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A novel interval-valued spherical fuzzy
CODAS: Reopening readiness evaluation of
academic units in the era of COVID-19
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Abstract. Combinative distance-based assessment (CODAS) is a multi-criteria decision-making (MCDM) method that is
based on the Euclidean and Hamming distances of alternatives from the average scores of attributes. Spherical fuzzy sets,
as the recent extensions of ordinary fuzzy sets, were developed based on Pythagorean and neutrosophic sets and enable
decision-makers to express their membership, non-membership, and hesitancy degrees independently and in a larger domain
than most other fuzzy extensions. This paper proposes a new interval-valued spherical fuzzy CODAS method and provides
extra space for catching the vagueness in the nature of the problem. The feasibility and practicality of the proposed model
are illustrated with an application for evaluating the reopening readiness of academic units for campus education in the era
of COVID-19. Three decision-makers from a higher education institution evaluate four academic units with respect to five
strategic criteria and prioritize them according to their readiness levels for the campus type of education. Sensitivity and
comparative analyses, theoretical and practical contributions, limitations, and future research avenues are also presented in
the study.
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1. Introduction

Today, the COVID-19 epidemic has impacted a
variety of organizations, including higher education
institutions. In a number of countries, many of these
institutions have been shuttered entirely or in part as
a result of pandemic measures. However, particularly
with the commencement of vaccines, it is being con-
sidered to reopen universities and return to campus
education. On the other hand, these institutions have
several academic departments engaged in a variety
of complicated tasks, and assessing their readiness
for campus education is not an easy process. Cer-
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tain strategic criteria must be met at these institutions
in order for students, academics, and administrative
personnel to continue their activities on campuses
securely during this pandemic era. It has become a
necessity for academic units to deal with the problem
of evaluating a number of academic units according
to many criteria with a systematic, numerical, and
generally accepted method.

MCDM is a mathematical method for selecting
the best feasible predetermined alternative from some
potential candidates with respect to a set of conflict-
ing criteria [36]. The problem of assessing academic
units’ pandemic readiness levels can also be char-
acterized as an MCDM problem. In such a problem,
academic units are alternatives, and the measures that
will be used to assess these academic units’ reopening
readiness levels appear to be the criteria.
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On the other hand, many MCDM problems
involve qualitative criteria that cannot be quantified
directly, and considering the nature of the problem,
these criteria are frequently inaccurate and cannot
be characterized by crisp or deterministic models.
Decision-makers can only evaluate these criteria
linguistically, and fuzzy set theory [44], which is
predicated on the premise that people think in linguis-
tic terms rather than numerical terms, is well suited
to modeling linguistic expressions and has become
an integral component of MCDM models in recent
years.

Spherical fuzzy sets [23] are a relatively new
extension of conventional fuzzy sets and have the fol-
lowing two main characteristics: First, their spherical
features allow decision-makers to express their judge-
ments over a greater region. Second, in a spherical
fuzzy environment, decision-makers’ hesitancy can
be described separately from membership and non-
membership degrees. Interval-valued spherical fuzzy
sets [18], on the other hand, with their interval-valued
domain rather than a single point, enable users greater
fuzziness modeling capability.

In this study, the readiness of higher education
institution units to return to physical education dur-
ing the COVID-19 era is assessed. For this purpose,
a unique fuzzy MCDM approach is created. The
main highlights of this study are as follows: (1) The
CODAS approach is integrated with interval-valued
spherical fuzzy sets to boost fuzziness modeling
capabilities. (2) The applicability of the suggested
method is demonstrated by assessing academic units’
re-opening readiness, which is a relevant and signif-
icant concern that higher education institutions face
during and after a pandemic. (3) Many MCDM mod-
els in the literature do not provide sensitivity analyses
for both criterion and decision-maker weights. In
order to assess the stability of the methodology,
sensitivity analyses for criteria and decision-maker
weights are conducted. (4) The rationality of the
developed model is tested through a comparative
study. For this purpose, the proposed methodology is
compared with other state-of-the-art fuzzy MCDM
methods.

The rest of the study is given as follows: Section
2 sheds light on the literature for spherical fuzzy sets
and CODAS based MCDM studies. Section 3 gives
the basic mathematical operations of interval-valued
spherical fuzzy sets and the steps of the ordinary
CODAS method prior to model development. Section
4 presents the detailed explanation of the proposed
methodology by presenting a flowchart and a step-

by-step description. Section 5 illustrates the model
with an application in the following manner: First,
the MCDM problem is described and the criteria are
presented; later, the numerical solution of the prob-
lem is presented through the steps of the model;
and finally, sensitivity and comparative analyses are
given. Section 6 finalizes the paper by presenting
main contributions; limitations, and future research
avenues.

2. Literature review

In this section, relevant research is offered in order
to further illuminate the themes of the study and to
clarify the originality of the work. To provide insight
on the literature gap, spherical fuzzy set theory and
the CODAS approach are discussed independently
in this context. First, a summary of decision-making
studies based on spherical fuzzy sets is provided,
followed by a discussion of various fuzzy CODAS
applications.

2.1. Spherical fuzzy sets

Various extensions of ordinary fuzzy sets have
been reported in the literature; and the most promi-
nent ones are as follows: Intuitionistic fuzzy sets [4]
were introduced as an extension of ordinary fuzzy
sets and enable modeling of the membership and
non-membership degrees of decision-makers. The
second form of these fuzzy sets, named intuitionis-
tic fuzzy sets of type two [3] were later presented
by the same author as a generalized form of the
first sets and provide more space for modeling mem-
bership and non-membership degrees. Pythagorean
fuzzy sets [41] were developed by another scholar;
however, they have the same characteristics with pre-
viously developed type two form of intuitionistic
fuzzy sets. Interval-valued intuitionistic fuzzy sets
were developed by Atanassov [2], and membership
and non-membership degrees were presented as inter-
vals rather than exact values.

Neutrosophic sets [34] were introduced to handle
incomplete, indeterminate and inconsistent informa-
tion. Neutrosophic sets have degrees of truthiness,
indeterminacy, and falsity instead of member-
ship, non-membership, and hesitancy respectively.
Interval-valued neutrosophic sets were propsoed by
Wang et al. [38] by generalizing single-valued neu-
trosophic sets and interval-valued intuitionistic fuzzy
sets. Hesitant fuzzy sets [35] deal with the problems
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in which membership degree can take many possible
values. On the other hand, in interval-valued hes-
itant fuzzy sets [7] the membership degrees of an
element are denoted by several possible interval type
of values rather than single type of exact ones. Picture
fuzzy sets [10] have positive, neutral, negative, and
refusal membership degrees, and these can be consid-
ered as yes, abstain, no, and refusal types of opinions
of voters. Cuong [9] later developed the notion of
interval-valued picture fuzzy sets, which are based
on the same concept as other interval-valued fuzzy
extensions. The q-rung orthopair fuzzy sets are intro-
duced by Yager [42] and provide more space than
intuitionistic fuzzy sets for modeling membership
and non-membership degrees, and interval-valued q-
rung orthopair fuzzy sets [19] enable modeling these
expressions in an interval-valued form.

Spherical fuzzy sets were developed by Kutlu
Gündoğdu and Kahraman [23], and after that,
many researchers have begun to utilise them in
the development of various decision-making pro-
cesses. Oztaysi et al. [27] proposed a spherical
fuzzy AHP based dynamic pricing model for location
based systems, and Kutlu Gundogdu [22] devel-
oped MULTIMOORA with spherical fuzzy sets and
presented an illustrative example for a personnel
selection problem. Onar et al. [26] developed a
spherical regret based MCDM method and evalu-
ated healthcare equipment stocks with the proposed
model, and Sharaf [32] evaluated geothermal energy
systems by integrating spherical fuzzy sets with
the PROMETHEE method. Moreover, Sharaf [33]
extended classical VIKOR method in a spherical
fuzzy environment and illustrated the applicability
of their models via a supplier selection problem, and
Ashraf et al. [1] proposed a spherical fuzzy based
mathematical model for controlling the transmis-
sion and spread of COVID-19 by using TOPSIS and
COPRAS methods in their study.

Interval-valued spherical fuzzy sets [18] have
begun to be used in many decision making problems.
Gul and Ak [17] used interval-valued spherical fuzzy
TOPSIS for marble manufacturing facility evalua-
tion, and Demirel [12] and Balin [5] applied it to
stabilizer system selection problems for cruise and
naval ships. On the other hand, Farrokhizadeh et al.
[13] extended the maximizing deviation technique
and used an interval-valued spherical fuzzy set for
determining criteria weights and showed the appli-
cability of their model via the advertisement strategy
selection problem, and Menekse and Camgoz-Akdag
[24] suggested an internal audit decision support

model based on a novel interval-valued spherical
fuzzy ELECTRE.

2.2. CODAS applications

CODAS [21] is an MCDM method that deter-
mines the relative preferences of alternatives based
on their distances from the negative-ideal point. The
key advantage of this technique is that it ranks out-
comes based on two types of distance measures [16].
To produce more efficient and accurate aggregation
solutions, the combinative structure of Euclidean and
Hamming distances is taken into account in terms of
the intangibility of the decision-maker and the uncer-
tainty of the decision-making scenario [39]. This
method uses a primary measure of Euclidean distance
and a secondary measure of Hamming distance. If the
degree of closeness between Euclidean distances is
less than a threshold number, Hamming distance is
used as a comparison, and having a larger distance is
preferred. Indeed, the CODAS model is controlled by
a threshold parameter, and it can be represented by
two different kinds of distance techniques depending
on the value of this parameter. This allows the model
to benefit from the properties of both techniques.
Due to its inherent characteristics [30], CODAS has a
systematic and clear calculation procedure that is log-
ically valid for describing the fundamental principles
of real-world decision-making situations. CODAS is
a useful tool for dealing with decision-making prob-
lems, and it is widely used in the literature due to
its simple and effective mathematics. As a result,
this technique may be used to efficiently evaluate
and rank units in the context of reopening during
a pandemic.

The CODAS technique has spawned a plethora of
literature in recent years. Dayyani et al. [11] evalu-
ated stages of rural settlement texture deterioration
by applying a CODAS methodolgy. The authors pre-
sented their study in a crisp environment and did not
allow the CODAS technique to model the problem’s
inherent uncertainty. Ghorabaee et al. [16] extended
CODAS with trapezoidal fuzzy sets and applied it to
a market segment evaluation problem, and Vinodh
and Wankhede [37] used triangular fuzzy sets and
handled an industrial decision-making problem. In
both studies, triangular and trapezoidal fuzzy MCDM
models are superior to a crisp based MCDM while
dealing with real-world decision-making problems.
However, these fuzzy sets cannot fully capture the
decision maker’s comprehensive cognition, as the
decision maker may hesitate between many triangu-
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lar or trapozoidal fuzzy sets due to a lack of pertinent
knowledge regarding the decision problems.

Bolturk [6] and Pérez-Dominguez et al. [28] pre-
sented Pythagorean fuzzy CODAS methods and
handled supplier selection and public transport eval-
uation problems. The authors used membership,
non-membership, and indeterminacy degrees while
extending the CODAS technique. In Pythagorean
fuzzy sets, however, the indeterminacy degree can-
not be represented separately and can be derived from
membership and non-membership degrees; thus, the
contribution of indeterminacy degree to ultimate
ranking of alternatives is debatable.

On the other hand, Karagoz et al. [20] developed
an intutionistic fuzzy CODAS method for disman-
tling center location problem to aid waste managers.
When creating the CODAS, the authors used mem-
bership and non-membership degrees, but did not
account for decision makers’ levels of hesitancy.
On the other hand, Roy et al. [30] and Yeni and
Özçelik [43] proposed interval-valued intuitionistic
fuzzy CODAS models with applications to automo-
tive material and personnel selection problems, and
Seker and Aydin [31] evaluated the public transporta-
tion alternatives by developing an AHP integrated
CODAS in an interval-valued intuitionistic fuzzy
atmosphere. Although the above-mentioned works
model intuitionistic fuzzy sets as intervals and add
substantial fuzziness modeling capabilities to the
CODAS method, the previously-mentioned remark
that there is no degree of hesitancy in intutionistic
fuzzy sets pertains similarly to these studies.

3. Preliminaries

Since the proposed methodology integrates
interval-valued spherical fuzzy sets for modeling
information uncertainty, and the CODAS method for
ranking the alternatives, this section introduces some
basic characteristics of these methods. Section 3.1
presents basic mathematical operations of interval-
valued spherical fuzzy sets, and section 3.2 gives the
steps of classical CODAS.

3.1. Interval-valued spherical fuzzy sets

The definition; addition, multiplication, mul-
tiplication by a scalar, power, aggregation and
defuzzification operators [18] of interval-valued
spherical fuzzy sets are given as follows:

Definition: An interval-valued spherical fuzzy set Ãs

of the universe of discourse U is given by Equation 1

Ãs = u, ([μL

Ãs

(u), μU

Ãs

(u)], [νL

Ãs

(u), νU

Ãs
(u)], [πL

Ãs

(u),
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(u)]) | u ∈ U (1)

where
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where μL
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degrees, and μU

Ãs
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degrees of membership, non-membership and hesi-
tancy degrees respectively.

Note that, for the case,
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Ãs
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Ãs

(u), νL

Ãs
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Ãs

(u), πL

Ãs

(u) =
πU

Ãs

(u); interval-valued spherical fuzzy set Ãs

reduces to a single-valued spherical fuzzy set.
For convenience, an interval-valued spherical

fuzzy number,
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Ãs

(u), μU

Ãs

(u)], [νL

Ãs

(u), νU

Ãs
(u)], [πL

Ãs

(u), πU

Ãs
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denoted by α̃ = [a, b], [c, d], [e, f ]
where [a, b] ⊂ [0, 1], [c, d] ⊂ [0, 1], [e, f ] ⊂

[0, 1] and (b2 + d2 + f 2) < 1.
Note also that, α̃+ = [1, 1], [0, 0], [0, 0] is the

largest interval-valued spherical fuzzy number and
α̃− = [0, 0], [1, 1], [0, 0] is the smallest interval-
valued spherical fuzzy number, and α̃+/− =
[0, 0], [0, 0], [1, 1] is an intermediate interval-valued
spherical fuzzy number.

Basic operations:

Addition.

α̃1 ⊕ α̃2 = {[((a1)2 + (a2)2 − (a1)2(a2)2)1/2,

((b1)2 + (b2)2 − (b1)2(b2)2)1/2], [c1c2, d1d2],

[((1 − (a2)2)(e1)2 + (1 − (a1)2)(e2)2 − (e1)2(e2)2)1/2,

((1 − (b2)2)(f1)2 + (1 − (b1)2)(f2)2 − (f1)2(f2)2)1/2]}

(2)
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Multiplication.

α̃1 ⊗ α̃2 = {[a1a2, b1b2], [((c1)2 + (c2)2 − (c1)2(c2)2)1/2,

(d1)2 + (d2)2 − (d1)2(d2)2)1/2)], [((1 − (c2)2)(e1)2+

((1 − (c1)2)(e2)2 − (e1)2(e2)2)1/2, ((1 − (d2)2)(f1)2+

((1 − (d1)2)(f2)2 − (f1)2(f2)2)1/2]}

(3)

Multiplication by a scalar where (λ > 0).

λ · α̃ = {[(1 − (1 − a2)λ)1/2, (1 − (1 − b2)λ)1/2],

[cλ, dλ][((1 − a2)λ − (1 − a2 − e2)λ)1/2,

((1 − b2)λ − (1 − b2 − f 2)λ)1/2]} (4)

Power of α̃ where (λ > 0).

α̃λ = {[aλ, bλ][(1 − (1 − c2)λ)1/2, (1 − (1 − d2)λ)1/2],

[((1 − c2)λ − (1 − c2 − e2)λ)1/2,

((1 − d2)λ − (1 − d2 − f 2)λ)1/2]}

(5)

Aggregation operator. Let α̃1 = 〈[aj, bj], [cj, dj],
[e,fj]〉 be a collection of interval-valued spherical
weighted geometric mean IVSWGM with respect to
wj = (w1, w2, ..., wn), wj ∈ [0, 1] and

∑n
i=1 wi =

1.

IVSWGMw(α̃1, α̃2, ..., α̃n) = α̃1
w1 ⊗ α̃2

w2 ⊗ .... ⊗ α̃n

wn =

{[
n∏

j=1

a
wj

j ,

n∏
j=1

b
wj

j ], [(1 −
n∏

j=1

(1 − c2
j )wj )1/2,

(1 −
n∏

j=1

(1 − d2
j )wj )1/2][(

n∏
i=j

(1 − c2
j )wj −

n∏
i=j

(1 − c2
j − e2

j )wj )1/2, (

n∏
i=j

(1 − d2
j )wj −

n∏
i=j

(1 − d2
j − f 2

j )wj )1/2]}

(6)

Defuzzification operator. Defuzzification operator
i.e. score function for interval-valued spherical fuzzy
sets is defined as below.

S(α̃) = a2 + b2 − c2 − d2 − ( e
2 )2 − (f

2 )2

2
(7)

3.2. Classical CODAS method

CODAS [21] is an MCDM methodology that
ranks the alternatives according to their distances to
Euclidean and Hamming distances with respect to
negative ideal solutions. the steps of classical CODAS
is as follows:
Construct the decision matrix as given in Equation 8.

[
xij

]
mxn

=

⎡
⎢⎢⎢⎢⎢⎢⎣

x11x12 ... x1n

. ... .

. ... .

. ... .

xm1xm2 ... xmn

⎤
⎥⎥⎥⎥⎥⎥⎦

(8)

where xij is the rating value of ith alternative with
respect to jth criterion and i ∈ {1, 2, ..., m} and j ∈
{1, 2, ..., n}.
Calculate the normalized decision matrix as given in
Equation 9.

nij = { xij

maxixij

ifj ∈ Nb;
minixij

xij

ifj ∈ Nc} (9)

where Nb and Nc are the benefit and cost criteria.
Obtain weighted normalized decision matrix as given
in Equation 10.

rij = wjnij (10)

where wj ∈ [0, 1] is the weight of the jth criterion
and

∑n
j=1 wj = 1.

Calculate the negative ideal solution as given in Equa-
tion 11.

NS = [
nsj

]
1xn

(11)

where nsj = mini rij .
Calculate the Euclidean EDi and Hamming HDi dis-
tances from the negative ideal solution as given in
Equations 12 and 13, respectively.

EDi =
√√√√ n∑

j=1

(rij − nsj)2 (12)

HDi =
n∑

j=1

| rij − nsj | (13)

Obtain the relative assessment matrix as given in
Equation 14.

RA = [
hik

]
mxm

(14)
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where

hik = (EDi − EDk) + (�(EDi − EDk)(HDi − HDk))

where k ∈ {1, 2...m} and � is a threshold function
that is defined as in Equation 15:

�(x) = {1 if | x |≥ α; 0 if | x |< α} (15)

where α is a parameter having a value between 0.01
and 0.05. If the Euclidean distance between two
alternatives is less than α, the Hamming distance is
calculated.
Calculate the appraisal score ASi as given in Equation
16 and rank the alternatives.

ASi =
m∑

k=1

hik (16)

4. Methodology

In this section, a novel MCDM method is proposed
by extending classical CODAS method with interval-
valued spherical fuzzy sets. The flowchart (Fig. 1)
and the details of the proposed model are presented
below.

Define an MCDM problem with a set of alter-
natives and the most related criteria. Use a unified
criteria type by converting cost criteria to benefit
criteria. Let Xi be the selected alternatives as
Xi = {X1, X2, ...., Xm}; Cj be the criteria set as
Cj = {C1, C2, ...., Cn} and let wj be the weight
vector of all criteria as wj = {w1, w2, ...., wn}
where w = (w1, w2, ..., wn); wj ∈ [0, 1] and∑n

j=1 wj = 1.

Step 1a. Assig the criteria weights:
Criterion weights are assigned by each decision-

maker by utilizing the linguistic terms given in
Table 1.
Step 2a. Transform linguistic evaluations to an
interval-valued spherical fuzzy form:

Convert the linguistic evaluations obtained from
each decision-maker to their fuzzy forms and obtain
interval-valued spherical fuzzy criterion weight
matrices. Use Table 1 for the conversion.
Step 3a. Aggregate criterion weight matrices col-
lected from the decision-makers:

Aggregate all criterion weight matrices and obtain
aggregated interval-valued spherical fuzzy criterion

weight matrix by utilizing the geometric mean oper-
ator that is given in Equation 17. By doing so, we
obtain one unique collective criterion weight matrix.

IVSWGMw(α̃1, α̃2, ..., α̃n) = α̃1
w1 ⊗ α̃2

w2 ⊗ .... ⊗ α̃n

wn =

{[
n∏

j=1

a
wj

j ,

n∏
j=1

b
wj

j ], [(1 −
n∏

j=1

(1 − c2
j )wj )1/2,

(1 −
n∏

j=1

(1 − d2
j )wj )1/2][(

n∏
i=j

(1 − c2
j )wj −

n∏
i=j

(1 − c2
j − e2

j )wj )1/2, (

n∏
i=j

(1 − d2
j )wj −

n∏
i=j

(1 − d2
j − f 2

j )wj )1/2]} (17)

Step 1b. Evaluate the alternatives:
The performance of alternatives are evaluated by

decision-makers with respect to criteria by utilizing
the same linguistic terms given in Table 1.
Step 2b. Transform linguistic evaluations to interval-
valued spherical fuzzy forms:

Convert the linguistic evaluations obtained from
each decision-maker to their fuzzy forms and obtain
interval-valued spherical fuzzy alternative evaluation
matrices. Use Table 1 for the conversion process.
Step 3b. Aggregate evaluation matrices collected
from the decision-makers:

Aggregate all alternative evaluation matrices and
obtain aggregated interval-valued spherical fuzzy
alternative evaluation matrix. By doing so, we obtain
one unique collective alternative evaluation matrix.
Utilize the geometric aggregation operator that is
given in Equation 17 for the aggregation operation.
Step 4. Obtain the final decision matrix:

Multiply the aggregated criterion weight matrix by
aggregated alternative evaluation matrix, and obtain
the interval-valued spherical fuzzy decision matrix.
Utilize the multiplication operator that is given in
Equation 18.

Multiplication.

α̃1 ⊗ α̃2 = {[a1a2, b1b2], [((c1)2 + (c2)2 − (c1)2(c2)2)1/2,

(d1)2 + (d2)2 − (d1)2(d2)2)1/2)], [((1 − (c2)2)(e1)2+

((1 − (c1)2)(e2)2 − (e1)2(e2)2)1/2, ((1 − (d2)2)(f1)2+

((1 − (d1)2)(f2)2 − (f1)2(f2)2)1/2]}

(18)
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Fig. 1. The flowchart of the proposed methodology.

Table 1
Linguistic terms and corresponding interval-valued spherical fuzzy numbers [18]

Linguistic terms [a, b], [c, d], [e, f ]

Absolutely more Importance (AMI) ([0.85,0.95], [0.10,0.15], [0.05,0.15])
Very High Importance (VHI) ([0.75,0.85], [0.15,0.20], [0.15,0.20])
High Importance (HI) ([0.65,0.75], [0.20,0.25], [0.20,0.25])
Slightly More Importance (SMI) ([0.55,0.65], [0.25,0.30], [0.25,0.30])
Equally Importance (EI) ([0.50,0.55], [0.45,0.55], [0.30,0.40])
Slightly Low Importance (SLI) ([0.25,0.30], [0.55,0.65], [0.25,0.30])
Low Importance (LI) ([0.20,0.25], [0.65,0.75], [0.20,0.25])
Very Low Importance (VLI) ([0.15,0.20], [0.75,0.85], [0.15,0.20])
Absolutely Low Importance (ALI) ([0.10,0.15], [0.85,0.95], [0.05,0.15])

Step 4.1. Defuzzify interval-valued spherical fuzzy
decision matrix:

Obtain the crisp form of interval-valued spheri-
cal fuzzy decision matrix by utilizing defuzzification
operator that is given in Equation 19. Note that the
defuzzification is done to obtain the negative ideal
solution. It’s also worth noting that the crisp version
of fuzzy numbers is utilized for ranking, which is
a very handy technique to obtain the negative ideal
solution.

S(α̃) = a2 + b2 − c2 − d2 − ( e
2 )2 − (f

2 )2

2
(19)

Step 5. Calculate the negative ideal solution.
Determine the negative ideal solution X− based on

crisp form of interval-valued spherical fuzzy decision
matrix as in Equation 20.

X̃− = 〈C1, ([μL−
1 , μU−

1 ], [νL−
1 , νU−

1 ], [πL−
1 , πU−

1 ])〉,
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〈C2, ([μL−
2 , μU−

2 ], [νL−
2 , νU−

2 ], [πL−
2 , πU−

2 ])〉, ...

...〈Cn, ([μL−
n , μU−

n ], [νL−
n , νU−

n ], [πL−
n , πU−

n ])〉 (20)

Step 6. Evaluate the distance of each alternative from
the negative ideal solution:

Calculate the total distance between alternative Xi

and the interval-valued spherical fuzzy negative ideal
solution X− based on the Euclidean and Hamming
distances as they are given in Equations 21 and 22,
respectively.

DE(Xi, X
−) = (

1

4n

n∑
j=1

((μL
ij − μ−

j )2 + (μU
ij − μ−

j )2+

(νL
ij − ν−

j )2 + (νU
ij − ν−

j )2+

(πL
ij − π−

j )2 + (πU
ij − π−

j )2))0,5

(21)

DH(Xi, X
−) = 1

4n

n∑
j=1

(| μL
ij − μ−

j | + | μU
ij − μ−

j | +

| νL
ij − ν−

j | + | νU
ij − ν−

j | +

| πL
ij − π−

j | + | πU
ij − π−

j |)

(22)

Step 7. Define the relative assessment matrix:
Determine the relative assessment matrix as given

in Equation 23.

RA = [
hik

]
mxm

(23)

where

hik = (EDi − EDk) + (�(EDi − EDk)(HDi − HDk))

where k ∈ {1, 2...n} and � is a threshold function that
is defined as in Equation 24.

�(x) = {1 if | x |≥ α; 0 if | x |< α} (24)

where α is a threshold parameter set by the user with
a value between 0.01 and 0.05. If the Euclidean dis-
tance between two alternatives is less than α, the
Hamming distance is calculated. Take α = 0.02 for
the calculations.
Step 8. Calculate the appraisal scores and rank of
alternatives accordingly:

Calculate the appraisal scores as given in Equation
25 and rank the alternatives according to descending
appraisal scores. The higher the appraisal score, the
better the alternative.

ASi =
m∑

k=1

hik (25)

5. Application

The proposed interval-valued spherical fuzzy
CODAS methodology is applied to a reopening readi-
ness evaluation of academic units for face-to-face
education in the COVID-19 period. For this goal, four
academic units are evaluated, namely: faculty of A
(X1), faculty of B (X2), faculty of C (X3) and faculty
of D (X4). After a comprehensive literature review,
five criteria are determined as COVID-19 task force
(C1), general hygiene measures (C2), ventilation and
sanitation practices (C3), process for reporting a sus-
pected case (C4) and guidance for students who
missed classes (C5). A brief explanation of these
criteria is also given in section 5.1. There are three
decision-makers, who are all qualified managers from
a higher education institution with the same experi-
ence level, and thus each decision-maker has a weight
of 1/3. This section is organized as follows: Section
5.1 defines the MCDM problem and summarizes the
criteria; section 5.2 presents the numerical solution of
the problem by following the steps given in section 4.
Section 5.3 presents the sensitivity analysis for both
criteria and decision-maker weights, and section 5.4
compares the model with other six MCDM models to
illustrate the validity of the proposed interval-valued
spherical fuzzy CODAS.

5.1. Problem definition and related criteria

Throughout the world, higher education institu-
tions have been deeply affected by the COVID-19
pandemic and subsequent lockdown periods [29].
During the pandemic, many educational institutions
closed their campus activities either completely or
partially to combat the difficulties of the pandemic
[25]. Since limited physical distance activities can
cause various mental and psychological problems
that may become habitual in humans [14], the issue
of reopening higher education institutions, during
COVID-19, have become an important agenda all
over the world. In the process of reopening, protecting
the health of students, academicians, and admin-
istrative staff has become an important goal, and
educational institutions have to apply best practices
in this context [40]. For reopening during the pan-
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demic, higher education institutions should consider
the following strategic criteria to ensure that students
can return to campus education safely [8]:

COVID-19 task force. Making communications
about the pandemic, announcing the new measures
taken, coordinating and implementing online educa-
tion.

General hygiene measures. Hygiene and cleaning
materials, personal protective equipment, mask and
thermometer stock levels, and the availability of
stations controlling the body temperature of academi-
cians and students.

Ventilation and sanitation practices. Availability of
guidelines on sanitation, ventilation, and cleaning
procedures; cleaning of door handles, computers,
keyboards, and all other furniture; cleaning of toilets
and floors with bleach with appropriate concentra-
tion.

Process for reporting a suspected case. The exis-
tence of systems that report to local health institutions
in the event of the detection of a confirmed or sus-
pected case, the tracing of academicians and students,
and monitoring their health status.

Guidance for students who missed classes. The
availability of opportunities for foreign students who
cannot attend the campus due to the conditions in
their countries, such as delayed registration, appli-
cation for distance education, and submitting project
reports instead of written examinations.

5.2. Numerical solution

The structure of the MCDM problem is given in
Fig. 2, and the numerical solution is presented as
follows:

Step 1a. Five criteria are evaluated by three decision-
makers by utilizing the readily given linguistic table

Table 2
Criterion weights

C1 C2 C3 C4 C5

DM1 VHI LI EI VHI SMI
DM2 AMI LI SLI HI VHI
DM3 VHI VLI SMI VHI AMI

and a criterion weight is assigned to each one as given
in Table 2.
Step 2a. The linguistic evaluations are converted to
their spherical fuzzy forms and an interval-valued
spherical fuzzy criterion weight matrix is obtained
as given in Table 3.
Step 3a. Aggregated interval-valued spherical fuzzy
criterion weight matrix is obtained as given in Table 4.
Step 1b. Four alternatives are evaluated by three
decision-makers with respect to five criteria as given
in Table 5.
Step 2b. Linguistic evaluations are converted to their
spherical fuzzy forms and interval-valued spherical
fuzzy alternative evaluation matrix is obtained as
given in Table 6.
Step 3b. Aggregated interval-valued spherical fuzzy
alternative evaluation matrix is obtained as given in
Table 7.
Step 4. Interval-valued spherical fuzzy decision
matrix is obtained as given in Table 8.
Step 4.1. Defuzzified interval-valued spherical fuzzy
decision matrix is obtained as given in Table 9.
Step 5. Interval-valued spherical fuzzy negative ideal
solution is obtained as given in Table 10.
Step 6. The Euclidean and Hamming distances to
the ideal negative solution are obtained as given in
Table 11.
Step 7. Relative assessment matrix is obtained as
given in Table 12.
Step 8. The appraisal scores of alternatives are
obtained as given in Table 13.

The ranking of alternatives is obtained as follows:
X4 > X3 > X2 > X1 Since alternative X4 has the

highest appraisal score, reopening readiness level of
faculty of D (X4) is the best.

Fig. 2. The structure of the MCDM problem.
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Table 3
Criterion weight matrix

DM C1 C2 C3 C4 C5

DM1 ([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.20, 0.25], [0.65, 0.75],

[0.20, 0.25])

([0.50, 0.55], [0.45, 0.55],

[0.30, 0.40])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.55, 0.65], [0.25, 0.30],

[0.25, 0.30])

DM2 ([0.85, 0.95], [0.10, 0.15],

[0.05, 0.15])

([0.20, 0.25], [0.65, 0.75],

[0.20, 0.25])

([0.25, 0.30], [0.55, 0.65],

[0.25, 0.30])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

DM3 ([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.15, 0.20], [0.75, 0.85],

[0.15, 0.20])

([0.55, 0.65], [0.25, 0.30],

[0.25, 0.30])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.85, 0.95], [0.10, 0.15],

[0.05, 0.15])

Table 4
Aggregated interval-valued spherical fuzzy criterion weight matrix

C1 C2 C3 C4 C5

([0.78, 0.88], [0.14, 0.18],

[0.13, 0.19])

([0.18, 0.23], [0.69, 0.79],

[0.18, 0.23])

([0.41, 0.48], [0.44, 0.53],

[0.27, 0.34])

([0.72, 0.82], [0.17, 0.22],

[0.17, 0.22])

([0.71, 0.81], [0.18, 0.23],

[0.17, 0.23])

Table 5
Linguistic evaluations of alternatives

C1 C2 C3 C4 C5

DM1 X1 AMI ALI VLI HI VLI
X2 VHI HI VHI SMI HI
X3 LI VHI EI HI EI
X4 HI AMI SMI VHI SMI

DM2 X1 AMI VHI VHI EI VHI
X2 VLI SMI LI SMI AMI
X3 HI ALI AMI HI EI
X4 VHI HI HI HI HI

DM3 X1 VLI ALI VHI SLI VHI
X2 HI EI AMI HI LI
X3 SMI VHI LI SMI VHI
X4 VHI AMI HI VHI HI

5.3. Sensitivity analysis

In this study, to certify the developed model,
two separate sensitivity analyses are presented with
respect to change in criterion and decision-maker
weights on the final rankings. In the first study, one-at-
a-time sensitivity analysis is conducted based on each
criterion. For this purpose, the reference criterion
weight values, namely absolutely more importance
(AMI), equally importance (EI) and absolutely low
importance (ALI), are determined in order to see the
effect of the change in the criterion weights on the
final rankings. Then, assigning these reference val-
ues to each criterion one by one, the model is run and
alternatives are ranked. The results obtained accord-
ing to a total of 15 scenarios obtained in this way are
presented in Fig. 3.

In all scenarios, the alternative X4 has the first and
alternative X1 has the last rank. Even with extreme
values, it can be seen that alterations in criterion
weights have little effect on the model’s conclusion.

In the second analysis, the weights of the decision-
makers are changed significantly and on the basis of
different values of weights, 10 different scenarios are
obtained. Fig. 4 presents the final rankings and the
weight distributions of decision-makers.

Alternative X4 is the best choice in all scenar-
ios, whereas alternative X1 is the worst choice in
seven of them. Although the ranking order of the
other two alternatives may vary depending on the
weight combinations used, the suggested approach
produces reliable results in general and has adequate
consistency across various decision-maker weight
scenarios.

5.4. Comparative analysis

A comparative study with other state-of-the-art
MCDM approaches is conducted to illustrate the
rationality and effectiveness of this study. For this
purpose, the same problem is solved with six dif-
ferent MCDM models developed in spherical fuzzy
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Table 6
Alternative evaluation matrix

C1 C2 C3 C4 C5

DM1 X1 ([0.85, 0.95], [0.10, 0.15],

[0.05, 0.15])

([0.10, 0.15], [0.85, 0.95],

[0.05, 0.15])

([0.15, 0.20], [0.75, 0.85],

[0.15, 0.20])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.15, 0.20], [0.75, 0.85],

[0.15, 0.20])

X2 ([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.55, 0.65], [0.25, 0.30],

[0.25, 0.30])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

X3 ([0.20, 0.25], [0.65, 0.75],

[0.20, 0.25])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.50, 0.55], [0.45, 0.55],

[0.30, 0.40])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.50, 0.55], [0.45, 0.55],

[0.30, 0.40])

X4 ([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.85, 0.95], [0.10, 0.15],

[0.05, 0.15])

([0.55, 0.65], [0.25, 0.30],

[0.25, 0.30])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.55, 0.65], [0.25, 0.30],

[0.25, 0.30])

DM2 X1 ([0.85, 0.95], [0.10, 0.15],

[0.05, 0.15])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.50, 0.55], [0.45, 0.55],

[0.30, 0.40])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

X2 ([0.15, 0.20], [0.75, 0.85],

[0.15, 0.20])

([0.55, 0.65], [0.25, 0.30],

[0.25, 0.30])

([0.20, 0.25], [0.65, 0.75],

[0.20, 0.25])

([0.55, 0.65], [0.25, 0.30],

[0.25, 0.30])

([0.85, 0.95], [0.10, 0.15],

[0.05, 0.15])

X3 ([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.10, 0.15], [0.85, 0.95],

[0.05, 0.15])

([0.85, 0.95], [0.10, 0.15],

[0.05, 0.15])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.50, 0.55], [0.45, 0.55],

[0.30, 0.40])

X4 ([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

DM3 X1 ([0.15, 0.20], [0.75, 0.85],

[0.15, 0.20])

([0.10, 0.15], [0.85, 0.95],

[0.05, 0.15])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.25, 0.30], [0.55, 0.65],

[0.25, 0.30])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

X2 ([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.50, 0.55], [0.45, 0.55],

[0.30, 0.40])

([0.85, 0.95], [0.10, 0.15],

[0.05, 0.15])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.20, 0.25], [0.65, 0.75],

[0.20, 0.25])

X3 ([0.55, 0.65], [0.25, 0.30],

[0.25, 0.30])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.20, 0.25], [0.65, 0.75],

[0.20, 0.25])

([0.55, 0.65], [0.25, 0.30],

[0.25, 0.30])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

X4 ([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.85, 0.95], [0.10, 0.15],

[0.05, 0.15])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

Table 7
Aggregated alternative evaluation matrix

C1 C2 C3 C4 C5

X1 ([0.48, 0.57], [0.50, 0.60],

[0.12, 0.20])

([0.20, 0.27], [0.76, 0.89],

[0.08, 0.19])

([0.44, 0.52], [0.50, 0.60],

[0.16, 0.22])

([0.43, 0.50], [0.43, 0.53],

[0.26, 0.33])

([0.44, 0.52], [0.50, 0.60],

[0.16, 0.22])

X2 ([0.42, 0.50], [0.51, 0.61],

[0.17, 0.23])

([0.56, 0.64], [0.32, 0.40],

[0.26, 0.34])

([0.50, 0.59], [0.42, 0.51],

[0.16, 0.23])

([0.58, 0.68], [0.23, 0.28],

[0.23, 0.28])

([0.48, 0.56], [0.43, 0.51],

[0.18, 0.24])

X3 ([0.42, 0.50], [0.44, 0.53],

[0.22, 0.27])

([0.38, 0.48], [0.60, 0.74],

[0.11, 0.22])

([0.44, 0.51], [0.48, 0.58],

[0.22, 0.30])

([0.61, 0.72], [0.22, 0.27],

[0.22, 0.27])

([0.57, 0.64], [0.38, 0.47],

[0.27, 0.36])

X4 ([0.72, 0.82], [0.17, 0.22],

[0.17, 0.22])

([0.78, 0.88], [0.14, 0.19],

[0.12, 0.19])

([0.61, 0.72], [0.22, 0.27],

[0.22, 0.27])

([0.72, 0.82], [0.17, 0.22],

[0.17, 0.22])

([0.61, 0.72], [0.22, 0.27],

[0.22, 0.27])

Table 8
Decision matrix

Alternative C1 C2 C3 C4 C5

X1 ([0.37, 0.50], [0.51, 0.62],

[0.16, 0.25])

([0.04, 0.06], [0.88, 0.96],

[0.13, 0.15])

([0.18, 0.25], [0.63, 0.74],

[0.27, 0.32])

([0.31, 0.41], [0.46, 0.56],

[0.29, 0.37])

([0.31, 0.42], [0.53, 0.63],

[0.21, 0.28])

X2 ([0.33, 0.44], [0.52, 0.63],

[0.20, 0.27])

([0.10, 0.15], [0.73, 0.83],

[0.25, 0.29])

([0.21, 0.28], [0.58, 0.68],

[0.28, 0.34])

([0.42, 0.56], [0.29, 0.35],

[0.28, 0.34])

([0.34, 0.45], [0.46, 0.55],

[0.23, 0.30])

X3 ([0.32, 0.44], [0.46, 0.55],

[0.24, 0.31])

([0.07, 0.11], [0.81, 0.91],

[0.17, 0.20])

([0.18, 0.24], [0.62, 0.72],

[0.30, 0.36])

([0.44, 0.58], [0.27, 0.34],

[0.27, 0.33])

([0.40, 0.51], [0.42, 0.51],

[0.30, 0.40])

X4 ([0.56, 0.72], [0.21, 0.28],

[0.21, 0.28])

([0.14, 0.20], [0.70, 0.80],

[0.20, 0.25])

([0.25, 0.34], [0.48, 0.58],

[0.32, 0.39])

([0.51, 0.66], [0.24, 0.30],

[0.23, 0.30])

([0.43, 0.58], [0.28, 0.35],

[0.27, 0.34])
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Table 9
Defuzzified interval-valued spherical fuzzy decision matrix

Alternative C1 C2 C3 C4 C5

X1 −0.137 −0.852 −0.447 −0.159 −0.215
X2 −0.193 −0.608 −0.367 0.113 −0.112
X3 −0.128 −0.747 −0.434 0.149 −0.037
X4 0.337 −0.543 −0.227 0.259 0.138

and intuitionistic fuzzy environments. The selected
models for comparative analysis are spherical fuzzy
TOPSIS, spherical fuzzy CODAS, spherical fuzzy
EDAS, intuitionistic fuzzy TOPSIS, intuitionistic
fuzzy CODAS and intuitionistic fuzzy TOPSIS. The
appraisal scores obtained from the proposed model
and other six MCDM models are given in Table 14.

The ranking of appraisal scores are same in all
models except one case. In spherical fuzzy EDAS,
different from other models, the order of the second
and third alternatives has changed; however, in all
models the best alternative is X4 and the worst one
is X1. Additionally, a statistical approach is used to
determine the similarity of the ranking orders derived
from this comparison research. Spearman’s rank cor-
relation approach is used to determine if there is
substantial rank correlation between two sets of val-
ues as given in Equation 26.

ρxy = 1 − 6

m(m2 − 1)

m∑
i=1

(txi − t
y
i )2 (26)

where x and y denote the xth and yth MCDM meth-
ods, respectively; m is the number of alternatives, txi
and t

y
i are the rankings obtained from xth and yth

MCDM methods. The ρik coefficient indicates con-
sistency beween these rankings. Table 14 shows the
Spearman’s rank correlation coefficients ρik derived
for the proposed methodology and the other six
MCDM models, demonstrating that the suggested
methodology produces highly correlated results with
existing state-of-the-art MCDM techniques.

Table 11
Euclidean and Hamming distances to the ideal worst scenario

Alternative Euclidean Hamming
distance distance

X1 0.027 0.009
X2 0.147 0.091
X3 0.151 0.101
X4 0.306 0.226

Table 12
Relative assessment matrix

Alternative X1 X2 X3 X4

X1 0.000 −0.110 −0.113 −0.218
X2 0.130 0.000 −0.004 −0.137
X3 0.136 0.004 0.000 −0.135
X4 0.339 0.180 0.174 0.000

Table 13
Appraisal scores of alternatives

Alternative Appraisal score Ranking

X1 −0.441 4
X2 −0.012 3
X3 0.005 2
X4 0.693 1

6. Conclusion

Many countries have decided to close higher edu-
cation institutions in order to prevent the spread of the
COVID-19 virus, and worldwide, more than a million
students have been affected by quarantine, lock-
down, and school closure. On the other hand, within
the scope of returning to normal life, the reopen-
ing of these educational institutions is on the agenda
of the whole world, and in order for these institu-
tions to return to face-to-face education, they must
meet some strategic criteria such as organizing their
infrastructure and human resources, implementing
preventive measures and activities, making necessary
arrangements for student affairs, and limiting phys-
ical contact. At this point, there is a problem with
figuring out how ready academic units are to reopen,
which is usually based on a set of qualitative crite-
ria. This kind of problem can only be figured out in
a linguistic manner, which can be a bit vague and
imprecise.

Table 10
Interval-valued spherical fuzzy negative ideal solution

C1 C2 C3 C4 C5

−0.193 −0.852 −0.447 −0.159 −0.215

([0.85, 0.95], [0.10, 0.15],

[0.05, 0.15])

([0.20, 0.25], [0.65, 0.75],

[0.20, 0.25])

([0.25, 0.30], [0.55, 0.65],

[0.25, 0.30])

([0.65, 0.75], [0.20, 0.25],

[0.20, 0.25])

([0.75, 0.85], [0.15, 0.20],

[0.15, 0.20])
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Fig. 3. Ranks of the alternatives with respect to the changes in
criteria weights.

Fig. 4. Ranks of the alternatives with respect to the changes in
decision-maker weights.

In this study, the classical CODAS method, which
has already been accepted in many problems in the
literature, is extended with interval-valued spher-
ical fuzzy sets. While the spherical fuzzy sets
allow modeling the vagueness in the problem, the
increased dimension with interval-valued structure
significantly increases the capability of the model
in this regard. The proposed model is applied to the
problem of evaluating the reopening readiness levels
of academic units for the campus type of education
in the age of COVID-19. Theoretical and practical
contributions, limitations, and future research recom-
mendations of the study are given below, respectively.

6.1. Main contributions

The following are the main contributions of this
study, which can also be considered its advantages:

(1) Many universities converted to distance edu-
cation during the pandemic era, and as a result of
the pandemic’s waning effect, many of these institu-
tions have begun to return to face-to-face education in
the post-pandemic period. However, the question of
whether these institutions are prepared for physical
education has arisen, and in this context, the necessity
to assess these institutions’ readiness has arisen. In
contrast to past research, in this study, the reopening
readiness levels of academic units within the scope of
the pandemic are addressed through a fuzzy MCDM
approach. For this purpose, a set of evaluation crite-
ria is established and a novel decision support model
is introduced based on an interval-valued spherical
fuzzy CODAS.

(2) While the standard CODAS technique is an
effective MCDM technique, it cannot describe the
uncertainty inherent in a problem. On the other hand,
the available CODAS models are mainly either crisp-
based studies or they do not have capabilities that
can thoroughly model the vagueness in the nature of
the problem. To address the uncertainty, this study
proposes a new MCDM methodology that extends
the standard CODAS technique with interval-valued
spherical fuzzy sets. Within the methodology, the
classical CODAS steps are carried out in an interval-
valued spherical fuzzy environment, including the
computation of the Euclidean and Hamming dis-
tances.

(3) Spherical fuzzy sets are already known to
allow more space for decision-makers to express
their evaluations than most other fuzzy extensions,
and membership, non-membership, and hesitation
degrees can be modeled individually in spherical
fuzzy sets. The proposed interval-valued character
allows spherical fuzzy sets to model the aforemen-
tioned degrees in a larger area. Unlike previous
literature, the proposed model not only presents the
advantages of spherical fuzzy sets but also extends
them to an interval-valued structure to comprehen-
sively address the vagueness and uncertainty.

(4) The presented strategic criteria set, as well as
the importance levels of these criteria, may be used as
a reference for a better understanding of the reopening
readiness assessment problem faced by higher edu-
cation institutions and, to some extent, other sectors.
With its dynamic structure, the proposed model can
be used as a decision support tool for higher educa-
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Table 14
Appraisal scores and rank correlations (ρik) for different approaches

Proposed methodology SF TOPSIS SF CODAS SF EDAS IF TOPSIS IF CODAS IF EDAS

X1 –0.441 0.190 –0.219 0.298 0.044 –0.251 0.000
X2 –0.012 0.336 –0.103 0.682 0.315 –0.055 0.356
X3 0.005 0.427 0.010 0.445 0.343 –0.035 0.416
X4 0.693 1.000 0.327 0.995 1.000 0.386 1.000

ρik 1.000 1.000 1.000 0.964 1.000 1.000 1.000

tion institutions, as well as other sectors confronting
similar types of difficulties.

6.2. Limitations and future research avenues

The following comments can be made as the limi-
tations of this study:

(1) Although, this study provides some meaning-
ful guidance for evaluating the pandemic readiness
of academic units, a limited number of criteria are
presented.

(2) This is a solely expert-dependent model that
ranks alternatives based on the opinions of decision-
makers and lacks a feature that directly reflects the
institution’s numerical data.

For further research, it is possible to extend the
developed model in many ways, as follows:

(1) Other types of spherical fuzzy sets e.g., trape-
zoidal spherical fuzzy sets can be developed to
increase the fuzziness modeling capacity of the
model.

(2) Reopening readiness evaluation criteria can be
extended and grouped into sub-categories, and with
a more comprehensive set of criteria, a pandemic
readiness index can be developed.

(3) In this study, the geometric mean operator is
used for aggregating the matrices. However, the arith-
metic mean operator can also be used alternatively,
and the obtained results can be compared.

(4) The proposed methodology can be applied to
other decision-making problems such as sustainable
building material selection or construction-contractor
selection with many other MCDM techniques, e.g.,
ELECTRE.

(5) Supervised machine learning algorithms can
be integrated into the model to make use of avail-
able data within the institutions, and by doing so,
both the dependency of the model on the expert can
be reduced, and the opportunity can be given to the
model to update itself with new data entries, which
makes the model more intelligent and practical.

(6) On the other hand, in linguistic settings,
words may imply non-identical things to different

decision-makers, implying the need of represent-
ing a personalized individual semantics [15], and
there may be some instances when decision mak-
ers may employ unbalanced linguistic terms sets that
are not consistently and symmetrically distributed to
offer linguistic evaluations of alternatives [45]. In
the future, other scholars can consider how to deal
with consensus-achieving problems in such situations
and propose a model for an interval-valued spherical
fuzzy linguistic environment.
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