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Abstract: This study suggests a decision-making methodology to evaluate the risks in vocational
education and economic development. This problem has different criteria and alternatives which
must be evaluated. This evaluation can include uncertainty in the evaluation process. So, we use
the bipolar neutrosophic sets (BNSs) to deal with uncertainty and vague data. The BNSs are
extensions of the neutrosophic sets. We used two decision-making methods for the evaluation of
risks in vocational education and economic development such as BWM to compute the criteria
weights and the COPRAS method to rank the alternatives based on a set of criteria. This study
uses nine criteria and six alternatives. The results show that Public Vocational Training
Institutions is the best alternative and the Corporate Training and Upskilling Programs is the
worst alternative.
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1. Introduction

Zadeh was the first to introduce fuzzy set theory. Any value inside the unit closed interval [0,1]
can be used to represent the degree of membership that an object has in the set according to fuzzy
set theory. Neutosophy, a field of philosophy that studies genesis, character, and extent of
neutralities as well as their relationships to various intellectual spectrums, was first presented by
Smarandache. Smarandache and Wang et al. devised single-valued neutrosophic sets, which take
the value from the subset of [0,1], to more easily apply neutrosophic sets to real-life issues[1], [2].
A single-valued neutrosophic set is hence an example of a neutrosophic set and can be practically
applied to real-world issues, particularly in decision support. Bipolar neutrosophic sets, are an
extension of bipolar fuzzy sets[3], [4]. The process of selecting the best option with the maximum
degree of attainment from a group of options that are defined by several competing criteria is
known as multi-criteria decision-making or MCDM. One of the most significant areas of decision-

Chen Yuan, Yongye Chen, Adaptability Evaluation of Vocational Education and Economic Development Under the Bipolar
Neutrosophic Sets



Neutrosophic Sets and Systems, Vol. 81, 2025 187

making theory is MCDM. In terms of the problem's solution space, MCDM problems are typically
classified as either continuous or discrete. Multi-objective decision-making (MODM) techniques
are applied to continuous issues. In contrast, multi-attribute decision-making (MADM)
techniques are used to handle discrete problems[5], [6]. However, MCDM is frequently used to
describe the discrete MCDM in the literature that is currently available, which is why we use it in
this paper as well.

This study proposes a novel approach to multi-criteria decision-making (MCDM) problems: the
best-worst method (BWM). To choose the best alternative or alternatives in an MCDM situation,
several options are assessed based on a variety of factors. BWM states that the decision-maker
first determines the best (i.e., most desirable, most important) and worst (i.e., least desirable, least
important) criteria[7], [8].

Then, each of these two criteria (best and worst) is compared pairwise with the other criteria. To
ascertain the weights of various criteria, a maximin problem is then developed and resolved. The
same procedure is used to determine the alternatives' weights according to other parameters. The
best option is chosen based on the final scores of the alternatives, which are obtained by adding
the weights from several sets of criteria and alternatives[9], [10].

The following is how the article is planned: The background theory, along with some initial
thoughts on bipolar neutrosophic numbers and the suggested model, is explained in Section 2. A
case study is presented in Section 3 to validate the BWM—-COPRAS method's applicability. The
sensitivity analysis is acknowledged in Section 4. Finally, we offer some observations to round
up our investigation.

2. Bipolar Neutrosophic BWM Method and COPRAS Method

Definition 1. The bipolar neutrosophic sets (BNSs) can be defined as[11], [12], [13]:

B = {c,(TF (0), I§ (c), F# (¢), T5 (c), I5 (c), F5 (c))c € C} (1)
Tz (c), 15 (c), F5 (c): € - [0,1] )
Tz (c), 15 (c), Fg (c): € - [-1,0] 3)

Definition 2. Let two bipolar neutrosophic numbers (BNNs) such as:
Al = {T1+ (C)I If— (C)l F1+ (C)' Tl_ (C)l 11_ (C)' Fl_ (C)}
A, ={T5 (), I (), F5 (c), T3 (c), I3 (), F5 ()}

( max (T}t (¢), T (¢)), 1, \
Ay VA2 = | min(F{ (c), F5 (), min(T{ (¢), Ty (C)),@, )
max(Fy (c), F5 (¢)) /

Definition 3. Some operations of BNSs
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Ti (c) + T (c) = T{F (©)T5 (¢),
INGIE )
F (c)FS (c),
= T OT; ), ©)
—(=I£(©) = 17 (©) = £ (17 (),
~(=F{ () = F; (¢) = F{ (0)F3 (©))
T ()T, (), If () + IF (¢) — I (O)IF (¢) +
Fit(c) + F5 () = F{f ()F; (o),
a;a; = —(_Tf (c) =T; (c) =T (O)T; (C)): (6)
=17 (0)13 (c),
—F1 (c)F; (c)
(1-(1- Tf(c)))e ,
()",
(Fr ()",
fa, = 7
“Tl (@), o
- (—(If(C))e),
~(1-(1- F{(c)))g
(T1+ (C))e
(1-(1- If(c)))
1 Ff
of = (-G ®)
~(1-a-17@)
~ (=05 @)
— (—(Ff(C))e)
Definition 4. The score function of BNSs can be computed such as:
<T1+(C)+_1 —IF (o) +1-Ff (c)+
S(ay) = 14Ty (0)-I1 (6)—F1 (c) (10)

6

Then the steps of the BWM and COPRAS methods under a neutrosophic environment are

presented in Fig. 1.
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Figure 1. Suggested method.
We applied the steps of the BWM[14], [15].
A) Build the structure of the problem.
The structure of this problem is presented.
B) Determine the criteria and alternatives.

The list of experts and decision-makers determines the criteria and alternatives based on their
experience.

C) Establish the best criteria (such as the most important or desirable) and the worst criteria (such
as the least important or least attractive).

The decision-maker determines the best and worst criteria overall in this stage. At this point, no
comparison is made.

D) Choose which criterion is the best out of all the others.

Ag = (aBl,aBz, ...,aBn)

Where ag, refers the preference of the best criterion B over the criterion j.
ag, =1

E) Determine which of the criteria is preferred over the worst. The outcome of the Vector of
Others-to-Worst is obtained.

F) Compute the criteria weights.
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wp

Wj

min max{ }, |MV/V—V’V - ajW| (11)

ag,
] ]

Xjwj =1
w; =0 forallj

G) This phase applies the COPRAS method to rank the alternatives[16], [17]. Build the decision

matrix.

H) Normalize the decision matrix.

rij = ol (12)

i xij
I) Compute the weighted normalized decision matrix.
qij = 1j7ij (13)
J) Compute the maximizing and minimizing indexes.
For positive criteria.
Dy =X, qi (14)
For negative criteria.
D_;=Yj-g+1qi (15)
K) Compute the relative significance values.

2{21 D—i

Zi=Dvitomym s

(16)

L) Rank the alternatives
3. Case Study

This study proposed the DM approach for the evaluation of Risk Areas in Vocational Education
and Economic Development. Four experts have evaluated the criteria and alternatives. This study
gathers nine criteria and six alternatives to be evaluated. Fig. 2. shows the criteria and alternatives
in this study.
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Criteria Criteria Alternatives

Figure .2. The criteria and alternatives.

A) We invited four experts to evaluate the criteria and alternatives.

B) We collected nine criteria and six alternatives.

C) Then we establish the best criteria and the worst criteria.

D) Then we choose which criterion is the best out of all the others.

E) Then we determine which of the criteria is preferred over the worst.

F) Then we computer the criteria weights as shown in Fig. 3.
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Figure 3. Criteria weights.
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G) We build the decision matrix between the criteria and alternatives. We used the BNNSs to
evaluate the decision matrix as shown in Tables 1-4. Then we apply the score function to obtain
one number. Then we combined these numbers into a single matrix.

Table 1. The first BNNs

A1 A2 As As As As

C1 (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.7,0.3,0.2,-0.4,- (0.6,0.4,0.4,-0.3,- (0.6,0.4,0.4,-0.3,-
0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.2,-0.1) 0.2,-0.3) 0.2,-0.3)

C2 (0.5,0.4,0.3,-0.4,- (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.1,0.4,0.3,-0.1,- (0.7,0.3,0.2,-0.4,-
0.3,-0.3) 0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.2,-0.3) 0.2,-0.1)

Cs (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.7,0.3,0.2,-0.4,- (0.1,0.4,0.4,-0.1,- (0.4,0.1,0.4,-0.1,-
0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.2,-0.1) 0.3,-0.5) 0.2,-0.5)

Ca (0.1,0.4,0.3,-0.1,- (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.5,0.4,0.3,-0.4,- (0.4,0.3,0.3,-0.1,-
0.2,-0.3) 0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.3,-0.3) 0.2,-0.3)

Cs (0.6,0.4,0.4,-0.3,- (0.1,0.4,0.4,-0.1,- (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.5,0.4,0.3,-0.4,-
0.2,-0.3) 0.3,-0.5) 0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.3,-0.3)

Cs (0.7,0.3,0.2,-0.4,- (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.8,0.2,0.1,-0.3,- (0.7,0.3,0.2,-0.4,-
0.2,-0.1) 0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.2,-0.4) 0.2,-0.1)

Cr (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.5,0.4,0.3,-0.4,- (0.2,0.4,0.4,-0.1,- (0.1,0.4,0.3,-0.1,-
0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.3,-0.3) 0.4,-0.5) 0.2,-0.3)

Cs (0.2,0.4,0.4,-0.1,- (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.4,0.1,0.4,-0.1,- (0.6,0.4,0.4,-0.3,-
0.4,-0.5) 0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.2,-0.5) 0.2,-0.3)

Co (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.8,0.2,0.1,-0.3,- (0.7,0.3,0.2,-0.4,- (0.4,0.3,0.3,-0.1,-
0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.2,-0.4) 0.2,-0.1) 0.2,-0.3)

Table 2. The second BNNs

A1 A As As As As

C1 (0.2,0.4,0.4,-0.1,- (0.7,0.3,0.2,-0.4,- (0.1,0.4,0.3,-0.1,- (0.7,0.3,0.2,-0.4,- (0.6,0.4,0.4,-0.3,- (0.4,0.3,0.3,-0.1,-
0.4,-0.5) 0.2,0.1) 0.2,0.3) 0.2,0.1) 0.2,0.3) 0.2,0.3)

C: | (0504,03,-04-  (0.2,04,04,-01-  (0.7,0.3,0.2,-04,- (0.1,0.4,0.3,-0.1, (0.1,0.4,0.30.1,-  (0.5,0.4,0.3,-0.4,-
0.3,-0.3) 0.4,-0.5) 0.2,-0.1) 0.2,-0.3) 0.2,-0.3) 0.3,-0.3)

Cs (0.1,0.4,0.4,-0.1,- (0.4,0.3,0.3,-0.1,- (0.2,0.4,0.4,-0.1,- (0.7,0.3,0.2,-0.4,- (0.1,0.4,0.3,-0.1,- (0.2,0.4,0.4,-0.1,-
0.3,-0.5) 0.2,-0.3) 0.4,-0.5) 0.2,-0.1) 0.2,-0.3) 0.4,-0.5)

Ca (0.1,0.4,0.3,-0.1,- (0.2,0.4,0.4,-0.1,- (0.7,0.3,0.2,-0.4,- (0.1,0.4,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.1,0.4,0.3,-0.1,-
0.2,-0.3) 0.4,-0.5) 0.2,-0.1) 0.2,-0.3) 0.3,-0.3) 0.2,-0.3)

Cs | (06,04,04,-03-  (0.1,04,04,-01-  (0.2,0.4,0.4,-0.1, (0.7,03,0.2,-04,-  (0.1,04,03,0.1,-  (0.6,0.4,0.4,-0.3,
0.2,-0.3) 0.3,-0.5) 0.4,-0.5) 0.2,-0.1) 0.2,-0.3) 0.2,-0.3)

Cs (0.7,0.3,0.2,-0.4,- (0.1,0.4,0.3,-0.1,- (0.2,0.4,0.4,-0.1,- (0.7,0.3,0.2,-0.4,- (0.1,0.4,0.3,-0.1,- (0.6,0.4,0.4,-0.3,-
0.2,0.1) 0.2,0.3) 0.4,-0.5) 0.2,0.1) 0.2,0.3) 0.2,0.3)

Cz (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.7,0.3,0.2,-0.4,- (0.1,0.4,0.3,-0.1,- (0.2,0.4,0.4,-0.1,- (0.7,0.3,0.2,-0.4,-
0.2,-0.5) 0.4,-0.5) 0.2,-0.1) 0.2,-0.3) 0.4,-0.5) 0.2,-0.1)

Cs (0.2,0.4,0.4,-0.1,- (0.7,0.3,0.2,-0.4,- (0.1,0.4,0.3,-0.1,- (0.4,0.3,0.3,-0.1,- (0.4,0.1,0.4,-0.1,- (0.1,0.4,0.3,-0.1,-
0.4,-0.5) 0.2,-0.1) 0.2,-0.3) 0.2,-0.3) 0.2,-0.5) 0.2,-0.3)

Co (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.8,0.2,0.1,-0.3,- (0.7,0.3,0.2,-0.4,- (0.6,0.4,0.4,-0.3,-
0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.2,-0.4) 0.2,-0.1) 0.2,-0.3)

Table 3. The third BNNs

A1 A2 As As As As

C1 (0.4,0.3,0.3,-0.1,- (0.2,0.4,04,-0.1,- (0.4,0.1,04,-0.1,- (0.7,0.3,0.2,-0.4,- (0.6,0.4,0.4,-0.3,- (0.4,0.3,0.3,-0.1,-
0.2,-0.3) 0.4,-0.5) 0.2,-0.5) 0.2,-0.1) 0.2,-0.3) 0.2,-0.3)

C2 (0.4,0.3,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.6,0.4,0.4,-0.3,- (0.4,0.1,04,-0.1,- (0.1,0.4,0.3,-0.1,- (0.5,0.4,0.3,-0.4,-
0.2,-0.3) 0.3,-0.3) 0.2,-0.3) 0.2,-0.5) 0.2,-0.3) 0.3,-0.3)

Cs (0.1,0.4,0.4,-0.1,- (0.4,0.3,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.6,0.4,0.4,-0.3,- (0.1,0.4,0.4,-0.1,- (0.1,0.4,0.4,-0.1,-
0.3,-0.5) 0.2,-0.3) 0.3,-0.3) 0.2,-0.3) 0.3,-0.5) 0.3,-0.5)

Ca (0.1,0.4,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.4,0.3,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.6,0.4,0.4,-0.3,- (0.1,0.4,0.3,-0.1,-
0.2,-0.3) 0.3,-0.3) 0.2,-0.3) 0.3,-0.3) 0.2,-0.3) 0.2,-0.3)
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Cs (0.6,0.4,0.4,-0.3,- (0.4,0.3,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.6,0.4,0.4,-0.3,- (0.4,0.3,0.3,-0.1,- (0.4,0.3,0.3,-0.1,-
0.2,-0.3) 0.2,-0.3) 0.3,-0.3) 0.2,-0.3) 0.2,-0.3) 0.2,-0.3)

Cs (0.7,0.3,0.2,-0.4,- (0.1,0.4,0.3,-0.1,- (0.4,0.3,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.6,0.4,0.4,-0.3,- (0.5,0.4,0.3,-0.4,-
0.2,-0.1) 0.2,-0.3) 0.2,-0.3) 0.3,-0.3) 0.2,-0.3) 0.3,-0.3)

Cy (0.4,0.1,0.4,-0.1,- (0.4,0.3,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.6,0.4,0.4,-0.3,- (0.2,0.4,04,-0.1,- (0.6,0.4,0.4,-0.3,-
0.2,-0.5) 0.2,-0.3) 0.3,-03) 0.2,-03) 0.4,-0.5) 0.2,-03)

Cs (0.4,0.3,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.6,0.4,0.4,-0.3,- (0.4,0.3,0.3,-0.1,- (0.4,0.1,04,-0.1,- (0.1,0.4,0.3,-0.1,-
0.2,-0.3) 0.3,-0.3) 0.2,-03) 0.2,-03) 0.2,-0.5) 0.2,-03)

Co (0.8,0.2,0.1,-0.3,- (0.4,0.3,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.6,0.4,0.4,-0.3,- (0.7,0.3,0.2,-04,- (0.6,0.4,0.4,-0.3,-
0.2,-0.4) 0.2,-0.3) 0.3,-03) 0.2,-03) 0.2,-0.1) 0.2,-03)

Table 4. The fourth BNNs
A1 A As As As As

C1 (0.4,0.3,0.3,-0.1,- (0.2,0.4,0.4,-0.1,- (0.4,0.1,0.4,-0.1,- (0.7,0.3,0.2,-0.4,- (0.6,0.4,0.4,-0.3,- (0.4,0.3,0.3,-0.1,-
0.2,-0.3) 0.4,-0.5) 0.2,-0.5) 0.2,-0.1) 0.2,-0.3) 0.2,-0.3)

C2 (0.5,0.4,0.3,-0.4,- (0.8,0.2,0.1,-0.3,- (0.2,0.4,0.4,-0.1,- (0.4,0.1,0.4,-0.1,- (0.1,0.4,0.3,-0.1,- (0.5,0.4,0.3,-0.4,-
0.3,-0.3) 0.2,-0.4) 0.4,-0.5) 0.2,-0.5) 0.2,-0.3) 0.3,-0.3)

G | (0.1,0404-01-  (0.403,03,-01-  (0.4,0.1,04,0.1,- (0.7,03,02,04,-  (0.1,04,04,0.1,-  (0.2,0.4,04,-0.1-
0.3,-0.5) 0.2,-0.3) 0.2,-0.5) 0.2,-0.1) 0.3,-0.5) 0.4,-0.5)

Ca (0.1,0.4,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.8,0.2,0.1,-0.3,- (0.6,0.4,0.4,-0.3,- (0.5,0.4,0.3,-0.4,- (0.7,0.3,0.2,-0.4,-
0.2,-0.3) 0.3,-0.3) 0.2,-0.4) 0.2,-0.3) 0.3,-0.3) 0.2,-0.1)

Cs (0.6,0.4,0.4,-0.3,- (0.1,0.4,0.4,-0.1,- (0.4,0.3,0.3,-0.1,- (0.1,0.4,0.3,-0.1,- (0.4,0.3,0.3,-0.1,- (0.1,0.4,0.3,-0.1,-
0.2,-0.3) 0.3,-0.5) 0.2,-0.3) 0.2,-0.3) 0.2,-0.3) 0.2,-0.3)

Cs (0.7,0.3,0.2,-0.4,- (0.1,0.4,0.3,-0.1,- (0.5,0.4,0.3,-0.4,- (0.1,0.4,0.4,-0.1,- (0.8,0.2,0.1,-0.3,- (0.1,0.4,0.4,-0.1,-
0.2,-0.1) 0.2,-0.3) 0.3,-0.3) 0.3,-0.5) 0.2,-0.4) 0.3,-0.5)

Cr (0.4,0.1,0.4,-0.1,- (0.6,0.4,0.4,-0.3,- (0.1,0.4,0.4,-0.1,- (0.5,0.4,0.3,-0.4,- (0.2,0.4,0.4,-0.1,- (0.5,0.4,0.3,-0.4,-
0.2,-0.5) 0.2,-0.3) 0.3,-0.5) 0.3,-0.3) 0.4,-0.5) 0.3,-0.3)

Cs | (0.2,04,04,-01-  (0.7,03,02-04-  (0.1,0.4,0.3,-0.1,- (0.4,0.3,0.3,-0.1,- (0.4,0.1,0.4-0.1,-  (0.4,0.3,0.3,0.1,-
0.4,-0.5) 0.2,-0.1) 0.2,-0.3) 0.2,-0.3) 0.2,-0.5) 0.2,-0.3)

Co (0.8,0.2,0.1,-0.3,- (0.4,0.1,0.4,-0.1,- (0.2,0.4,0.4,-0.1,- (0.8,0.2,0.1,-0.3,- (0.7,0.3,0.2,-0.4,- (0.8,0.2,0.1,-0.3,-
0.2,-0.4) 0.2,-0.5) 0.4,-0.5) 0.2,-0.4) 0.2,-0.1) 0.2,-0.4)

H) Then we used Eq. (12) to normalize the decision matrix as shown in Table 5.

I) Then we used Eq. (13) to compute the weighted normalized decision matrix as shown in Table

6.
Table 5. The normalized BNNs

Aa A2 As A4 As As
C1 0.175393 0.170157 0.170157 0.162304 0.157068 0.164921
C2 0.16245 0.183755 0.170439 0.173103 0.149134 0.161119
Cs 0.168865 0.172823 0.170185 0.162269 0.155673 0.170185
Cs 0.151967 0.176391 0.184532 0.162822 0.162822 0.161465
Cs 0.161725 0.16442 0.177898 0.167116 0.167116 0.161725
Cs 0.164675 0.162019 0.171315 0.163347 0.177955 0.160691
(@ 0.188158 0.169737 0.161842 0.155263 0.168421 0.156579
Cs 0.16732 0.169935 0.15817 0.16732 0.183007 0.154248
Co 0.186962 0.168512 0.154982 0.177122 0.152522 0.159902

Table 6. The weighted normalized BNNs
Ai A2 As A4 As As
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C1 0.01865 0.018093 0.018093 0.017258 0.016701 0.017536
C: 0.018973 0.021461 0.019906 0.020217 0.017418 0.018817
GCs 0.018798 0.019238 0.018944 0.018063 0.017329 0.018944
Cs 0.019333 0.02244 0.023476 0.020714 0.020714 0.020541
GCs 0.019203 0.019523 0.021123 0.019843 0.019843 0.019203
Cs 0.018922 0.018617 0.019685 0.01877 0.020448 0.018465
Cr 0.018748 0.016913 0.016126 0.01547 0.016781 0.015602
Cs 0.018626 0.018917 0.017607 0.018626 0.020372 0.01717
G 0.017526 0.015796 0.014528 0.016603 0.014297 0.014989

J) Then we used Eq. (14) to compute the maximizing and minimizing indexes.

K) Then we used Eq. (16) to compute the relative significance values as shown in Table 7.

L) Then we ranked the alternatives as shown in Table 7 and Fig. 4.

Table 7. The rank of alternatives.

D, D_ Z; RANKS
A1 0.113301 0.017071 0.122083 1
A2 0.118766 0.013186 0.130135 5
As 0.117711 0.009531 0.133441 6
As 0.113647 0.012231 0.125904 3
As 0.112982 0.011236 0.126324 4
As 0.111474 0.011388 0.124638 2
—
A1 A2 A3 Ad A5 A6

Fig. 4. Ranks of alternatives.
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4. Analysis

This section shows the sensitivity analysis for changing the criteria weights based on the set of
cases. Fig. 5. shows the criteria weights under different cases. In the first case, we put all criteria
with the same weights. In each case, we increase the criteria weights by 15%. In the second case,
we increase the first criterion by 15%. In the third case, we increase the second criterion with 15%
weights.

1.2

C1 Cc2 C3 C4 C5 Cé6 Cc7 Cc8 C9

EU1 mU2 EU3 mU4 mU5 mU6 mU7 mU8 mU9S mU10

Figure 5. The various criteria weights.

Then we applied the COPRAS method under different criteria weights. We obtained the
normalized decision matrix. Then we computed the weighted normalized decision matrix. Then
we compute the relative significant values as shown in Table 8. Then ranked the alternatives as
shown in Fig. 6. In all cases, we show the alternative 3 is the best and the alternative 1 is the
worst.

Table 8. The relative significance values under different weights.

Ux U2 Us Us Us Us Uz Us Us Uno
A1 | 0.124281 0.126517 0.125951 0.126232 0.125493 0.111815 0.126048 0.125238 0.126164 0.125253
Az | 0.132449 0.134099 0.134694 0.134216 0.134372 0.119047 0.133743 0.133822 0.134089 0.133849
As | 0.135688 0.137196 0.137209 0.137198 0.137825 0.123541 0.137247 0.137155 0.136672 0.137522
As | 0128473 0.129953 0.130426 0.129952 0.129976  0.11529  0.129999 0.130667 0.130173 0.129686
As | 0.129226 0.130444 0.130097 0.130383 0.130696 0.116048 0.131358 0.130766 0.131579 0.131528
Ae¢ | 0.12766  0.12929 0.129124 0.12952  0.129139 0.114259 0.129105 0.129851 0.128823 0.129661
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Figure 6. The rank of alternatives is based on a set of weights.
5. Conclusions

Two decision-making methods are used in this study to evaluate the risks of Vocational Education
and Economic Development. BWM is used to compute the criteria weights. The COPRAS method
is used to rank the alternatives. Two decision-making methods are used under the bipolar
neutrosophic sets to deal with uncertainty in the evaluation. Four experts have evaluated the
criteria and alternatives using the bipolar neutrosophic numbers to build the decision matrix. The
results show the Mismatch with Labor Market Needs has the highest weights and the Student
Dropout and Skill Mismatch has the lowest weights. Then we applied the COPRAS method to
rank the alternatives. The results show alternative 3 is the best and alternative 1 is the worst. Then
we applied the sensitivity analysis to show the stability of the ranks. We proposed ten cases in
criteria weights. The results show the ranks of the alternatives are stable under different cases.
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