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Abstract. Spherical fermatean interval valued fuzzy soft set is a more well organized,
workable and generalized soft model to deal with uncertainty, as compared to fermatean
interval valued fuzzy soft and spherical interval valued fuzzy soft models. This research
article presents a novel multi criteria group decision making technique based on spherical
fermatean interval valued fuzzy soft set. The multi criteria group decision making theory
is well known for decision making and it is applied to evaluating best college education
from alternatives. In this survey, data were collected related to attributes of the college
education to demonstrate the significance of decision making in the case of ten colleges.
Ten alternatives were considered with five attributes, i.e., campus environment, overall
cost, academic quality, student/faculty relationship, career development of the college
education. Finally, to illustrate the success of the present approach, a real life problem
is presented where the evaluation information of the alternatives is given in terms of
spherical fermatean interval valued fuzzy soft set.
Keywords: Spherical interval valued fuzzy set, Spherical fermatean interval valued
fuzzy soft set, Multi criteria group decision making

1. Introduction. Decision making problem indicates the finding of best optional al-
ternatives. Hwang and Yoon [2] discussed multiple criteria decision making (MCDM)
methods. The matrix form of MCDM problem is as fallows:

Dn×m =


B1 B2 . . . Bm

A1 x11 x12 . . . x1m
A2 x21 x22 . . . x2m
...

...
...

. . .
...

An xn1 xn2 . . . xnm


Here A1,A2, . . . ,An are called possible alternative mean with which decision makers have
to choose, B1,B2, . . . ,Bm are called criteria mean for which alternative effecting is cal-
culated and xij means estimate of Ai with respect to Bj. A fuzzy set was introduced by
Zadeh [19] and it suggests that decision-makers are to be solving uncertain problems by
considering membership degrees. The concept of an intuitionistic fuzzy set was introduced
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by Atanassov and it is characterized by a degree of membership and non-membership sat-
isfying the condition that sum of its membership degree and non-membership degree is not
exceeding unity [1]. However, we may interact a problem in decision making (DM) events
where the sum of the degree of membership and non-membership of a particular attribute
is exceeding unity. So Yager [17] introduced the concept of Pythagorean fuzzy sets and
it is characterized by the condition that the square sum of its degree of membership and
non-membership is not to exceed unity. In 2019, spherical fuzzy sets were introduced by
Gundogdu and Kahraman [21] as an extension of Pythagorean, neutrosophic and picture
fuzzy sets. Ashraf et al. [22] discussed spherical fuzzy sets which is an advanced tool of
the fuzzy sets and intuitionistic fuzzy sets. In decision making problems, times squares
of sum of its degree of membership and non membership exceed unity. So Senapati and
Yager introduced Fermatean fuzzy set [12]. Also, Fermatean fuzzy soft set is a general-
ization of the Pythagorean fuzzy soft set and it is characterized by the condition that the
cubes of sum of its degree of membership and non membership is not to exceed unity.
In 2018, Garg et al. [23] proposed the algorithm for T-spherical fuzzy multi-attribute

decision making (MADM) based on improved interactive aggregation operators. Ashraf
and Abdullah [24] proposed spherical aggregation operators and applied them in multi-
attribute group decision making (MAGDM). Liu et al. [25] extended the generalized
Maclaurin symmetric mean (GMSM) operator to the T-spherical fuzzy environment and
proposed the T-spherical fuzzy GMSM operator (T-SFGMSM) and the T-spherical fuzzy
weighted GMSM operator (T-SFWGMSM). In 2019, Quek et al. [26] developed a few
new operational laws for T-spherical fuzzy sets, and based on these new operations. They
proposed two types of Einstein aggregation operators, namely the Einstein interactive
averaging aggregation operators and the Einstein interactive geometric aggregation op-
erators under T-spherical fuzzy environment. In 2019, Gundogdu and Kahraman [21]
introduced spherical fuzzy sets, their operational laws, and the spherical fuzzy TOPSIS
method. An extension of WASPAS with spherical fuzzy sets, VIKOR method using spher-
ical fuzzy sets and correlation coefficients were presented by Gundogdu and Kahraman
[27]. Molodtsov [7] proposed the theory of soft sets. Soft sets more accurately reflect
the objectivity and complexity of DM during actual situations. Maji et al. proposed the
concept of fuzzy soft set [5] and intuitionistic fuzzy soft set [6]. In recent years, Peng et al.
[10] have extended fuzzy soft set to Pythagorean fuzzy soft set. The soft set model solved
a class of multi criteria group decision making consisting sum of the degree of membership
and non-membership value which is exceeding unity but the sum of the squares is less
than or equal to unity.
The paper is organized into five sections as follows. Section 1 is the introduction.

Section 2 is followed by preliminaries. Section 3 follows the modified spherical fermatean
interval valued fuzzy soft set theory based on multi criteria group decision making. Section
4 is followed by analysis for spherical fermatean interval valued fuzzy soft set models.
Section 5 is followed by conclusion for the spherical fermatean interval valued fuzzy soft
set models. Also, some numerical examples are given as in insert to evaluate the spherical
fermatean interval valued fuzzy soft set.

2. Preliminaries.

Definition 2.1. Let U be a non-empty set of the universe, spherical interval valued fuzzy

(SIVF) set in which X in U is of the structure:
−→
X =

{
u,
(−→αX(u),−→βX(u),−→γX(u)) | u ∈ U

}
,

where −→αX(u) =
[
αLX(u), α

U
X(u)

]
,
−→
βX(u) =

[
βLX(u), β

U
X(u)

]
and −→γX(u) =

[
γLX(u), γ

U
X(u)

]
represent the degree of positive, neutral and negative-membership of X respectively. Con-

sider the mapping −→αX : U → D[0, 1],
−→
βX : U → D[0, 1], −→γX : U → D[0, 1] and 0 ≤
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X (u)+β2U

X (u)+γ2UX (u) ≤ 1. The degree

of refusal is determined as −→πX(u) =
[
πLX(u), π

U
X(u)

]
=
[√

1− α2U
X (u)− β2U

X (u)− γ2UX (u),√
1− α2L

X (u)− β2L
X (u)− γ2LX (u)

]
. Here

−→
X =

([
αLX , α

U
X

]
,
[
βLX , β

U
X

]
,
[
γLX , γ

U
X

])
is called a

spherical interval valued fuzzy number (SIVFN).

Definition 2.2. Let U be a non-empty set of the universe, spherical fermatean interval

valued fuzzy (SFIVF) set X in U is of the structure:
−→
X =

{
u,
(−→αX(u),−→βX(u),−→γX(u)) |u∈U

}
,

where −→αX(u) =
[
αLX(u), α

U
X(u)

]
,
−→
βX(u) =

[
βLX(u), β

U
X(u)

]
and −→γX(u) =

[
γLX(u), γ

U
X(u)

]
represent the degree of positive, neutral and negative-membership of X respectively. Con-

sider the mapping −→αX : U → D[0, 1],
−→
βX : U → D[0, 1], −→γX : U → D[0, 1] and 0 ≤(−→αX(u))3+(−→βX(u))3+(−→γX(u))3 ≤ 1 means 0 ≤ α3U

X (u)+β3U
X (u)+γ3UX (u) ≤ 1. The degree

of refusal is determined as −→πX(u) =
[
πLX(u), π

U
X(u)

]
=
[

3
√

1− α3U
X (u)− β3U

X (u)− γ3UX (u) ,

3
√
1− α3L

X (u)− β3L
X (u)− γ3LX (u)

]
. Here

−→
X =

([
αLX , α

U
X

]
,
[
βLX , β

U
X

]
,
[
γLX , γ

U
X

])
is called a

spherical fermatean interval valued fuzzy number (SFIVFN).

Definition 2.3. Let U and E be the universe and set of parameter, respectively. The

pair
−−−−→
(Θ, X) or

−→
ΘX is called a spherical fermatean interval valued fuzzy soft (SFIVFS) set

on U if X ⊑ E and Θ : X → SFIVFU, where SFIVFU denotes the set of all spherical
fermatean interval valued fuzzy subsets of U, i.e.,

−→
ΘX

=

{(
e,

{
u([

αLΘX (u), α
U
ΘX

(u)
]
,
[
βLΘX (u), β

U
ΘX

(u)
]
,
[
γLΘX (u), γ

U
ΘX

(u)
])}) | e ∈ X, u ∈ U

}
.

Remark 2.1. Let −→rij = −−→αΘX (ej)(ui),
−→sij =

−−→
βΘX (ej)(ui) and

−→
tij = −−→γΘX (ej)(ui), where

i = 1, 2, . . . ,m and j = 1, 2, . . . , n. Then the SFIVFS set
−→
ΘX is defined in the matrix

form:

−→
ΘX =

[(−→rij,−→sij,−→tij)]
m×n

=



(−→r11,−→s11,−→t11) (−→r12,−→s12,−→t12) . . .
(−→r1n,−→s1n,−→t1n)(−→r21,−→s21,−→t21) (−→r22,−→s22,−→t22) . . .
(−→r2n,−→s2n,−→t2n)

...
...

. . .
...(−→rm1,

−→sm1,
−→
tm1

) (−→rm2,
−→sm2,

−→
tm2

)
. . .

(−→rmn,−−→smn,−→tmn)


This matrix is called spherical fermatean interval valued fuzzy soft matrix (SFIVFSM).

Remark 2.2. Using fundamental operations of arithmetic leads to the following.
(i) [a1, a2] + [a3, a4] = [a1 + a3, a2 + a4],
(ii) [a1, a2]− [a3, a4] = [a1 − a4, a2 − a3],
(iii) [a1, a2] · [a3, a4] = [a1a3, a2a4], whenever a1 ≥ 0 and a2 ≥ 0,
(iv) 1

[a1,a2]
=
[

1
a2
, 1
a1

]
, whenever 0 ̸∈ [a1, a2], a1, a2, a3, a4 ∈ R.

3. Modified Spherical Fermatean Interval Valued Fuzzy Soft Set Models.

Definition 3.1. The cardinal set of the SFIVFS set
−→
ΘX over U is an SFIVFS set over

E and is defined as
−−→
cΘX =

{
e([

αLcθX
(e),αUcθX

(e)
]
,[βLcτX (e),βUcτX

(e)],
[
γLcψX

(e),γUcψX
(e)

]) | e ∈ E

}
=
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e

(−→α cθX (e),
−→
β cτX (e),−→γ cψX (e))

| e ∈ E

}
, where −→α cθX ,

−→
β cτX and −→γ cψX : E → D[0, 1] are map-

ping respectively, where −→α cθX (e) =
|−→θ X(e)|

|U| ,
−→
β cτX (e) =

|−→τ X(e)|
|U| and −→γ cψX (e) =

|−→ψX(e)|
|U| ,

where
∣∣∣−→θ X(e)

∣∣∣, ∣∣∣−→τ X(e)
∣∣∣ and ∣∣∣−→ψ X(e)

∣∣∣ denote the scalar cardinalities of the SFIVFS sets
−→
θ X(e),

−→τ X(e) and
−→
ψ X(e) respectively, and |U| represents cardinality of U. The collec-

tion of all cardinal sets of SFIVFS sets of U is represented as cSFIVFU. If X ⊆ E = {ei |
i = 1, 2, . . . , n}, then

−−→
cΘX ∈ cSFIVFU may be represented in the matrix form as[([

rL1j, r
U
1j

]
,
[
sL1j, s

U
1j

]
,
[
tL1j, t

U
1j

])]
1×n

=
[([

rL11, r
U
11

]
,
[
sL11, s

U
11

]
,
[
tL11, t

U
11

])
,
([
rL12, r

U
12

]
,
[
sL12, s

U
12

]
,
[
tL12, t

U
12

])
, . . . ,([

rL1n, r
U
1n

]
,
[
sL1n, s

U
1n

]
,
[
tL1n, t

U
1n

])]
,

where ([
rL1j, r

U
1j

]
,
[
sL1j, s

U
1j

]
,
[
tL1j, t

U
1j

])
=
[
µLrΘX (ej), µ

U
rΘX

(ej)
]
, ∀j = 1, 2, . . . , n.

For our convenience matrix form as[(−→p 1j,
−→q 1j,

−→r 1j

)]
1×n =

[(−→p 11,
−→q 11,

−→r 11

)
,
(−→p 12,

−→q 12,
−→r 12

)
, . . . ,

(−→p 1n,
−→q 1n,

−→r 1n

)]
where (−→p 1j,

−→q 1j,
−→r 1j

)
= −→µ cΘX (ej), ∀j = 1, 2, . . . , n.

This matrix is called as cardinal matrix of
−−→
cΘX of E.

Definition 3.2. Let
−→
ΘX ∈ SFIVFU and

−−→
cΘX ∈ cSFIVFU. The SFIVFS set aggregation

operator SFIVFS agg : cSFIVF
U × SFIVFU → SFIVFS (U, E) is defined as

SFIVFS agg

(−−→
cΘX ,

−→
ΘX

)
=

{
u

−→µ Θ∗
X
(u)

| u ∈ U
}
=

 u(−→α θ∗X
(u),

−→
β τ∗X

(u),−→γ ψ∗
X
(u)
) | u ∈ U

 .

This collection is called aggregate SFIVFS set
−→
ΘX . The positive membership function is

defined as

−→α θ∗X
(u) : U → D[0, 1] by −→α θ∗X

(u) =
1

|E|
∑
e∈E

(−→α cθX (e),
−→α θX (e)

)
(u),

neutral membership function is defined as

−→
β τ∗X

(u) : U → D[0, 1] by
−→
β τ∗X

(u) =
1

|E|
∑
e∈E

(−→
β cτX (e),

−→
β τX (e)

)
(u)

and negative membership function is defined as

−→γ ψ∗
X
(u) : U → D[0, 1] by −→γ ψ∗

X
(u) =

1

|E|
∑
e∈E

(−→γ cψX (e),
−→γ ψX (e)

)
(u).

The set SFIVFS agg

(−−→
cΘX ,

−→
ΘX

)
is expressed in matrix form as follows:

[([
rLi1, r

U
i1

]
,
[
sLi1, s

U
i1

]
,
[
tLi1, t

U
i1

])]
m×1

=



([
rL11, r

U
11

]
,
[
sL11, s

U
11

]
,
[
tL11, t

U
11

])([
rL21, r

U
21

]
,
[
sL21, s

U
21

]
,
[
tL21, t

U
21

])
...([

rLm1, r
U
m1

]
,
[
sLm1, s

U
m1

]
,
[
tLm1, t

U
m1

])
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where
[([

rLi1, r
U
i1

]
,
[
sLi1, s

U
i1

]
,
[
tLi1, t

U
i1

])]
=
[
µLΘ∗

X
(ui), µ

U
Θ∗
X
(ui)

]
, ∀i = 1, 2, . . . ,m. This ma-

trix is called SFIVFS aggregate matrix of SFIVFS agg

(−−→
cΘX ,

−→
ΘX

)
over U.

Theorem 3.1. Let
−→
ΘX be the SFIVFS set. Suppose that

−−−→
MΘX ,

−−−→
McΘX ,

−−−→
M∗

ΘX
are matrices

of
−→
ΘX ,

−−→
cΘX ,

−→
Θ∗
X respectively, then

−−−→
MΘX ×

−−−→
MT

cΘX
=

−−−→
M∗

ΘX
× |E|, where

−−−→
MΘX ×

−−−→
MT

cΘX
is

called a SFIVFSM-product and
−−−→
MT

cΘX
is the transpose of

−−−→
McΘX .

Proof: The proof follows from Definition 3.1 and Definition 3.2. 2

We can make a multi criteria group decision making based on modified spherical fer-
matean interval valued fuzzy soft set models by the following algorithms.

3.1. Modified spherical fermatean interval valued fuzzy soft set model-I (Pro-
posed). An algorithm for DM problems using SFIVFS set model is explained. The algo-
rithm for the selection of the best choice is given as follows.

Step 1. Input the values for SFIVFS set
−→
ΘX over U.

Step 2. Calculate the cardinalities and cardinal set
−−→
cΘX of

−→
ΘX .

Step 3. Compute the aggregate SFIVFS set
−→
Θ∗
X of

−→
ΘX .

Step 4. Find the score function Sc(u) =

(
α3L
u − β3U

u − γ3Uu
)
+
(
α3U
u − β3L

u − γ3Lu
)

2
and

u ∈ U.
Step 5. Output for the best alternative is maxi Sc(ui).
Step 6. End.

3.2. Survey study. Decision making can be applied in various fields such as selection of
best washing machine, laptop, engineerings and two wheeler motor bike of which choos-
ing a college for education is to be discussed. In the selection of college for under going
teaching education, the evaluation of teacher education is carried out according to various
standards of experts. There are various studies, primarily conducted that have investi-
gated the reasons why parents select a particular college, which they think best suits for
their college student’s needs and parental aspirations. We identify a factor regarded as
parental decision making: Academic factor which is divided into five identified elements
namely campus environment, overall cost, academic quality, student/faculty relationship
and career development. Our goal is to select the optimal one out of a great number of
alternatives based on the assessment of experts against the criteria. A parent intends
to choose the best college education. Here we intend to choose ten colleges that are nom-
inated. The score of the college education evaluated by the experts is represented by
E = {e1: campus environment, e2: overall cost, e3: academic quality, e4: student/faculty
relationship, e5: career development}. After discussion each college is evaluated to a sub-
set of parameters X = {e1, e2, e3, e4} ⊆ E. We apply the above-mentioned algorithm as
follows.
Step-1: Form SFIVFS set

−→
ΘX of U is defined below:

−→
ΘX =

{(
e1,

{
S1

[0.35, 0.4], [0.2, 0.25], [0.35, 0.4]
,

S2

[0.3, 0.5], [0.3, 0.45], [0.3, 0.35]
,

S4

[0.2, 0.3], [0.25, 0.35], [0.4, 0.45]
,

S5

[0.15, 0.35], [0.25, 0.3], [0.1, 0.2]
,

S7

[0.25, 0.3], [0.3, 0.4], [0.4, 0.5]
,

S9

[0.25, 0.4], [0.4, 0.5], [0.2, 0.25]
,
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S10

[0.35, 0.45], [0.2, 0.25], [0.3, 0.35]

})
,(

e2,

{
S2

[0.3, 0.45], [0.25, 0.3], [0.3, 0.5]
,

S3

[0.4, 0.5], [0.15, 0.2], [0.3, 0.4]
,

S5

[0.2, 0.35], [0.3, 0.45], [0.15, 0.45]
,

S6

[0.3, 0.35], [0.4, 0.6], [0.3, 0.35]
,

S8

[0.15, 0.2], [0.45, 0.5], [0.3, 0.4]
,

S10

[0.2, 0.25], [0.3, 0.4], [0.2, 0.25]

})
,(

e3,

{
S3

[0.45, 0.55], [0.25, 0.3], [0.35, 0.4]
,

S4

[0.4, 0.45], [0.1, 0.25], [0.2, 0.3]
,

S6

[0.4, 0.45], [0.25, 0.35], [0.5, 0.55]
,

S8

[0.5, 0.6], [0.2, 0.25], [0.15, 0.2]
,

S9

[0.3, 0.35], [0.35, 0.45], [0.5, 0.6]

})
,(

e4,

{
S1

[0.5, 0.55], [0.2, 0.25], [0.3, 0.5]
,

S2

[0.2, 0.25], [0.45, 0.5], [0.25, 0.45]
,

S4

[0.35, 0.45], [0.15, 0.2], [0.3, 0.45]
,

S5

[0.2, 0.25], [0.4, 0.45], [0.25, 0.3]
,

S7

[0.3, 0.4], [0.2, 0.35], [0.25, 0.3]
,

S8

[0.25, 0.35], [0.3, 0.6], [0.3, 0.35]
,

S10

[0.15, 0.3], [0.3, 0.7], [0.15, 0.2]

})}
.

Step-2: The cardinal set of
−→
ΘX as

−−→
cΘX

=

{
e1

([0.185, 0.27], [0.19, 0.25], [0.205, 0.25])
,

e2
([0.155, 0.21], [0.185, 0.245], [0.155, 0.235])

,

e3
([0.205, 0.24], [0.115, 0.16], [0.17, 0.205])

,
e4

([0.195, 0.255], [0.2, 0.305], [0.18, 0.255])

}
.

Step-3: By Theorem 3.1, the aggregate SFIVFS set
−→
Θ∗
X of

−→
ΘX is

−−−→
MΘ∗

X
=

−−−→
MΘX ×

−−−→
M t

cΘX

|E|

=
1

5





[0.35, 0.4] [0, 0] [0, 0] [0.5, 0.55] [0, 0]

[0.3, 0.5] [0.3, 0.45] [0, 0] [0.2, 0.25] [0, 0]

[0, 0] [0.4, 0.5] [0.45, 0.55] [0, 0] [0, 0]

[0.2, 0.3] [0, 0] [0.4, 0.45] [0.35, 0.45] [0, 0]

[0.15, 0.35] [0.2, 0.35] [0, 0] [0.2, 0.25] [0, 0]

[0, 0] [0.3, 0.35] [0.4, 0.45] [0, 0] [0, 0]

[0.25, 0.3] [0, 0] [0, 0] [0.3, 0.4] [0, 0]

[0, 0] [0.15, 0.2] [0.5, 0.6] [0.25, 0.35] [0, 0]

[0.25, 0.4] [0, 0] [0.3, 0.35] [0, 0] [0, 0]

[0.35, 0.45] [0.2, 0.25] [0, 0] [0.15, 0.3] [0, 0]




[0.185, 0.27]

[0.155, 0.21]

[0.205, 0.24]

[0.195, 0.255]

[0, 0]

 ,
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[0.2, 0.25] [0, 0] [0, 0] [0.2, 0.25] [0, 0]
[0.3, 0.45] [0.25, 0.3] [0, 0] [0.45, 0.5] [0, 0]

[0, 0] [0.15, 0.2] [0.25, 0.3] [0, 0] [0, 0]
[0.25, 0.35] [0, 0] [0.1, 0.25] [0.15, 0.2] [0, 0]
[0.25, 0.3] [0.3, 0.45] [0, 0] [0.4, 0.45] [0, 0]

[0, 0] [0.4, 0.6] [0.25, 0.35] [0, 0] [0, 0]
[0.3, 0.4] [0, 0] [0, 0] [0.2, 0.35] [0, 0]
[0, 0] [0.45, 0.5] [0.2, 0.25] [0.3, 0.6] [0, 0]

[0.4, 0.5] [0, 0] [0.35, 0.45] [0, 0] [0, 0]
[0.2, 0.25] [0.3, 0.4] [0, 0] [0.3, 0.7] [0, 0]




[0.19, 0.25]
[0.185, 0.245]
[0.115, 0.16]
[0.2, 0.305]

[0, 0]

 ,



[0.35, 0.4] [0, 0] [0, 0] [0.3, 0.5] [0, 0]
[0.3, 0.35] [0.3, 0.5] [0, 0] [0.25, 0.45] [0, 0]

[0, 0] [0.3, 0.4] [0.35, 0.4] [0, 0] [0, 0]
[0.4, 0.45] [0, 0] [0.2, 0.3] [0.3, 0.45] [0, 0]
[0.1, 0.2] [0.15, 0.45] [0, 0] [0.25, 0.3] [0, 0]
[0, 0] [0.3, 0.35] [0.5, 0.55] [0, 0] [0, 0]

[0.4, 0.5] [0, 0] [0, 0] [0.25, 0.3] [0, 0]
[0, 0] [0.3, 0.4] [0.15, 0.2] [0.3, 0.35] [0, 0]

[0.2, 0.25] [0, 0] [0.5, 0.6] [0, 0] [0, 0]
[0.3, 0.35] [0.2, 0.25] [0, 0] [0.15, 0.2] [0, 0]




[0.205, 0.25]
[0.155, 0.235]
[0.17, 0.205]
[0.18, 0.255]

[0, 0]



=





[0.039, 0.054]

[0.039, 0.054]

[0.041, 0.048]

[0.041, 0.054]

[0.039, 0.054]

[0.041, 0.048]

[0.039, 0.054]

[0.041, 0.051]

[0.041, 0.054]

[0.037, 0.054]



,



[0.04, 0.05]

[0.04, 0.061]

[0.03, 0.04]

[0.038, 0.05]

[0.04, 0.061]

[0.037, 0.049]

[0.04, 0.061]

[0.04, 0.061]

[0.038, 0.05]

[0.04, 0.061]



,



[0.041, 0.051]

[0.041, 0.051]

[0.034, 0.047]

[0.041, 0.051]

[0.036, 0.051]

[0.034, 0.047]

[0.041, 0.051]

[0.036, 0.051]

[0.04, 0.05]

[0.041, 0.05]


Hence,

−→
Θ∗
X

=

{
S1

([0.039, 0.054], [0.04, 0.05], [0.041, 0.051])
,

S2

([0.039, 0.054], [0.04, 0.061], [0.041, 0.051])
,

S3

([0.041, 0.048], [0.03, 0.04], [0.034, 0.047])
,

S4

([0.041, 0.054], [0.038, 0.05], [0.041, 0.051])
,

S5

([0.039, 0.054], [0.04, 0.061], [0.036, 0.051])
,

S6

([0.041, 0.048], [0.037, 0.049], [0.034, 0.047])
,

S7

([0.039, 0.054], [0.04, 0.061], [0.041, 0.051])
,

S8

([0.041, 0.051], [0.04, 0.061], [0.036, 0.051])
,

S9

([0.041, 0.054], [0.038, 0.05], [0.04, 0.05])
,

S10

([0.037, 0.054], [0.04, 0.061], [0.041, 0.05])

}
.
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Step-4: The score function Sc(Ci) as follows:

Score value =

Colleges Sc(Ci)

C1 −0.000087
C2 −0.000138
C3 −0.000027
C4 −0.000078
C5 −0.000127
C6 −0.000066
C7 −0.000138
C8 −0.000134
C9 −0.000071
C10 −0.000138

3.3. Modified spherical fermatean interval valued fuzzy soft set model-II (Pro-
posed).
Step 1. Input the values for SFIVFSM on the basis of the parameters.
Step 2. Case-I: Obtain the choice matrix for the positive, neutral and negative-member-
ship of SFIVFSM (weights are equal).
Case-II: Find the choice matrix for the positive, neutral and negative-membership of SFI-
VFSM (weights are unequal).

Step 3. Compute the score value Sc(u) =

(
α3L
u − β3U

u − γ3Uu
)
+
(
α3U
u − β3L

u − γ3Lu
)

2
and

u ∈ U.
Step 4. Output for the best alternative is maxi Sc(ui).
Step 5. End.

Case-I: Let
−→
X =

(−→α ij,
−→
β ij,

−→γ ij

)
∈ SFIVFSMm×n. If weights are equal, then choice

matrix of SFIVFSM
−→
X is given as

−−−→
C(X) =

[(∑n
j=1(−→α ij)

3

n
,
∑n
j=1(

−→
β ij)

3

n
,
∑n
j=1(−→γ ij)

3

n

)]
m×1

, ∀i.

We may appeal to above survey, and the choice matrix can be obtained as

−−−→
C(X) =





[0.033575, 0.046075]

[0.0124, 0.04635]

[0.031025, 0.058275]

[0.022975, 0.04185]

[0.003875, 0.020275]

[0.0182, 0.0268]

[0.008525, 0.0182]

[0.0288, 0.053375]

[0.008525, 0.021375]

[0.01085, 0.02675]



,



[0.0032, 0.00625]

[0.02675, 0.048625]

[0.0038, 0.007]

[0.004, 0.0133]

[0.021325, 0.04185]

[0.015925, 0.051775]

[0.007, 0.021375]

[0.025225, 0.071325]

[0.021375, 0.043225]

[0.0124, 0.084525]



,



[0.013975, 0.0378]

[0.013925, 0.0518]

[0.013975, 0.0256]

[0.0198, 0.04185]

[0.004, 0.025225]

[0.0304, 0.04185]

[0.015925, 0.0304]

[0.011475, 0.022975]

[0.0266, 0.046325]

[0.007675, 0.0133]
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Score value =

Colleges Sc(Ci)

C1 0.000788
C2 −0.001828
C3 0.001722
C4 −0.000029
C5 −0.001216
C6 −0.00228
C7 −0.00064
C8 −0.001352
C9 −0.002325
C10 −0.00335

Case-II: Let
−→
X =

(−→α ij,
−→
β ij,

−→γ ij

)
∈ SFIVFSMm×n. If weights are unequal, then weight-

ed choice matrix of SFIVFSM
−→
X is

−−−−→
Cw(X) =

[(∑n
j=1

−→wj(−→α ij)
3∑−→wj ,

∑n
j=1

−→wj(
−→
β ij)

3∑−→wj ,
∑n
j=1

−→wj(−→γ ij)
3∑−→wj

)]
m×1

, ∀i.

Put weights
(−→wj) = {[0.16, 0.165], [0.14, 0.145], [0.18, 0.19], [0.17, 0.175], [0.15, 0.155]}. We

may appeal to above survey, and the weighted choice matrix can be obtained as

−−−−→
Cw(X) =





[0.033867, 0.049595]

[0.011398, 0.045716]

[0.030557, 0.06217]

[0.024203, 0.047145]

[0.003639, 0.020032]

[0.018434, 0.029413]

[0.008542, 0.019569]

[0.030878, 0.062129]

[0.008867, 0.023383]

[0.010306, 0.027533]



,



[0.003181, 0.006641]

[0.026505, 0.051032]

[0.003958, 0.007863]

[0.00392, 0.014304]

[0.020675, 0.042019]

[0.014184, 0.049333]

[0.006843, 0.022579]

[0.022636, 0.073617]

[0.021636, 0.047423]

[0.011627, 0.089854]



,



[0.013795, 0.040544]

[0.012959, 0.051433]

[0.013852, 0.0268]

[0.019602, 0.045141]

[0.003962, 0.024073]

[0.031663, 0.047285]

[0.015538, 0.031688]

[0.010816, 0.022879]

[0.028651, 0.054523]

[0.007245, 0.013425]



Score value =

Colleges Sc(Ci)

C1 0.000046
C2 −0.000096
C3 0.000123
C4 0.000008
C5 −0.000044
C6 −0.000114
C7 −0.00002
C8 −0.000077
C9 −0.000144
C10 −0.000354

3.4. Modified spherical fermatean interval valued fuzzy soft set model-III (Pro-
posed).
Step 1. Input the values for SFIVFSM on the basis of parameters.
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Step 2. Find the spherical fermatean interval valued fuzzy weighted averaging numbers
(SFIVFWANs) under aggregated operation,

−−−→
C(X) =

(
n∑
j=1

−→wj−→αij,
n∑
j=1

−→wj
−→
βij,

n∑
j=1

−→wj−→γij

)
.

Step 3. Compute the score function Sc(u) =

(
α3L
u − β3U

u − γ3Uu
)
+
(
α3U
u − β3L

u − γ3Lu
)

2
,

u ∈ U.
Step 4. Output for the best alternative is maxi Sc(ui).
Step 5. End.
Put weights

(−→wj) = {[0.16, 0.165], [0.14, 0.145], [0.18, 0.19], [0.17, 0.175], [0.15, 0.155]}.
We may appeal to above survey,

−−−→
C(X) =





[0.141, 0.16225]

[0.124, 0.1915]

[0.137, 0.177]

[0.1635, 0.21375]

[0.086, 0.15225]

[0.114, 0.13625]

[0.091, 0.1195]

[0.1535, 0.20425]

[0.094, 0.1325]

[0.1095, 0.163]



,



[0.066, 0.085]

[0.1595, 0.20525]

[0.066, 0.086]

[0.0835, 0.14025]

[0.15, 0.1935]

[0.101, 0.1535]

[0.082, 0.12725]

[0.15, 0.225]

[0.127, 0.168]

[0.125, 0.22175]



,



[0.107, 0.1535]

[0.1325, 0.209]

[0.105, 0.134]

[0.105, 0.21]

[0.0795, 0.15075]

[0.132, 0.15525]

[0.1065, 0.135]

[0.12, 0.15725]

[0.122, 0.15525]

[0.1015, 0.129]



Score value =

Colleges Sc(Ci)

C1 0.000665
C2 −0.007615
C3 0.001815
C4 −0.000954
C5 −0.005192
C6 −0.003339
C7 −0.00191
C8 −0.004122
C9 −0.004595
C10 −0.005203

Table 1. Analysis of above-proposed models

Models Ranking of alternatives Alternatives

Model-I C2 = C7 = C10 ≤ C8 ≤ C5 ≤ C1 ≤ C4 ≤ C9 ≤ C6 ≤ C3 C3

Model-II Case-(i) C10 ≤ C9 ≤ C6 ≤ C2 ≤ C8 ≤ C5 ≤ C7 ≤ C4 ≤ C1 ≤ C3 C3

Model-II Case-(ii) C10 ≤ C9 ≤ C6 ≤ C2 ≤ C8 ≤ C5 ≤ C7 ≤ C4 ≤ C1 ≤ C3 C3

Model-III C2 ≤ C10 ≤ C5 ≤ C9 ≤ C8 ≤ C6 ≤ C7 ≤ C4 ≤ C1 ≤ C3 C3

4. Analysis for Modified Spherical Fermatean Interval Valued Fuzzy Soft Set
Models. It is observed that the third college education is the best for students in effective
manner. Finally, parents select the third college because of the following reasons.
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1) Campus environment is found to be the best among the other colleges.
2) Overall cost is better than the any other colleges in the list.
3) Academic quality is evaluated to be falling in line with the expectation of parents.
4) Students/faculty relationship is found to be the best among the remaining colleges.
5) Career development is stronger than the any other colleges.

Figure 1. SFIVFS set models based on MCGDM

5. Conclusion. In this present communication, the above three spherical fermatean in-
terval valued fuzzy soft set models followed by multi criteria group decision making are
explained. The main focus of this study is the awareness of spherical fermatean interval
valued fuzzy soft set models among college education, so that parents can learn and apply
some decision making methods in practical applications. The results indicate that the
first choice comes out to be ten colleges with the three spherical fermatean interval val-
ued fuzzy soft set models which have five attributes. We discussed campus environment,
overall cost, academic quality, students/faculty relationship and career development are
found to be the best among the other colleges. Also, we have inserted a few sorts of
statistical charts to image the rankings of alternatives under consideration.
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