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1 | INTRODUCTION

Zeeshan Ahmad

1, Ewa Rak "= 2

ABSTRACT

This study aims to improve decision-making in vocational training,
career planning, and employment guidance by using the algorithm of the
multi-attributes group decision-making (MAGDM) approach based on
the circular T-spherical fuzzy (CTSF) framework. The criteria importance
through the intercriteria correlation (CRITIC) method is used to assign
importance to evaluation attributes based on their variation and
relationship with each other, while the weighted aggregated sum product
assessment (WASPAS) method is applied to rank different strategic
alternatives and identify the most effective solution. The CTSF set
(CTSES) is an enhanced version of the traditional fuzzy extension that
incorporates the radius and circular behavior of its grades. This
enhancement enables CTSF to convey vagueness, interdependent
relationships, and ambiguity more precisely than typical fuzzy sets (FS)
and their extensions. We created CTSF weighted (CTSFWA) and CTSF
weighted geometric (CTSFWG) to accomplish this, combining CTSF
value data into a singleton set. A few fundamental properties are also
examined, including idempotency, boundedness, and monotonicity. The
model is experimented with the help of a hypothetical case study that is
aimed at enhancing employment outcomes, and five alternatives are
assessed in comparison to five important attributes. The findings indicate
that the fifth option, i.e., “Digital Career Guidance Platforms,” is the most
ideal strategy of career planning and employment guidance. Sensitivity
and comparative analyses are also conducted to confirm the reliability
and stability of the proposed approach. The findings indicate that the
model is practical, reliable, and useful for supporting strategic decisions

in workforce development and employment planning.

Keywords: Circular T-spherical fuzzy set, CRITIC-WASPAS model,
Career planning and employment guidance, multi-attributes group

decision-making problem
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Many young people and job seekers today do not get enough good guidance when choosing

career paths or planning their future work life. Schools and training centers often have limited career
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counseling services, so students are not well informed about what jobs are out there and what skills
they need to succeed. This leaves many people confused and unable to make good career decisions
that match their interests and abilities. Vocational training programs also experience challenges.
Students often learn skills that are either obsolete or not relevant to actual work, and in most instances,
training fails to match the needs of the job market. The employers sometimes lament that the
graduates lack the hands-on skills demanded by employers and that they do not consult the industry
greatly enough when making decisions on what to include in the training programs. In the absence
of closer connections between training and industry demand, many graduates cannot secure decent
employment despite completing courses, and therefore have problems with unemployment or
underemployment.

FS theory is particularly helpful in situations involving trade-offs, as decision-making is rarely
simple. The MAGDM approach provides useful frameworks for assessing these kinds of ambiguous
and occasionally contradictory attributes. Researchers have made tremendous progress in this area
in recent years, presenting fresh models and methods that enhance decision-making in the face of
uncertainty. One that we could mention, [1] discussed an educational and career guidance model
using fuzzy logic concepts. The fuzzy control algorithm was introduced by [2] in college students’
personal career planning and entrepreneurship. A method for evaluating college students” career
suitability based on a fuzzy clustering algorithm, primarily suggested by [3]. However, [4] elaborated
on the development of a career planning assistance platform for college students combining fuzzy
logic and deep learning.

1.1. Literature Study

The technique of selecting the optimal option from a range of options by assessing their possible
outcomes is known as multi-attribute decision-making. By incorporating a group of decision-makers
(D) who jointly assess options across several qualities, MAGDM expands upon MADM. It works well
in situations involving a variety of parties and attributes and is helpful in complex evaluations, such
as consumer value in purchasing behavior assessments. introduced artificial intelligence-based three-
way decision-making introduced by [5], while [6] adopted hybrid models for decision-making based
on rough Pythagorean fuzzy bipolar soft information, [7] developed Dombi aggregation operators
based on complex g-rung orthopair fuzzy sets and their application to MADM, and [8] investigated
the TOPSIS approach for MAGDM.

In this manuscript, we extend the CRITIC method and WASPAS method to the CTSF architecture.
For thorough assessments, [9] suggested objective weights in multiple criteria problems. The
weighted aggregated sum product assessment (WASPAS) method developed by [10], which

combines the additive and the multiplicative models. It is a widely used approach to the MAGDM
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problem that takes into account both quantitative and qualitative aspects. Table 1 provides an

overview of the WASPAS method.

Table 1. Previous work for the WASPAS method

References Established Worked on Case Study

Keshavarz-
Ghorabaee et al. [11]

2020) WASPAS Green construction supplier evaluation

Ghoushchi et al. [12]

2021) SWARA-WASPAS | Landfill site selection for medical waste

Alrasheedi et al. [14]

2023) SWARA-WASPAS Renewable energy sources selection

(
(
Al-Barakati etal. [13] (2022) WASPAS Renewable energy sources
(
(

Anjum et al. [15]

Cooperative intelligent transportation

2024) CRITIC-WASPAS .
system scenarios

Introduced paper (2025) CRITIC-WASPAS

Career planning and employment
guidance

However, a major drawback of typical WASPAS frameworks is that they are not made to handle

data represented via CTSFS, as Table 1 illustrates. Given that CTSFS provides a more sophisticated

method of representing uncertainty, this is a significant flaw.

1.2. Research Gap

1.

Multi-attribute group decision-making (MAGDM) under uncertainty is gaining
popularity, although there are still a number of important gaps in the research:
MAGDM issues have made extensive use of fuzzy, intuitionistic, image, and spherical
fuzzy environments. There hasn't been much focus on the suggested CTSF framework,
which provides improved capabilities in modeling hesitation and directional ambiguity.
In the area of CTSEFS, few studies have combined several decision-making strategies. The
breadth of precise and thorough decision assistance has been limited since no previous
work has integrated the WASPAS approach for alternative ranking under CTSFS with the
CRITIC method for objective weighing.

The majority of MAGDM models in fuzzy environments increase bias by significantly
relying on judgment to provide weights to characteristics. Research using objective
weighting techniques, such as CRITIC, in the CTSFES framework is lacking.

Despite the theoretical benefits of CTSFS, there is no empirical application of CTSES-based
decision-making models to real-world issues, including career planning and employment

guidance.

1.3. Research Questions

The study aims to address the following important research concerns in light of the gaps found:

1.

How can the MAGDM approach be enhanced in the CTSFS environment by combining

the advantages of the proposed methods?
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2. In CTSFS, can an objective, correlation-based weighting method (CRITIC) improve the
dependability of decision-making results under high uncertainty?

3. In comparison to current fuzzy MAGDM models, how does the proposed model perform
in an actual career planning decision-making scenario?

4. In terms of conveying hesitation and uncertainty in group decision-making, what are the
advantages and disadvantages of employing CTSFS over conventional fuzzy
environments?

5. This study suggests a unique extension of the CTSFS-based CRITIC-WASPAS model and
describes an algorithm for using it in career planning and employment guidance decision-
making situations in order to investigate these topics.

1.4. Fuzzy Environments Extension

There are several instances of uncertainty and indeterminacy in the real world. Crisp set theory
and traditional binary logic are unable to model and make decisions effectively under these
circumstances. The FS theory was introduced by [16] in 1965 to tackle this issue; it was the first theory
that allowed for fundamental set membership to have values between 0 and 1. Because this theory
allowed for the assessment of ambiguous data in degrees instead of a binary yes/no, the use of set
theory in control systems and artificial intelligence has grown considerably. Even with its successes,
classical FS theory continues to uncomfortably combine the ideas of membership and non-
membership into one scalar value, along with the conflicting presence and absence of evidence. In
1986, [17] developed the Intuitionistic FS (IFS), as long as their degrees sum does not exceed one, to
help address the issue. As a result, an IFS can offer a more thorough and complex depiction of
uncertainty, especially in circumstances requiring ambiguity and decision-making with contradicting
data.

Picture FS (PFS) is especially helpful in decision-making situations where stakeholders may
express partial hesitation or indifference rather than complete agreement or disagreement when the
abstinence component of IFS is added. A more comprehensive framework for simulating actual
human opinions is provided by PFS. In 2013, [18] expanded the notion of IFS by adding the degree of
abstinence. Every element in a PFS has three distinct membership degrees. Later on, [19] in 2019,
developed the concept of spherical FS (SFS) and T-spherical FS (TSES) by extending the domain of
PFS.

In order to overcome this constraint, Atanassov [20] presented circular IFS (CIFS) in 2020 as
anovel extension of IFS. However, CIFS has a relatively narrow domain. To overcome this limitation,
[21] created circular Pythagorean FS (CPyFS), which expands the domain of CIFS under the condition

that the radius falls within a unit interval and the sum of squares of membership and non-
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membership degrees is less than or equal to 1. Alternative ideas in FS theory investigated by [22],

such as circular fermatean FS (CFFS). While [23] created the idea of circular g-rung orthopair FS (Cq-

ROFS), which broadens the scope of CFFES, while requiring that the radius must belong to the unit

interval and the sum of their powers of degrees is less than or equal to 1. The three membership

degrees are still present in the CPFS instance studied by [24] in 2025, but they are regarded as a

circular area with their degrees instead of as fixed values. This circular depiction allows for the

modeling of variability, hesitation, or uncertainty radius around each assessment point. The concept

of CSFS was established by [25] in 2025 by expanding the CPFS domain. From a conceptual

standpoint,

it indicates that the actual membership denoted by (M)abstinence denoted by (B), non-

membership denoted by (V') degrees, and radius denoted by (R) may fluctuate within a range that

is delineated by the circle. The main distinctions and characteristics of CIFS, CPyFS, Cq-ROFS, CPFS,

and CSFS are compiled in Table 2:

Table 2. FS theory generalization

Environments Functions Conditions Aspect Benefits
FS M 0sM<1 Permits partial membership
IFS M, N 0<M+N <1 Includes an explicit statcement
of non-membership
PFS M,B, N 0O<M+B+N <1 Established abstinence
CIFS M, N, with radius R 0 <M + N <1 (center) Cireular region around
M, V)

CPFES M, B, N, withradius R |0 < M + B + N < 1 (center) Circular region around

(M,B, V)
) . 0<SM?24+B2+N2%2<1 Circular region around

CSFES M, B, N, with radius R (center) (M, B, )
) . 0<MtE4+B+N3<1 Circular region around

CTSES M, B, N, with radius R (center) (M, B, )

1.5. Novelty and Contribution

In the context of consumer value evaluation, this study significantly advances the subject of

making MAGDM under uncertainty in a number of ways:

1.

The study creatively integrates the WASPAS and CRITIC approaches into the CTSF
setting. Membership, abstinence, non-membership, and radius-based hesitation are all
included in this paradigm for the first time, enabling a more complex depiction of
uncertainty.

By enabling a dual-perspective review, CTSFS enhances the precision and adaptability of
decision outcomes in MAGDM issues.

Businesses looking to align their strategy can benefit from the model's application to the

case study on career planning.
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4. There has not been much research done on the integration of CTSFS in MAGDM. This
study closes a significant vacuum in the literature and creates opportunities for additional
applications in challenging decision-making situations in a variety of fields, including
marketing, strategic planning, and healthcare.

1.6. Paper Structure

The article is organized as follows: the introduction is given in Section 1, and the preliminary
information is given in Section 2. The definition of CTSFS, fundamental characteristics, and operators
needed for this manuscript are covered in Section 3. We expand the CRITIC-WASPAS model within
the CTSFS framework in Section 4. Section 5 applies the suggested model to the case study for the
demonstration, and Section 6 uses sensitivity analysis to examine the model's performance. In order
to demonstrate the benefits of the initiated work, Section 7 contrasts our methodology with previous
research. Section 8 concludes with recommendations for further research, limitations, and
conclusions.
2 | PRELIMINARIES
Definition 1 [25]: A circular spherical fuzzy set A on the universe set U is of the form

4 ={(M00, B, NG; R()lx € U}

with the condition: 0 < (M) + (BG)  + (W) <1 of €U, where M(y) €[0,1] is the
membership degree, B(y) € [0,1] is the abstinence degree, NV (y) € [0,1] is the non-membership
degree, and R(y) €[0,1] is the radius of the «circle. Additionally, F(y) =

\/ 1—(m ()())2 — (B(x))z - (v (X))2 is said to be the refusal degree, and the CSF values (CSFVs) are

denoted by 4; = (M}, B;, N}, R)); J = 1,2, ..., n).
Definition 2 [25]: Any two CSFVs A; = (M4, By, N3, Rq) and A, = (M, By, NV;, R,) will satisfied the

following results:

A1@4, = (VM7 + M2, — M2 M2, By By, Nyl Ry Ry )

A1®A2 = (Mle,Ble,\/Nzl + NZZ _NZINZZ;ngez)

M, = (\/1 -(1-Mm2) J,Bll,]\ﬁlﬂhl)

All = (M1J:B1J:\/1 -(1-n2) ligzll)

(A1)C = (]VL B1:M1'5R1)

Remark 1: Since each SFS A is of the form of CSFS, when we consider R(y) = 0
A={M0,BO,N0;0)x € U}
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This means that any SFS can be considered as a CSFS. Therefore, the notion of CSES is a
generalization of the notion of SFS. But CSFS has some limitations, e.g., if we consider M (y) = 0.8,
B(y) = 0.4, V() = 0.6. Then, according to the definition, (0.8)? + (0.4)% + (0.6)?> = 1.16 > 1, itisnot
a CSFS.

3 | CIRCULAR T-SPHERICAL FUZZY FRAMEWORK

This section discusses the need for CTSFS and how to generalize fuzzy extension. A circular
association between the three degrees that is membership, abstinence, and non-membership is more
suitable in some circumstances, though. According to remark 1, we observed that CSFS, as we recall
from Definition 1, has limitations and boundedness. This consequence introduces and presents the
CTSEFS to account for this. In this section, we also explain their accuracy function, scoring function,
and basic algebraic laws as required in this manuscript.

Definition 3: A circular T-spherical fuzzy set A on the universe set U is of the form
A= {(MG).BWD,NG; R(D)Ix € U)

with the condition: 0 < (M(X))t + (B(x))t + (]\f(x))t <1 for some t € Z* for all y € U, where

M (y) € [0,1] is the membership degree, B(y) € [0,1] is the abstinence degree, V' (x) € [0,1] is the non-

membership degree. The radius of the circle around each degree is represented by R(x.) € [0,1].

Additionally, F(y) = t\/l -(m (x))t - (B(X))t - (v (x))t is called the refusal degree, and the CTSF
values (CTSFVs) are denoted by 4; = (M}, B, V,R)); J = 1,2, ...,n).

Example 1: Assume that the universe set has three elements, that is, U = {Xl,xz, Xs}' Then, the given
set A = {(x,,0.9,0.5,0.3;0.7), (x,, 0.7,0.5,0.6; 0.8), (x,,0.8,0.7,0.4; 0.6) } is CTSFS, for ¢ = 3.

Definition 4: Any two CTSFVs A; = (M3, B, Ny, Ry) and A, = (M3, B,, N,,R,) will satisfy the

following results:

4,04, = (VM + ME, = ML, BBy, NNy Ry R, )

(1)
A1®4, = (MM, By By, YN + NE, — NN, Ry Ry )

)
My = (V=@ =300% 85,05 R, )

3)
A= (B 1 — (1= N %R,

@)

(A1)C = (]\’1'31']‘/[1'731)
(5)

Definition 5: Let A = (M, B, V', R) be the CTSFV. The score function S presented in Eq. (6) converts a
fuzzy evaluation into a single numerical value to represent its overall preference level. A higher score

indicates a more desirable alternative. The accuracy function A presented in Eq. (7) measures the
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reliability of a fuzzy evaluation and is used to distinguish alternatives with equal or similar score

values:
$(4) =%(M—B—N+\/ﬁ(2ﬁ—1);a € [01]) € [-1,1] ©)
A(A) = (M + B+ N) € [0,1] %)

Accordingly, decision-makers adjust the influence of the radius on the range of the score function
through the parameter f. When f is 0, the radius is completely excluded from the decision-making
process. As 8 approaches 1, the radius increasingly affects the score output.

Definition 6: The relation between any two CTSFES is as follows:
* S(41) >S5(42) = A; > A, and S(4,) = S(4,) = 4, = 4,
" A(A) >A(4y) = A > Az and A(4y) = A(4z) = Ay = 4,

3.1. A Novel Linguistic Term Structure in the CTSFS Environment for Case Study

In this study, the linguistic assessments provided by experts, such as outstanding, exceptional,
substantial, significant, considerable, reasonable, acceptable, minimal, and negligible, are represented
using CTSFS. Each linguistic term is modeled through a combination of each degree along with an
associated radius phase. This representation allows us to capture not only the strength of the experts’
opinions but also the uncertainty and periodic fluctuations inherent in real-world decision-making.

For the alternative evaluation, linguistic terms are suggested in CTSFS, stored in Table 3.

Table 3. Linguistic keywords inside the CTSFS framework

Linguistic term N7 B N R
Outstanding (OST) 1.00 0.00 0.00 0.33
Exceptional (EXT) 0.90 0.10 0.20 0.40
Substantial (SBT) 0.80 0.20 0.30 0.43
Significant (SGT) 0.70 0.30 0.40 047
Considerable (CON) 0.60 0.40 0.50 0.50
Reasonable (RSB) 0.50 0.50 0.40 0.47
Acceptable (APT) 0.30 0.35 0.60 0.42
Minimal (MIN) 0.10 0.20 0.80 0.37
Negligible (NEG) 0.00 0.00 1.00 0.33

3.2. Circular T-Spherical Fuzzy Weighted Averaging Operator

The CTSFS framework introduces the weighted averaging operator to aggregate several CTSFS
variables according to their relevance weights. The subsection provides the CTSF weighted averaging
(CTSFWA) operator with numerical examples to illustrate its use. Furthermore, this operator
preserves important mathematical properties, including idempotency, boundedness, and

monotonicity.
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Definition 7: The CTSFWA for CTSFVs A4;(J = 1,2,3, ..., nn) is of the form:
n
CTSFWA(Ay, Ay, ..., 4)) = Z W4
J=1 ®)
where the weights satisfied the constraint ¥} > 0and ¥ ®; = 1.
Theorem 1: Aggregating CTSFVs A using Definition 7 and its functional characteristics yields a

CTSFV, expressed as:

n n n n
t
CTSFWA(Ay, Ay .., A) = | |1- 1_[(1 — ), HB,“)J , H]\f]ml , HRJ(DI )
J=1 J=1 J=1 J=1

Proof: We must use the mathematical induction approach to verify the outcome, which is displayed
as:

Forn =2

0,4, = (i/l -(1- Mt1)®1,31m1,]\/1@1,7z1m1)r 0,4, =

(VI= =), 3,%, 3, R,™)

0, 4,004, = (VI = (1= M)D, 8,0, 3, P, R, ) @ (V1 = (1= M0, B, 3,2, R, ™2 )

\

_ (= a—aem) + (VT-a-2%) - (Y- a-ae®) (V1-a-a%)
B, 1B, N, V2, R 1R, )

= (i/l —-(1- Mt1)®1(1 — M‘tz)wz’Bl@lBZ@z’Mmlmmz,:R1031R2032)

. 2 2 2 2
=\t 1_[(1 - M%)mlﬂﬂlm’ ' HNJ@] ' HR’COI
J=1 =1 =1

J=1

Forn=1

l l l l
t
CTSFWA(Ay, Az, As, ., A) = [1- 1_[(1 - ), l_[B](Dl , nJ\r,@I , HR](DI
J=1 J=1 J=1 J=1

Forn=1+1
I+1 l
CTSFWA(Ay, Az, Az, ..., Aj Ajyy) = Z W4; = Z Oy A; ®Wy11 4741
J=1 J=1

l l l

l
t
1-— 1_[(1 — Mtl)w]’ﬂBIm]’an]’n:R]mJ @
J=1 J=1 1 J=1

J=

¢ o) o) 0}
(\/1 — (1 =M )01, By Y, Ny g, Ryyq l“)

Forn =2
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+1 +1 +1 +1

t
-\ oL Ja-aep™ [ Joe [ oo ] [=
J=1 J=1 J=1 J=1

Hence, the result holds forn =1 + 1.
Example 2: Assume that the universe set has two elements, that is, U = {xl, xz}. Then, demonstrate the
CTSFW A operator, where CTSFS is characterized as A = {(0.80,0.40,0.60; 0.50), (0.75,0.45,0.55; 0.65)}

with the corresponding weighted vector w = (0.45,0.55) for t = 3.

i/1 ~((1-080%)"*) ((1 - 0.75%)"*),

Solution: CTSFWA(y,,x,) = (0.40)°45(0.45)°-55,
(0.60)°45(0.55)°-%5,
(0.50)°45(0.65)%-55

= (0.78,0.43,0.57,0.58)

Therefore, it is clear that our suggested operator, as stated in Eq. (9), produces a CTSFV.
Remarks 2: The CTSFWA operator properties in the framework of CTSFS are described as follows:

Idempotency: Assume the collection of CTSFVs y, = (M), B,;,N,;,R,;) such that for all J=

x>’

1,2, ...,n. Then, the idempotency of the CTSFWA operator is:

CTSFWA (X1'X2’ ’Xu) =

Boundedness: Assume the collection of CTSFVs X = (.M‘X],B ]\fxl,.‘Rx]) such that for all | =

%)’

1,2,..n.Ify = m]in (X]) and yt = m]ax (XJ) such that for all ] = 1,2, ..., n. Then, the boundedness of
the CTSFWA operator is:

X~ < CTSFWA (x,,p -0 %) < 1"

Monotonicity: Assume the two collections of CTSFVs X = (MX],B le’:RxI) and x/ ;=

x)’

(M/ B/X]'N/X]’

L R/ " ) such thatforall ] =1,2,...,n.Ify : < X/ : then, the CTSFW A operator exhibits

monotonicity:

CTSFWA (3, %y» -2, ) < CTSFWA (x,/, 2,7, %)

3.3. Circular T-Spherical Fuzzy Weighted Geometric Operator

The CTSFS framework introduces the weighted geometric operator to aggregate several CTSFS
variables according to their relevance weights. The subsection provides the CTSF weighted geometric
(CTSFWG) operator with numerical examples to illustrate its use. Furthermore, this operator
preserves important mathematical properties, including idempotency, boundedness, and

monotonicity.

Definition 8: The CTSFWG operator for CTSFVs 4 (J=123,..,n) is of the form
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n
CTSFWG(Ay, Ay, ..., A)) = HAI(D'
J=1 (10)

where the weights satisfied the constraint ®; > 0and }; ®0; = 1.
Theorem 2: Aggregating CTSFVs A using the Definition 8 and their functional characteristics yields

a CTSFV, expressed as:

CTSFWG (s e ) = (IR 260 T, B0, L= T, (1= ) T, %)
(11)

Proof: We must use the mathematical induction approach to verify the outcome, which is displayed
as:

Forn =2,

0,4, = (M1®1,B1®1' Vl -(1- Nt1)w1,fR1(D1)/ 0,4, =

(MZCOZ’BZCOZ’ i/l - (1 - Ntz)mznszmz)

0;4,8MW,A, = (M1®1’B1m1’i/1 -(1- Nt1)®1n‘k1ml) ® (Mz(DZ'Bz(DZ'i/l -(1- Ntz)wz:ﬁzmz)
lelemlelmlemzl

- (t\/(i/l -(1- Ntl)wl)t + (i/l -(1- Ntz)(l)z)t — (ﬁ/l —(1- ]\/‘tl)(Dl)t ({/1 “(1- ch)a)z)t,

Rl(DlRZ(DZ

= (0,20, B,243,0, YT— (1 = N0 (1 =~ N0, R, "R,

2 2 . 2 2
=\ [ [ ][22 -] Jamaee)™ ] =2
J=1 J=1 J=1 J=1

Forn=1

l l l 1
t
CTSFWG(Ay, Ay, As, ..., 4)) = | |M]®',| |73]°91, 1—| |(1—Nt])°°1,| |le‘°1
J=1 J=1 J=1 J=1

Forn=1+1
Forn=1+1

+1 l

CTSFWG(Ay, Az, As, .., AL Ajyy) = HAJCUI = n AW @A,

J=1 J=1

l l l l
t
= | |M]wl,| |B]wl, 1—| |(1—Nt])w’,| |yz]a’l ® (M1 41, By 01, YT = (1 = WE ) P11, Ry, 1)
J=1 J=1 J=1 J=1

Forn=2

I+1 I+1 I+1 I+1

t
® ® @y
= | |Jvt, l,| |73, I, 1—| |(1—Nt,) | |;R]w1
J=1 J=1 J=1

=1



Acaderitians-Gatg e

Hence, the result holds forn =1 + 1.
Example 3: Assume that the universe set has two elements, that is, U = {x,, %, }. Then, demonstrate the
CTSFW A operator, where CTSFS is characterized as A = {(0.80,0.40,0.60; 0.50), (0.75,0.45,0.55; 0.65)}

with the corresponding weighted vector w = (0.45,0.55) for t = 3.

(0.80)%45(0.75)°55,
(0.40)%45(0.45)°55,

3\/1 —((1-0.60%)"*) ((1 - 055%)°%),
(0.50)045(0.65)°55
= (0.77,0.43,0.57,0.78)

Solution: CTSFWG(x,,x,) =

Therefore, it is clear that our suggested operator, as stated in Eq. (11), produces a CTSFV.
Remarks 3: The CTSFWG operator properties in the framework of CTSFS are described as follows:
Idempotency: Assume the collection of CTSFVs y, = (M), B,;,N,;,R,;) such that for all J=

1,2, ...,n. Then, the idempotency of the CTSFWG operator is:

CTSFWG (X1'X2’ ’Xu) =y

Boundedness: Assume the collection of CTSFVs X = (.M‘ B,j, N,

xl':Rxl) such that for all ] =

1k

1,2,..n.Ify = m]in (X]) and yt = m]ax (XJ) such that for all ] = 1,2, ..., n. Then, the boundedness of
the CTSFWG operator is:

X~ < CTSFWG (% -2y ) < 1

Monotonicity: Assume the two collections of CTSFVs X = (MX],B le’:RxI) and x/ ;=

x)’

(M /B N R ) ) such thatforall ] =1,2,..,n.Ify : < X/ : then, the CTSFWG operator exhibits

bAREa S ki xl’

monotonicity:

CTSFWG (13, 2y0 11y ) < CTSFWG (3,/,1,7, 0%, )

4 | ALGORITHM OF MAGDM IN THE ENVIRONMENT OF CIRCULAR T-SPHERICAL
FUZZY SET
In this paper, we propose a hybrid decision-making method that incorporates both the CRITIC
methodology of calculating the objective weights and the WASPAS methodology of assessing the
entire alternative. It gives a good foundation for considering alternative opinions and arriving at
prudent decisions during difficult circumstances. To be more definite, Figure 1 illustrates that the
hybrid CRITIC-WASPAS model can easily resolve MAGDM issues within the CTSF framework.

Below is a description of the sequential procedure of the suggested model:
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Step 1: To characterize the decision matrix (DM) for a decision-making problem, identify a collection
of alternatives and a set of evaluation attributes. In this investigation, there are kth D to utilize the

linguistic terms stored in Table 3.

G G . G
A k k k
Al X 11 X 12 X 1in (12)
Mk — '2 k k k
mXn X 21 Ko e Apy
A : : :
m
k k k
X m1 X m2 X mn

Step 2: To determine the weight of kth D, where (k = 1,2,3,...,7). For this, we utilized the score
function shown in Eq. (6) and then used Eq. (13), where the summation of kth D weight must be
equal to 1.
Dk S(an)
(2 s (xky)) (13)
Step 3: Used the weight of kth D and the DM shown in Eq. (12), aggregate based on Eq. (11). The

aggregated DM is depicted in Eq. (14), where a set of alternatives A;(I = 1,2, ..., m) regards m under

multiple attributes G (] = 1,2,..,n) regrades n attributes represent the CTSFVs.

G G - G
il X1 Xz - Xgy 14
Mypn = 52 oS YR O (14)
Am : : . :
K1 Tz Ko

Step 4.1: Employing the provided Eq. (15), calculate the total score for each value of the aggregated
DM as indicated in Eq. (14).

1
S (XI']) = Z(MU =By — Ny + [2R;(2a—1);a € [0,1]> € [-1,1] 5
5

Step 4.2: Apply the conversion formula given in Eq. (16) to convert the attribute score values into a

standard matrix, where S (x-l-])+ = m_lax (S (X'I'J)) and S (X'I'I)_ = ml_in (S (XII))

S (xl-,)+— S (X'I'J)
— |s(x) —5(x)

S ) = +
) ) -56) "

T —; for cost attribute
2 (X'U) -3 (X'H)

Step 4.3: used the given Eq. (17) to calculate the standard deviations of each attribute, where $ (X'I'I) =

—; for benefit attribute




Acaderlitians-Gate ki

2

D, = Z;nl( (Xur)q S(TII)) (17)

Step 4.4: Use Eq. (18) to determine the attribute's correlation coefficient.

i (S(Xu) S(XJ))( (Xu) S(Xt))

(18)
JZ $ () - (XJ)) 2L, (3 () - S(Xt))
Step 4.5: used Eq. (19) to determine the information for each property.
n
G = 7912(1 —Cp)
= (19)
Step 4.6: Eq. (20) is used to determine each attribute's weight prioritizing.
T
] = 1
21 G (20)

Step 5.1: Utilize Eq. (21) for the normalization of attributes.

( H) ; for benefit attribute

e
| (XH) ) 3 (X'U)

min (S (X'U)> ;

Step 5.2: WASPAS method-based, the weighted sum model (WSM) findings are represented by @,

for cost attribute

which is supplied using Eq. (22).

n

o = Z ws () O )

=1
Step 5.3: WASPAS method-based, the weighted product model (WPM) findings are represented by

Q-I-z, which is supplied using Eq. (23).

n
0]
_ gws () )

Step 5.4: Utilized the convex formula given in Eq. (24), the WASPAS approach, represented by Qy,
combines the advantages of the additive and multiplicative models to improve ranking accuracy as
A €[0,1]:

Qi =2Q] + (1 -1 (24)

Step 5.5: Choose the alternative with the highest rating, based on its score values or accuracy.
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Aggregate the
decision matrix

Normalized the
score values

Find correlation
between attributes

Construct the
decision matrix

Determined the
score values

Calculate the
standard deviation

Utilized the intiated
decision matrix
Used the
aggregated matrix

Normalized the
aggregated matrix

Weighted sum
model
Weighted product
model

Accumulate the
convex formula

Accumulate the Compute the score
information values

Calculate weights

Calculate ranking
of attributes

of alternatives

Figure 1. Procedure of prioritized weights and decision-making

5 | CASE STUDY

This case study focuses on a vocational training center that aims to improve career planning and
employment guidance for young job seekers. Many trainees complete their courses but still struggle
to choose the right career path or secure suitable jobs. The center offers technical skills training, but
limited career counseling, weak industry connections, and outdated course content reduce the
effectiveness of the program.

The study looks at the difficulties companies, trainers, and students have in matching vocational
training to the demands of the labor market today. It also examines the effects of inadequate career
counseling on long-term employment outcomes, job preparedness, and student motivation. The case
study identifies gaps between career planning, training, and employment assistance services by
examining these problems.

5.1. Five Best Alternatives

Various alternative techniques can be taken into consideration to address the issues in career
planning, employment advising, and vocational training. These options concentrate on raising
employment prospects, enhancing skill relevance, and offering improved career assistance.

*  #;:Industry-Based Training Programs

*  Work closely with industries to design training courses based on real job requirements.
This helps learners gain practical and in-demand skills that employers actually need.

* #,: Career Counseling and Mentorship Services
Provide regular career guidance sessions, one-on-one counseling, and mentorship from

experienced professionals to help students make better career decisions.
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#3: Work-Based Learning and Apprenticeships

Combine classroom learning with on-thejob training through internships and
apprenticeships so learners gain real work experience.

#,: Strong Job Placement and Employer Partnerships

Build strong relationships with employers to support job placements, campus interviews,
and continuous feedback on training quality.

#s: Digital Career Guidance Platforms

Use online tools and platforms to offer career assessments, job matching, training

recommendations, and labor market information.

5.2. Five Best Attributes

Key characteristics should be taken into account while selecting the best option for enhancing

career planning, employment counseling, and vocational training. These characteristics aid in

assessing each option's efficacy, viability, and sustainability in preparing individuals for the labor

market.

G1: Relevance to Job Market Needs

The solution should focus on skills and knowledge that employers currently need and
value.

G Accessibility and Inclusiveness

The program should be easy to access and support learners from different backgrounds,
including disadvantaged groups.

G'3: Quality of Career Guidance

It should provide clear, accurate, and personalized career advice to help individuals make
informed decisions.

G 4: Practical Skill Development

The approach should offer hands-on training and real-world experience, not just
theoretical knowledge.

G 5: Employment Outcomes and Sustainability

The solution should lead to real job opportunities and be able to continue effectively over

time.

5.3. Analyzing the Results

Step 1: To characterize the decision-making problem, identify a collection of alternatives and a set of

evaluation attributes. The D investigates the DM of CTSFVs depicted in Table 4. In this investigation,

there are kth D to utilizing the linguistic terms stored in Table 3 (where t = 3 and 4 = 0.5).

Table 4. Three D investigate the data for the evaluation of alternatives

D A/G G G, Gs Ca Gs

D, Ay EXT CON EXT SBT SGT
A, SGT EXT CON EXT CON
3 SBT SGT SBT OST SBT
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iy SGT OST SGT CON SGT
A EXT SGT OST SGT OST
D, A, MIN SBT RSB SGT SGT
Ao SBT EXT SBT EXT SBT
A EXT SGT EXT APT EXT
Ay SBT OST CON EXT CON
Ag EXT SBT SBT EXT OST
D A SGT SBT OST SGT SGT
A, OST OST CON EXT CON
A SBT SGT EXT OST EXT
™ RSB EXT SGT SBT SGT
As SBT CON RSB SGT OST

Step 2: Use the linguistic concepts mentioned in Table 3 and Eq. (13) to determine the weights of all

D. The weights listed in Table 5 must add up to 1.

Table 5. Weights of decision-makers

kth D Role Responsibility Decision Weights
Dy SBT CON EXT 0.30
D, EXT SGT OST 0.37
D3 OST CON SBT 033

Step 3: Table 6 displays the results of aggregating the DM listed in Table 4 using Eq. (11).

Table 6. Aggregated DM

A/G Gy Gy G Ca Cs

A, (0.37,(()).33,0.63,) (0.73,(()).3}55,0.39,) (0.75,(()).1(1)(()).,0.30,) (0.73,(()).2’20.38,) (0.70,(()).2(;,0.40,)
A, (0.83,(()).22,0.31,) (0.93,(())..03(&)3,0.18,) (0.67,(()).217,0.45,) (0.90,(()).}}(()),0.20,) (0.67,(())..117,0.45,)
A, (0.84,(())..152,0.27,) (0.70,(())..5;(;,0.40,) (0.87,(())..}}21,0.24,) (0.64,(())..03%,0.44,) (0.87,(())..}}21,0.24,)
A, (0.66,(())..?;15,0.37,) (0.97,(())..03(;,0.14,) (0.66,(()).-135’;,0.44,) (0.77,(()).3}2,0.37,) (0.66,(())..1?3,0.4—4,)
A (0.87,(())..13;,0.24,) (0.70,(()).3}%0.41,) (0.73,(()).-(1(1,0.32,) (0.77,%..22,0.35,) (1.00,(()).%(;,0.00,)

Step 4.1: Table 7 displays the score values of the aggregate DM (shown in Table 6), which are

derived using Eq. (15) whenever a = 1.

Table 7. Combined DM score values

A/G Gy G Cs Ca Cs
A 0.11 0.26 0.34 0.26 0.24
A, 0.35 0.41 0.22 0.37 0.22
As 0.33 0.24 0.35 0.26 0.35
A, 0.23 0.42 0.22 0.29 0.22
As 0.35 0.24 0.33 0.29 0.45
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Step 4.2: Every attribute is aware of the advantages. Eq. (16) is used to generate the normalized

DM, which is shown in Table 8.

Table 8. Normalized DM

/G Gy G, G Gy Cs
& 0.00 0.13 0.88 0.00 0.11
A, 1.00 0.94 0.04 1.00 0.02
#Ag 0.90 0.00 1.00 0.02 0.58
A, 0.50 1.00 0.00 0.22 0.00
Ac 0.98 0.00 0.84 0.25 1.00

Step 4.3: We calculated each attribute's standard deviation using Eq. (17) and displayed the results

in Table 9.

Table 9. Standard deviation for each attribute

Standard deviations

G

G

G

Gy

Gs

Y

0.38

0.46

0.44

0.37

0.39

Step 4.4: Eq. (18) can be used to determine the correlation coefficient between any two qualities;

the results are displayed in Table 10.

Table 10. Correlation coefficient of each attribute

Gy G G G G G
G 1.00 0.05 -0.12 0.52 0.49
Gy 0.05 1.00 -0.99 0.65 -0.75
Gs -0.12 -0.99 1.00 -0.69 0.67
(O 0.52 0.65 -0.69 1.00 -0.32
Gs 0.49 -0.75 0.67 -0.32 1.00

Step 4.5: Each attribute's information is determined by applying Eq. (19) and is listed in Table 11.

Table 11. Recalculate attributes

Attributes

Gy

Gy

Gs

Gy

Gs

G

1.18

2.30

2.25

1.41

1.53

Step 4.6: Eq. (20) is used to get the weight for each attribute, which is shown in Table 12.

Table 12. Finalized weights of the attribute

Weights

G

G

G

Gy

Gs

W,

0.14

0.25

0.25

0.16

0.18

Step 5.1: Normalize the score values DM provided in Table 7 using Eq. (21); the resulting

normalized DM is presented in Table 13.



GEN A caderiiéians-Gate

Table 13. Normalized DM

A/G G G G G G
A& 0.32 0.63 0.95 0.70 0.53
A, 1.00 0.97 0.63 1.00 0.49
A3 0.93 0.58 1.00 0.70 0.78
A, 0.66 1.00 0.61 0.76 0.47
#s 0.99 0.58 0.94 0.77 1.00

Step 5.2: Using the prioritized weights of the features listed in Table 12, integrate the normalized
DM displayed in Table 13 using the initiated aggregation operators given in Eq. (22). Table 14 displays
the Qf aggregated DM.

Table 14. Aggregated DM

Alternatives Q1'1
A 0.66
A, 0.81
A 0.79
Ay 0.72
A 0.83

Step 5.3: Using the prioritized weights of the features listed in Table 12, integrate the normalized
DM displayed in Table 13 using the initiated aggregation operators given in Eq. (23). Table 15 displays
the Qf aggregated DM.

Table 15. Aggregated DM

Alternatives Q'1'2
A 0.63
A, 0.78
A 0.77
Ay 0.70
Ac 0.81

Step 5.4: Using the prioritized weights of the features listed in Table 12, integrate the normalized
DM displayed in Table 13 using the initiated aggregation operators given in Eq. (24). Table 16 displays
the Q;j aggregated DM.

Table 16. Aggregated DM

Alternatives Qi
A, 0.64
A, 0.79
A 0.78
A, 0.71
Aq 0.82
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Step 5.5: As a consequence, we discovered that in each case alternative A5, which reflects “Digital
Career Guidance Platforms,” is the best alternative to career planning and employment guidance. The

score values and ranking of alternatives are shown in Table 17.

Table 17. Score values and ranking

Proposed #q A Az Ay #s Ranking result Optimal
Qf 0.66 0.81 0.79 0.72 083 |As>A, > A > AL > &y As
Qf 0.63 0.78 0.77 0.70 081 |As>A, >4 >4 > & As
Qi 0.64 0.79 0.78 0.71 082 |As>A, > A3 > AL > K As

This suggests that A5, which stands for "Digital Career Guidance Platforms," is the optimal option
in each scenario. Furthermore, Figure 2 provides a geometrical representation of the score values and

ranking of CTSFWA (represented by Q{'), CTSFWG (represented by @), and WASPAS (represented
by Qp).

m CTSFWA

m CTSFWG
m CTSF-WASPAS

CTSF-WASPAS
CTSFWA

Figure 2. Geometrical representation of alternatives under the proposed work

6 | SENSITIVITY AND COMPUTATIONAL ANALYSIS

This section aims to carry out the sensitivity and computational analysis of our proposed hybrid
model of the MAGDM problem. This regulates the prioritized weights of attributes, additive and
multiplicative approaches, in order to assess the robustness of the decision-making outcomes. This

entails methodically changing A from 0 to 1, typically in increments of 0.1, and recalculating the total
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CRITIC-WASPAS scores for each option at each stage. After that, the rankings are analyzed to see
how various aggregation techniques affect them. We investigate whether the best option is the same

for every value of A. As a result, it shows that the decision's consequence is steady and trustworthy.

Table 18. Score value and ranking of alternatives in various parametric values

A A A, A A, #As Ranking Optimal
A=01 | 063| 078| 077 | 0.70 | 0.81 As > A, >A; >A >A #s
=02 | 063| 078| 077 | 0.70 | 0.82 As > A, >A; >A >A #s
A3=03 | 064 | 079 | 078 | 0.71| 0.82 As > Ay > A3 > A >A #s
A,=04 | 064 079 | 078 | 0.71 | 0.82 As > A, > A > A > A #s
A5=05 | 064 | 079 | 078 | 0.71| 0.82 As > A > Ay > Ay > K #s
l¢=06 | 065| 079 | 078 | 0.71| 0.82 As > Ay > Ay > Ay > K #s
1;,=07 | 065| 0.80| 0.78| 0.72| 0.83 As > Ay > Ay > Ay > #s
dg=08 | 065| 080 | 079 | 0.72| 0.83 As > Ay > Ay > Ay > #s
A9=09 | 066| 080 | 079 | 0.72| 0.83 As > Ay > Ay > Ay > #s

As demonstrated in Table 18, sensitivity analysis is therefore essential for verifying the reliability
and consistency of the suggested CRITIC-WASPAS model. This table shows the alternative. #s
consistently ranks as the best option across all parameter values, proving #s as the greatest option for
maximizing consumer value and corroborating the analytical results. Figure 3 graph illustrates how

each parameter affects the suggested work stability and reliability.

mA=0.1
5.00 -

mA=0.2
4.50 - —
4.00 1 mA=0.3
350 - . mA=0.4
3.00 - — m A=0.5
2.50 - — mA=0.6
2.00 - mA=0.7
1.50 - A=0.9 A=0.8

A=0.7
1.00 - =
A=0.5 A=0.9
0.50 - A=0.3
0.00 ‘ ‘ ‘ ‘ ‘ ‘ A=0.1
A A As A As RANK

Figure 3. Sensitivity graph with respect to variations in input parameters
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7 | COMPARATIVE ANALYSIS

The comparison study shows how the assessed approaches differ in terms of performance,
efficiency, and dependability. It is clear from comparing their results under the same circumstances
that each approach has distinct advantages and disadvantages. In contrast to the current approaches,
which typically exhibit decreased stability and responsiveness, the suggested methodology
consistently produces improved accuracy and resilience, especially in settings marked by uncertainty
and complicated decision factors. Overall, the comparison highlights the superior effectiveness of the
proposed method and justifies its adoption over the traditional techniques. We summarized the in-

depth conversation in Table 19.

Table 19. Comparative analysis of the proposed hybrid model in the CTSFS environment

. . Proposed
L. Traditional FS Circular FS Models
Characteristic PFS / SFS / TSF CTSFS-CRITIC-
IFS (CIFS, CPFS, CSFS
WASPAS Model
Partial

membership Membership, , .
Circular region

Uncertainty only (FS); abstinence, and |Circular region arounq |
. . ) . with power-based
representation membership &| non-membership fixed fuzzy values o
] o flexibility
non-membershij with fixed values
(IFS)
Modeled with
L . Not explicitly Modeled, but | Modeled with limited|  radius-based
Hesitation modeling ] ] o ]
modeled point-based circular variation dynamic
fluctuation
Fully supported
Directional uncertainty | Not supported| Notsupported | Partially supported | through a circular
structure
Highly flexible

Restricted by strict

Domain flexibility Very limited Moderate via g-rung power

constraints .
constraint
Handling expert opinion
o Weak Moderate Good Excellent
variability
Representation of humar| .
. Low Moderate Good Very high
reasoning
i L L L L Objective (CRITIC
Weight determination Subjective Mostly subjectivg  Mostly subjective
method)
Bias reduction Poor Moderate Moderate Strong
Single . o L . Hybrid WASPAS
o . ) Single or limited Limited hybrid o
Decision aggregation aggregation ) (additive +
hybrid methods methods o
method multiplicative)
Sensitive to )
) . Highly stable
Ranking stability parameter | Moderately stabl{ Moderately stable .
(validated by

changes




LEN A caderiieians-Gate

sensitivity
analysis)
Computational .
Low Moderate Moderate High
robustness
S Strong (career
Applicability to real- . L i
Limited Moderate Limited planning case
world problems
study)
. D .. L. Comprehensive
Empirical validation Rare Limited Very limited
case study
L ) . Occasionally
Sensitivity analysis Rarely applied . Rare Fully performed
applied
Overall decision )
o Low Moderate Moderate High
reliability

7.1. Compatibility and Validation

The ability of current research to handle complex fuzzy data is limited. Comparison research is

conducted to verify the superiority and compatibility of the proposed hypothesis. The recommended

processis applied to the data in Table 4, and the ranking results are compared with those of alternative

methods, including those by [26], who worked on IFS and PFS, which are a special case of CTSFS and

lack circular behavior. The geometric and weighted averaging operators in IFS were employed by

[27], but because of CTSFS's bigger domain and circular behavior, these operators are insufficient.

Yusoff et al. [23] elaborate on the idea of Cq-ROFS, which is a special case of CTSFES, due to a limited

domain, and also has no information about the abstinence degree. The CPFS was adopted by [24],

which can be regarded as a particular instance of CTSFS, but it has also imitated domain. CSFS is

defined by [25], which is the extension of CPFS. These drawbacks are addressed by our suggested

theory, which offers a more sophisticated and thorough method.

Table 20. Comparison with existing literature

References

Input

Optimal result

Albaity et al. [26]

The data in Table 4 cannot be assessed| The methods are restricted

Xu [27]

The data in Table 4 cannot be assessed| The methods are restricted

Yusoff et al. [23]

The data in Table 4 cannot be assessed| The methods are restricted

Xu and Zhang [24]

The data in Table 4 cannot be assessed| The methods are restricted

Ashraf and Chohan [25] The data in Table 4 cannot be assessed| The methods are restricted
Qf A, >A >A, > A SA A
Qf A, >A > A, > A SA A
Qj A, > A > A > A > A Ag
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Table 20 demonstrates that the advanced features of the suggested strategy make it both possible
and powerful, while the data shown in Table 4 cannot be solved by the limited techniques now in use.
Current methods have limited frameworks based on algebraic properties, procedures, extensions, and
operators, which is their main flaw. IFS, PyFS, PFS, and circular frameworks are a few examples of
these frameworks. In contrast to previous work, the initiated solution acts on the CTSF information,
providing flexibility with a wider scope and circular behavior. This highlights the shortcomings of
previous established work and makes current procedures a specific case of the proposed work.

7.2. Key Observations

Some key observations of this manuscript are given below:

* The proposed model outperforms existing fuzzy frameworks in modeling hesitation,
uncertainty, and directional ambiguity.

* The integration of CRITIC objective weighting significantly reduces expert bias.

* The WASPAS hybrid aggregation improves ranking accuracy and stability.

* Sensitivity analysis confirms robust and consistent decision outcomes.

* The model demonstrates strong real-world applicability in career planning and

employment guidance.

8 | CONCLUSION

To solve the complex multi-attribute group decision-making (MAGDM) problems in the context
of uncertainty, this research suggested a new CRITICWASPAS decision-making model that is
Circular T-Spherical Fuzzy Set (CTSFS) based. The suggested solution incorporates the objective
attribute weighting of the CRITIC method with the capability of the hybrid ranking of the WASPAS
method, and simultaneously, uncertainty, hesitation, and directional ambiguity are represented using
the CTSES structure. The suggested model can be applied in a more realistic and adaptable model of
human judgment in ambiguous situations of decision by extending the traditional fuzzy environment
to a circular T-spherical framework, which enables the expert judgments to vary in a specified radius.
Incorporation of membership, abstinence, non-membership, and radius parameters contributes
greatly to the level of expressiveness of evaluations as opposed to classical fuzzy, intuitionistic,
picture, and spherical fuzzy models. It was shown that the proposed model is applicable and effective
using a career planning and employment guidance case study in a vocational training situation.
Digital Career Guidance Platforms were the most appropriate alternative that was consistently
reached. In addition, the sensitivity analysis also guaranteed the strength and stability of the decision
results with different values of the WASPAS balance parameter, which proves the reliability of the

proposed approach.
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8.1. Constraints and Limitations

The developed fuzzy aggregation models are applicable in practice. They, however, have some
limitations. Information presented in the form provided in Definition 2 can only be handled in the
proposed work. It does not favor complex fuzzy information or bipolar fuzzy information.
Notwithstanding these shortcomings, the suggested model can be significant in the area of fuzzy
decision-making,.

8.2. Future Direction

Larger and more varied datasets can be added to this study in subsequent studies to further
confirm the robustness of the suggested methodology. To improve accuracy under different degrees
of uncertainty, more fuzzy frameworks or hybrid decision-making models can be investigated. This
direction can be further extended by exploring variants like some averaging aggregation operators of
TSFS [28], Aczel-Alsina power aggregation operator [29], some circular Pythagorean fuzzy Muirhead
means operators [30], Dombi hamy mean operators [31], circular g-rung orthopair fuzzy information

[32], and Aczel-Alsina hamy mean operators [33].



Acaderitians-Gate R4S

Acknowledgment: We are thankful to the editors and anonymous reviewers for their constructive
suggestions.

Author Contributions: Zeeshan Ahmad wrote the abstract, built the introduction and preliminaries,
extension of the CRITIC method, and WASPAS method in the CTSF environment, and a case study.
Ewa Rak wrote the sensitivity analysis, comparative analysis, and conclusion of the article and
supervised the manuscript. All authors approved the manuscript. All authors agreed to the
manuscript.

Declaration of Conflicting Interest: The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this article.

Licenses and Copyright: This is an open-access article, free of all copyright, and fulfills the DOA]

definition of open access. This work is licensed under a “Creative Commons Attribution 4.0

International License”. which permits unrestricted use, distribution, and reproduction in any

medium, provided the original author and source are credited.

Funding: The author(s) received no financial support for the research, authorship, and/or
publication of this article.

Data Availability Statement: Data that supports the findings of this study are available on request
from the corresponding author.

Plagiarism Statement: This article was scanned by the plagiarism program. No plagiarism was
detected.

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are
solely those of the individual author(s) and contributor(s) and not of the publisher “AGASR” and/or
the editor(s). The Publisher AGASR and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions, or products referred to in the

content.

REFERENCES

[1] H.F.El-Sofany and S. A. El-Seoud, “A Cloud-based Educational and Career Guidance Model using Fuzzy
Logic Concepts,” in Proceedings of the 2019 8th International Conference on Software and Information
Engineering, Cairo Egypt: ACM, Apr. 2019, pp. 167-172. doi: 10.1145/3328833.3328846.

[2] J. Yue, “Application of fuzzy control algorithm in college students’ personal career planning and
entrepreneurship,” J. Comput. Methods Sci. Eng., vol. 24, no. 3, pp. 1631-1647, Jun. 2024, doi: 10.3233/JCM-
247196.

[3] X.Li, “A method for evaluating college students’ career suitability based on fuzzy clustering algorithm,”
Hum. Syst. Manag., p. 01672533251359127, Jul. 2025, doi: 10.1177/01672533251359127.

[4] Y. Cheng, “Development of a Career Planning Assistance Platform for College Students Combining Fuzzy
Logic and Deep Learning,” J. Adv. Comput. Intell. Intell. Inform., vol. 29, no. 3, pp. 445-455, 2025.

[5] S.Abdullah, A. O. Almagrabi, and I. Ullah, “A New Approach to Artificial Intelligent Based Three-Way
Decision Making and Analyzing S-Box Image Encryption Using TOPSIS Method,” Mathematics, vol. 11,
no. 6, Art. no. 6, Jan. 2023, doi: 10.3390/math11061559.


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

LBl A\ caderieians-Gate

(6]

(7]

(8]

9]
[10]

[11]

[12]

(13]

(14]

(13]

[16]
[17]
[18]
[19]
[20]
[21]

(22]

(23]
[24]
(23]
(26]

[27]

M. Akram and G. Ali, “Hybrid models for decision-making based on rough Pythagorean fuzzy bipolar
soft information,” Granul. Comput., vol. 5, no. 1, pp. 1-15, Jan. 2020, doi: 10.1007/s41066-018-0132-3.

Z. Ali and T. Mahmood, “Some Dombi aggregation operators based on complex q-rung orthopair fuzzy
sets and their application to multi-attribute decision making,” Comput. Appl. Math., vol. 41, no. 1, p. 18,
Feb. 2022, doi: 10.1007/540314-021-01696-z.

A. Hussain, T. Mahmood, F. Smarandache, and S. Ashraf, “TOPSIS approach for MCGDM based on
intuitionistic fuzzy rough Dombi aggregation operations,” Comput. Appl. Math., vol. 42, no. 4, p. 176, Jun.
2023, doi: 10.1007/s40314-023-02266-1.

D. Diakoulaki, G. Mavrotas, and L. Papayannakis, “Determining objective weights in multiple criteria
problems: The critic method,” Comput. Oper. Res., vol. 22, no. 7, pp. 763-770, 1995.

E. K. Zavadskas, Z. Turskis, J. Antucheviciene, and A. Zakarevicius, “Optimization of weighted
aggregated sum product assessment,” Elektron. Ir Elektrotechnika, vol. 122, no. 6, pp. 3-6, 2012.

M. Keshavarz-Ghorabaee, M. Amiri, M. Hashemi-Tabatabaei, E. K. Zavadskas, and A. Kaklauskas, “A
new decision-making approach based on Fermatean fuzzy sets and WASPAS for green construction
supplier evaluation,” Mathematics, vol. 8, no. 12, p. 2202, 2020.

S.J. Ghoushchi, S. R. Bonab, A. M. Ghiaci, G. Haseli, H. Tomaskova, and M. Hajiaghaei-Keshteli, “Landfill
site selection for medical waste using an integrated SWARA-WASPAS framework based on spherical
fuzzy set,” Sustainability, vol. 13, no. 24, p. 13950, 2021.

A. Al-Barakati, A. R. Mishra, A. Mardani, and P. Rani, “An extended interval-valued Pythagorean fuzzy
WASPAS method based on new similarity measures to evaluate the renewable energy sources,” Appl. Soft
Comput., vol. 120, p. 108689, 2022.

A. F. Alrasheedi, A. R. Mishra, P. Rani, E. K. Zavadskas, and F. Cavallaro, “Multicriteria group decision
making approach based on an improved distance measure, the SWARA method and the WASPAS
method,” Granul. Comput., vol. 8, no. 6, pp. 1867-1885, 2023.

M. Anjum, V. Simic, M. A. Alrasheedi, and S. Shahab, “T-spherical fuzzy-CRITIC-WASPAS model for the
evaluation of cooperative intelligent transportation system scenarios,” IEEE Access, vol. 12, pp. 61137-
61151, 2024.

L. A. Zadeh, “Fuzzy sets,” Inf. Control, vol. 8, no. 3, pp. 338-353, Jun. 1965, doi: 10.1016/S0019-
9958(65)90241-X.

K. T. Atanassov, “Intuitionistic fuzzy sets,” Fuzzy Sets Syst., vol. 20, no. 1, pp. 87-96, Aug. 1986, doi:
10.1016/50165-0114(86)80034-3.

B. C. Cuong, “Picture fuzzy sets-first results. part 1, seminar neuro-fuzzy systems with applications,” Inst.
Math. Hanoi, 2013.

T. Mahmood, K. Ullah, Q. Khan, and N. Jan, “An approach toward decision-making and medical diagnosis
problems using the concept of spherical fuzzy sets,” Neural Comput. Appl., vol. 31, no. 11, pp. 7041-7053,
Nov. 2019, doi: 10.1007/s00521-018-3521-2.

K. T. Atanassov, “Circular intuitionistic fuzzy sets,” . Intell. Fuzzy Syst., vol. 39, no. 5, pp. 5981-5986, 2020.
M. C. Bozyigit, M. Olgun, and M. Unver, “Circular Pythagorean Fuzzy Sets and Applications to Multi-
Criteria Decision Making,” Informatica, vol. 34, no. 4, pp. 713-742, 2023, doi: 10.15388/23-INFOR529.

A. Revathy, V. Inthumathi, S. Krishnaprakash, H. Anandakumar, and K. M. Arifmohammed, “The
characteristics of circular fermatean fuzzy sets and multicriteria decision-making based on the fermatean
fuzzy t-norm and t-conorm,” Appl. Comput. Intell. Soft Comput., vol. 2024, 2024, Accessed: Aug. 13, 2025.
[Online]. Available: https://search.proquest.com/openview/9f98c095fcc7c13087f71b8del1153c79/1?pq-
origsite=gscholar&cbl=237331&casa_token=fCvA0584HkcAAAAA:Jd0Op_8agtMNL6mMT8tAj7Wvygt8or
dOdmXqqlPuCWKU-KgC3kkmBuXMApqSTBelMg8jF-_wiXLQ

B. Yusoff, A. Kilicman, D. Pratama, and H. Roslan, “Circular q-rung orthopair fuzzy set and its algebraic
properties,” Malays. ]. Math. Sci., vol. 17, no. 3, pp. 363-378, 2023.

Y. Xu and D. Zhang, “Identifying AI-Driven Emerging Trends in Service Innovation and Digitalized
Industries Using the Circular Picture Fuzzy WASPAS Approach,” Symmetry, vol. 17, no. 9, p. 1546, 2025.
S. Ashraf and M. S. Chohan, “Circular spherical fuzzy aggregation operators: A case study of risk
assessments on industry expansion,” Eng. Appl. Artif. Intell., vol. 145, p. 110202, 2025.

M. Albaity, T. Mahmood, and Z. Ali, “Impact of machine learning and artificial intelligence in business
based on intuitionistic fuzzy soft WASPAS method,” Mathematics, vol. 11, no. 6, p. 1453, 2023.

Z. Xu, “Intuitionistic fuzzy aggregation operators,” IEEE Trans. Fuzzy Syst., vol. 15, no. 6, pp. 1179-1187,
2007.



(28]

[29]

(30]

(31]

[32]

[33]

Acaderitians-Gate R4S

K. Ullah, T. Mahmood, N. Jan, and Z. Ahmad, “Policy decision making based on some averaging
aggregation operators of t-spherical fuzzy sets; a multi-attribute decision making approach,” Ann. Optim.
Theory Pract., vol. 3, no. 3, pp. 69-92, 2020.

T. Mahmood and Z. Ali, “Multi-attribute decision-making methods based on Aczel-Alsina power
aggregation operators for managing complex intuitionistic fuzzy sets,” Comput. Appl. Math., vol. 42, no. 2,
p. 87, Mar. 2023, doi: 10.1007/s40314-023-02204-1.

K. Ullah, Z. Ahmad, E. Rak, and S. Jafari, “Multi-experts decision support system for recycling of waste
material using some circular pythagorean fuzzy Muirhead means,” Sci. Rep., vol. 15, no. 1, p. 34794, Oct.
2025, doi: 10.1038/s41598-025-18521-w.

A. Hussain, K. Ullah, A. Al-Quran, and H. Garg, “Some T-spherical fuzzy dombi hamy mean operators
and their applications to multi-criteria group decision-making process,” J. Intell. Fuzzy Syst., vol. 45, no. 6,
pp. 9621-9641, 2023.

I. Haleemzai, A. W. Razmenda, Z. Ahmad, K. Ullah, and Z. Ali, “A novel decision algorithm for assessing
digital economy’s role in growth: using circular g-rung orthopair fuzzy information based on WASPAS
method,” KPU International Journal of Engineering & Technology, vol. 5, no. 2, pp. 1-28, Sep. 2025.

A. Hussain, H. Wang, K. Ullah, and D. Pamucar, “Novel intuitionistic fuzzy Aczel Alsina Hamy mean
operators and their applications in the assessment of construction material,” Complex Intell. Syst., vol. 10,
no. 1, pp. 1061-1086, Feb. 2024, doi: 10.1007/s40747-023-01116-1.



