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Abstract

The world has been challenged since late 2019 by COVID-19. Higher education institu-
tions have faced various challenges in adapting online education to control the pandemic
spread of COVID-19. The present study aims to conduct a survey study through the inter-
view and scrutinizing the literature to find the key challenges. Subsequently, an integrated
MCDM framework, including Stepwise Weight Assessment Ratio Analysis (SWARA) and
Multiple Objective Optimization based on Ratio Analysis plus Full Multiplicative Form
(MULTIMOORA), is developed. The SWARA procedure is applied to the analysis and
assesses the challenges to adapt the online education during the COVID-19 outbreak, and
the MULTIMOORA approach is utilized to rank the higher education institutions on hesi-
tant fuzzy sets. Further, an illustrative case study is considered to express the proposed
idea’s feasibility and efficacy in real-world decision-making. Finally, the obtained result is
compared with other existing approaches, confirming the proposed framework’s strength
and steadiness. The identified challenges were systemic, pedagogical, and psychological
challenges, while the analysis results found that the pedagogical challenges, including the
lack of experience and student engagement, were the main essential challenges to adapting
online education in higher education institutions during the COVID-19 outbreak.

Keywords Adapted online education - Higher education institutions - Hesitant fuzzy sets -
Multi-criteria decision making (MCDM) - Fuzzy sets

1 Introduction

The world has been challenged since late 2019 by the COVID-19 detected in Wuhan,
China, for the first time. Although the number of people infected by coronavirus was rapid
growth since then, the world leaders initially disregard COVID-19. As a result, it became a
pandemic having considerable adverse effects on economics, education, people’s life, etc.
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(Gossling et al. 2020). Also, there are two main strategies for fighting with COVID-19,
including lockdown and social distancing, which are implementing by the world’s author-
ities, while each of the mentioned strategies may affect many aspects of people’s lives,
especially their daily interactions and education system (Lau et al. 2020). On top of that,
the education system is on the front line since it is believed the knowledge is the main fac-
tor to know the way of beating COVID-19, while knowledge transferring happens based on
a new form of education named online education (Grammegna 2020). The shortcomings
of the world education system as to online education have been revealed so that most uni-
versities in the world have to tackle various challenges to complete their unfinished semes-
ter (Naciri and Kharbach 2020). For instance, Iranian universities and schools closed on
March 5, while not only the number of appropriate platforms for online education was not
enough to deal with the situation, but also there was a high number of technical challenges
which both the government and students have been encountered (Bizaer 2020). On top of
that, many teachers and students do not have the technological know-how to face problem-
atic situations to adapt to online education. Also, they have to use online platforms as only
means of teaching, while these platforms were utilized as supplementary teaching material.

Besides, the development of online education has internationally improved in light of
communication and information technologies. Recently, higher education providers offer
online courses both on and off-campus in response to this trend in the world. Due to online
education benefits, including adjustable speed of study, more affordable tuition fees, and
greater cultural diversity, many students tend to enroll in online classes (Damary et al.
2017). However, some growing concerns have remained, including a lack of appropriate
materials and a lack of suitable interaction tasks, and so on. As a result, it negatively affects
students, especially the international students, since they may face various challenges,
including those challenges related to existing differences between social communication
in online learning environments (Rovai and Barnum 2007). In this vein, institutions should
handle different challenges to use online platforms to resume their incomplete programs.
Thus, a comprehensive framework of challenges is needed in which the importance of the
challenges is evaluated using a novel MCDM method to help institutions deal with the cur-
rent problematic situation.

The present study’s main contributions are, first, developing a comprehensive frame-
work in which the challenges of adopting online education during the COVID-19 pan-
demic are included. Second, even though several MCDM problems have been developed
under the environment of HFSs, there is no study on developing the integrated framework
with Step-wise Weight Assessment Ratio Analysis (SWARA) method and Multi-Objective
Optimization based on Ratio Analysis Plus Full multiplicative Form (MULTIMOORA)
approaches over hesitant fuzzy information. Third, there is no study in which HF-SWARA-
MULTIMOORA was employed to estimate the criteria weights and rank the institutions
for adapting online education to control the pandemic spread of COVID-19, especially in
Iran. To this end, the present study aims:

e To identify the main challenges of adopting online education during the COVID-19
pandemic

e To propose an integrated framework is introduced within the context of HFSs to handle
the complex MCDM problems

e To determine the most critical challenges of adapting online education during the
COVID-19 outbreak using the SWARA model

e To rank higher education institutions during the COVID-19 outbreak using The MUL-
TIMOORA method
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e To express the applicability and usefulness of the developed integrated framework
within the HFSs context through an empirical study
e To validate the results through comparative analysis with existing methods.

2 Literature review
2.1 Status of online education during COVID-19 pandemic

A majority of individuals can easily access the new knowledge and work remotely through
online platforms. To be specific, online education comprising learning management sys-
tems, mobile learning, and so on can engage different students (Romero-Rodriguez et al.
2020). However, the course developers and the governments have been faced the chal-
lenges of constructing a learning atmosphere in which the learning process and students’
assessment happens appropriately, while it is both content and community-centered
(Anderson 2008). Furthermore, there is no standard mean of online learning, nor a specific
framework, dictating the type of communication, which is suitable for all learners in dif-
ferent fields. Instead, Instructors should extend their knowledge and skills to respond to
curriculum and students’ needs by extending a set of online education tasks adaptable to
various student needs. Surprisingly, online education has become an inseparable part of the
education system, especially in training and higher education (Anderson 2008). Although
the number of institutions that have adapted their education system with online platforms
is not noticeable, the number of students and higher education providers attracted to online
education is growing exponentially, especially during the COVID-19 pandemic (Anderson
2008; Huang 2020).

Zapalska and Brozik (2006) mentioned an interest in online education has been increas-
ing in recent years by the advent and development of the internet worldwide so that it was
predicted that the education landscape would be changed (Zapalska and Brozik 2006),
while COVID-19 boost the utilizing the online platforms these days (Cecilio-Fernandes
et al. 2020). However, since online education is dependent on new technologies has been
changing rapidly so that the effectiveness of online education may be over shadowed by
technological innovation. Furthermore, there are many different learning styles for students
(Zapalska and Brozik 2006). For instance, some may learn more effectively by listening
and watching, while others may learn by reading or performing some physical activities so
that considering variant styles of learning in online education is vital. Nevertheless, due to
online education limitations, such as not having practical sessions (Longhurst et al. 2020),
it is challenging for adapting online education with learning styles.

Besides, it is reported that near 1.723 billion students in the world have been influ-
enced owing to school closures in regards to the pandemic, while teachers, parents, and
universities have been affected as well (Mustafa 2020). As mentioned, many universities
have shown interest in using online education to resume their classes remotely during the
COVID-19 pandemic. In China, for instance, near 2163 and 1824 online courses have been
launched for undergraduate and graduate students, respectively, in the perking university
to operate teaching typically, while near 45,000 students have to stay at their homes or
dorms (Bao 2020). However, the Chinese government never set country-wide rules in uni-
versities’ closures, while other countries such as the US, Brazil, Canada, and Russia do
the same (Crawford et al. 2020). Although some universities’ opportunities to boost their
online courses during COVID-19 crises (Vlachopoulos 2020), some universities in some
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countries such as Jordan encounter many challenges. For example, in Jordan, the number
of technology solutions supporting online teaching is low. This is due to the fact; there is
not enough time to design a coordinated strategy for dealing with these crises in the world
(Crawford et al. 2020).

Furthermore, some scholars have been researched in the field of online education dur-
ing the COVID-19 pandemic. (Zayapragassarazan 2020) researched to investigate the
strategies for engaging students in online medical education. He concluded that behavioral
indicators should have effective online education, especially in medical education. There
is a wide variety of activities that both instructors and students can do, including obser-
vational learning behaviors and Practical learning behaviors. (Dwidienawati and Musrin
2020) carried out research to find the factors affecting e-learning performance and satisfac-
tion regarding students who have to attend online education due to COVID-19. The results
indicated that service quality is one factor that has a considerable effect on students’ sat-
isfaction. (Longhurst et al. 2020) used Strength, Weakness, Opportunity, Threat (SWOT)
analysis to find the challenges and opportunities of online education in anatomical educa-
tion in the UK and Ireland. The results indicated that there are seven opportunities, includ-
ing the development of new online resources, academic collaboration, free access to online
resources, incorporation of mix learning in development, working remotely, while there
are nine challenges, including issues with assessment, time constraints of bsuspensionody
donor program.

2.2 Challenges of adapting online education in response to COVID-19 pandemic

Higher education institutions have been challenged by students’ growing interest in online
education to redesign their pedagogical, organizational, academic, and cultural structures
to employ new learning and teaching methods (Howell et al. 2004). Similarly, both instruc-
tors’ roles and the nature of teaching have altered due to the diversity of online courses
offered by different institutions (Bennett and Lockyer 2004). On the other hand, a major-
ity of students have faced many challenges during the COVID-19 pandemic. In this sec-
tion, the challenges of adapting online education in response to the COVID-19 pandemic
include systemic challenges, pedagogical challenges, and psychological challenges.

2.2.1 Systemic challenges

Systemic challenges are related to all challenges which stem from the weakness of techno-
logical systems, economic, policies, etc. The systemic challenges comprise a lack of tech-
nical support, lack of online technologies, cost constraints, and lack of policies for online
courses. In the following, the mentioned systemic challenges are presented.

2.2.2 Lack of technical support

Students may become frustrated due to technical problems, while it can affect learning neg-
atively. On top of that, reliable and accessible technical support is vital in assisting learn-
ers so that organizations and institutions should develop appropriate technical support (Liu
et al. 2005). Also, appropriate technical support affects students’ participation in online
programs effectively (Shamsy 2014). Nevertheless, it is difficult to provide technical sup-
port, mostly when students’ vast verity should be supported in the COVID-19 epidemic
(Longhurst et al. 2020).
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2.2.3 Lack of online technologies

Although the advantages of online education due to technology development, Techno-
logical challenges are considered fundamental challenges in the online education system
(Arbaugh 2005). Many difficulties may arise due to the existing limitation in terms of the
technical capability of the platforms and software (Gillett-Swan 2017). Furthermore, the
main technological challenge during the COVID-19 pandemic maybe the lack of appro-
priate platforms for online education. For example, it is reported that almost 10% of the
learners have an appropriate platform for online education in University Grants Commis-
sion (UGC), while near 62% of learners were utilizing WhatsApp to share academic inputs
(Babu and Jayakumar 2020).

2.2.4 Cost constraints

Online education costs are different from traditional education, though it is believed that
online education can reduce costs (Bates and San Francisco 2001). Two types of costs
should be considered, including the cost of online education technologies, the cost of dis-
tributing and receiving knowledge (Rumble 2004). As mentioned, online technologies are
needed to provide online education so that institutions, instructors, and students should
provide appropriate technologies having a considerable cost for them. Besides, it cost insti-
tutions to provide web-based materials, while distributing and receiving these materials
through the internet have cost for institutions and students, respectively (Rumble 2004).
Therefore, cost constraints is an important challenge in online education, while almost
many students go for online education doe to COVID-19 pandemic so that it may cause a
rise in online education cost for institutions, students and even the government.

2.2.5 Lack of policies for online education

Having a clear understanding of the expectations in an online class form, both instructors
and students are necessary; therefore, clear policies and standards are required (Lloyd et al.
2012). Online education policies also comprise various issues, including policies related to
students’ privacy, email, and assignments. On top of that, the appropriate policies related
to online discussion, software standards, and intellectual property (Waterhouse and Rog-
ers 2004). Therefore, it is undeniable that policymakers in institutions or the government
should set good policies to determine online classes (Lloyd et al. 2012).

2.2.6 Pedagogical challenges

There are some challenges in learning, such as reduced quality of resources, or lack of
teaching experience, and so on, presented in this section. The pedagogical challenges com-
prise the quality of materials, lack of experience, online assessment, student engagement,
and practical classes. In the following, the mentioned pedagogical challenges are presented.
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2.2.7 Quality of materials

Esfijani (2018) mentioned that one of the most critical indicators in online education
quality is resource quality. Quality of resources can be evaluated by the quality of their
content, course structure, and learning management (Esfijani 2018). To be more spe-
cific, courses’ materials should be well-designed, accessible, user friendly, interactive,
and so on (Esfijani 2018). However, during the COVID-19 pandemic, it is arduous to
design a course properly due to the time constraints and the lack of experience, while
the experience of online education should be rich both affectively and intellectually
(Kebritchi et al. 2017; Longhurst et al. 2020).

2.2.8 Lack of experience

Planning and preparing course materials is one of the essential responsibilities for
instructors, while they may encounter various challenges in terms of producing and
adjusting new materials from traditional classes to online classes (Li and Irby 2008).
Also, institutions may never provide training and support for instructors so that courses’
content transition from traditional to online may be challengeable (Kebritchi et al.
2017); furthermore, since online education depends on technology so that the quality of
pedagogical experiences in online education are influenced by technology (Evans et al.
2008).

2.2.9 Online assessment

Longhurst et al. (2020) mentioned that almost 30% of institutions do not have pre-exist-
ing summative assessments concerning useful content, while over 40% of universities
have been canceled their assessment in response to COVID-19 (Longhurst et al. 2020).
Also, online education’s assessment process is entirely different since this process hap-
pens not in a physical space and both instructors and students are far from each other.
Simultaneously, (Jacobs 2014) mentioned that assessment methods that determine stu-
dents’ progress are crucial in the online education system (Kebritchi et al. 2017).

2.2.10 Student engagement

It is believed that student engagement may be reduced in online education due to the
existed differences in the learning environment and course materials (Jaggars 2014). For
instance, many instructors may use a long video to teach; however, it is considered a
potential threat in online education, negatively affecting student engagement (Longhurst
et al. 2020). Also, the massification of higher education through online education might
impact the students’ motivation (Trow 2007) so that it is challenging to maintain stu-
dents’ engagement in online classes during the COVID-19 pandemic since most stu-
dents have to intend online classes (Longhurst et al. 2020).

2.2.11 Lack of practical classes

Some disciplines have practical sessions in their semester curriculum, while it seems
to be impossible to have these types of classes in online education. For instance, near
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half of the universities offering anatomical classes are concerned about cadaveric expo-
sure and practical sessions (Longhurst et al. 2020). On top of that, practical sessions
create a window of opportunities for students to retain knowledge, and it affects stu-
dents’ engagement so that the lack of practical sessions may decrease the efficiency of
the learning process (Spiceland et al. 2015).

2.2.12 Psychological challenges

Psychological challenges stem from those factors which have effects mentally or emotion-
ally. Psychological challenges comprise lockdown pressure during the COVID-19 pan-
demic, time pressure, and fear of digitalization. In the following, the mentioned psycho-
logical challenges are presented in detail.

2.2.13 Lockdown pressure

Kazmi et al. (2020) concluded that psychological distress had been created among people
due to the Covid-19 pandemic. Since they have been forced to stay at home owing to the
existed restrictions due to COVID-19. People may feel a lack of control in their everyday
life and routines since it is admitted they are going through a disaster owing to COVID-19
lockdown. As a result, the youth encounter uncertainty regarding their professional life or
learning process since they are afraid of getting infected (Kazmi et al. 2020). Also, it is
reported that people think that they cannot perform their duty correctly or deal with prob-
lematic situations in crucial time so that it may reduce their motivation having adverse
effects on different aspects of their life, including education (Jadhav 2020).

2.2.14 Time pressure

The materials’ quality and effectiveness may be affected by time constraints due to the fast
pace of COVID-19 spreading. At the same time, it is reported that a majority of universi-
ties, near 60 percent during the COVID-19 pandemic, were concerned about time pressure
involved in preparing new materials for online classes to take the place of lectures and
practical sessions (Longhurst et al. 2020). Furthermore, instructors should take much time
to learn how to utilize technologies in online education, while creating materials for online
education may take three times as much work compared to face-to-face education (Gewin
2020).

2.2.15 Fear of digitalization

Students may feel disconnected and isolated in online education affecting learning (McIn-
nerney and Roberts 2004). The sense of identity among students influenced by learning’s
community since students co-create their identity through interacting socially within a
community (Koole 2014). Thus, to build knowledge effectively, improving the sense of
belonging is vital, while it may be challenging in online education (Kebritchi et al. 2017).
Although digitalization in higher education gets instructors and students this chance to
communicate virtually (Strielkowski et al. 2020), most of them, even the youth who are
often online, are not ready for online education. Therefore, they would rather be in a face-
to-face class than in a virtual one (Strielkowski 2020). (Table 1) provides information
about the challenges of adapting online education during the COVID-19 pandemic.
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3 Research method
3.1 Preliminaries

In the decision-making procedure, the Decision-Makers (DMs) might assess the belonging-
ness degree (BD) of an object to a set of various distinct degrees in numerous real-life cir-
cumstances because of their attention, time restrictions, and deficiency of information. For
example, suppose a DM group is expressed in offering the BD of individual opinion to an
adult age group. In that case, the first one wishes 0.55, another 0.60, and the last one does
not recommend the BD due to the time restrictions and deficiency of knowledge/informa-
tion/data. To handle this concern, Torra (2010) and Torra and Narukawa (2009) pioneered
the idea of HFSs, which offers the BD to comprise several different evaluation degrees
(Torra 2010; Torra and Narukawa 2009). As the extension of fuzzy sets (FSs), HFSs are
recognized as useful and eminent environments to tackle real-life situations’ ambiguity. It
is represented by a BD and signified by a set of possible degrees. Recently, it is worth
mentioning that the HFSs have powerfully related to the existing FSs, namely, Intuitionis-
tic Fuzzy Sets (IFSs) (Atanassov 1986), Type-2 Fuzzy Sets (T2FSs) (Zadeh 1975), Fuzzy
Multi-Sets (FMSs) (Yager 1986). Several MCDM techniques have been developed in the
HFSs context (Li et al. 2020; Mishra et al. 2019a). Mishra et al. (2019a) proposed a Shap-
ley function-based HF-Complex Proportional Assessment (COPRAS) approach to handle
the correlative MCDM problems for HFSs. Xu and Zhang (2019) presented an outline of
group decision-making implementations from three different aspects of HFSs (Zhao et al.
2017). Mishra et al. (2019b) suggested an integrated HF-WASPAS method to choose an
ideal green supplier for HFSs (Mishra et al. 2019b).

Definition 1 (Torra 2010): Given a discourse set ¥ A HFS R on Y is defined by the func-
tion A,(y) implemented to Y, which maps a finite subset of [0,1], is denoted by.

R={(y.hz(y) : yeY}, (1)

where 71,(y) denotes a set of various degrees in [0,1], illustrating the feasible membership
degrees of an object y € Y to R. For ease of simplicity, 71x(y) is defined as the hesitant
fuzzy number (HEN), which holds 7iz(y) = {l TI1E hR(y)}.

Definition 2. (Torra 2010; Xia and Xu 2011): Assume that &, i, i, € HFNs(Y), then the
fundamental laws on HFNs are discussed as below:

(). 1 = Up(1 =1}

(). Ay Uhy = U, ep 1 en, MAX {11, 12};

(iii). By N Ay = N, cp en, Min {1, 15 };

(iv). Ah =V, {1 = (1 ="}, 1> 0;

). h* =U{1*}, 4> 0;

VD Ay @y = Uy ep en i+ b= tib}:

(ViD)- 71y @ 1y = VU, ep, e, 1hiiag

Definition 3: In HFS, the score function of the element % is described as.

Sh= = 3 @

h
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Here, g;, denotes the number of objects in /. For any HFNs 72, and 7,,if S(7,) > S(,),
then i1, > h,;if S(y) = S(h,), then A, = h,.

In various cases, the above-discussed comparison law does not hold good. To handle
this concern, (Liao et al. 2014) initiated a variance concept to compare the HFSs.

For an HFE #, the variance function of the element 7 is given by

1 2
) = A X en (5= 5) 3)

Based on S(%) and 9(7), a systematic procedure is derived as follows:
IfS(h,) > S(h,), then iy > hy;

IfS(h) = Sghz , then.

if9(h,) > 9(h,), thenh, < hy;

if&Ehlg = 19Eh2),then hy = h,.

Definition 4. (Liao et al. 2014; Xia and Xu 2011): Consider a set of HFNs

H= { hy, hy, ..., hn}, then the Hesitant Fuzzy Weighted Average (HFWA) and geometric
(HFWG) operators are defined as.

HFWA(hl’ hy, s by) = @ 0N =V, e nen,..1eh, {1 - H (1 - lj)wj }, 4)

HFWG(hl’ h2”"’hn) = ® (h])w] = Ullehl,lzehz,m,l”ehﬂ {H (lj)mj}' (5)

Definition 5: Let R € HFS(Y). Then, an entropy measure defined by (Mishra et al. 2019a),

is as follows:
., ) oli o(l,—j+1)
e(R) = 1 Z 1 i { hR(])(yi) A hy " () } (6)
n&h S h;(i) (v;) v h;(lz_jﬂ)(yi)

Definition 6: Let R, S € HFS(Y). Then, an entropy measure defined by (Xia and Xu 2011),
is as follows:

n I
D(R,S) = ,11 D zl >

i=1] "%y j=1

(i) = 17 () | | )

4 Proposed hesitant fuzzy SWARA-MULTIMOORA method

This section develops a novel decision-making framework, named hesitant fuzzy
SWMOORA (HF-SWARA-MULTIMOORA), to tackle the MCDM problems within the
HFESs context. For the development of the proposed MULTIMOORA method, the notions
and operations of the HENSs, score function, and entropy measure are utilized within the
framework of HESs. The computation process of the developed approach is presented by.
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4.1 Step 1:Originate the option and criteria

A set of # DEs {B1 ,B,, ..., Bf} determines the sets of 'm’ alternative {Ul, U,,..., Um} and

o criteria {7}, T,, ..., T, }, respectively. Assume that Z = <zl(f)) ,i=1m,j=1)n
Xn

be the Hesitant Fuzzy Decision Matrix (HF-DM) specified by k{'ﬁ expert, where 2% means

i

the assessment of an option U; concerning a criterion 7} in terms of HFNs for k™ expert.

4.2 Step 2: Determine crisp DMs weights

The formula for the determination of k™ expert weight is as follows:

4= 4ze®) gy

E(1-e(n)) ®)

4.3 Step 3: Calculate the aggregated HF-DM (AHF-DM)
In MCDMV, it is essential to aggregate the individual matrices into a single decision matrix.

To aggregate the matrices, the HFWA operator is applied and then P = (fij) , is the
required aggregated HF-decision matrix where

14
®)*
& = Unennenen 3 1= [T (1=27)" - ©)
k=1

mX

4.4 Step 4: Evaluating the criteria weights using the SWARA method

Kersuliene et al. (2010) studied a novel SWARA method for the computation of subjec-
tive criteria weights in the process of MCDM (KerSuliene et al. 2010). This approach has
lesser computational difficulty in comparison with other weight-determining approaches.
Just a while ago, the SWARA method has widely been utilized in several MCDM prob-
lems. (Rani et al. 2020) studied a hybrid method by employing SWARA and VlseKrit-
erijumska Optimizacija I Kompromisno Resenje in Serbian (VIKOR) approaches to deal
with eco-industrial thermal power plant selection problem within the single-valued neu-
trosophic fuzzy environment. (Mishra et al. 2020) presented an integrated approach using
SWARA and COPRAS approaches for the selection of bioenergy production technol-
ogy alternatives. (Rani et al. 2020) developed an MCDM framework with SWARA and
VIKOR methods for solving the Solar Panel Selection (SPS) problem within the Pythago-
rean fuzzy environment. (Mardani et al. 2020) proposed integrated SWARA and WASPAS
under the hesitant fuzzy environment to evaluate the digital health interventions to control
the COVID-19 pandemic.

Ranking the criteria is the first step of The SWARA method and compares pairwise
direct highest to lowest-ranking criterion. Subsequently, a relative coefficient should be
calculated. Next, the weight which is required for dealing with MCDM problems should be
evaluated. In the following, the steps of the criteria weight’s evaluation using SWARA are
presented:

@ Springer



192 M. K. Saraji et al.

Step 4.1: Compute the crisp numbers. Score degrees S(&;) of HFNs are computed
based on Eq. (2).

Step 4.2: Determine the criterion ranking order. According to DE’s choice, all criteria
are arranged, from the best to the slightest essential degrees of criteria.

Step 4.3: Assess the degree of comparative importance. The comparative importance is
determined from the second place’s criteria, and the succeeding importance degree is
determined to compute the criteria differences.

Step 4.4: Evaluate the comparative coefficient. The number k; is discussed as

1 s+ 1
= 9 j 9
b {s,+1,j>1, (10)

wherein s; denotes the comparative significance of score value (KerSuliene et al. 2010).
Step 4.5: Compute the criteria weight. The value of p; is estimated by

I, j=1
pi=q ke s (n

k.

7

Step 4.6: Compute the weighted degree. By using the recalculated values p;, the criteria
weights are estimated as

Pj
Wi = : 12
Z;‘=1 Dj (12)

Next, the Multi-Objective Optimization based on Ratio Analysis (MOORA) pio-
neered by (Brauers and Zavadskas 2006), is one of the practical and renowned MCDM
methods, which contains Ratio System (RS) and Reference Point (RP) model. To increase
the MOORA framework’s robustness, (Brauers and Zavadskas 2010) developed a new
approach and named as MULTIMOORA, which contains three components: the RS, RP,
and the Full Multiplicative Form (FMF) procedure. As compared to Analytic Hierarchy
Process (AHP), Technique for Order of Preference by Similarity to Ideal Solution (TOP-
SIS), VIKOR, Preference Ranking Organization METHod for Enrichment of Evalua-
tions (PROMETHEE), Linear Programming Technique for Multidimensional Analysis of
Preference (LINMAP) and ELimination Et Choice Translating REality (ELECTRE), the
MULTIMOORA framework has more superior stability, easy mathematical expressions,
less computation time and strong robustness (Brauers and Zavadskas 2012). Based on the
MULTIMOORA approach’s advantages, several authors have focused their attention on the
developments and applications of the MULTIMOORA framework (Liao et al. 2019; Zhang
et al. 2019).

4.5 Step 5: Compute the rank of the options-based on the RS procedure

The given sub steps can articulate the preference order of the options and the assessment of
the best option-based on RS procedure:

Step 5.1: Estimate Y," and Y, by applying Hesitant Fuzzy Weighted Aggregation Opera-
tor (HFWAO) as
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Yl+ = Utlehlslzehl"””HEhn {1 - H (1 - gl])wj }’ (13)

JET,

Y7 =V en.nen,...,en, {1 - H (1 B flj)wj}. "

JET,

where Y;r and Y} are the significance of the option i achieved-based on benefit-type and
cost-type criteria, respectively.
Step 5.2: Calculate the y; and y; by utilizing Eq. (2) as

¥ =S(¥f)andy; = S(¥7) (15)
Step 5.3: Assess the overall significance for each option and is given by
vi=y =i (16)

Step 5.4: Evaluate the ranking order of the options and choose the best option.

4.6 Step 6: Compute the rank of the options-based on the RP procedure.

The rank of the options and the choice of the best option based on the RP procedure can be
discussed as follows:

Step 6.1: Choose the RP. Here, each coordinate of the reference point r* = {rT, r;‘, . r:}
is an HFN rj’f‘ whose values are determined as follows:

= for cost criterion T, forj = 1(n. amn

max fij, for benefit criterion T,
F 1
ij7

min ¢
1

Step 6.2: Calculate the differences from each option to the given coordinates of the RP
as follows:

Dij:w.i(D( ”rl*>) (18)

where D, is the discrimination measure and is computed by Eq. (7).
Step 6.3: Estimate the maximum distance of each option and is given by

d,=maxD;;i=1(1)m.
i = max Dy i = 1(1m (19)

Step 6.4: Evaluate the ranking order of the options and choose the best option.

4.7 Step 7: Compute the rank of the options-based on the FMF procedure.

The rank of the options and the choice of the best option based on the FMF procedure can
be discussed as follows:
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Sub-step 7.1: Estimate A; and B, by applying HFWGO as

A=V, en, neny,..nen, {H (&)" } (20)

JET,

Bi = Ul1€h1312€h2m.4,1n€h,, {H (gl])wj }’ (21)

JET,
where A; and B; are HFNs.
Sub-step 7.2: Calculate @; and f; by using the score function as follows:

@, = S(A;)and g, = S(B;). 22)

Sub-step 7.3: Determine the overall utility for each alternative as follows:

a;

u; = E (23)

Sub-step 7.4: Evaluate the ranking order of the options and choose the best option.

4.8 Step 8: Determine the final ranking order of the alternatives.

Normalizing the RS, RP and FMF scores of options by vector normalization, we obtain yf,
d:, and u?, respectively. The assessment value of alternative by Improved Borda Rule (Wu
et al. 2018) is obtained by

L om=e) L () L omoplw)+1
W(P) =3 G 7 4 G v T ey O™
(24)
where y* = 4, and p(y?), p(d;), and p(u}), are the final rank set of RS, RP and

VZIL )

FMF approach, respectively. The best alternative has the maximum value of I, (Pi).

5 Results

Tables 2 and 3 present the Linguistic Values (LVs) and their corresponding HFNs for the
rating of the relative importance of criteria and options in terms of the MCDM problem,
respectively. Due to the lack of information, time limitation, and qualitative nature of con-
sidered criteria, it is effortless for the DEs to lucid their judgments with linguistic values
(Mishra et al. 2019b).

Let us consider the weights of DEs in the forms of LVs and are given as {H, VH, M}.
Therefore, by using Table 2, Eq. (6) and Eq. (8), the crisp weights 4,: 1, 2, 3 of DEs are
obtained asAl = 0.3349,A2 = 0.3456,A3 = 0.3195. The HF-decision matrices given by
DEs B, (k=1, 2, 3) can be obtained in Table 4 in the form of

Z= (z(f‘)) ,i = 1(1)6,j = 1(1)12 given as.
6x 12

@ Springer



An extended hesitant fuzzy set using SWARA-MULTIMOORA approach... 195

Table2 LVs for the significance

L HF DE:s risk pref
of criteria and DEs Vs N S [15% preference

Pessimist  Moderate ~ Optimist

Very high (VH)  [0.85,1.00] 0.85 0.925 1.00
High (H) [0.70,0.85] 0.70 0.775 0.85
Medium (M) [0.55,0.70] 0.55 0.625 0.70
Low (L) [0.40,0.55] 0.40 0.475 0.55
Very low (VL) [0.25,0.40] 0.25 0.325 0.40

Table 3 Linguistic variables for the importance of criteria and options

LVs HFNs DE:s risk preference
Pessimist Moderate Optimist

Extremely preferable (EP) [0.90, 1.00] 0.90 0.95 1.00
Strong preferable (SP) [0.75, 0.90] 0.75 0.825 0.90
Preferable (P) [0.60, 0.75] 0.60 0.675 0.75
Moderately preferable (MP) [0.50, 0.60] 0.50 0.55 0.60
Moderate (M) [0.40, 0.50] 0.40 0.45 0.50
Moderately undesirable (MU) [0.30, 0.40] 0.30 0.35 0.40
Undesirable (U) [0.20, 0.30] 0.20 0.25 0.30
Strong undesirable (SU) [0.10, 0.20] 0.10 0.15 0.20
Extremely undesirable (EU) [0.00, 0.10] 0.00 0.05 0.10

The judgment provided by three DEs has been aggregated utilizing Eq. (9), Table 3 and
then create AHF-D matrix P = (éij) taking into effect the importance of individual
DE and are provided in Table 5.

For the SWARA procedure, the character of the experts is a significant part of the
assessment of criteria weights. The expert gives the preferences of every criterion-based
on their implicit knowledge and experiences (see Table 6). From Table 7, the criterion with
the highest significance degree is depicted as the first rank, and the criterion with a less sig-
nificant degree is mentioned as the last place. Hence, the subjective weights of criteria are
computed-based on Eqgs. (10)-(12) and Table 7, given as

6x12’

w; = {(0.0846, 0.0855, 0.0711, 0.0794, 0.0806, 0.0902, 0.0860, 0.0922,
0.0866, 0.0802, 0.0869, 0.0767)}

The ratio system model of HF-SWARA-MULTIMOORA approach for the universities
is evaluated by Eq. (13)-Eq. (16) and shown in Table 8.

The results of the hesitant fuzzy reference point objective for the considered universities
are estimated by using Eq. (17)-Eq. (19) and presented in Table 9

rj’f ={0.310, 0.299, 0.404, 0.304, 0.560, 0.427, 0.670, 0.783, 0.677, 0.499, 0.639, 0.493}.

The hesitant fuzzy full multiplicative form objective based on distance measure for the
considered universities is computed by using Eq. (20)-Eq. (23) and given in Table 10.
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Table 4 Linguistic values for

criteria performance given by Criteria DEs Y U Us s Us Ye
DEs T, B, SU SU U p sU P
B, P SuU M MP P U
B, P MP M P M SU
T, B, M 6] P M P SU
B, P MU P M M MP
B, P 6] MU P P U
T, B, U M M MP P M
B, M P U M U P
B, M P M P MU SU
T, B, M MU U M P M
B, M 6] P 6] U P
B; P SU MU 6] M MU
T B, M M MU M P M
B, MP MU U MU P P
B, M SU M Su MU M
Ty B, P P M MU SP SP
B, M P M U M U
B, P M SP P 8] M
T, B, MU SP M MU SU P
B, P M SP SU M MU
B; SP SP P M M SU
Ty B, SP EP P SP MU MP
B, M SP SP P P P
B, SP P P M SP M
Ty B, P EP SP MU P P
B, SP M M U MU M
B, P MU 8] M M M
T B, M P P 6] P Sp
B, M M MP P M M
B, SP P M P U U
T, B, M M M SP MU P
B, P MU P MU P M
B, SP P M P U SP
T, B, U P M P P M
B, SP SP SP M MP U
B, P 6] P M P P

The summarization of all objectives obtained by the HF-SWARA-MULTIMOORA
approach is performed by applying the improved Borda rule, given in Eq. (24) are pre-
sented in Table 11.

Finally, the overall ranking of the option is U, > U; > Uy > Us > Ug > U,.; thus,
the optimal option is U,.
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Table 5 AHF-D matrix for the

University over criteria Y Uz Us s Us Ye
T 0.591 0.310 0.418 0.607 0.453 0.319
™ 0.579 0.299 0.571 0.516 0.551 0.481
T3 0.404 0.579 0.404 0.533 0.445 0.461
T4 0.485 0.304 0.470 0.352 0.465 0.510
Ts 0.498 0.384 0.384 0.376 0.560 0.550
T6 0.579 0.595 0.557 0.427 0.541 0.543
B 0.591 0.670 0.641 0.384 0.391 0.423
T8 0.680 0.783 0.677 0.644 0.618 0.518
To 0.677 0.670 0.541 0.304 0.461 0.488
TI0 0.583 0.579 0.549 0.544 0.499 0.571
Ti 0.639 0.518 0.550 0.620 0.469 0.602

TI2 0.610 0.587 0.641 0.517 0.607 0.493

Table 6 Linguistic values for

criteria performances Criteria ~ LVsis given by DEs  HFNs is given by DEs S(gjk/.)

B1 B2 B3 Bl B2 B3
- SU P P 015 0675 075 0583
- M P P 050 0675 075 059
- U M M 025 045 050 0404
- M M P 040 045 075 0518
s M MP M 045 055 060 0533
6 P P P 06 0675 0675 0647
. U PSP 025 0675 075  0.600
T8 SP M SP 075 045 075 0670
0 P MP P 060 055 0675 0.607
10 U P MP 030 0675 055 0528
- MP M SP 055 050 075 0610
. MU MP M 040 055 050 0483

5.1 Comparative discussion

A comparison is discussed to validate the outcomes of the developed HF-SWARA-
MULTIMOORA framework with the HF-TOPSIS procedure. To assess the above prob-
lem, we have taken the HF-TOPSIS approach to compare (Xu and Zhang 2013). The

system can be exemplified as.

Step 1—4: Similar to the previous approach.
Step 5: Estimate the Ideal Solution (IS) and Anti-Ideal Solution (AIS).

The IS for numerous criteria are different and described by
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Table 7 Results obtained by SWARA method

Criteria Crisp degrees Comparative impor- Coefficient (kj) Recalculated Weight (wy)

tance of criteria (sj) weight (pj)
8 0.670 - 1.000 1.000 0.0922
6 0.647 0.023 1.023 0.978 0.0902
- 0.610 0.037 1.037 0.943 0.0869
o 0.607 0.003 1.003 0.940 0.0866
. 0.600 0.007 1.007 0.933 0.0860
. 0.593 0.007 1.007 0.927 0.0855
- 0.583 0.010 1.010 0.918 0.0846
s 0.533 0.050 1.050 0.874 0.0806
1o 0.528 0.005 1.005 0.870 0.0802
- 0.518 0.010 1.010 0.861 0.0794
- 0.483 0.035 1.035 0.832 0.0767
- 0.404 0.079 1.079 0.771 0.0711
ks Toepuleeee e Opn w4 of v e
procedure U, 0346 0369 0346 0369 —0023 2
U, 0353 0310 0353 0310 0043 1
U, 0308 0344 0308 0344 —0036 3
U, 0252 0329 0252 0329 -0077 6
Us 0264 0335 0264 0335 —0071 5
Us 0272 0316 0272 0316 —0044 4

nll(z}))( &;; for benefit criterion 7,
gr=3"" o for j = 1(1)n. (25)
min & for cost criterion 7,
i=1(m Y

Similarly, the AIS for diverse criteria are defined by

1’111(111)1 &;; for benefit criterion 7,

= m .

&= Lo forj = 1(1)n. (26)
max & for cost criterion 7,
i=1(1)m

Step 6: Calculation of discrimination measures from HF-IS and HF-AIS.

Using Eq. (7), we compute the weighted discrimination measure D(fﬁ, .§+) with the

options U;(i = 1(1)m) and the HF-IS &* and the discrimination measure D(fii, é‘) with
the options U;(i = 1(1)m) and the HF-AIS &~.

&

Step 7: Estimation of relative closeness coefficient (RCC).
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W0 e Gy 35w s
procedure U, 0811 0709 0811 0709 1143 2

U, 0798 0627 0798 0627 1273 1

U, 0774 0683 0774 0683 1133 4

U, 0707 0668 0707 0668 1058 6

Us 0737 0680 0737 0680 1085 5

U, 0749 0656 0749 0656 1142 3

Table 11 The overall preference order of the options-based on the MULTIMOORA framework

Option RS approach RP approach FMF approach Iy ( Pi) Final Ranking
i o) & old;) u o(1})
U, —0.1795 2 0.4017 4 0.4090 2 —0.0459 2
U, 0.3312 1 0.2544 1 0.4555 1 0.2453 1
U, —-0.2775 3 0.3897 2 0.4053 4 —0.0534 3
U, —0.5961 6 0.5417 6 0.3786 6 —-0.2167 6
Us —0.5541 5 0.4015 3 0.3881 5 —-0.0914 4
Uy —0.3447 4 0.4092 5 0.4087 3 —0.1006 5

Table 12 Computational

outcomes of HF-TOPSIS Option D(gij i §+) D(é"j’ 5_) C(Ui) Ranking
procedure U, 0.113 0.109 0.491 2

U, 0.067 0.156 0.700 1

U, 0.119 0.103 0.466 3

U, 0.148 0.074 0332 6

U, 0.141 0.081 0.365 5

Uy 0.119 0.103 0.464 4

The RCC of each option-based on HF-IS can be computed by utilizing the given
formula:

c(u,) = 2er) iy @7)
D(& &) +D(& ¢7)

Step 8: Choose the best University as alternative.

Select the option with maximum RCC degree, represented by C(U, ), among the RCC
degrees C(U;),i = 1(1)m. and hence U, is the optimal option.

Step 9: End.

From Table 5 and Eqgs. (25)—(26), HF-IS and HF-AIS are evaluated. The whole compu-
tational results of HF-TOPSIS (Xu and Zhang 2013) are portrayed in Table 12.

Finally, the final ranking of the university is U, > U, > U; > Uy > Us > U,.; therefore,
the most suitable university is U,. Observably, the outcomes slightly diverge with various
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Z N

=4—RS Procedure
—@—RP Procedure
2

—#—FMF Procedure
=>é=Borda Rule
1 —#—HF-TOPSIS Method

~—e—HF-COPRAS Method
~—+—HF-VIKOR Method

Ranking order of alternatives —
w

Ul 02 U3 U4 Us U6
Different alternatives —

Fig. 1 Comparison of preference order of Universities with various approaches

HF-VIKOR Method
HF-COPRAS Method

HE-TOPSIS Method

Borda Rule
FMEF Procedure
RP Procedure
RS Procedure
0 0.2 0.4 0.6 0.8 1
RS Procedure RP Procedure FMF Procedure Borda Rule m;l;zgils HF;Se?hPOIEAS mlv'l\e}ﬂ]ﬁgl{
l @ Series1 0.943 0.829 0.829 1.00 0.943 0.943 0.886

Fig.2 Correlation plot of various measures of MULTIMOORA approach with the existing approach

types of methods. To this point, the HF-SWARA-MULTIMOORA framework is more
robust than the HF-TOPSIS procedure (Xu and Zhang 2013) and thus has a wider range of
practicality.

Also, we have compared the proposed HF-SWARA-MULTIMOORA framework with
other extant methods namely, HF-VIKOR (Liao and Xu 2019) method and HF-COPRAS
(Mishra et al. 2019a) method. Figure 1 depicts the prioritization order from different meth-
ods with HFSs and discusses different factors to recognize the developed framework’s
strengths. From Fig. 2, it is obtained that the developed approach is highly consistent with
the existing method with HFSs. To retain homogeneity in the method-related comparison,
we consider the method viz., HF-TOPSIS (Xu and Zhang 2013), HF-VIKOR (Liao and
Xu 2013) and HF-COPRAS (Mishra et al. 2019a). From Fig. 2, it is clear that the consist-
ency of the developed framework is high with existing methods. The Spearman correlation
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values of RS procedure, RP procedure, FMF procedure, Borda Rule, HF-TOPSIS, HF-
COPRAS and HF-VIKOR with the final ranking solution (0.943, 0.829, 0.829, 1.00 0.943,
0.943, 0.886). Spearman correlation is utilized to these rank values to determine the con-
sistency of the developed framework.

The main benefits of the proposed HF-SWARA-MULTIMOORA are as follows:

The HFS can reflect the DE’s hesitancy more objectively than other classical exten-
sions of FSs. Therefore, the use of developed HF-SWARA-MULTIMOORA approach
gives a more flexible way to express the uncertainty in adapting online education for
the control of the pandemic spread of COVID-19 in higher education institutions.

In the developed method, the SWARA technique is utilized for the assessment of crite-
ria weights, which makes the proposed HF-SWARA-MULTIMOORA approach more
efficient, sensible and reliable tool.

e The proposed HF-SWARA-MULTIMOORA approach is not only suitable for evaluat-
ing the MCDM problems under HFSs context, but can also successfully tackle with the
MCDM problems under fuzzy sets, intuitionistic fuzzy sets and type-2 fuzzy sets con-
texts. The developed method has the benefits of accurate and reliable results, and fast
information processing.

Obviously, the results slightly vary with different types of weights for the criteria.
To this point, the HF-SWARA-MULTIMOORA method is more robust than the HF-
TOPSIS method and thus has wider applicability. Furthermore, both the HF-VIKOR
method and the HF-TOPSIS method fail to tackle the case that the weight vector of the
criteria is completely unknown.

For the HF-TOPSIS and HF-VIKOR model, it is necessary to calculate the discrimina-
tions between each alternative on each criterion and that of the HF-IS, which is time-
consuming and reduces the accuracy of the results. Also, the HF-COPRAS method is
utilized HFWAO and score function to calculate the utility degree, while in proposed
method, we utilize HFWAO, HFWGO, HF-IS and score function to evaluate the prefer-
ence order of alternatives. In this reason, the proposed HF-SWARA-MULTIMOORA
method is superior to the HF-VIKOR method, HF-COPRAS method and the HF-TOP-
SIS method.

Some limitations of the proposed method are as follows:

e In the proposed HF-SWARA-MULTIMOORA method, all criteria are assumed to be
independent. In reality, there are interrelationships among the criteria.
e This method has limitation in order to deal with a large number of criteria.

6 Conclusion and discussions

The present study investigated the key challenges to adapt online education in higher insti-
tutions in Iran universities using an integrated decision-making framework. A survey using
interviews and literature review has been used to find and evaluate the critical challenges
for controlling the pandemic spread of novel coronavirus (COVID-19) in higher educa-
tion. A learning theory is used to develop a comprehensive framework based on three main
challenges: systemic challenges, pedagogical challenges, and psychological challenges.
Besides, to evaluate these key challenges, several criteria lack of technical support, lack of
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online technologies, cost constraints, lack of policies, quality of materials, lack of experi-
ence, online assessment, student engagement, lack of practical classes lockdown pressure,
time pressure and fear of digitalization are identified using experts opinions and literature
review. This study presents a novel integrated framework based on the SWARA approach
and the MULTIMOORA approach on HFSs. In the proposed framework, the SWARA
approach has been applied to elicit the preferences of a set of DEs under uncertainty, and
then, an aggregated subjective weight has been provided for each challenge to adapt the
online education during the COVID-19 outbreak. Next, the MULTIMOORA approach has
been applied to evaluate the ranking order of higher education institutions. The compara-
tive study has been discussed to validate the results, verifying the reasonability of the HF-
SWARA-MULTIMOORA framework. According to the study results, the first rank was
related to pedagogical challenges, including a lack of experience and student engagement.

It is noticeable that educational leaders should develop professional opportunities to
boost online education quality and efficacy, while the number of students interested in
online education has increased dramatically (Ganza 2012). Besides, institutions and gov-
ernments should propose and employ proper methods and tools to assess proposed pro-
fessional opportunities’ effectiveness and performance. The results indicated a mixture of
challenges having considerable effects on the process of adapting online education during
the COVID-19 pandemic. Besides, each of the identified challenges has either a negative or
positive effect on the adaption process, especially on the design delivery, while the design
delivery has a crucial role in evaluating the adaption process. Furthermore, higher edu-
cation institutions have a crucial role in boosting the quality of online education through
supporting students, teachers, and content development, while it is believed that online
education will be an inseparable part of higher education in the future (Wickersham and
McElhany 2010). On top of that, many scholars and the present research concluded that
institutions should deal with variant challenges to boost the quality of online education
effectively (Kebritchi et al. 2017; Lion and Stark 2010; Prestera and Moller 2001); how-
ever, how institutions should deal with identified challenges, or what are the new platforms
for online education, or what are the new learning theories being applicable during chal-
lenging situations such as COVID-19 pandemic can be considered as research avenues for
future research.
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