000-0002-8439-833X
https://orcid.org/0000-0002-3481-5430

MANIMAY DEV ET AL. / PRODUCTION ENGINEERING ARCHIVES 2022, 28(1), 01-11

time, medical tourism is also fructifying in India at 30 percent
per year and has become USD 1 billion merchandising
(Govindarajan and Ramamurti, 2013). A prime determinant
driving this growth is the high population, the low cost of
treatment, enhanced health insurance infiltration, increased
health issues due to an unhealthy lifestyle, and government ef-
fort to promote the public-private partnership (PPP) model.
Regardless of all these, India's current HDI ranking stood at
130. In recent years, effort has been made to conduct empiri-
cal-based studies in healthcare (Ghosh, 2015). Lack of aware-
ness, assessment, quality care, scarcity of workforce, afforda-
bility, and accountability are the potential challenges that the
Indian healthcare industry is still facing (Kasthuri, 2018).
Apart from this, other challenges include lack of infrastruc-
ture, the heavy load of patients, and high out-of-pocket ex-
penditure by the patients and their family. In the Indian
healthcare industry, the customer's voice is weak. The condi-
tion of community health centers (CHCs), primary health cen-
ters (PHCs), and sub-centers accounts for this allegory
(Kumar, 2018; Kumar and Kumar, 2014, 2018). As per the
literature, there is 0.9 beds per 1000 people in India, 10.7 per-
cent of the PHCs are without regular water supply, about 25.5
percent of the sub-centers are without electricity supply. There
is a shortfall of 23.4 percent of nursing staff, 18.4 percent of
pharmacists, and 43.3 percent of laboratory technicians in var-
ious PHCs and CHCs. 34.8 percent of CHCs function without
an operation theatre, and only 9.1 percent of first referral units
(FRU) have blood storage facilities (Bajpai, 2014). These can
be established because yet not all the state government hospi-
tals have got accreditation from National Accreditation Board
for Hospitals & Healthcare Providers (NABH), a component
of the Quality Council of India (Garg and Aagja, 2010).

The Impact of Covid-19 pandemic on Healthcare

The Covid-19 pandemic has led to an unprecedented de-
mand crisis in the healthcare industry and has led to a severe
resource constraint on the healthcare supply chain across the
world. As a result, the frontline healthcare workers have been
facing a shortage of essential protective equipment while also
battling the psychological morbidity and emotional trauma
caused due to the pandemic (Tsamakis et al., 2020; Wu et al.,
2020; Temsah et al., 2020). Before the emergence of covid-
19, the low and middle-income countries accounted for more
than 70 percent of global health disease but less than 15 per-
cent of global health spending, and as a consequence, after the
arrival of the pandemic, these countries have been witnessing
a considerable number of deaths due to inadequate healthcare
infrastructure (Okereke et al., 2020; Blumenthal et al., 2020;
Hartnett et al., 2020). In countries like Bangladesh and Paki-
stan, the access to medical facilities for non-covid health is-
sues has decreased, while the cost of healthcare services has
risen and the income has dropped (Ahmed et al., 2020). India
not being an exception; doctors and medical staff reported
mental health problems, with 52.8 percent of health workers
reporting pandemic-related burn-out and more than one-third
of the health workers who have insomnia (Chatterjee et al.,
2021).
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On the other hand, the focus on flattening the curve of in-
fections through strict policies like lockdown have led to delay
the virus spread and helped to buy time for the healthcare and
related manufacturing industries to prepare themselves while
adopting lean practices for managing demands (Leite et al.,
2020; Walker et al., 2020). In the context of India, lockdown
proved effective in checking the virus spread. Still, it had a
substantial negative impact on the socio-economic growth and
previously gained success in the National health programs
(Gopalan and Misra, 2020). It was a significant disruption in
the supply chain operations.

In this paper, fifteen criteria, including quantitative (C9-
C11) and qualitative (C1-C8, C12-C15), as shown in Table 1,
that dominate and propel the hospital industry have been iden-
tified to rank the hospitals. These criteria are aligned to the
requirements for empanelment of hospitals under the Ayush-
man Bharat scheme, which was launched in the year 2018 and
is aimed to provide healthcare facilities to 100 million low-
income families of rural and urban areas in India. Under this
scheme, the patients can avail themselves of cashless and pa-
perless treatment in public and empaneled private hospitals. In
case of any illness, the expenses incurred before and after the
hospitalization are also covered under this scheme. The
scheme also covers the transportation cost. It is the largest
government-sponsored healthcare scheme in the world. As for
selecting alternatives, five hospitals in Jamshedpur (Jhar-
khand, India) have been taken. These include both public and
private hospitals. These alternatives were then ranked based
on their relative closeness coefficient obtained after calculat-
ing their positive and negative separation measures from the
ideal solution. The complete procedure is based on the IF-
TOPSIS methodology used in multi-criteria decision-making
and analysis. The study provides the decision-making author-
ities a tool for proper policy drafting regarding the identifica-
tion of better healthcare centers and resource allocations. This
study can be further extended to many hospitals in the region
where decision-making is based on multiple criteria under an
uncertain environment. This paper is structured in the follow-
ing sequence: a brief discussion on literature survey has been
done in Section 2; details of the methodology used and the
steps followed during the research has been given in Section
3; the measures used in the analysis for the study has been
given in Section 4; the summary and conclusion has been
shown in Section 5; limitations and future scope in Section 6;
and followed by References list which offers the details of ref-
erences cited in the paper.

2. Literature review

The healthcare industry is booming in India, and hospitals'
interconnection is growing at a healthy rate. However, this
growth also questions their credibility and the quality of ser-
vice they provide. A gap has been observed from the patient’s
stance in assessing healthcare quality by public and private
hospitals in India (Manjunath et al., 2007). The hospital ser-
vices in the less developed countries need both qualitative and
guantitative improvements. Factors like the proximity of the
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hospital from the residence (Propper et al., 2007), the availa-
bility of technically advanced equipment and specialist sur-
geons (Shah et al., 2015), the hospital's size (Gandhi and
Sharma, 2018), and the excellent level of the hospital facilities
(Swain, 2019) play an essential role in the fabrication of cus-
tomer base. Factors like the quality of emergency services and
the private room availability in the hospital are imperative
choice influencers. Also, cleanliness in the hospital premises
(C. and B., 2004), accessibility to the elevator (Ahmad,
Ahmad, and Papastathopoulos, 2019), officialdom, and re-
sponse time by the authorities (Ahmad et al., 2019) are the
critical choice factors for selecting a hospital. Other factors
like the patients' prior clinical experience (Ahmad et al.,
2019), hospital reputation (Ahmad et al., 2019), and location,
the hospital's security system (Ahmad et al., 2019) play an es-
sential role.

Several methodologies used in multi-criteria decision mak-
ing (MCDM) include weighted point method, data envelope
analysis (DEA), vendor performance matrix approach, ana-
lytic network process (ANP), integer linear programming, ma-
trix approach, analytical hierarchy process (AHP), mathemat-
ical programming, etc. However, only a few of these address
the complexity of present-day decision-making problems ad-
equately. Additionally, in many of such decision-making
tools, only quantitative factors are considered without consid-
ering the qualitative factors, the degree of uncertainty, and the
number of decision-makers involved in consummate decision-
making. Therefore, the fuzzy sets and intuitionistic fuzzy sets
have been incorporated to select a supplier from a group. In-
tuitionistic fuzzy set theory was introduced in 1986.

The TOPSIS method used in MCDM follows the fundamen-
tal principle that the solution obtained should have the highest
proximity to the positive ideal solution (Hwang and Yoon,
1981; Yoon, 1987). At the same time, it should be the farthest
away from the perfect negative solution. TOPSIS has been
used along with intuitionistic fuzzy (IF) to solve group deci-
sion-making (GDM) problems for managers to make more ac-
curate decisions. TOPSIS has also been used in advanced
manufacturing technology for effective integration with ergo-
nomic compatibility. An extended intuitionistic fuzzy and
TOPSIS methods have been used for credit risk evaluation
while dealing with strategic business partners. IF-TOPSIS
method has been used for selecting the smartphones amongst
different alternatives available in the market, project evalua-
tion and portfolio management information system, green sup-
plier selection, investment selection, organizations ranking
based on the distance measure and intuitionistic fuzzy entropy,
electricity generation assessment using non-perishable energy
resources, rating the sustainability conduct of an alternative
passenger automobile wagons for a complete life cycle, pack-
aging machine selection such as vertical form fill and seal
(VFFS), used in double square bottom bag (DSBB) machine
in food packaging, etc. It has also been used in the knowledge
management system (KMS) along with QFD.

Other applications of TOPSIS have been observed along
with intuitionistic fuzzy which are interval-valued (IFIV) for
solving the partner's selection in virtual enterprise under the

incomplete information environment, robots selection, sup-
plier selection by a manufacturing company, improved score
function, set pair analysis (SPA) using connection numbers, a
comparative study with simple additive weighting (SAW),
non-linear programming model, soft computing technique us-
ing maximizing consensus, cross-entropy for determining at-
tribute weight, inclusion comparison approach, with Choquet
integral operator. Furthermore, TOPSIS has also been used to-
gether with ordered weighted averaging (OWA) aggregation
operator for ranking and comparison of algorithms, a single-
valued neutrosophic environment, and statistical distance in
place of Euclidean distance, among many other approaches.

3. Methodology
3.1 Theoretical Background: Intuitionistic Fuzzy Set

An intuitionistic fuzzy set is an extension of classical fuzzy
set theory and deals with the uncertainty and vagueness in de-
cision making. Below are some of the basic definitions used
in intuitionistic fuzzy set theory.

Let F be the intuitionistic fuzzy set (IFS) defined in a finite
set X and is written as:

F = {(x, 1a(x), va(x))|x € X} M)

where  X—[0,1], p4(x) is a membership function and
v, (x) is a non-membership function such that

0<p(x)+wma(x) <1 2

Degree of hesitation or intuitionistic fuzzy index m,(x)
which describes the uncertainty whether x belongs to F or
not is given as:

Ta(x) = 1= pa(x) — va(x) (3)

where 0<m, <1
For the set X, if A and B are two IFSs, then the multiplica-
tion operator gives:

AQ®B =
{ua (). up (), va(x) + vp(x) — v (x).vp(x))|x € X} (4)

3.2. Intuitionistic Fuzzy-TOPSIS

In this paper, IF-TOPSIS method has been used in the hos-
pital industry for ranking hospitals on the basis of certain cri-
teria that are conflicting in nature. They contradict one another
based on the benefit they provide to the patients and the cost
associated with it. The criteria selected in this paper are both
quantitative and qualitative by nature and are analogous to the
criteria under the Ayushman Bharat scheme launched by the
government of India for the empanelment of hospitals. A total
of fifteen criteria were selected (C1 to C15) and are shown in
Table 1. For choosing the alternatives, five hospitals were cho-
sen for the survey in Jamshedpur (Jharkhand, India), and the
general managers and medical in-charges were approached
through emails and over-the-phone calls. These hospitals are
the top-notch hospitals of the city, including both private and
public limited hospitals with a high number of patients visiting
for treatment every day. These hospitals have high ratings in
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terms of the services provided by them and have wide varieties
of departments for medical treatment compared to the remain-
ing city hospitals. The hospitals with less than the average rat-
ings have been left out of the study.

In order to carry out the study, several meetings with the
officials were arranged, followed by formal visits to the hos-
pitals. A questionnaire regarding the availability of basic hos-
pital amenities and facilities was designed, and the responses
were recorded. The insights provided by the medical officers
were extremely helpful to get a better understanding of the
functioning of the hospitals. Some data available in the public
domain was collected from the official website and annual re-
ports to avoid recurrence. The hospitals' actual names have not
been disclosed as it may have repercussions on their market
value, so for convenience, these hospitals have been named as
H1, H2, H3, H4, and H5. The total number of steps involved
in the evaluation process till the final ranking has been shown
in Figure 1. The location of the hospitals under consideration
has been shown in Figure 2.

4. Analysis

Different steps involved in the analysis are as follows.
Step 1. Defining the criteria and selecting the alternatives.

Table 1. List of the criteria used for ranking the hospitals

Nota-
tion

C1

Criteria

In-House facilities and functioning of Ambulance,
Blood Bank, Pharmacy, Kitchen and Laundry

C2 Possibility of getting Online Appointment

Level of integration of services to MIS, SAP and

[ICU = Intensive Care Unit; NICU = Neonatal Intensive Care
Unit; HDU = High Dependency Unit; NABL = National Accred-
itation Board for Testing and Calibration Laboratories; OT =
Operation Theatre; OPD = Out Patient Department]

Step 2. Determining the weights of DMs.

For this work, three decision-makers (DMs) have been ap-
proached. They are retired administrative officers and ex-
medical practitioners of government hospitals of Jamshedpur.
Intuitionistic fuzzy numbers expressed in lingual words used
in determining each decision-maker's significance have been
shown in Table 2. For rating the k™ decision-maker, let
Dy, = [Ug, Vi, T ] be the required intuitionistic fuzzy numbers.
The weight of k™ decision-maker can be obtained as:

m
(”"+ ”k(uk ka))

L Hi
2k=1(“k+ "k(m))

A = 5)

and YL 2, =1
Weight of DM is given as-
X
0.9 + 0.05(—2—)

0.94+0.05

B 0{2096-'- 0.05 (0.9(4):2.05)} + { 07+01 (0.704;70.2)} + {0'55 +01 (0.523.35)}

Step 1. Defining the crite-
S = ia and selecting the alter- o5
g8 ria and selecting the alter- \w | & &
£ natives s 2
S& e
? m v 35
Step 2. Determining the

weiahts of DMs
v

Step 3. Defining a scale for rating the alternatives

C3 CCTV system at public locations and the criteria
Availability of ICU, NICU, HDU and Emergency v
c4 Care
P . ; . Step 4. Rating of the alternatives and importance of
cs g}/i?)lllablllty and spectrum of In-house Radiology fa criteria by DM1. DM 2 and DM 2
C6 Level of implementation of PACS (Picture Archiving v
and Communication System) and Digital Radiology Step 5. Construction of aggregate intuitionistic
c7 Awvailability and spectrum of the In-House Pathology fuzzv decision matrix IR1 usina IFWA anerator
(1SO certified and NABL Accredited) v
Ccs8 Ik;_e;ytel of NABH Accreditation and its ensuing possi- Step 6. Determining the weight of criteria and construc-
ity tion of matrix [W1] using IFWA operator
C9 Distance of the hospital from the nearest Airport (km) v

C10 Total number of beds

Step 7. Construction of aggregated weighted intuition-
istic fuzzv decision matrix [RQW1

Number of general duty doctors and specialist sur-
geons

Availability and functioning of electric sub-stations/
C12 generators, air-conditioned OTs, annual maintenance
contract for equipment

Disaster prevention measures for fire, flood and
earthquake

OPD with basic amenities like drinking water, clean
C14 sanitation, cafeteria, wheel chair, trolley and waiting
lounge with real time display of prescription status
Availability and functioning of the Bio-medical
waste management facility

C11

C13

C15
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v

Step 8. Determining the fuzzy positive (A*) and negative
(A) ideal solution for each criteria

v

Step 9. Calculation of separation measures (S*, S°) and
the relative closeness coefficient to the ideal solution (C)
for each hospital

v
Step 10. Final ranking of the hospitals

Fig. 1. Steps followed in the ranking of the hospitals using IF-
TOPSIS
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The weights of all the decision-makers have been exhibited Moderate bad (MB)/Moderate low 0.4 0.5 0.1
in Table 3. (ML)
Step 3. Defining the scale for rating the alternatives and crite- Very Bad (VB)/Very low (VL) 0.2 0.65 0.15
ria. Very very bad (VVB)/Very very 0.1 0.8 0.1
The linguistic scale has been shown in Table 4 for rating the Low (VVL)

alternatives, and the alternatives under the criteria C9, C10  Table 5. Lingual words for rating the alternatives considering quan-
and C11, which are quantitative, have been represented in Ta- titative criteria

ble 5. Lingual Intuitionistic
Jamshedpur, India Words 9 c10 ci1 Fuzzy numbers
u v n
- =l " Exceptionally | <3.9 | >801 [ >100 [ 0.90 | 0.08 | 0.02
o o high (EH)
8«-' ” Very high | 4-7.9 501- | 80-99 | 0.80 | 0.10 | 0.10
Ois ) (VH) 800
Sevay 1 Moderately | 8-11.9 | 201- | 60-79 | 0.60 | 0.30 | 0.10
e ‘ high (MH) 500
s Moderate (M) 12- 101- 40-59 | 0.50 | 0.40 | 0.10
win 159 | 200
oo Moderately 16- 31- | 20-39 | 0.40 [ 0.50 | 0.10
low (ML) 19.9 | 100
o e Very low | 20- | 11-30 | 10-19 | 0.20 | 0.65 | 0.15
(VL) 23.9
Very very low >24 4-10 <9 0.10 | 0.80 | 0.10
Pl iy < iy @ (VVL)
—~ T Step 4. Rating of the alternative and importance of criteria by
Fig. 2. Location of five alternatives on the map of Jamshedpur (In- DM:s.

dia)

Based on Table 4 and Table 5, the ratings for the alternatives
Table 2. Lingual words for designating the significance of DMs and ~ and criteria were assigned using decision makers' opinions.
the importance of criteria The ratings assigned by all the three decision-makers in com-

piled form have been shown in Table 6 and Table 7.
Lingual Symbol Intuitionistic Fuzzy numbers . .
Words used ; - . Table 6. Rating of the alternatives by DMs
Extremely EC 0.9 0.05 0.05 Criteria | Alternative Decision Makers
Crucial DM1 | DM2 | DM3
Crucial C 0.7 0.2 0.1
Moderate M 0.55 0.35 0.1 C1 H1 EG VG EG
Insignificant I 0.3 0.6 0.1 H2 MB F MG
Very Insigni- VI 0.15 0.8 0.05 H3 M MG VG
ficant H4 VG VG EG
H5 MG MB F
Table 3. Weights of Decision Makers (DMs)
C2 H1 VH EH EH
H2 MH M M
DM 1 DM 2 DM 3 H3 M ML MH
Lingual Extremely Crucial Moderate H4 EH EH VH
Words Crucial H5 VVL VL ML
Weight (1) 0.406 0.332 0.262 o3 o En En VH
Table 4. Lingual words for designating the significance of the alter- H2 M MH M
natives H3 MH M MH
_ H4 VH VH EH
Lingual Words IntU|t|0n|stk|)gr|:uzzy num- H5 VL M ML
m v n C4 H1 VH EH VH
Exceptionally good (EG)/ Excep- 0.9 0.08 0.02 H2 ML M M
tionally high (EH) H3 MH MH VH
Very good (VG)/Very high (VH) 0.8 0.1 0.1 :4 ,\\/AT \SI* I\E/I';
Moderate good (MG)/Moderate 0.6 0.3 0.1 °
High (MH)
Fair (F)/Moderate (M) 0.5 0.4 0.1
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c5 H1 EG EG EG
H2 F MG F
H3 VG VG VG
H4 EG VG EG
H5 VG EG VG
c6 H1 VH EH EH
H2 ML M M
H3 MH M VH
H4 EH EH VH
H5 ML ML M
c7 H1 VG VG EG
H2 F MB MB
H3 MG MG VG
H4 VG EG EG
H5 MB F F
c8 H1 VH EH EH
H2 ML ML VL
H3 M MH VH
H4 MH VH VH
H5 M VH MH
c9 H1 EH EH EH
H2 VH VH VH
H3 VH VH VH
H4 M M M
H5 MH MH MH
C10 H1 EH EH EH
H2 VL VL VL
H3 MH MH MH
H4 MH MH MH
H5 VH VH VH
cit H1 VH VH VH
H2 VL VL VL
H3 M M M
H4 MH MH MH
H5 VH VH VH
C12 H1 EG VG EG
H2 MG F MG
H3 VG MG VG
H4 EG EG EG
H5 MB F MB
C13 H1 VH EH VH
H2 M MH M
H3 MH VH MH
H4 MH EH VH
H5 MH ML MH
Cl4 H1 VG EG EG
H2 F MB MG
H3 MG VG MG
H4 VG VG EG
H5 F MB F
C15 H1 EG VG VG
H2 MG MG F
H3 VG VG MG
H4 EG VG VG
H5 F F MG

ARCHIWUM INZYNIERII PRODUKCJI

Table 7. Importance of weight of criterions

Criteria DM 1 DM 2 DM 3
C1 EC EC EC
C2 EC EC EC
C3 M M C
C4 | M M
C5 EC EC EC
C6 C M M
C7 EC EC EC
C8 EC C EC
C9 EC EC EC
C10 | | M
Cil1 C C EC
Ci12 M M C
C13 VI | M
Cl4 M M C
C15 M C C

Step 5. Construction of the aggregate intuitionistic fuzzy de-
cision matrix [R] using IFWA operator.

Let an intuitionistic fuzzy decision matrix for each decision-
maker be:

R® = (1),

Let the weight of each decision matrix be A=
{A1, 25,23, ..., A, } such that ¥!_, A, = 1and A, € [0,1]. To
construct the aggregate intuitionistic fuzzy decision matrix in
a group decision making process, it is required that all the in-
dividual opinion has to be aggregated and fused into a group
opinion. This is achieved using the Intuitionistic Fuzzy
Weighted Averaging (IFWA) operator. One of the most criti-
cal aspects of the IFWA operator is that it considers the source
of information and computes an aggregated value. From the
above equation,

T = IFWAA(T(-D o O

ity Ty
=L’ @ LrP @ Lar @ -
69/1171'5'1)
K\ 1)\
= [ = M1 = 1) ™ Tl ()™ T (1 -
k) Ak K)\k
lii(j) _H%c=1(vi(j) ] (6)

Here r; = (HAi(xj)’vAi(x]')'ﬂAi(xj))
where (i =1,2,3,...,m;j = 1,2,3,...,n)

The elements of aggregated intuitionistic fuzzy decision ma-
trix [R] can be written in the following order:

11 T2 Tz 0 Tim

21 T2 Tz 0 Tom

R=|131 T32 T33 ‘= T3y
lTnl Tha Thz = TnmJ

The aggregated intuitionistic fuzzy decision matrix ele-
ments have been shown in fragmented form in Table 8.
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Table 8. Aggregated Intuitionistic Fuzzy decision matrix [R]

Cl C2 C3
U v T U v T U v 3

H1 0.874 0.086 0.040 0.841 0.093 0.066 0.880 0.085 0.035
H2 0.492 0.406 0.102 0.543 0.356 0.101 0.536 0.364 0.101
H3 0.635 0.253 0.112 0.499 0.399 0.102 0.569 0.330 0.101
H4 0.833 0.094 0.073 0.880 0.085 0.035 0.833 0.094 0.072
H5 0.515 0.383 0.102 0.222 0.660 0.118 0.365 0.516 0.118

C4 C5 C6
H1 0.841 0.093 0.066 0.900 0.080 0.020 0.868 0.088 0.045
H2 0.462 0.438 0.101 0.536 0.364 0.101 0.462 0.438 0.100
H3 0.666 0.225 0.109 0.800 0.100 0.100 0.641 0.248 0.112
H4 0.833 0.094 0.072 0.874 0.086 0.040 0.880 0.085 0.035
H5 0.492 0.406 0.102 0.841 0.093 0.066 0.428 0.472 0.100

C7 C8 C9
H1 0.833 0.094 0.073 0.868 0.088 0.045 0.900 0.080 0.020
H2 0.443 0.457 0.100 0.353 0.536 0.111 0.800 0.100 0.100
H3 0.666 0.225 0.109 0.635 0.253 0.112 0.800 0.100 0.100
H4 0.868 0.088 0.045 0.735 0.156 0.109 0.500 0.400 0.100
H5 0.462, 0.438 0.101 0.652 0.234 0.114 0.600 0.300 0.100

C10 Cl1 C12
H1 0.900 0.080 0.020 0.800 0.100 0.100 0.874 0.086 0.039
H2 0.200 0.650 0.150 0.200 0.650 0.150 0.569 0.330 0.100
H3 0.600 0.300 0.100 0.500 0.400 0.100 0.748 0.144 0.108
H4 0.600 0.300 0.100 0.600 0.300 0.100 0.900 0.080 0.020
H5 0.800 0.100 0.100 0.800 0.100 0.100 0.435 0.464 0.100

C13 Cl4 C15
H1 0.841 0.093 0.066 0.868 0.088 0.045 0.849 0.091 0.060
H2 0.536 0.364 0.101 0.499 0.399 0.102 0.576 0.324 0.101
H3 0.682 0.208 0.109 0.682 0.208 0.110 0.760 0.133 0.107
H4 0.789 0.145 0.066 0.833 0.094 0.072 0.849 0.091 0.060
H5 0.542 0.356 0.102 0.469 0.431 0.100 0.528 0.371 0.101

Step 6. Determining the weight of criteria and construction of
the matrix [W] using IFWA operator.

As each criterion has its importance and may differ in
weight compared to other criteria, a set of the grade of im-
portance has been defined in the form of matrix W. The opin-
ion of decision-makers has to fuse to obtain this matrix. To
achieve this, we need to assume an intuitionistic fuzzy number
(IFN) assigned to each criterion by the individual decision-

maker.
For the criterion X;, let wj(k) = [u}k),vj(k),nj(")] be an IFN
assigned by the k" decision-maker. By using the IFWA oper-

ator, the weights of criteria are calculated as follows:
w, = IFWA)L(VVj(l)ij(Z)"”’Wj(l)) - Ale(l) @ /12W]-(2) o)
/13W]-(3) DD Ale(l) — [1 _ Hk=1(1 — “Ek))/lk,
]'[§(=1(vj(k))lk.mc=1(1 - /J;k) e Hk=1(Vj(k))Ak] @)
And W = [wy, wy, ws, -+, w]"

Where w; = (”]’ vj’nj)(]' = 1’2,...,71)

Hence W = [(uy, v1, 1), (o, Vo, T03), - (,u]-, vj,nj)]
The importance of criteria in the linguistic term has been
shown in Table 7. Using Table 7 and the IFWA operator, the

aggregate weight of criteria has been shown as a transpose ma-
trix [W].

- (0.792,0.126,0.082) 1"
(0.462,0.436,0.103)
(0.592,0.306,0.102)
(0.900,0.050,0.050)
(0.592,0.302,0.102)
(0.325,0.586,0.089)
(0.657,0.241,0.102)
(0.854,0.081,0.065)
(0.312,0.608,0.080)
(0.374,0.524,0.102)
(0.772,0.141,0.087)
(0.900,0.050,0.050)
(0.646,0.251,0.103)
(0.592,0.306,0.102)

[ (0.900,0.050,0.050) |

Step 7. Construction of aggregated weighted intuitionistic
fuzzy decision matrix [R®W]

After obtaining the aggregated intuitionistic fuzzy decision
matrix [R] and matrix [W], the elements of aggregated
weighted intuitionistic fuzzy (AWIF) decision matrix RQW

W] =
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are calculated and has been shown in Table 9. It can be ob-
tained using the following equations:
‘x € X} (8)

Taw () = 1 =, (1) = vy () — 1, (). i () +
Vg, (%) vy (%) 9)
The aggregated weighted intuitionistic fuzzy decision matrix

can be written as:
It can also be written as follows:

R®W — {<X, #Ai(x)'#w(x)vai(x) +

Vi (%) = V4, () vy (%)

And,

! ! ! !
[f11 T2 T3 715
! ! ! !
|r21 T2 T3 rzjl
I — 14 14 ! I
R =13y 13, 1335 = T3j
! ! ! !
lri Tip Tz v TijJ

Here 1y = (uij,vij,m;) = (#Aiw(xj)'VAiw(xj)'”Aiw(xj))
represents each element AWIF decision matrix R'.
Step 8. Finding the intuitionistic fuzzy positive (IFP) ideal so-
lution, i.e., (A*) and intuitionistic fuzzy negative (IFN) ideal
solution, i.e., (A7) for each criterion

The fifteen criteria that were initially selected (Table 1) have
now been sundered into two broad criteria J1 and J2, repre-
senting benefit criteria and cost criteria.
Benefit Criteria

J1 ={C1,C2,C3,C4,C5,C6,C7,C8,C9}
Cost Criteria
J, ={€10,€11,€12,€13,C14,C15}

Table 9. Aggregated Weighted Intuitionistic Fuzzy decision matrix [R']

C1 C2 C3
U v T U v T U v T
H1 0.692 0.201 0.107 0.389 0.489 0.122 0.521 0.365 0.114
H2 0.390 0.480 0.130 0.251 0.637 0.112 0.317 0.559 0.124
H3 0.503 0.347 0.150 0.231 0.661 0.108 0.337 0.535 0.128
H4 0.660 0.208 0.132 0.407 0.484 0.109 0.493 0.371 0.136
H5 0.408 0.461 0.131 0.103 0.808 0.089 0.216 0.664 0.120
C4 C5 C6
H1 0.757 0.138 0.105 0.536 0.358 0.106 0.282 0.622 0.096
H2 0.416 0.466 0.118 0.319 0.556 0.125 0.150 0.767 0.083
H3 0.599 0.264 0.137 0.476 0.372 0.152 0.208 0.689 0.103
H4 0.749 0.139 0.112 0.520 0.362 0.118 0.286 0.621 0.093
H5 0.443 0.436 0.121 0.500 0.367 0.133 0.139 0.781 0.080
C7 C8 C9
H1 0.547 0.312 0.141 0.741 0.162 0.097 0.281 0.639 0.080
H2 0.291 0.588 0.121 0.302 0.574 0.124 0.250 0.647 0.103
H3 0.438 0.412 0.150 0.542 0.314 0.144 0.250 0.647 0.103
H4 0.570 0.308 0.122 0.628 0.224 0.148 0.156 0.765 0.079
H5 0.304 0.573 0.123 0.557 0.296 0.147 0.187 0.726 0.087
C10 Cl1 C12
H1 0.337 0.562 0.101 0.618 0.227 0.155 0.787 0.132 0.082
H2 0.075 0.833 0.092 0.154 0.699 0.147 0.512 0.364 0.124
H3 0.224 0.667 0.109 0.386 0.485 0.129 0.673 0.187 0.140
H4 0.224 0.667 0.109 0.463 0.399 0.138 0.810 0.126 0.064
H5 0.299 0.572 0.129 0.618 0.227 0.155 0.392 0.491 0.117
C13 Cl4 C15
H1 0.543 0.321 0.136 0.514 0.367 0.119 0.764 0.137 0.099
H2 0.346 0.524 0.130 0.295 0.583 0.122 0.518 0.358 0.124
H3 0.441 0.407 0.152 0.404 0.540 0.146 0.684 0.176 0.140
H4 0.510 0.360 0.130 0.493 0.371 0.136 0.764 0.137 0.099
H5 0.350 0.518 0.132 0.278 0.605 0.117 0.475 0.402 0.123
Table 10. Intuitionistic fuzzy positive-ideal solution and negative-ideal solution
At A~
u v 14 u 1% 14
C1 0.692 0.201 0.107 0.390 0.480 0.130
Cc2 0.407 0.484 0.109 0.103 0.808 0.089
C3 0.521 0.365 0.114 0.216 0.664 0.120
C4 0.757 0.138 0.105 0.416 0.466 0.118
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N1 C5 0.536 0.358 0.106 0.319 0.556 0.125
C6 0.286 0.621 0.093 0.139 0.781 0.080
C7 0.570 0.308 0.122 0.291 0.588 0.121
Cc8 0.741 0.162 0.097 0.302 0.574 0.124
C9 0.281 0.639 0.080 0.156 0.765 0.079
C10 0.075 0.833 0.092 0.337 0.562 0.101
Cl1 0.154 0.699 0.147 0.618 0.227 0.155
J2 C12 0.392 0.491 0.117 0.810 0.126 0.064
C13 0.346 0.524 0.130 0.543 0.321 0.136
Cl4 0.278 0.605 0.117 0.514 0.367 0.119
C15 0.475 0.402 0.123 0.764 0.137 0.099
The IFP and IFN ideal solution (A*) and (A™) respectively i 2
can be obtained using the equations given as follows: i [ (‘u'AiW (x]-) - MA—W(x]-)) ]
|1 | 2|
At = (uA+W(xj), vA+W(xj)) and A~ = §”= izz?ﬂi + (VAiW(‘xj) - VA‘W(xj)) | (16)
Om—W(%)ﬂM—W(%)) (10) [+
Here
atw (%) = ((maxi#Aiw(xj)U €
]1) ) (mini.uAiW(xj)U € ]2)) (11)
varw (%)) =
((minivAiW(xj)U E]l), (maxivAiW(xj)|j E]Z)) (12)
waw (%) =
((mmiﬂAiW(xj)U € 1), (maxi:uAiW(xj)U € ]2)) (13)
vA_W(x]') =
((maxivAiW(xj)U €) (minivAiW(xj)U € ]2)) (14)

The value of (4*) and (A’ for each criterion has been
shown in Table 10.

Step 9. Calculation of separation measures (S*, S°) and the rel-
ative closeness coefficient to the ideal solution (C) for each
alternative.

Several methods have been proposed to measure the separa-
tion distance between intuitionistic fuzzy sets. Using the geo-
metric interpretation of the intuitionistic fuzzy set, distance
measures such as the Hamming distance, Euclidean distance,
the normalized Hamming distance, and the normalized Eu-
clidean distance can be used. In this paper, normalized Euclid-
ean distance has been used to calculate the separation
measures. The separation measures for each alternative from
the ideal solution have been determined using equations (15)
and (16), as shown in Table 11. The closeness coefficient's
value has been obtained using equation (17), and for each of
the alternatives, it has been shown in Table 12.

(o) e )” |
St = %Z};l + (vAL_W(x,-) - VA+W(xj))2

\i + (nAL_W(x]-) - nA+W(x]~))2

(15)

\] (nAiW(xj) - "A‘W(xf))zj

Here, paw (%), tatw (%) and py- (x;) represents the de-
gree of membership of AWIF decision matrix, IFP ideal solu-
tion (A*) and IFN ideal solution (4™) respectively.

Vaw (%)), Va+y (%) and v4-y (x;) represents the degree of
non-membership of AWIF decision matrix, IFP ideal solution
(A*) and IFN ideal solution (A™) respectively.

nAiW(xj), T+ (X)) and my-y, (x;) represents the degree of
uncertainty of AWIF decision matrix, IFP ideal solution (4*)
and IFN ideal solution (A7) respectively.

The relative closeness of the alternative to the intuitionistic
ideal solution can be calculated as:

Si

C; = —% where 0<(C; <1
Si++si_

a7

Table 11. Value of separation measures

Hospitals St S-
H1 0.201 0.218
H2 0.204 0.193
H3 0.163 0.152
H4 0.175 0.209
H5 0.226 0.171
Table 12. Value of closeness coefficient
Hospitals C;

H1 0.520

H2 0.486

H3 0.483

H4 0.544

H5 0.431

Step 10. Final ranking of the hospitals

For the value of relative closeness of each hospital (alterna-
tive) from the ideal solution, the final ranking of alternatives
can be done in descending order of the value of the relative
closeness coefficient. The final ranking obtained for the alter-
natives are in the order H4 > H1 > H2 > H3 > H5.
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5. Summary and Conclusion

This paper aims to identify the best hospital among the five
hospitals selected for the study in Jamshedpur (Jharkhand), In-
dia. For this, a multi-criteria group decision technique that
uses Intuitionistic fuzzy with TOPSIS method has been used.
Intuitionistic fuzzy sets contemplate the uncertainty related to
decision-making in multi-criteria group decision-making. Fif-
teen criteria were identified, which are very important from
the patient’s perspective and are essential from the hospitals’
point of view in building its market value and branding pur-
pose. These criteria also reflect the government's minimum
standards for the hospitals' empanelment in a centrally spon-
sored scheme called Ayushman Bharat of Ayushman Bharat
Mission under the Ministry of Health and Family Welfare
(MoHFW) in India. To achieve this, the hospitals' linguistic
rating was done, and the weight assignment of the criteria was
carried out using decision-makers' opinions. These weights
were characterized by intuitionistic fuzzy numbers (IFNs). In
this method, the intuitionistic fuzzy weighted averaging
(IFWA) operator was used for aggregating the different
stances and opinions of decision-makers who are retired med-
ical officers and healthcare experts in Jamshedpur. The previ-
ously selected detrimental criteria were later divided into ben-
efit and cost criteria. The separation measure for each
alternative was calculated after the calculation of intuitionistic
fuzzy positive (IFP) and intuitionistic fuzzy negative (IFN)
ideal solution, i.e., (A*) and (A7) respectively. Towards the
end of the paper, the relative closeness coefficient was calcu-
lated for each alternative. Based on the relative closeness co-
efficient's value, the hospitals were ranked in the preference's
descending order. Hospital H4 was selected as the best hospi-
tal with optimum balance between the benefit and the cost cri-
teria among the five hospitals chosen for analysis. H4 was fol-
lowed by hospital H1. Hospital H5 was ranked the lowest
amongst all the alternatives.

6. Limitations and Future Scope

The present study uses set of criteria specified and laid down
by the Government of India. The criteria can vary from coun-
try to country and with time. The justification for selecting
these criteria as an parameter for empanelment has not been
specified by the government. Also, the result is based on spe-
cific context of hospital selection in healthcare. When used in
some other context, other parameters may be used and the re-
sults may vary accordingly. For instance, more number of de-
cision makers can be included to increase robustness of the
results and eliminate response bias.

The study provides the model for hospitals’ selection and
rankings. It can be extended to the large number of hospitals,
covering a state for better policy making. The study can be
extended in other countries for fuzzy decision making scenar-
ios with multiple criteria. In times of pandemics, as in covid-
19, this technique gives a better list of preferences for the ad-
ministrative authorities in deciding the hierarchy of prefer-
ences in decision making in terms of resource allocations and
public recommendations.
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