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a b s t r a c t

The world is reeling in the midst of the novel coronavirus pandemic with fear of rising toll due to
the deadly virus. Decision making during a pandemic outbreak has numerous challenges. Covid19 has
become a challenging problem for organizations, countries and the world at large. It is even more
complicated when governments and medical care communities are changing their priorities based
on the growing challenges and level of effectiveness of measures taken in other countries. In this
study, a potential application of a well-known MCDM method called the Group Best–Worst Method
is presented to overcome such challenges and draw the strategies to handle COVID19 outbreak. The
methodology is applied to rank the 10 identified strategies based on their relative importance provided
by multiple groups of stakeholder. These strategies focus on social distancing, medical care, essential
commodities, financial support to poor people, public awareness, overall impact of COVID19, digital
surveillance of infected or doubtful people, maintaining the economy of the country, and an effect
on industries. Furthermore, the local and global weights along with ranking order of strategies are
obtained. A sensitivity analysis has also been done to show the change in global weights and ranking
order of strategies.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Coronaviruses are among the largest viruses that cause dif-
erent diseases in animals such as pigs, dogs, cats, snakes, bats,
tc. The consumption of these animals may cause the disease in
umans [1,2]. In December-2019, a novel coronavirus appeared
n the form of pneumonia cases in Wuhan, a city in the Hubei
rovince of China [3]. It is identified as an infectious disease,
hich became pandemic and spread rapidly throughout China.
fterward, an increasing number of infected cases were also
ound in other countries throughout the world. In February 2020,
his disease was labeled as COVID-19, and its virus is referred to
s Severe Acute Respiratory Syndrome CoronaVirus 2 (SARS-CoV-
) by the World Health Organization (WHO) [4]. Many countries
re at the point of coronavirus outbreaks, with many instances
f community transmission. Governments from many countries
ave imposed complete lockdown throughout their countries and
rged citizens to maintain social distancing or self-quarantine.
andling the rapid spread of the disease is very crucial since
he number of infected people is increasing, and it is alarming,

∗ Corresponding author.
E-mail addresses: drnaeemahmad@mits.ac.in (N. Ahmad),

ulzarullhasan@mits.ac.in (M.G. Hasan), rejaul.ncert@nic.in (R.K. Barbhuiya).
ttps://doi.org/10.1016/j.asoc.2021.107642
568-4946/© 2021 Elsevier B.V. All rights reserved.
particularly in countries such as the USA, Italy, Spain, Germany,
and Iran, where the situations threaten to go out of control. Now
the spread is practically universal; most of the world is in a
lockdown mode. It is being considered to be the largest crisis
since World War-II [5].

The identification of adequate response to an emergency sit-
uation is essential, be it Nipah virus (NIV), Hemagglutinin Type
1, and Neuraminidase Type 1 (H1N1) or COVID-19. All evidence
is now pointing to the fact that as the pandemic reaches the
community spread stage, the death count will increase. The in-
crease in the number of patients can collapse the healthcare
system of any country, as was already observed in the case
of Italy and the USA. No country can afford community trans-
mission. Delay in planning to face the challenges and threats
posed by the growing pandemic of COVID-19 will worsen the
situation [6]. Countries that have designed the strategies in a
stepwise manner in the early days of the pandemic performed
better in restricting the spread of disease. The strategies adopted
so far includes lockdown, widespread testing, digital surveillance
of peoples (i.e., identifying and monitoring people who have been
in close contact with someone infected), and isolation of infected

patients, see [7–9].
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Digital surveillance raises ethical and privacy issues since it
involves monitoring someone’s movement. It is therefore chal-
lenging for Governments to adopt tracking and monitoring mech-
anisms. According to the news in [10,11], the Israeli government
also announced plans to use digital technologies to track the in-
fected/doubtful citizens of COVID-19. Usually, such a surveillance
system is used to track terrorist groups. Prime Minister Benjamin
Netanyahu quoted that “in all my years as prime minister, I have
avoided using these means among the civilian public, but there
is no choice”.

The government of India initially worked on a plan drawn in
consultation with 14 key ministries [12]. It was decided to see
the pattern of the virus spread by conducting preemptive and
early tests of people with suspected symptoms and controlling
the direction of the economy. Following that idea, their focus was
on identifying and setting up quarantine and isolation centers. At
that stage, the government imposed a complete lockdown of the
country. Initially, the lockdown was from 24 March 2020 to 14
April 2020, but it was again extended up to 3 May 2020 [13].
The Health Ministry claims that the stringent lockdown measure
for such a long period helped contain the exponential growth
of COVID-19 in India. However, this continuous lockdown has
created a considerable challenge of ensuring food security for
poor people. In this regard, it has been advised that government
should put more money in the hands of daily-wages people,
farmers, and laborers.

It is evident that better planning is always required to deal
with a pandemic of such scale that has happened first time in
our lifetime. Such planning would also help in controlling future
pandemics and crises arising out of them affecting businesses and
commercial establishments, availability, and price controlling of
foods, etc. However, the strategies adopted so far are not enough
to tackle this condition of COVID-19, as there are many reports of
people facing grave difficulties of various nature. We need a more
detailed and robust plan of action considering multiple criteria
that get affected during a pandemic. Recently, authors in [14]
have reviewed the challenges of decision making in influenza out-
breaks. They concluded that “The relationship between science
and public health decision making is relatively understudied but
is deserving of greater attention”. The prioritization of strategies
for overcoming the challenges to effective decision making in the
outbreak response needs a transparent decision-making process.

So, there is a need to study COVID-19 strategies to tackle
the COVID-19 outbreak. This study explores and evaluates a cri-
teria framework for intervention strategies in the Indian con-
text using a Multi-criteria decision-making approach known as
Group best–worst method [15]. We have applied the extended
BWM, i.e., Group Best–Worst Method (GBWM) [15], where four
groups of stakeholders, namely health workers, social workers,
academicians, and common citizens, are considered.

The aims of this study are: (1) to identify the intervention
strategies to handle COVID-19 outbreak using an extensive re-
view of reports and articles; and (2) to develop prioritization and
ranking of the identified factors using Group Best–Worst Method.

Considering all of these points, we did a study on the potential
application of the scientific method on intervention strategies
for the COVID-19 outbreak. At present, we have not seen any
work in literature that focuses on the evaluation and ranking of
intervention strategies for COVID-19 outbreak in general or using
the Multi-Criteria Decision-Making method. Multi-Criteria Deci-
sion Making (MCDM) methods have found their application in
multiple real-life domains. An application of the MCDM method,
i.e., the Best–Worst Method (BWM) [16] which has never been
used in the evaluation of intervention strategies for a pandemic,
is applied in this work.
2

In the next section, the literature review of MCDM and BWM
is discussed. Section 3 is about the methodology applied to de-
termine the weights and rank of strategies. In Section 4, the case
study is explained, and results are obtained. Section 5 is about
discussion of results and finally, Section 6 is the conclusion of
present work.

2. Literature review

This section is about the literature review of tools and tech-
niques of multi-criteria decision-making and best–worst method.
The wide application of MCDM and BWM is explained in the
following subsections.

2.1. Multi criteria decision making

Decision-making in the public health system is a complex task
because of conflicting trade-offs between criteria. The variability
of perceptions of different stakeholders often varies greatly both
within and across societies. The existence of differences in per-
ceptions is normal in a pluralist society. Tools and techniques,
which can handle such complexity to take decisions are needed.
MCDM methods help the individual or group of decision-makers
to take appropriate and transparent decisions in complex sit-
uations. It helps to determine the ranking of alternatives and
choosing the superior one using an appropriate method based
on some criteria. It has been applied in wide range of appli-
cations such as social sciences, engineering, economics, health
care, and management [17–23]. A wide variety of MCDMmethods
exists in literature such as Elimination and Choice Expressing
Reality (ELECTRE) [24], Data Envelopment Analysis (DEA) [25],
Analytic Hierarchy Process (AHP) [26,27], Analytic Network Pro-
cess (ANP) [28], Measuring Attractiveness by a Categorical-Based
Evaluation Technique (MACBETH) [29], Multi-Attribute Utility
Theory (MAUT) [30], Best–Worst Method (BWM) [16], Prefer-
ence Ranking Organization Method for Enrichment Evaluations
(PROMETHEE) [23], and Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS) [22]. MCDM methods are
divided into two-step procedures. In the first step, information re-
lated to the values and weights of criteria should be obtained, and
then in the second step, the ranking of alternatives is determined.

A limited number of studies illustrated the application of
MCDM methods in the context of evaluation of infectious dis-
ease outbreaks and intervention strategies. Recently, the TOPSIS
approach has been applied by Majumder et al. [31] to select
significant risk factors and continuous monitoring of death due
to COVID-19. Ozgur maraz [32] applied AHP methodology to help
public health policymakers to prioritize and evaluate effective
pandemic mitigation strategies. The decision on various strategies
to control contagious animal quarantine diseases are also evalu-
ated [33,34]. Two MCDM methods, namely fuzzy-AHP and fuzzy-
VIKOR, are utilized [35] to help multiple stakeholders to prioritize
intervention strategies for influenza. An application of the AHP
method for the Korean immunization program was also pre-
sented [36]. Aenishaenslin et al. [37] implemented PROMETHEE
to assess various prevention and control strategies for Lyme dis-
ease in Quebec city of Canada. Lopez and Gunasekaran [38] have
applied the fuzzy logic-based VIKOR method for evaluating H1N1
Influenza vaccination strategies in Vellore city of India. Pooripus-
sarakul et al. [39] implemented the best–worst scaling method
for vaccine immunization program in Thailand. AHP has been
used for risk assessment of infectious diseases in china [40,41].
Also, there are studies on risk assessment strategies of zoonotic
diseases in Japan [42], and India [43] involving multiple stake-
holders. Lopez et al. [44] have proposed a fuzzy VIKOR based
approach, which presents a selection of alternatives based on
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eople, space, and time for the prevention and safety of dengue
ever in India. Another study [45] applied the AHP approach
long with geospatial technique to map vector-borne diseases in
olkata, India.

.2. Best–worst method

As explained in the previous section, there are many MCDM
ethods for solving decision-making problems. For different

ypes of decision-making problems, different types of MCDM
ethods are employed. The task of selecting an appropriate
ethod is difficult. There are different ways of selecting a par-

icular MCDM method. It may be based on information required
o input, i.e., data and parameters of the method, based on
odeling effort, and outcomes [46,47]. For our problem, we want
complete ranking and scores of identified factors. Methods

uch as MACBETH, MAUT, ANP, AHP, and BWM are used for
btaining such outcomes. The required input information for
AUT is in the form of a utility function; for ANP, it is a pairwise
omparison on a ratio scale and inter-dependencies; for AHP, it
s a pairwise comparison on a ratio scale, for MACBETH, pairwise
omparison on an interval scale is required, whereas, for BWM,
t is a pairwise comparison on an integer scale from 1–9. The
trength of effort input is in decreasing order for MAUT, ANP,
ACBETH, AHP, and BWM. AHP is the most famous MCDM
pproach for determining complete ranking and scores of factors
ith an average effort input. BWM came in 2015 only, [16]. As
ompared to AHP, the best–worst method has less effort input
ue to less number of pairwise comparisons. Also, these pairwise
omparisons are based on a 1–9 integer scale, which reduces
he complexity of pairwise comparisons. A two-tier approach is
dopted for pairwise comparisons. In the first step, the pairwise
omparison is made between the best available criterion to other
riteria. In the second step, other criteria are compared with the
orst available criterion. This comparison is shown in Fig. 1.
ompared to AHP, BWM uses less number of comparisons that
urther reduces efforts in collecting data [16]. Moreover, this
ethod uses only integer numbers for comparisons, which makes

t more applicable than other methods like AHP [48]. There are
any advantages of BWM over AHP. Following are the reasons of
referring BWM over AHP [16,48–51].

1. The BWM provides results with better reliability than the
AHP method. Both methods use pairwise comparisons to
determine weights and ranking of criteria. BWM has only
two vectors for Best to others and Others to worst criteria
comparisons. This leads to fewer comparisons with respect
to matrix-based methods, such as AHP. It contributes to
lesser data collection, calculation, and analysis time.

2. In BWM, their are 2n−3 comparisons which is much lesser
than comparisons in AHP i.e. n(n−1)

2 .
3. The BWM provides higher reliable results as the compar-

isons are more consistent than AHP due to the elimination
of redundant comparisons.

4. In BWM, the pairwise comparisons are made by integer
values on a 1–9 scale. In contrast, AHP uses a scale of frac-
tional numbers, i.e., 1/9–9 scales. This gives an advantage to
BWM on AHP by easy analytical evaluation, understanding,
and interpretation of comparisons with respect to human
perception and cognition.

5. BWM is more data-efficient than the AHP method. In AHP,
the solution becomes inconsistent if CR is greater than 0.1.
This leads to the need to revise the comparisons to improve
CR. Revisiting comparisons in two vectors of BWM is much
easier than the comparison matrix of AHP.
3

Keeping all the advantages of the best–worst method, we have
applied this method to solve the problem of prioritization of
COVID-19 strategies.

This method has a wide variety of applications such as service
selection on the cloud, delivery services, manpower planning,
airline operations, etc. [51]. Related contributions are discussed
in this section. BWM was proposed by Rezaei in [16] to solve
MCDM problems, which is then extended using neutrosophic
sets, Markov chain, and fuzzy sets by other authors in multi-
ple domains. In the oil and gas industry, BWM is used to rank
various forces working in the supply chain management pro-
cess. Manufacturing companies applied BWM to evaluate the
social sustainability of supply chains [52]. BWM is extended using
fuzzy triangular numbers, in which weights of criteria are com-
puted using the Graded Mean Integration Representation (GMIR)
method [53]. Gupta and Barua in [54] utilized BWM to investigate
the most important driving factor of technological innovation in
the context of Micro, Small, and Medium Enterprises (MSME)
in India. Gupta et al. in [55] assess the most promising bar-
rier of energy-efficiency in India. In different literature, authors
have proposed the hybrid approach of BWM and VIKOR. Here
authors aim to assess the best airline based on the attributes
of service quality. These attributes are prioritized using BWM,
and assessment is done with VIKOR [54]. There are different
biomass technologies available, and selecting the best one is
always a difficult task. This is determined based on important
relative factors using BWM [56]. In other literature, You et al.
[57] extends BWM to ELECTRE-III for decision-making problems.
With this hybrid approach, the authors attempt to use fewer
comparisons with consistent results and elimination and choice
translation reality within the intuitionistic environment. Salimi
and Rezaei in [58] use BWM to investigate the outcomes of the
academic-industry research projects and the objective of the in-
dustry behind projects. The procedure is referred to as a measure
of efficiency.

Shojaei et al. [59] proposed BWM, VIKOR, and Taguchi loss
function integration model to evaluate the airport facilities. Nawaz
et al. [60] proposed a cloud broker architecture framework, which
helps in selecting cloud services based on the performance of
computing resources. First, they applied the Markov chain to
determine the pattern of users’ preferences. Then they linked
this pattern to the cloud services that are ranked using BWM.
With the help of this framework, they compared the consistencies
of BWM and AHP methods. Mou et al. [61] applied the BWM
method in the intuitionistic fuzzy multiplicative environment to
solve the multi-criteria group decision-making problems. BWM is
also applied to select the supplier according to the importance of
food supply chain content [50]. In other literature, authors inves-
tigate the vendors’ capabilities, and interest towards a particular
item [49]. Following the above approaches, some improved ver-
sions of BWM have been proposed and employed in offering
optimal and unique solutions using interval analysis [48], and
ranking attributes of MCDM problem with fuzzy information [62].

Some other applications of BWM have been encountered in
suggesting the best location for bioethanol plants, finding the best
business strategy for a profit of a company, evaluating the per-
formance of a hospital, and determining consumers’ preferences
for consumable items [63–66]. Recently, [67] have applied fuzzy
best–worst method in wireless ad-hoc networks problem. To the
best of our knowledge, this work is the first effort to analyze
challenges while drawing strategies in the event of COVID-19

outbreak using GBWM.
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Fig. 1. Pairwise comparisons in BWM.
able 1
inguistic terms and their numeric scale values for pairwise comparisons.
Scale Linguistic term Scale Linguistic term

1 Equally Important (EI) 6 Intermediate (IVI)
2 Intermediate (IEM) 7 Very Important (VI)
3 Moderately Important (MI) 8 Intermediate (IVE)
4 Intermediate (IMI) 9 Extremely Important (EI)
5 Important (I)

3. Methodology

This section illustrates the methodology to rank the strategies
sing a multi-criteria decision-making method for a group of
xperts known as Group Best–Worst Method [15]. This method
s applied when we have multiple decision-makers (DMs), and
esponses are collected from each decision-maker. The advantage
f GBWM over BWM is that it considers combined decisions for
ll DMs.
In BWM [16], initially, the DM determines the best and worst

riterion out of the set of criteria. After that, the pairwise com-
arisons between best criterion and other criteria, between other
riteria and worst criterion are required from the DM. These
omparisons are based on the linguistic scale given in Table 1.
he scale varies from equally important to extremely important,
ith numeric values from 1 to 9. Based on these comparisons,
mathematical model has been formulated and applied to the
ollected responses. After that, results in terms of optimal weights
f criteria are evaluated.
In GBWM, we assume k decision-makers and n criteria re-

garding the decision problem. The step by step procedure of the
GBWM algorithm are presented as follows:

Step 1. The set of decision criteria i.e. {Cr1, Cr2, . . . , Crn} which
re needed to be prioritized are identified.
Step 2. Each decision-maker should select the most important

the best) criterion and the least important (the worst) criterion
rom the set of criteria at step 1.

Step 3. The pairwise comparison of preferences between the
best criterion and all other criteria, and a pairwise comparison
of all criteria with the worst criterion are performed using the
comparison scale given in Table 1. The comparisons are collected
from each DM on a scale of 1 to 9, i.e., equally to extremely
important.

The Best to Others (OB) and Others to Worst (OW ) preferences
re shown in Eqs. (1) and (2).

B = (oB1, oB2, oB3, . . . , oBn) (1)

W = (o1W , o2W , o3W , . . . , onW ) (2)

Here, oBj and ojW represents the pairwise preference value
etween best to other criterion j and j to worst criterion, ∀j =

, 2, 3, . . . , n, respectively.
4

Step 4. The pairwise comparisons obtained in the linguistic
form are converted to numeric form using Table 1. To find the
optimal weights (W ∗

1 ,W ∗

2 , . . . ,W ∗
n ) for ranking of criteria, we

will utilize the following mathematical programming model of
GBWM.

Model 1:

Min ξ (3)
subject to,

ξ ≥ λkξk ∀ k ∈ D (4)⏐⏐⏐WB − Wj × oBj
⏐⏐⏐ ≤ ξk, ∀ j ∈ J, k ∈ D (5)⏐⏐⏐Wj − WW × ojW
⏐⏐⏐ ≤ ξk, ∀ j ∈ J, k ∈ D (6)∑

j

Wj = 1, (7)

Wj ≥ 0, ∀ j ∈ J (8)

ξk ≥ 0, ∀ k ∈ D (9)

Here, WB and WW are the weights of best or most important
and worst or least important criteria, respectively. Also, D is
the set of the decision-maker, J is the index for criteria, and
λk is the weight of decision-maker k. The weight of criterion
j is represented by Wj. The inconsistency in pairwise compar-
isons provided by kth DM is denoted by ξk. The above model
is non-linear in nature, which is difficult to solve. So the linear
programming model of model 1 is formulated as model 2. Solving
model 2 will provide optimal weight values and inconsistency
values for each decision-maker.

Model 2:

Min ξ (10)
subject to

ξ ≥ λkξk ∀k ∈ D (11)

WB − Wj × oBj ≤ ξk, ∀ j ∈ J, k ∈ D (12)

WB − Wj × oBj ≥ −ξk, ∀ j ∈ J, k ∈ D (13)

Wj − WW × ojW ≤ ξk, ∀ j ∈ J, k ∈ D (14)

Wj − WW × ojW ≥ −ξk, ∀ j ∈ J, k ∈ D (15)∑
j

Wj = 1, (16)

Wj ≥ 0, ∀ j ∈ J (17)

ξk ≥ 0, ∀ k ∈ D (18)

Step 5. After solving model 2, the optimal values of ξk are uti-
lized to determine the consistency ratio (CRk) for each decision-
maker and further to calculate group consistency ratio (CRG) for
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able 2
onsistency index table.
oBW 1 2 3 4 5 6 7 8 9
Consistency index (max ξ ) 0.00 0.44 1 1.63 2.30 3 3.73 4.47 5.23

group decision making. A comparison is said to be fully consistent
when oBj × ojW = oBW ∀ j ∈ J . where oBj is the preference of best
riterion over criterion j, ojW is the preference of criterion j over
the worst criterion, and oBW is the preference of best criterion
over worst criterion. The reliability of pairwise comparisons has
been checked using the Consistency ratio (CRG). The formulation
for CR of kth decision-maker and the group is given by

CRk =λk
(ξ ∗

k

CI

)
∀ k ∈ D (19)

RG
=Max

k
{CRk} (20)

Where, ξ ∗

k for kth DM, is the optimal value of inconsistency ob-
ained by solving model 2. λk is the weight given to kth decision-
aker based on the expertise level. The Consistency Index (CI) is
fixed value given in Table 2 for the value of oBW given by each
M. If CRG is zero, it implies that the solution is fully consistent,

and as CRG increases, the consistency decreases.

4. Case study

As mentioned before, this paper presents the first study on
he prioritization of strategies for the COVID-19 outbreak. The
resent research work is based on the prioritization of inter-
ention strategies to tackle the COVID-19 outbreak. Decision-
aking during a pandemic outbreak has numerous challenges.
hese challenges create pressure on authorities due to high public
ttention and expectation for speedy and effective actions, un-
ertain & potential economic impact of a pandemic, and decision
omplexity due to the involvement of a multitude of criteria and
nterests of stakeholders. In this regard, the authors discussed
he step-by-step procedure of calculating weights and ranking of
trategies using the MCDM method, i.e., GBWM, as depicted in
ig. 2. The procedural steps are divided into four parts. It starts
rom defining the problem, then collecting data from the DMs,
athematical modeling of the problem and solving the models,
nd finally, result analysis. The explanation of these steps for our
ase study is presented in this section.
Initially, an in-depth study of the present condition of COVID-

9 is done on identifying the criteria, i.e., possible challenges and
trategies to handle outbreaks globally. These are selected based
n a thorough study of literature [7–9,68–71]. We have identified
en strategies that motivate us to draw a suitable plan for such
rises. A brief description and notations of criteria, i.e., interven-
ion strategies, are presented in Fig. 3. The explanation is listed
elow:

dentified strategies

According to WHO, as of 3 March 2020, the COVID-19 pan-
emic has infected about 3.43 million people, and almost 2,44,000
eople have lost their lives. The rapid spread of the virus has
tressed global health systems and prompted widespread so-
ial and economic disruption. Almost all the countries affected
y COVID-19 have started some stringent measures nationwide
o fight against the spread of COVID-19. These include stop-
ing/limiting international air travel, closing industries, offices
long with educational institutions, prohibiting large gatherings
t public places, including at religious places. However, it is not
asy to replicate the strategies of the United States and Europe
5

into developing countries as these countries cannot provide social
security for the poor, unemployed, or the daily wagers who form
the majority of the population. Similarly, it is not possible to
have large-scale testing due to the limited availability of testing
equipment. In such circumstances, the following list includes the
major measures being taken by the majority of the countries that
constitute the key list of strategies in this study.

1. Practicing Social Distancing (ST1):
The WHO has been recommending social distancing as the

most effective measure against the deadly virus for which there
is no known vaccination so far. Physical distancing measures
and movement restrictions often referred to as ‘‘shutdowns’’ or
‘‘lockdowns’’ can slow COVID-19 transmission by limiting contact
between people. Many countries have reported social distancing
as the most effective measure to contain further spread of the
Corona Virus [72–74].

2. Availability of manpower, ventilators, and personal pro-
tective equipment in hospitals (ST2):

Given the large number of infected people in many developed
countries, it is assumed that there may be a large number of
infections in India also. In such a scenario, the availability of
testing kits and ventilators in a very large number is an important
concern. Further, the availability of trained manpower besides
doctors is going to be a challenge. Private companies are con-
tinuously working on innovative ways to develop vaccines. They
should scale up the production and distribution of testing kits,
personal protective equipment (PPE), ventilators, medical oxygen
and other essential medical equipments [75–78].

3. Controlling prices and ensuring delivery/availability of
foods, medicines, and other essential items (ST3):

Controlling prices of medicines and other essential commodi-
ties is an urgent necessity as poor and daily wagers are going to
suffer the most if these are not controlled. The Government of
India has already applied the Drug Price Control Regulation for
all 24 classes of medical devices. Similar measures need to be in
place against hoarding or overpricing of groceries and other food
items. Further, regular availability of essential items to be ensured
so that people do not panic for buying or hoarding daily needed
items [79–81].

4. Financial support to poor, daily wagers, and unemployed
(ST4):

The continuous country-wide lockdown has hit the poor and
daily wagers the most. Although Central and State governments
have announced financial packages, including direct benefit
transfer to the bank accounts of such people, there are many
challenges to deliver these benefits in a large country like China,
India, USA, etc.. Further, these measures need to be enhanced
significantly as the uncertainty over job and employment can
persist months even after the COVID-19 gets over [82–84].

5. Timely providing the right information to the public for
awareness and precautions (ST5):

There is panic among common people in this time of lock-
down. Large volumes of fake news spreading like wildfires through
social media are blamed largely for this. While the Hon’ble Prime
Minister of India and other State functionaries have repeatedly
assured the public about the availability of essential goods in
the country, there are still many reports of people hoarding
food items in much larger quantities than usual. Further, it is
extremely important to inform public about the COVID-19 symp-
toms and the available challenges for them to approach or report
in the event of such symptoms [85–88].

6. Precisely measuring the overall impact of COVID-19 (ST6):
It is very challenging to measure or make an estimation of the

likely health, financial and economic impacts of COVID-19. How-
ever, it is very important for Governments to have an idea about

the impact in order to set allocation of financial resources and
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Fig. 2. Flow chart of Research methodology.
Fig. 3. Criteria to tackle COVID-19 outbreak.
lan to check against unprecedented recessions or devaluation of
he currency. A good estimation of virus growth trajectory is vital
o come up with sufficient numbers of hospital beds, quarantine
acilities, financial packages, etc [89–91].

7. Complete lockdown for a suitable time period (ST7):
So far, complete lockdown is believed to be the best strategy to

nforce social distancing and thus contain the outbreak of COVID-
9. However, it is very tricky to decide the required duration of
ockdown, as it has got financial and many other implications.
aving a large duration may be safer, but it can increase suffering
6

for citizens, particularly the vulnerable sections. Besides, contin-
uous lockdown for a very longer period will severely hit business
and industries [92–94].

8. Digital Surveillance of infected/doubtful People and their
movement in the community (ST8):

There is always a danger of the community spread of COVID-
19. In such a scenario, it requires contact tracing, that is, identify-
ing and monitoring people who have been in close contact with
someone infected. But, in densely populated urban areas, it is a
tall order. Digital surveillance may be the best alternative. Tracing
past mobile locations through GPS and, if required, tracing the
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uarantined persons through GPS or surveillance mechanism can
e done as a strong measure. However, there are ethical and legal
spects of privacy involved in monitoring movements [95–98].
9. Ensuring smooth functioning of economy (ST9):
Continuation of economic activities is must to meet the chal-

enges of providing basic amenities to a country having around
.5 billion population. The financial institutions were already in
evere stress due to Non-Performing Assets (NPAs) even before
he Corona outbreak. Complete lockdown of industries may sig-
ificantly hit the GDP rate and can ultimately lead to severe
ecession [99–101].

10. Support to banks, startups, and MSMEs (ST10):
Banks and other Non-Banking Financial Company (NBFCs)

ave landed to industries. The complete lockdown will eventually
ake it difficult for industries to pay back to banks. Similarly,
edium, Small, and Micro Industries will suffer, and that may

esult in further NPAs. Besides, MSMEs generate a large number
f jobs in the organized and unorganized sectors. The Govern-
ent should immediately consider to infuse liquidity in to these

inancial institutions to avoid a 2008 like situation that happened
ue to failure of multiple financial institutions [102–105].

ata collection

These ten identified strategies are considered as criteria that
re to be prioritized. With these criteria, we prepared a question-
aire to conduct a survey that included simple questions asking
he importance of each challenge over the others, based on the
equirement of GBWM. Data has been collected from four differ-
nt groups of decision-makers — health-workers, academicians,
ocial workers, and common citizens. It was an online survey us-
ng Google Forms. The questionnaire comprised of ten questions.
ome questions were related to the impact of the COVID-19 to
reate interest in respondents. The remaining questions are based
n the pairwise comparisons of strategies, in which decision-
akers were asked to choose the most and least challenging
rea followed by the reasons for their selections. The questions
ere asked to find the relative importance of each strategy in
omparison to other strategies.
Apparently, stakeholders from different groups will have dif-

erent viewpoints on the importance and usefulness of differ-
nt strategies. For example, health workers, academicians, social
orkers, and ordinary citizens will have different opinions on the

mportance of complete lockdown in the whole country. Their
esponses to different strategies will vary depending on their
nderstanding, knowledge, and roles in society. The responses of
rdinary citizens may differ in the way information is conveyed
nd treatment or prevention mechanisms are available to them.
n the societal aspects of diseases, a group of experts does not in-
lude the common citizens. However, in the case of pandemics, all
ypes of stakeholders are affected when measures like lockdown,
ocial distancing, etc., are enforced. Based on this, the four groups
f stakeholders (or decision-makers) have been taken into consid-
ration for the relative importance of the strategies. The survey
as executed during 1 April-2020 to 15 April-2020. A complete

ockdown was imposed in this period, which gives us an oppor-
unity to have a quick response from the stakeholders. A total
f 31 responses were received during the data collection period.
ll the responses were manually checked to identify incomplete
ntries. For the case study, we have chosen 20 responses (5 for
ach group) out of the 31 responses. The remaining 11 responses
ave been dropped from this analysis because of meaningless
nswers such as most challenging and least challenging areas are
he same, assignment of more importance to least challenging
rea than other challenging areas, which is not possible.
The most challenging area can be found by asking simple

uestions such as “As an expert, please select the most/least
7

Table 3
Ranking of strategies with respect to the group of stakeholders.
Health-workers Social workers Academicians Others

Criteria Weight Criteria Weight Criteria Weight Criteria Weight

ST2 0.1956 ST7 0.1902 ST1 0.1936 ST1 0.3287
ST1 0.1325 ST1 0.1605 ST2 0.1291 ST2 0.1077
ST3 0.1325 ST2 0.1501 ST7 0.1291 ST3 0.1077
ST7 0.1199 ST3 0.1141 ST3 0.1162 ST7 0.1077
ST4 0.0736 ST4 0.0667 ST6 0.0807 ST8 0.0769
ST5 0.0736 ST5 0.0667 ST4 0.0717 ST4 0.0769
ST6 0.0736 ST6 0.0713 ST5 0.0717 ST5 0.0598
ST8 0.0666 ST8 0.0634 ST8 0.0717 ST6 0.0598
ST10 0.0666 ST10 0.0634 ST9 0.0717 ST9 0.0397
ST9 0.0652 ST9 0.0535 ST10 0.0645 ST10 0.0353

challenging area for authorities to control the outbreak of COVID-
19.” When we have ten choices of criteria, as mentioned, user’s
choices may differ in terms of context, understanding, and knowl-
edge. Therefore case study leads to group decision making. Once
the best and the worst challenging areas are selected, the connec-
tions between the two challenges can be determined by asking
questions like “rate importance of the ith challenging area in
comparison with jth challenging areas”. While the overall goal
f each respondent while selecting challenges is to defeat the
OVID-19 outbreak, the following question was asked: “rate im-
ortance of Practicing Social Distancing in comparison to Digital

Surveillance”. With respect to each group, each challenging area,
is compared with all the other challenging areas, and responses
were collected in different tables. The importance obtained is
used to compute the weights by applying the MCDM models.
In this study, BWM is used to determine the relative weights of
each criterion. The process to compute weights of the challenging
criteria is described in the following subsection.

In Appendix A, pairwise comparisons of strategies by the
decision-makers from all the four groups are presented in tabular
form. The data has been collected in linguistic form and then
transformed in numeric form using the scale of Table 1. As already
mentioned, initially, the DM has to select the most and least
important criterion. Based on this selection further, the DM has to
compare pairwise between the best criterion with other criteria
and other criteria with the worst criterion.

Mathematical modeling and solution

The quantitative form of data is used for the mathematical
formulation of model 1 and then of model 2, as explained in the
methodology section. A total of four models for each group has
been formulated. While formulating the problem model for each
group of decision-makers, the weight λk, k ∈ D1, D2, D3, D4,
as considered equal within each group. Here, D1, D2, D3, and D4

each represent a set of five decision-makers from categories
health workers, social workers, academicians, and common cit-
izens, respectively. The mathematical models for all four groups
are formulated in Appendix B.

After formulation, the mathematical programming models are
solved for the collected data using optimization solver [106,107]
and the optimal weights of all ten strategies for each group of
DMs has been obtained. The results are presented in Table 3. For
each group of decision-makers, i.e., health workers, social work-
ers, academicians, and others (common citizens), the strategies
are ordered with respect to their rank based on their weights.
After obtaining the results, the consistency ratio has been de-
termined to check the reliability of the results. CR value for
each decision-maker in each group is determined, and then the
maximum CR value is considered for CRG. The obtained values
of ξ ∗, CR for each DM and for the group (CRG) are presented
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Table 4
Group consistency ratio (CRG)
Group CR = ξ ∗/CI CRG

Health-workers (D1) (0.4670/5.23, 0.4670/5.23, 0.4670/4.47, 0.4670/5.23, 0.4670/3.73) 0.1252
Academicians (D3) (0.4517/5.23, 0.4517/5.23, 0.4517/4.47, 0.4517/5.23, 0.4517/5.23) 0.1010
Social Workers (D2) (0.4101/5.23, 0.4101/5.23, 0.4101/4.47, 0.4101/5.23, 0.4101/5.23) 0.0917
Others (D4) (0.2096/5.23, 0.2096/5.23, 0.2096/5.23, 0.2096/5.23, 0.2096/5.23) 0.0400
in Table 4. Among groups, the least value of consistency is for
Health workers, i.e., 0.1252, and the most consistent value is
for the Others group, i.e., 0.04. The CRG value for all groups of
ecision-makers has been found consistent and acceptable.

. Results and discussion

MCDM is used to prioritize strategies while making com-
lex decisions. It helps to evaluate different choices based on
riorities of criteria determined by different groups of decision-
akers. This work identified and prioritized multiple strategies

or Governments to apply in order to contain the COVID-19
utbreak. As mentioned earlier, it is very difficult to take an
ppropriate decision during such pandemics because any such
ecision will directly or indirectly impact the whole population
f a country. In India, the outbreak of the COVID-19 can be more
estructive because of high population density. The nature of the
isease being able to spread in close contact may easily affect a
arger population. Recently, the WHO has recommended “Test,
est, and Test”. But, timely diagnosis of a large sample of the
opulation is not possible since the medical resources are less
n comparison to the requirement. In order to provide enough
solation wards for the increasing number of COVID-19 patients,
everal buildings, including hotels, schools, banquet halls, and
rain compartments, are being readied as temporary quarantine
nd treatment facilities.
For the case study presented in this paper, we identified four

ifferent groups of respondents and determined their priorities
mong different decision choices based on pairwise comparisons.
heir responses show that the preferences of different DM groups
re different. For each group, the top four criteria are Availabil-
ty, Distancing, Controlling, and lockdown. The health-workers,
ocial-workers, academicians, and other groups have combinedly
iven 56%, 61%, 54%, and 62% of weights to these four criteria,
espectively.

From Table 3, it can be concluded that according to the group
ealth-workers, “availability of medical professionals, ventilators
nd PPE” should be the most important measure against the
OVID-19 outbreak. They believe that the readiness of hospitals
nd health centers is of utmost importance to deal with infected
atients. From this, it is clear that the breakdown of the health
ystem during such a pandemic will surely put an unimaginable
oss to human lives. The second and third important strategies
rioritized by this group are the “social distancing”, and “control-
ing prices and availability of daily needs”. The second and third
trategies have equal weights. Ignoring social distancing will raise
he number of infected cases and may collapse the whole sys-
em. However, if daily needed essential items are not sufficiently
vailable, people may throng markets and shops, violating social
istancing. Therefore, these two criteria are very much related to
ach other. Without social distancing or non-availability of basic
ommodities, the situation may worsen.
For Social workers, complete lockdown is the topmost strat-

gy, and social distancing is the second important one. This may
e because they believe without a lockdown, social distancing
s not possible to implement. The lack of awareness of a large
ection of the population about this pandemic, its relation with
anitation and hygiene, as well as its symptoms, precautions,
8

Table 5
Weight set (WS) values of (λ1 , λ2 , λ3 , λ4)
WS (λ1 , λ2 , λ3 , λ4) WS (λ1 , λ2 , λ3 , λ4)

WS1 (0.1, 0.5, 0.2, 0.2) WS6 (0.5, 0.3, 0.1, 0.1)
WS2 (0.2, 0.4, 0.2, 0.2) WS7 (0.5, 0.3, 0.15, 0.05)
WS3 (0.3, 0.2, 0.3, 0.2) WS8 (0.6, 0.2, 0.1, 0.1)
WS4 (0.3, 0.3, 0.2, 0.2) WS9 (0.7, 0.2, 0.05, 0.05)
WS5 (0.4, 0.3, 0.2, 0.1) WS10 (0.8, 0.1, 0.05, 0.05)

and cure, may directly impact the effectiveness of distancing.
Therefore, a forcefully imposed total lockdown can help to keep
people within their homes and may stop the rapid spread of the
virus. For them, “availability of medical professionals, ventilators,
and PPE” is the third important criteria.

For academicians and others, social distancing and availability
are the top two priorities. They, too, believe that social distancing
is key to break the chain of virus spread. For the group aca-
demicians, complete lockdown is the third important criterion,
while for the other group, controlling prices is the third important
criterion.

Business and economy are the two least important criteria
chosen by all the four groups. That means people are least con-
cerned about the functioning of business and economic activities
in this pandemic time. But once the spread of disease comes
under control, there would be a strong requirement of kick-
starting the functioning of businesses and the economy. Partial
or graded opening of lockdown will help the economy to sustain
to some extent.

Global weights of strategies and sensitivity analysis

In Table 3, the weights obtained are local weights with re-
spect to pairwise comparisons of each group of decision makers.
However, in order to suggest an effective strategy, we need to
determine the combined or global weights of all the strategies.
That means, we need to consider the preferences of all groups
together. Also, each group may have different weightage in com-
bined decision making. This will effect the global weights of
strategies. For this, a new mathematical model based on GBWM
is formulated as follows:

Min ξ (21)
subject to,

ξ ≥ (λ1/5)ξk ∀ k ∈ D1 = {1, 2, 3, 4, 5} (22)

ξ ≥ (λ2/5)ξk ∀ k ∈ D2 = {6, 7, 8, 9, 10} (23)

ξ ≥ (λ3/5)ξk ∀ k ∈ D3 = {11, 12, 13, 14, 15} (24)

ξ ≥ (λ4/5)ξk ∀ k ∈ D4 = {16, 17, 18, 19, 20} (25)
WB − Wj × oBj ≤ ξk, WB − Wj × oBj ≥ −ξk, ∀j ∈ J, k ∈ D

(26)
Wj − WW × ojW ≤ ξk, Wj − WW × ojW ≥ −ξk, ∀j ∈ J, k ∈ D

(27)∑
j

Wj = 1, Wj ≥ 0, ∀j ∈ J (28)

ξ ≥ 0, ∀ k ∈ D = {1, 2, 3, . . . , 20}. (29)
k
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Table 6
Global ranking of strategies for weight set (λ1 , λ2 , λ3 , λ4).
WS1 WS2 WS3 WS4 WS5

Criteria Weight Criteria Weight Criteria Weight Criteria Weight Criteria Weight

ST7 0.1902 ST7 0.1902 ST1 0.1363 ST2 0.1640 ST2 0.1890
ST1 0.1604 ST1 0.1604 ST2 0.1363 ST1 0.1375 ST1 0.1329
ST2 0.1500 ST2 0.1500 ST3 0.1363 ST7 0.1323 ST3 0.1329
ST3 0.1141 ST3 0.1141 ST7 0.1363 ST3 0.1312 ST7 0.1217
ST6 0.0713 ST6 0.0713 ST4 0.0757 ST6 0.0764 ST4 0.0738
ST4 0.0667 ST4 0.0667 ST5 0.0757 ST4 0.0729 ST5 0.0738
ST5 0.0667 ST5 0.0667 ST6 0.0757 ST5 0.0729 ST6 0.0738
ST8 0.0634 ST8 0.0634 ST8 0.0757 ST8 0.0729 ST8 0.0676
ST10 0.0634 ST10 0.0634 ST9 0.0757 ST10 0.0729 ST10 0.0676
ST9 0.0534 ST9 0.0534 ST10 0.0757 ST9 0.0667 ST9 0.0663

WS6 WS7 WS8 WS9 WS10

Criteria Weight Criteria Weight Criteria Weight Criteria Weight Criteria Weight

ST2 0.1956 ST2 0.1956 ST2 0.1956 ST2 0.1956 ST2 0.1956
ST1 0.1325 ST1 0.1325 ST1 0.1325 ST1 0.1325 ST1 0.1325
ST3 0.1325 ST3 0.1325 ST3 0.1325 ST3 0.1325 ST3 0.1325
ST7 0.1199 ST7 0.1199 ST7 0.1199 ST7 0.1199 ST7 0.1199
ST4 0.0736 ST4 0.0736 ST4 0.0736 ST4 0.0736 ST4 0.0736
ST5 0.0736 ST5 0.0736 ST5 0.0736 ST5 0.0736 ST5 0.0736
ST6 0.0736 ST6 0.0736 ST6 0.0736 ST6 0.0736 ST6 0.0736
ST8 0.0666 ST8 0.0666 ST8 0.0666 ST8 0.0666 ST8 0.0666
ST10 0.0666 ST10 0.0666 ST10 0.0666 ST10 0.0666 ST10 0.0666
ST9 0.0652 ST9 0.0652 ST9 0.0652 ST9 0.0652 ST9 0.0652
Table 7
CR values for weight set (λ1 , λ2 , λ3 , λ4).
DMs (λ1 , λ2 , λ3 , λ4)

WS1 WS2 WS3 WS4 WS5 WS6 WS7 WS8 WS9 WS10

1 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
2 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
3 0.0092 0.0073 0.0073 0.007 0.00850 0.0104 0.0104 0.0125 0.0146 0.0167
4 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
5 0.011 0.0088 0.0088 0.0084 0.01020 0.0125 0.0125 0.015 0.0175 0.02
6 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
7 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
8 0.0092 0.0073 0.0073 0.007 0.00850 0.0104 0.0104 0.0125 0.0146 0.0167
9 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143

10 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
11 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
12 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
13 0.0092 0.0073 0.0073 0.007 0.00850 0.0104 0.0104 0.0125 0.0146 0.0167
14 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
15 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
16 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
17 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
18 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
19 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
20 0.0078 0.0063 0.0063 0.006 0.00730 0.0089 0.0089 0.0107 0.0125 0.0143
Table 8
Group CR values for weight set (λ1 , λ2 , λ3 , λ4).

(λ1 , λ2 , λ3 , λ4)

WS1 WS2 WS3 WS4 WS5 WS6 WS7 WS8 WS9 WS10

CRG 0.011 0.0088 0.0088 0.0088 0.01020 0.0125 0.0125 0.015 0.0175 0.02
W
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Here, λ1, λ2, λ3 and λ4 are the corresponding weights as-
igned to each group of decision-makers i.e. health workers (D1),
ocial workers (D2), academicians (D3), and others (D4), respec-
ively. The sum of all weights, λ1 + λ2 + λ3 + λ4 = 1. The
omplete set of DMs is denoted by D. A sensitivity analysis for
en sets of λ1, λ2, λ3 and λ4 has been done to determine global
eight (Wj, j ∈ J = {1, 2, 3, . . . , 10}) and ranking of strategies.
he groups of DMs have different weightage because of their
nderstanding and knowledge of the COVID-19 outbreak. The
lobal weight of strategies are determined based on multiple
eight set (WS) i.e. (λ1, λ2, λ3, λ4). An analysis has been done to
ee the variation in global weights of strategies due to change in
9

S values. A total of ten WS values are considered and presented
n Table 5 with their respective notations.

The global weights of all the ten strategies, along with their
rder of ranking, are presented in Table 6. The global weight
f strategies for weight sets WS6, WS7, WS8, WS9, and WS10
as found to be the same. In these weight sets, more than
0% weightage, i.e., λ1 = 0.5, 0.6, 0.7 & 0.8, is given to the
ealth workers. After health workers, the second-highest weight,
.e., λ2 = 0.3, 0.2 & 0.1, is given to the social workers. For these
S values, we have seen that the global weights of strategies

re equal to the local weights of strategies that are obtained for
he group of health workers. The four most important strategies
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Fig. 4. Sensitivity of each decision maker with respect to tuned weights.
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re ST2 followed by ST1, ST3, and ST7, respectively. The least
mportant strategy is ST9.

The global weights of strategies obtained for WS1 and WS2
re also the same and equal. In these two, the highest weightage
s given to social workers, i.e., λ2 = 0.5 & 0.4. The weightage to
cademicians (λ3) and others (λ4) is considered to have an equals
eightage of 0.2. Their global weights are similar but not exactly
he same as local weights. We noticed that there is a change
f ranking for strategies 4, 5, and 6. ST6 is the fifth important
trategy followed by ST4 and ST5, whereas, in local weights, ST4
s the fifth important strategy followed by ST5 and ST6. The last
hree least important strategies and the first four most important
trategies obtained are the same as the local ranking of strategies.
For WS3 i.e. (0.3, 0.2, 0.3, 0.2), we got equal weight of 0.1353

or top four strategies i.e. ST1, ST2, ST3 and ST7. Similarly, we got
n equal weight of 0.0757 for the remaining six strategies. The
ost important global strategy is ST1, and the least important
lobal strategy is ST10. For WS4 and WS5, ST2 is the most im-
ortant strategy followed by ST1. The least important strategy is
T9.
For all WS values, It has been found that ST1, ST2, ST3, and ST4

re the first four important strategies for the COVID-19 outbreak.
he last three important strategies are ST8, ST10, and ST9. The
ariation in weights among the groups, i.e. (λ1, λ2, λ3, λ4) impacts
he change in global weights and ranking of criteria. The global
eights have shown a variation when less weightage is given to
ealth workers. However, there is no change in global weights
or WS values, where more than 0.5 weightage is given to health
orkers.
To check the reliability of global weights, the consistency ratio

or each decision-maker using Eq. (19) is determined for all WS
alues and presented in Table 7. It has been found that these
atios are highly consistent and acceptable. This indicates good
eliability of global weights. The sensitivity of CR values with
espect to each DM is presented in Fig. 4. It can be seen that for all
Ms, the CR value is highest for WS6, whereas it is least for WS10.
he global CR values obtained by Eq. (20) is also presented in
able 8. The CRG for all WS values are highly consistent and better
han the CRG of Health workers, social workers, academicians,
nd common citizens presented in Table 4. It shows that the
onsistency is higher in the case of combined decisions of all
roups. The CRG is maximum for WS10 and minimum for WS2,
S3 & WS4.

. Conclusion, limitation and future direction

The aim of this study is to identify and prioritize the most
mportant criteria, i.e., intervention strategy for handling the
OVID-19 outbreak. We have identified those criteria which are
ogical and followed worldwide to tackle the COVID-19 outbreak.
o prioritize the criteria, we created an online questionnaire
ased on the methodology to collect the preferences of DMs.
e have evaluated a set of ten criteria, ranked by twenty DMs
10
elonging to four different groups. Due to conflicting criteria,
electing the best criteria is a complex MCDM problem.
This paper shows a potential application of an MCDM method

nown as the GBWM to prioritize criteria while dealing with
he novel coronavirus (COVID-19) outbreak in consultation with
ifferent stakeholders. GBWM approach can accurately handle
he qualitative opinions of stakeholders and help to make an in-
ormative decision. The method focuses on the ranking of criteria
o control the COVID-19 outbreak according to the preferences
f health workers, social workers, academicians, and ordinary
itizens. The criteria are scored and ranked based on their relative
mportance. GBWM method considers less pairwise comparisons
nd provides more reliable results. It gives freedom to analyze
esults based on the expertise level of each decision-maker.

The process followed in this work supports transparent
ecision-making and consists of elicitation and evaluation. Elic-
tation comprises of identification of criteria, i.e., intervention
trategies and choosing the MCDM method based on which the
riteria are to be evaluated. In the evaluation process, the local
nd global weights of criteria are evaluated. A sensitivity analysis
or ten different WS values of groups has been done. Results in
erms of global weights and rank of criteria are evaluated and
nalyzed for each set of WS, i.e. (λ1, λ2, λ3, λ4).
The local weights show that “Availability of manpower, venti-

ators & personal protective equipments in hospitals” and “Complete
ockdown for a suitable time period” are the most important criteria
or the group of health workers and social workers, respectively.
hereas “Ensuring smooth functioning of economy” is the least

mportant criteria for these groups. For academicians and com-
on citizens, “practicing social distancing” is the most important
riteria, while “supports banks, startups, and MSMEs” is the least
mportant criteria. It has been seen that the ranking of global
eights keeps changing as per WS values. It shows that the
lobal weights of criteria will be similar to local weights of health
orkers if λ1 is greater or equal to 0.5. The reason may be
ecause health workers are the front-line force to tackle COVID-
9 patients. Their safety and availability is the foremost thing. The
esult obtained could help the decision-makers while drawing in-
ervention strategies against the COVID-19 outbreak. The present
tudy could support complex decision-making with conflicting
nterests of stakeholders. It could help to choose the strategy
onsidering individual and combined interests of stakeholders.
The present study, however, has some limitations and points

o some future directions as well. We have considered a sample
f only twenty decision-makers from four different groups, con-
idering five DM from each group. Also, we have not considered
ecision-makers from categories such as administrators, minis-
ers, or government representatives, who play various key roles in
ecision making and effective implementations of those decisions
n any country. In the future, the sample size and expertise level
f decision-makers can be increased for further study. In this
tudy, we have prioritized a set of ten strategies. As of now, the
OVID-19 disease and its impact are less known to the world,
nd everyone is struggling to devise effective strategies. So the
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umber of strategies can be further added or removed in the
uture with respect to the development and understanding of the
OVID-19 disease. In future, this work can be further extended
y applying other MCDM methods. Further extension can be
one by incorporating uncertainty in the form of fuzzy, hesitant
uzzy, intuitionistic fuzzy, neutrosophic fuzzy, or probabilistic
nformation. A comparison with this work may provide more
nsight.
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