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this paper, our aim is to identify the optimal site for establishing a new school in
Keywords: Paschim Bardhaman district using the Multi Criteria Decision Making (MCDM)
School site selection; Educational institute; method. Here, two MCDM methods, namely the Criteria Importance Through
Neutrosophic numbers; CRITIC; COPRAS Intercriteria Correlation (CRITIC) method, is used for evaluating criteria weight
and further, the Complex Proportional Assessment (COPRAS) method is applied
for ranking the sites chosen as alternatives. We consider the neutrosophic num-
bers (NNs) to incorporate uncertainty in the data set. Further sensitivity and
comparative analysis are performed to verify the accuracy and stability of the
result. Thus we obtain a framework which will be very helpful for urban plan-
ners and government policy makers to make informed decisions for educational
development.

1. Introduction

The process of selecting a perfect location for a school is a difficult task. It directly helps to im-
prove the education quality and students’ and staffs’ well-being. In the process of selecting a site it
requires to focus on a secure, accessible and a learning friendly environment. A perfect site need to be
meet the requirements of space for classrooms, playgrounds and future expansions while providing
to zoning laws and restrictions. Cost estimation plays a key role to balance affordability with quality.
Several environmental factors such as, air quality, water quality and noise levels must be computed
carefully. Accessibility to public transport and residential areas is vital for easy access. Some adequate
utilities like electricity and water sanitation must be available for the selection of school location. In
the final segment, a proper-choosed site develops a inclusive, nurturing and future-ready educational
environment.
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As a mathematical tool, the fuzzy set and number are considered for this research work. Particu-
larly, Neutrosophic Number (NNs) are applied here to process this school site selection problem. As
the preference of the proper location is influenced by multiple factors, it can be selected as an ap-
plication of multi-criteria decision making (MCDM) problem. The decision making methods like the
Criteria Importance Through Inter-criteria Correlation (CRITIC) [1, 2] and Complex Proportional As-
sessment (COPRAS) [3, 4] are used in this study to process the site selection problem. To calculate the
criteria weight and ranking of sites, we use the CRITIC and COPRAS methodologies, respectively.

1.1 Motivation of this study
This section explains the motivation of this work in brief way. The main purpose of this study is to
select a perfect site for a new school. The motivation for this research work is describe as bellow,
(a) Various criteria are choosed here to identify a perfect site for a new school.
(b) Neutrosophic Numbers (NNs) are taken for handling the ambiguity of the data set. All the data
are choosen in terms of linguistic and modified into NNs.
(c) A new de-neutrosophic function is created and used to process the solution.
(d) Evaluate the criteria and sub-criteria weight using the decision matrix and utilise it in further
computation.
(e) Establish a weighted-based ranking model for ideal site selection.
(f) Two NNs based MCDM models are developed, namely CRITIC & COPRAS to find the criteria weight
& for ranking alternative, respectively.
(g) Two decision makers (DMs) are given required data in linguistic terms in an unbiased procedure.
(h) Ranking different locations for building a school based on criteria.
(i) A sensitivity and comparative analysis verify the model’s durability and robustness.

1.2 Research outline

On the basis of above study and motivation, we design a research outline of this study in this sec-
tion. Rank the different sites based on various important criteria in a proper way is the main objective
of this work. There are six critical criteria, some sub-criteria corresponding to those criteria and five
sites are taken for evaluation. Two MCDM methods are considered as optimization tools and Neutro-
sophic Numbers (NNs) are assessed as uncertainty tool. Data are gathered in an unbiased process and
numerically computed the result on it. Ultimately, sensitivity and comparative analysis are performed.

1.3 Structure of this paper

This section mainly explains the total structure of this research work. The introduction of this
paper is describe in Section 1. Section 2 analyses the literature survey of this paper. Section 3 and
Section 4 discuss the basics of mathematical tools and multi-criteria decision making (MCDM) tech-
nologies elaborately. Criteria selection and alternative selection are shortly described in Section 5 and
Section 6, respectively. The model formulation and data collection are demonstrated in Section 7 and
Section 8 particularly. The numerical illustration and discussion are revealed in Section 9. In Section
10 shows the sensitivity analysis and comparative analysis of the work briefly. Moreover, research im-
plications of this research are highlights in Section 11. Finally, conclusions and future research scope
are disclosed in Section 12.

2. Literature survey of this study

This section highlights the literature survey on this research paper. Firstly, we discuss the strategy
for site selection for a new School in Paschim Bardhaman District (West Bengal, India), then study the
background of neutrosophic numbers with applications. Finally, we surveyed MCDM methods and
two used decision making methods, CRITIC and COPRAS processes.

20



Management Science Advances

Volume 2, Issue 1 (2024) 19-58

2.1 Background on application

Selecting a site for establishing a new school is very critical work. There are many factors on which
this process is dependent. There are a lot of research works related to school site selection. A brief

literature review on school site selection is presented in Table 1.

Table 1

Some recent literature on School Site Selection

Author Year Methodology Application Area
[5] Gennaro, G. D. et 2013 Sampling and Analyti- Health Risk Assessment in School
al. cal Method Building
[6] Mukherjee, M. 2013 Regression Discontinu- School enrollment with better roads
ity
[7] Bowers, A.J. 2014 Hierarchical Longitudi- Site selection in school district re-
nal Growth Models search
[8] Talam. et al. 2015 GIS, MCE, AHP Integration of GIS and Multicriteria
Evaluation for School Site Selection
[9] Jamal, I. 2016 GIS, AHP Analysis for School Site Selection
[10] Panahi, M. etal. 2019 GIS, RBF, ICA. Determining suitability of existing
schools and site selection of new
school buildings
[11] Baser, V. 2020 AHP Land Use Policy for School Site Selec-
tion
[12] Palm, M. et al. 2020 Seemingly Unrelated Public transit’s role in school selection
Regression (SUR)
[13] Zaheer, N. etal. 2021 Deep Neural Networks Optimal school site selection in Urban
areas
[14] Gonzalez- 2022 Discrete Choice Models Relation between school and residen-

Espejo, F. et al. tial location

2.2 Background of Mathematical tool

Fuzzy numbers are used to tackle the uncertainty in the data set. There are various extensions of
fuzzy numbers [15], like triangular fuzzy numbers, Interval-valued fuzzy numbers [16], Type 2 fuzzy
numbers [17], Intuitionistic fuzzy numbers [18], Neutrosophic fuzzy numbers [19], etc. In our paper,
the Neutrosophic number is used. So, here we will provide a short literature review on Neutrosophic
numbers in Table 2, as follows:

2.3 Literature of MCDM methodologies

MCDM is a very powerful optimizing technique used to solve many complex problems. MCDM
[29] is very effective when multiple criteria and alternatives appear in a problem. Momena, A. F. et
al. [30] applied MCDM methods to determine the challenges of different supply chain companies and
Adhikari, D. et al. [31] utilized entropy and VIKOR methodologies to rank states in India based on
women empowerment. There are various types of MCDM methods, of which here we have involved
CRITIC and COPRAS methods. There are many applications of the CRITIC method, some of which are
given in Table 3, as follows:
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Table 2

Some recent studies on Neutrosophic Number with Applications

Author Year Uncertainty taken Application Area

[20] Deli, I. et al. 2017 Single Valued Neutro- Introduced a methodology for solving
sophic Number (SYVNN) MADM problems using SVNN

[21] Abdel-Basset, 2017 Trapezoidal Neutro- Integrating AHP and Delphiframework

M. et al. sophic Number in Neutrosophic environment

[22] Garg, H. et al. 2018 Single-Valued Neu- Developing new logarithmic opera-
trosophic Numbers tional laws and it’s applications MADM
(SVNN) problem

[23] Nabeeh, N.A.et 2019 Neutrosophic Number Personnel selection process

al.

[24] Fan, C. et al. 2019 Linguistic Neutrosophic Introduction of a new approach for
Number finding solution of MAGDM problems

[25] 2021 Gauss’s Neutrosophic Application in medical diagnosis prob-

Muhamediyeva, Number lem

D. etal.

[26] Das, S. K. etal. 2020 Neutrosophic Triangu- A new approach for solving neutro-
lar Number sophicinteger programming related is-

sues
[19] Alamin, A. etal. 2024 Neutrosophic fuzzy set Financial model formulation in dis-
crete system

[27] Biswas, A. et al. 2024 Triangular neutro- Canteen site selection in an educa-
sophic number tional institute

[28] Rahaman, M. et 2025 Bell-shaped Neutro- Solution of linear differential equa-

al.

sophic number (BNN)

tions

COPRAS is an MCDM-based ranking methodology. Some of the applications in recent times of the

COPRAS method are discussed in Table 4.

3. Preliminaries of Mathematical Tools
This section will discuss the fuzzy number and its extensions in detail.

3.1 Fuzzy Set and Fuzzy Number

In 1965, Lotfi A. Zadeh [45] introduced fuzzy set theory. Fuzzy set theory [46] changes the concept
of strictly belonging or non belonging of an element in a set as per classical set theory and introduces
the idea of partial membership of elements in a set. The definition and properties of the fuzzy set are
discussed as follows:

Definition 1. A fuzzy set [47] 4/ on the universe of discourse % is defined as,

o ={(CnQ) e U}

and corresponding membership function is, i ;(¢) : % — [0, 1].

(1)

Example 1. Let B be a fuzzy set of ‘meritorious’ students having reference set % = {ai',; a5’ a9, a4, as'}.
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Table 3

Literature on CRITIC Method

Author Year Uncertainty Application Area

[32] Wu, H. W. etal. 2020 Fuzzy and random Urban rail transit operation safety evalua-
tion

[33] Krishnan, A. R. 2021 Crisp number Estimating the objective weights of decision

et al. criteria

[34] Pamucar, D. et 2022 Fuzzy rough num- Modification of the CRITIC method

al. bers

[35] Haktanir, E. et 2022 Picture fuzzy Wearable health technology

al.

[36] Puska, A.etal. 2022 Fuzzy Pear varieties market assessment

[37] Sharkasi, N. et 2022 Fuzzy Hamming distance

al.

[38] Kahraman, C. et 2022 Spherical fuzzy Prioritization of supplier selection

al.

[39] Mishra, A.R. et 2023 Fermatean fuzzy Novel score function

al. number

Table 4

Literature on COPRAS Method

Author Year Uncertainty Application Area
[3] Jianping Lu. etal. 2012 Picture fuzzy envi- Green supplier selection
ronment
[40] Bekar, ET.etal. 2016 Fuzzy Performance measurement in total produc-
tive maintenance
[18] Kumari, R.etal. 2020 Intuitionistic Fuzzy Green supplier selection
[41] Saraji, M.K. et 2021 Fermatean Fuzzy Sustainable Digital Transformation
al.
[42] Fan, J. et al. 2022 T-spherical fuzzy Comparative analysis
[16] Mishra, R.J. et 2022 Interval-valued Desalination technology
al. hesitant Fermatean
fuzzy
[43] Naz, S. et al. 2022 Orthopair Fuzzy Network security service
[44] Naz, S. et al. 2023 T-spherical fuzzy Group decision making
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The merit of a," is 0.2, merit of ay' is 0.7, merit of as’ is 0.5, merit of a4’ is 1 and merit of a5’ is 0.4. So,
the fuzzy set % can be represented as % = {(a,',0.2), (a2’,0.7), (a3’,0.5), (a4’ 1), (a5’,0.4) }.

Definition 2. A fuzzy set 4 is known as a fuzzy number[48] if it satisfies the following four properties,
(i) < is a normalized fuzzy set that means there exists { € % such that p_;(¢) = 1
(ii) < is a convex fuzzy set i.e, py(AG 4 (1= N)C) > min{p (), p i (C)} VG, G € o and
A€ 0,1].
(iii) o/ must have a bounded support.
(iv) The membership function p; is piecewise continuous.

3.2 Intuitionistic fuzzy set

There are many extensions of the fuzzy set, one of them is the Intuitionistic fuzzy set. In the Intu-
itionistic fuzzy set, we considered the degree of membership and non-membership of each element
of that set.

Definition 3. An Intuitionistic fuzzy set (IFS) [49] </ on the universe of discourse 7%/ is defined as,

o = {{C i (C), v Q) 1 CE XY )
where 0 < pu;(¢) +v;(¢) < L

Here, 17(C) : % — [0, 1] represents the degree of membership and v;(¢) : Z — [0, 1] denotes
the degree of non—merpbership of an element ( to the set 7. Now, the degree of hesitation of an
element ( to the set &7 is defined as, 7 ;(¢) = 1 — p;7(¢) — v ;(C).

The intuitionistic fuzzy set is further divided into two types: the first one is the Type | Intuitionistic
fuzzy set (IFS) and the second one is the Type Il Intuitionistic fuzzy set (IFS). For a Type | Intuitionistic
fuzzy set 7 degree of membership 1.7(¢) and degree of non membership v ;(() both belongs to the
set [0, 1] and give crisp values. It also satisfies the relation 0 < p;(¢) + v ;7(¢) < 1. The Type Il
Intuitionistic Fuzzy Set is an extension of the Type | Intuitionistic fuzzy set. For a Type Il Intuitionistic
Fuzzy Set, both the membership and the non membership functions take fuzzy values.

Definition 4. An Intuitionistic Fuzzy Set (IFS) ;zfdeﬁned on R is said to be an Intuitionistic Fuzzy Number
if it satisfies the properties of fuzzy numbers as mentioned in Definition 2.

Example 2. Let P represent student’s ratings (() about a particular lecture of History, where rating
1 means Poor, rating 3 means Average and rating 5 means Excellent. Then the Intuitionistic Fuzzy
Number 9 can be represented as,

B = {<1,0.3,0.6 >,< 3,0.5,0.2 >,< 5,0.7,0.1 >}

3.3 Neutrosophic set (NS):

The neutrosophic set(NS) is an extension of the Intuitionistic Fuzzy Set (IFS). In the Intuitionistic
Fuzzy Set (IFS), we consider only two components, namely membership and non-membership func-
tions for representing an element, whereas the Neutrosophic Set (NS) include the degree of Indeter-
minacy as an extra component. So, every element of a Neutrosophic Set (NS) is expressed in terms of
three components such as membership function, indeterminacy function and non-membership func-
tion.
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Fig. 1. Diagram of evaluation of fuzzy Sets

Definition 5. A Neutrosophic Set (NS) [50] 4/ on the universe of discourse % is of the form,
o ={(C 117, (), 77, w7 (O)) s C € U} (3)

where 1 ;(C) : %4 —]0~, 17 [ is the membership function, 7 ;(() : % —]0~, 17| is the indeterminacy
function and v ;(¢) : % —]0~, 1] is the non-membership function. These three components also
satisfies the relation 0~ < p_;(¢) + 7 ;(¢) + v ;#(¢) < 3™.

Definition 6. Neutrosophic Number (NN) [23] is a Neutrosophic Set (NS) o defined on R which satisfies
the properties of fuzzy numbers as mentioned in Definition 2.

Here, we have provided a diagram in Figure 1 for understanding the evaluation of Neutrosophic
Sets.

3.4 Some Basic Set Operations of Neutrosophic Set(NS):
In this section, we will discuss about some basic set operations of Neutrosophic Sets. Let & =
(¢, 1z(€),ma(Q),vs(C) : Ce)and F = ((, 115(C), m5(C),v5(C) : ¢ € %) be two Neutrosophic
Sets.
(i) Complement of Neutrosophic Set(NS): The complement of a Neutrosophic Set & is denoted by
&°andis represented as,

&= (Cvz(0), 1 =ma(0), () : C € U) (4)
25
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(i) Union of two Neutrosophic Sets (NSs): The union of two Neutrosophic Sets & and .Z is defined
as,

& UF = (Cmax{pz(Q), pz(C)} min{rz(C), m#(Q)}, min{va(¢),vz(QO)} : C€ %) (5)

(iii) Intersection of two Neutrosophic Sets (NSs): The intersection of two Neutrosophic Sets & and
F is expressed as,

&NF = (¢ min{uz(C), 15(Q)} max{ms(C), m#(Q)}, max{vz(Q), vz(Q)} : Ce %) (6)

Example 3. Let us consider two Neutrosophic Sets such as, & = (¢,0.75,0.1,0.15) and F -
(¢,0.6,0.2,0.1). Then,

&° = (¢,0.15,1—0.1,0.75) = (¢,0.15,0.9,0.75)
= (¢, max{0.75,0.6}, min{0.1,0.2}, min{0.15,0.1}) = (¢,0.75,0.1,0.1)
= (¢, min{0.75,0.6}, max{0.1,0.2}, max{0.15,0.1}) = (¢, 0.6,0.2,0.15)

W

3.5 Arithmetic Operations of Neutrosophic Numbers
In this section we will use &2, = (15 (), 75, (¢),v5,(¢)) instead of 2, =

<C7 K, (C)v T, (C)? Vp, (C)> Let @1 = <M951 (C)? T %, (C)v Vo, (C)> and @2 = <M9?32 (C)? T, (C)v Vs, <C)>

be two Neutrosophic Numbers (NNs) and x > 0 be a scalar. Then the arithmetic operations on NNs

are defined as follows:
(i) Addition of NNs:

P ® P = (15,(Q) + 115,(0) = 15, (O15,(C), 5, (07 5,(C), v 5, (Ov5,(C)) (D)
(i) Multiplication of NNs:

PPy = (1, (Oi5,(Q), 75, Q) +7.5,(0) = 75 ()7 5,(0), v5,(C) + v5,(0) = V.5, (Ov5,(C))

(8)
(iii) Scalar Multiplication of NN:
RO P =(1-(1-p5(0)", (75 (0) (s (0)) (9)
(iv) Scalar Power of NN:
28 = (15, 1= (1 =75(¢)" 1= (L= v5(0)") (10)

Example 4. Let us consider two NNs namely, %1 =< 0.7,0.05,0.15 > and &7, =< 0.5,0.1,0.2 >.

Then,
P& Py = (0.7+ 0.5 —0.35,0.005,0.03) = (0.85,0.005, 0.03)

P @ Py = (0.35,0.05+ 0.1 — 0.005,0.15 + 0.2 — 0.03) = (0.35,0.145,0.32)
Let Kk = 2 then
kO P =(1—(1-0.7)%(0.05)(0.15)%) = (0.91,0.0025,0.0225) = (0.91, 0.003, 0.023)
Taking k = 2 we get,
25 = {(0.7)%,1 — (1 - 0.05)%,1 — (1 — 0.15)?) = (0.49, 0.0975,0.2775) = (0.49,0.098, 0.278)
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3.6 Score and Accuracy Function of Neutrosophic Number (NN):

In this paper, to compare neutrosophic numbers, we will apply the score function and accuracy
functions. Different types of Score and Accuracy functions are defined in many research papers [51—
53]. But here, we will propose a new Score and Accuracy function for NNs.

Consider a Neutrosophic Number (NN) & = (115 (¢), 7.5(C), v5(C)).

Then the new Score function is defined as,

5 Btpy—m5 —3v;)B—vy)(1+7y)

S(P) = - (11)

and the new Accuracy function is,

A(P) =B+ s —m5 —3vs) (12)
3.6.1 Comparison of two Neutrosophic Numbers:
We can compare any two Neutrosophic numbers with the help of the Score function and Accuracy
function. Let &2, and &, be two Neutrosophic numbers. Then

(1)

(2)
S(P) > S (D) = Py > Py (14)
(3) . .
S(Py) = F(P) (15)

then we will use the Accuracy function in following manner,

(i)

A(@l) < A(@g) = @1 < @2 (16)
(ii)

A(@l) > A(@Q) = ?1 > @2 (17)
(i)

«4(4@1) = A(t@?g) = 4@1 = 932 (18)

4. Proposed methodology

In this section, we will describe the methods we have taken for this study. In this paper, we have
used two Multi criteria Decision Making (MCDM) methods, namely CRITIC and COPRAS. At first, we ap-
plied the Criteria Importance Through Inter-criteria Correlation (CRITIC) method, which is a particular
type of MCDM method used for evaluating criteria weight. After that, we used the Complex Propor-
tional Assessment (COPRAS) method for ranking the alternatives. The methodologies are discussed
as follows:

4.1 Criteria Importance Through Inter-criteria Correlation (CRITIC) method

In 1995, the CRITIC Method was proposed by Diakoulaki et al. [54]. This method is very effective
for finding criteria weight. This method focuses on two dimensions, such as variability and correlation
of criteria. Here, one criterion is considered as important if it’s value varies a lot and it is not similar
to the other.

Here, we consider & number of criteria where every criteria n(n = 1,2,...,«) is associated
with 7,, number of sub-criteria and there is ¥ number of alternatives chosen for ranking. ¢ number
of decision makers (DMs) provide their opinions based on these criteria and sub-criteria for ranking
the alternatives. The procedure of the CRITIC method is given in a brief way through Figure 2 and is
discussed in detail as follows:
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’ Structure the decision matrix in linguistic terms by DMs ‘

1
’ Aggregate the structured decision matrix ‘

1

] Evaluate the score-valued decision matrix \

1

] Find a normalized score-valued decision matrix \

’ Compute standard deviation for each criterion ‘

1

’ Determine the linear correlation coefficient ‘

1

’ Measure the conflict and quality of information ‘

1

’ Evaluate the objective weights ‘

Fig. 2. Constructional framework of the CRITIC methodology

Step i. Decision Matrix Formulation:
At first, decision makers (DMs) provided their opinions in linguistic terms and further, it con-
verted to Neutrosophic Number (NN) with the help of the conversation table described in the
data selection section. The decision matrix formulated by £ decision maker is denoted by De
and represented as,

(20), (P), o (Pn), - (P)]
() (Pa)e o (), o (P0)
R R A A )
(@), (Za) o (Ba) o (B
B P, - [(@mn)im (20)

wheren = 1,2,...,a,m = 1,2,...,vyand £ = 1,2,...,q. The input ;@mn represents &'
decision maker’s opinion about m!” alternative on the basis of n'" criteria. In a similar way, the

decision matrix (D;") for sub-criteria of the criteria n where n. = 1,2, ..., o can be defined as
lone (B0, (P, o (Pa), o (),
(gzvg.ln)5 (@2.2”)E (gﬁ%n)5 . (9?2'7”)
F ) (B (o) o (o),
(20), (%), — (%), (@;ﬁ)g_%
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Steo ii.

Step iii.

Step iv.

Step v.

i.e.,
By = {(@mn) } (22)
3
YXTn
where s, = 1,,2,,...,7, for the criterian, m = 1,2,...,vyand £ = 1,2,...,q. The input

P s, represents £ decision maker’s opinion about m!” alternative on the basis of s,,'" criteria

and it given as
@m5n> = {( 5 ) , <7T0~ ) ) (1/0,~ > } 23
< 5 ’ur/zmen f ngn f fmsn &- ( )

Aggregating the Decisions Matrices:
Total ¢ numbers of Decision Matrices are aggregated to obtain a single decision matrix by using
the following equation,

@mn = {M@nnﬁ T Bim Vgémn}

. (24)
= { LM (15,,)e0 max (75,,)c,, max (v.@mn)g}

Then the Aggregated Decision Matrix (f)A) is of the form,
YXa

where

Poan = T 5V G |
isan aggregated NNand m =1,2,...,yvandn = 1,2,..., a. Only the decision matrix for the
criteria is considered for further numerical calculations. The same type of calculation will be
applied to finding the sub-criteria weight.
Score Valued Decision Matrix Formulation:
Neutrosophic Numbers(NNs) are converted to crisp numbers by using the Score function and
so the Score Valued Decision Matrix (755) is formulated as follows:

Ds = [Pro] (26)

FXa

where £, is the Score value corresponding to the NN @mn and it evaluated by Equation (11).
Normalization of the Score Valued Decision Matrix:

The Normalized Decision Matrix (D) is constructed from the Score Valued Decision Matrix
(Ds) by using the following formula,

/ _
& mn P best P worst (27)
n n
where
2t = max P,
m=1,2,...,y
{@nworst — min @mn
m:1727' Y
Calculating Standard deviation (o,,) for each criteria:
For calculating the standard deviation o,, of each criterion, the following formula is used,
&3 —
X (D0 = Pn)
o = | "=t (28)

a—1
29
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Step vi.

Step vii.

Step viii.

Step ix.

where 2, represents the population mean, « is the size of the population (i.e., number of
criteria)andn =1,2,...,a.

Finding the Linear Correlation Coefficient (¢,,/) between the criteria ¢,, and criteria ¢, :
Here, we will construct the o x a symmetric matrix with elements &2 which is the Linear
Correlation Coefficient between the vectors &2, and &, and Correlation Coefficient between
the criteria c,, and ¢,/ which is denoted by ¢ ..

Measure of the Conflict (P,,) created by the criteria:

The measure of the conflict (P,,) created by the criterion n with respect to the decision situation

defined by the remaining criteria is calculated by using the following formula,

«

Po=> (1=0,,) (29)

n'=1

Determining the Quality of information (), ):
We determine the quality of the information (Q,,) in relation to each criteria by applying the
formula given as,

Qn =0, xXP, (30)

where criterian =1,2,...,a.
Determining the Objective weights (7/'*)
The weight of n'" criteria is denoted by %' and defined as,

@n

' = o (31)
Zn:l Qn
Thus we can evaluate the weight of each criterionforn =1,2,..., a.
Using the above equation we can determine the local weight of the criteria (#/!%) for n =
1,2,...,aand local weight of the sub-criteria (Vﬂslnw) fors, =1,,2,,...,7, respectively. After

that we will determine the global weight of the criteria (#,9*) and global weight of the sub-
criteria (#7") as follows:

W =W L 32)
and .
sn=1
wheren=1,2,...,cand s, =1,,2,,...,Tn.

4.1.1 Advantages of taking CRITIC method:
There are many advantages of using the CRITIC method as an MCDM technique, such that:

1.
2.

3.

This method is fair and unbiased, relying on the data set for calculating the weight.

In this method, some basic operations like standard deviation and correlation are performed,
which makes this method easy to understand.

This method can be customized to fit the individual’s specific needs due to its flexibility.

4.1.2 Disadvantages of taking CRITIC method:
Despite the various benefits of the CRITIC method, there are some drawbacks to using this method

like,

1.

This method takes a lot of time to collect and analyse the incidents, which makes it time con-
suming.
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2.

3.

This method is very sensitive to the quality of data, which means from this method, we may get
inaccurate results if the input data is biased or incomplete.
This method will become complicated when a large number of criteria are considered.

4.2 Complex Proportional Assessment (COPRAS) method

The Complex Proportional Assessment (COPRAS) method is a very useful MCDM technique. It is
used for ranking the alternatives.

Let there be ov number of criteria and each criterian (n = 1,2,...,a) have 7, number of sub-
criteria. There is ¢ number of decision makers (DMs) who purvey their decisions depending on that
~v number of alternatives are ranked. The steps of the COPRAS method are described in Figure 3 and
discussed as follows,

Step A.

Step B.

Step C.

Step D.

Step E.

’ Construct the decision matrix ‘

1

’ Aggregate the decision matrices ‘
1

’ Construct the score-valued decision matrix ‘
1

’ Normalize the score-valued decision matrix ‘
1

’ Find the weighted normalized decision matrix ‘
1

’ Evaluate maximizing and minimizing indices ‘
1

’ Calculate the relative weight of each alternative ‘
1

’ Determine the priority order and performance index ‘

Fig. 3. Structure process of the COPRAS methodology

Construction of Decision Matrix:

The formation of decision matrix D} by the ¢ decision maker is the same as the Step i. of
CRITIC method.

Aggregation of the Decision Matrices:

The Aggregated Decision Matrix (25“4) is formulated from ¢ numbers of Decision Matrices in a
similar way as mentioned in Step ii. of the CRITIC method.

Construction of Score Valued Decision Matrix:

The construction of Score Valued Decision Matrix (D) is the same as discussed in Step iii. of
the CRITIC method.

Normalization of the Score Valued Decision Matrix:

Normalized Score Valued Decision Matrix (D”) is formed by using the following equation,

‘-@mn
7 f@mn

m=1

where Z,,,, is the m'" alternative’s performance with respect to n'” criteria, P',,, is the corre-
sponding normalized value and -y is the number of alternatives.
Finding Weighted Normalized Decision Matrix:
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The Weighted Normalized Decision Matrix is denoted by (D,,) and defined as,
D, = [dmn)yxa (35)
where each element d,,,,, is evaluated from the formula,
Ao = Pl X W (36)

Here, #“ is the weight of the n'" criteria.

Step F. Evaluating Maximizing and Minimizing Index for each Alternative:
In this step, every alternative is categorized as maximizing index and minimizing index. For this
purpose, the following formulae are used,

Sy = Z i, = 1,2, ..., k, maximizing index. (37)
n=1
Sy = Z dppn,n =k + 1,k + 2, ..., &, minimizing index. (38)
n=r+1

Step G. Calculation of the Relative Weight of each Alternative:
The relative weight of m!" alternative is denoted by .2,,, and defined as,

Min,, Sy 7 | Spe

min,,, Sp,—
S D =5,

Step H. Determining the Priority Order of Alternative:
Depending upon the relative weight, the priority order of alternatives is determined. The alter-
native consisting of higher relative weight .2,,, has higher priority; that is, it possesses higher
rank and the alternative having highest relative weight 2,, can be considered as the most ac-
ceptable alternative.
AT ={A, : max D} (40)

Step I. Evaluating the Performance Index (P,,) Value for each Alternative:
The Performance Index (P,,) Value for each alternative is evaluated by using the formula,

2
P =—"-x100 (41)
gmax
An alternative is considered the best one if its degree is 100 and a ranking of alternatives is
performed from large to small.

4.3 Advantages of using COPRAS method:
There are various advantages of using the COPRAS method as an MCDM method like,
(i) COPRAS method provides a clear idea about how each criterion affects the final ranking of al-
ternatives by evaluating the impact of beneficial and non-beneficial criteria.
(ii) Inthe COPRAS method, some simple arithmetic calculations are used. Thus, there is no need to
use iterative methods, specialized software or complex mathematical modelling.
(iii) COPRAS method produces an objective framework to compare alternatives by including the
proportional relationships among criteria values.
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4.4 Disadvantages of using COPRAS method:
In spite of the various benefits of using the COPRAS method, there are some disadvantages of
using the COPRAS method like,
(i) COPRAS method strongly depends on the normalization of the method. So, in this method, the
result can be influenced if any inappropriate normalization techniques are used.
(ii) COPRAS method highly relies on the criteria weight. So, if the weight corresponding to each
criterion is not accurately measured, then the ranking might not be correct.
(iii) In real life situations, some criteria may influence each other. But, in the COPRAS method, it is
considered that all criteria are independent. So, it will be difficult to apply the COPRAS method
to many real world problems.

5. Criteria Selection

Schools are an important part of the educational system. Choosing a place to build a school is very
difficult work. There are many criteria which may have an impact on this site selection process. Here,
we have considered the 6 criterion and the total 19 sub-criteria associated with those criteria. In this
section, we will briefly discuss these criteria and sub-criteria.

5.1 Location and Accessibility (&1):

Location and accessibility is the key identification to select the site for a new school. The location
ensures the popularity of schools in the surrounding areas. Students from dense localities can be
interested in a nearby school, whereas employees from out of the city can easily get flats for rent. A
well connected road provides a smooth and efficient traveling experience for both the students and
staff with cost affordability. With a smooth transportation system, students from long distances will
come to school easily by bus, train and even auto. Proper location and accessibility provide efficient
connectivity and ensure safety for students and staffs. Here, Public transportation access, Proximity to
residential areas and Road connectivity are taken as the sub-criteria of this criterion. For more details:
[55-57].

5.1.1 Public Transportation Access (&14):

Access to the public transportation system is one of the most important sub-criteria of Location and
Accessibility (&7) for the selection of a school site. It confirms the daily journey of students, teaching
and non-teaching staff with all convenient and cost-effectiveness. The site of the school must be
connected to nearby stations, bus stop and local vehicles like auto and toto. With good connectivity,
students, teachers and staff come with affordability. Good connectivity will also reduce the travel by
foot for students ensuring more safety. For more details: [12, 58].

5.1.2 Proximity to Residential Areas (&' p):

Proximity to residential areas is one of the vital sub-criteria of Location and Accessibility (&) for
selecting a site for a new school. A location closer to good residential surroundings confirms the avail-
ability of students. The school will immediately attract students from nearby areas to get admission.
The surrounding neighborhoods will maximize the attendance of all students. A well-mannered neigh-
borhood will promote the activity and participation of students in all cultural and social events. For
more details, one can go through the papers: [14, 59].

5.1.3 Road Connectivity (&1¢):

Road connectivity is one of the main sub-criteria of the criteria Location and Accessibility (&)
for school site selection. To ensure safer journeys and effective access, good road connectivity is a
major component. The site of the school must be well connected to all the roads of different roots.
With good connectivity, students and staff can come to school with a minimum travel time and least
hindrance. The roads must be on flat topography for flexible traveling and the service roads should
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be safe enough for students coming with cycles. The smooth daily commuting status will encourage
more parents to admit their students to the school. For more details: [6, 11].

5.2 Environmental Factors(&):

Environmental factors will have a direct and indirect impact on the health of all students and staffs.
An atmosphere of fresh air brings a comfortable environment in the school. With poor air quality,
there are possibilities of multiple fatal diseases like lung cancer, asthma and many types of respiratory
infections. Not only air but also the quality of water affects the health of all in various way. Due to
dirty water, many waterborne diseases such as amoebiasis, giardia, cholera, etc. may take place. So,
a good source of portable water is needed near the school. Along with all these, the school must be
located in a place free from all possible noise. Heavy traffic on roads and factories should not be in
the surrounding areas of the school. A fruitful class can never be conducted in a noisy environment.
So, all these environmental factors will directly impact the health of students and staff and the overall
performance of the school. For more details: [60-62].

5.2.1 AirQuality (&34):

Air quality is one of the major sub-criteria of the criteria Environmental Factors(&3) for selecting
the school site. Clean air is very important for all students, along with all faculties, to have good health.
There should be no factories near the school. The school site should avoid highly congested city traffic.
Bad air quality will degrade the health of everyone, causing allergies and lung diseases. With good air
quality on school site, the attendance and performance of the students will be enhanced. For more
details: [5, 63-65].

5.2.2 Water Quality (&»p):

Water quality is one of the important sub-criteria of the criteria Environmental Factors(&3) for
selecting the school site. Just like air, the quality of water also impacts heavily the health of students,
teachers and all stuffs. Drinking water is an unavoidable need that cannot be compromised in any way.
There must be a well-maintained source of potable water which should be free from heavy metals,
bacteria and harmful chemicals. Impure water will cause various diseases and affect the integrity of
the school. With a good water quality on school site, the attendance and performance of the students
will be increased. For more details: [66—69].

5.2.3 Noise Levels (&5¢):

Noise levels is one of the vital sub-criteria of the criteria Environmental Factors(&) for selecting
the school site. To maintain a good learning environment, a peaceful place is required in the school
site. A place with high noise will disrupt the learning environment. A teacher cannot teach properly
in a noisy surrounding and it is impossible for students to pay attention in that environment. So, the
school site must be away from heavy traffic and core industrial. A peaceful environment with a well-
maintained noise level will enhance the overall performance of the school. For more details: [70,
71].

5.3 Infrastructure and Utilities (&3):

To maintain a well equipped, innovative school, the necessity of good infrastructure and require-
ment of utilities are irreplaceable. A proper supply of portable water will fulfill the requirement of
drinking, sanitation and cleaning. In addition to a good water supply, the connection to an electric
supply is crucial for the school. It will provide support for ventilation, running computer labs, proper
light and visibility in classrooms, and many more. A proper system for sewage and drainage is also im-
portant to flush away dirty water. It will keep the surroundings neat and clean, providing safety from
unwanted diseases. Moreover, a good connection to the internet will provide a modern day learning
environment for the students with good access to technological support. For more details: [61, 72,
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73].

5.3.1 Water Supply (&34):

Water supply is one of the important sub-criteria of Infrastructure and Utilities (&3). A dependable
and satisfactory supply of water is crucial for the position selection of any academic institution to
guarantee the daily health, hygiene and activities of the students and employees. Purified and safe
water must be provided for drinking and sanitation. A proper source of water will help in sustainable
accommodations such as common rooms, canteens and laboratories. In addition to that, activation
of storage of water and systems for water treatment to look upon the quality and potential shortages
is also needed. For more details: [74, 75].

5.3.2 Electricity Supply (&3p):

Electricity supply can be considered as a vital sub-criteria of Infrastructure and Utilities (&3). An
incessant source of electricity is important for the proper maintenance of classrooms, offices and
necessary gadgets for a modern school. The position needs to be connected to a reliable grid of
electricity to provide power for light, cooling system, heating and air passage. Sufficient electricity
is important for maintaining different technological resources, such as laboratories of computers or
different audiovisual classes. Power storage systems, such as solar panels or generators, must be
counted on to ensure the stability of electricity during outages. For more details: [76, 77].

5.3.3 Sewage and Drainage (&3¢):

Sewage and drainage is also a sub-criteria of Infrastructure and Utilities (&£3). A properly executed
sewage and drainage system is obligatory for the continuance of cleanliness and restricting the logging
of water at the site of the school. The location must have proper dumping of the waste water that is
connected to the sewage system of the municipality of septic system installation. Proper infrastructure
is crucial to restrict the flow of water during heavy rains to certify the safety and serviceability of spaces
outside, such as sports fields or playgrounds. Acquiescence with the local environment protocol is
necessary in order to dodge contamination and influence sustainable development. For more details:
[78-80].

5.3.4 Internet and Telecommunication (&3p):

Internet and telecommunication is one of the main sub-criteria of Infrastructure and Utilities (&3).
Accessible telecommunications and the Internet are necessary for a modern schooling system to en-
sure both educational and administrative activities. The position needs to have high-speed internet
that provides a seamless technological integration in the knowledge gaining process. Adequate in-
ternet networks are similarly important for active communication between parents, schools and the
community in a broader aspect and during emergencies, it will ensure coordination and safety. For
more details: [81-83].

5.4 Security and Safety (&}):

The students can study efficiently whenever the students feel safe inside the school. Moreover,
parents would not want to send their children to any unsafe environment. The local crime rates play a
crucial role as the safety of every student, along with the safety of all teaching and non-teaching staff
is concerned. So, conducting research on local crime statistics is very important. To maintain safety
inside the school, proper CCTV cameras and alarm systems are necessary with some hired security
executives. Unauthorized access can be completely controlled using all these equipment and security
personnel. While taking measures for safety, catching fire in school is also a vital concern. We cannot
risk the life of any student or even any employee of the school. There should be multiple exit doors
in each building. A considerable amount of fire extinguishers should be present on each floor. Special
fire controlling systems should be applied to all the laboratories and libraries. For more details: [84—
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86].

5.4.1 Local Crime Rates (&,4):

The local crime rate is an essential sub-criteria of Security and Safety (&}) for the site selection of
a school. Evolving with knowledge can only be possible by setting the location in a low crime area.
Student and staff enrollment can be decreased in case the location is settled in a crime prone area.
On the other hand, it will also increase the necessity for increasing security within the campus. The
suitability of the location can be determined by assessing the statistics of local crime and agencies of
law enforcement need to be consulted for ensuring the students of the community a safe environment.
For more details: [87—-89].

5.4.2 Systems Surveillance (&,p):

Systems surveillance is an important sub-criteria of Security and Safety (& ). Proper planning of the
security of a school can be amplified to ensure safety. The location must support the activation of an
advanced system of surveillance, which includes CCTV cameras, alarm systems and motion detectors,
in order to monitor and safeguard the campus. This is important, especially for an enlarged or more
isolated position. Unauthorized access and crime can be detected through effective surveillance and
quick reactions to emergencies can be allowed. For more details: [90-92].

5.4.3 Fire Safety (&yc):

Fire safety is one of the main sub-criteria of the criteria Security and Safety (&}). Fire safety is
a non-passable perspective for choosing the place for an academy to secure the property as well as
the lives. The site that is chosen must comply with the regulations and codes of fire safety with ap-
propriate space for the installation of the sprinkler systems, extinguishers and fire alarms. Accessible
fire trucks and emergency responders are much more crucial, multiple exits are to be allowed for safe
evacuation. Propinquity to the fire station adds an extra point that certifies a quick response in the
time of emergencies. The well-being of the occupants can be prioritized through a secure environment
by planning the fire safety of a school. For more details: [93—-95].

5.5 Site Area and Budget (&5):

The primary and arguably the most important thing for a school is the land, i.e. the site area where
the school is planned to be built. A school requires a significant amount of land area so that all neces-
sary classrooms, music room, dance room, art room, computer laboratory, science laboratory, games
room, teachers’ rooms etc. can be situated comfortably within it. Along with the land area, the cost
of the land also puts a huge significance as the development cost will be limited up to some extend. A
large area will automatically increase the cost, so we have to choose a place which is significantly large
in size as well as falls under the cost limitations of the budget associated with the construction. To con-
trol sustainability, the maintenance charge must need to be taken care. A lot of money will be needed
for utilities, securities, manageable costs, repairing electrical and electronics items, etc. Choosing a
site with comparatively low maintenance costs will allow the school to bring more advanced items
and utilities for teaching the students. For more details: [96-98].

5.5.1 Area of Site (E54):

Area of site is an important sub-criteria of the criteria Site Area and Budget (&5). The current
and future needs can be determined by the capacity to accommodate by considering the location of
the school. The location should be spacious enough to fit in the building for academic requirements,
playgrounds, parking areas, and areas for extracurricular activities. The future expansion in order to
meet the demands for an increasing number of students or changes in curriculum. Building codes and
standards of safety can be fostered to conduct holistic learning. For more details: [99, 100].
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5.5.2 Costof Land (&5p):

Cost of land is a vital sub-criteria of the criteria Site Area and Budget (&5) for school site selection.
The land’s cost is a pivotal factor to be determined for the project of the school. The locational ad-
vantages along with better value for money and balancing affordability, are the required necessities
for a land. A site that is cost effective must allow resource allocation to other major areas including
educational activities and development in infrastructure. In contrast, land with low cost must have
security, compliance accessibility and regulatory requirements. For more details: [11, 101].

5.5.3 Maintenance Charge (&5¢):

In the process of school site selection Maintenance Charge is a vital sub-criteria of the criteria Site
Area and Budget (&5). The charges that are associated with maintenance play an important role in
ensuring sustainability. Manageable costs, landscaping, utilities, securities and infrastructure repairs
need to be taken care of. Choosing a site with low exposure to punitive surroundings to lower the
maintenance expenditure. Decrease the ongoing charges to certify increased funds for resources of
education and initiatives that are basically focused on students. For more details: [102—105].

5.6 Legal and Administrative Compliance (&5):

Along with the structure of the building, the legal structure is also very crucial. The school should
be compiled with all the zoning laws of that particular region. The selected location should be legally
available for constructing any educational institute. Apart from land use zoning laws, Govt. approval
is @ major concern for constructing the school building. The approvals of local municipal officers,
educational higher authorities, and other government officials are necessary to validate the school.
Moreover, we have to look for the ownership status. The land should be free from any pending dues.
Verification of the legal documentations should be done to avoid future potential problems. For more
details: [106—108].

5.6.1 Land Use Zoning (&s4):

Land use zoning is an important sub-criteria of the criteria Legal and Administrative Compliance
(&%) for school site selection. One of the most crucial components for selecting a school site is Land
Use Zoning, as it certifies that the location is assembled with local laws of zoning that ensure the
agreement of land development. The designated location must be approved for institutes and the
development of educational buildings. This will certify that the process of making school will not face
any legal consequences and primarily avoid legal hindrances. Compiling with zoning laws stops the
disagreements with suburban struggles. For more details: [109-111].

5.6.2 Government Approvals (8s5):

Government approvals is a vital sub-criteria of the criteria Legal and Administrative Compliance
(&%) for school site selection. Getting government approval is very important for the efficacious found-
ing of the educational institute. This contains validation from local municipal officers, educational
higher authorities, and different regulating bodies to certify the approval of planned projects for ini-
tializing a new school. The site should comply with all legal regulations like proximity to construction
rules, pollution norms, natural disaster sensitivity and many more. Government approval minimizes
all the unwanted hindrances towards the legal customs and accelerates the proceeding. For more
details: [112-114].

5.6.3 Ownership Status (&sc):

For school site selection Ownership status is one of the main sub-criteria of the criteria Legal and
Administrative Compliance (&5). Legal disputes in future can be avoided through a few basic consid-
erations. It is important to certify that the title of the location is clean and the property is free from
any pending litigation, encumbrances and liens. In case the land is leased, the conditions need to be
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evaluated carefully to ensure alignment with the school’s long-term goals. Verification in legalities
and documentation of safeguarding the ownership and unrestricted growth and school operations.

For more details: [14, 115-117].
6. Alternative Selection for School Sites

In this paper, we want to form a model to select a place in Paschim Bardhaman for establishing a
new school. For this purpose, we have considered some criteria and sub-criteria, which are discussed
in Section 5. Here, we have selected five places of Paschim Bardhaman, namely Durgapur, Raniganj,
Asansol, Jamuria and Pandaveswar as alternatives. The geographical location of selected places is
shown in Figure 4 and the Latitude and Longitude of the selected locations are also mentioned in

Table 5. A brief description of the places is given as follows,

Paschim Bardhaman district
West Bengal, India
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Fig. 4. Geographical position of school location of the proposed sites

Table 5

Suggested sites and their details for school location selection
School site Latitude Longitude
Durgapur (%) 23°32'31"N 87°15'26" E
Raniganj (%) 23°38'19"N 87°04'51"E
Asansol (%3) 23°41'31"N 86°52'35"E
Jamuria (%) 23°46'42" N 86°58'53" K
Pandaveswar (%%5) 23°43'01" N 87°16'49"E

(i) Durgapur (#4): In West Bengal, Durgapur is known as the ’Steel City’ due to multiple industrial
hubs with fantastic connectivity both via roads and railways. The infrastructure of Durgapur is
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highly developed, with the presence of many hospitals, factories, residencies, shopping malls,
etc, resulting in this city as a central location for constructing a new school. Furthermore, mul-
tiple available plots and a superior learning environment appeal to its spot for constructing a
new school.

(i) Raniganj(%%): Raniganj is the city of coal mines. Having a crowded population, different local-
ities have a mix of urban and semi-urban populations, requiring a school for students of var-
ious cultures. Constructing a school near the National Highway could be a strategic decision,
enhancing the reachability. However, we have to avoid mining areas when choosing the site,
considering the safety measures of students and teachers.

(iii) Asansol (#4): Being the second largest city in West Bengal, Asansol is an industrial and financial
hub. It provides fine connections with surrounding areas both by road and railways. Having
financial affordability and a high qualification rate makes it a suitable choice for constructing
the new school. Asansol provides a highly considerable foundation for an efficient educational
environment.

(iv) Jamuria (#}): Jamuria is a semi urban town with some major mining locations. It has a mix
of urban and rural properties. The increasing number of residential apartments and enlarging
economic situations set a valuable significance for constructing a new school over here. But,
mining areas could be a potential hindrance in some locations. However, the inexpensiveness
shows a good perspective for the potential future of the site.

(v) Pandaveswar (%;): Pandaveswar is mainly famous due to the presence of coalfields inside it.
The town is an evolving area with a good requirement for educational institutions. The location
is connected well with surrounding cities, securing good approachability for students as well
as staff. Being a semi-urban site, the locality offers affordability, taking account of the future
urbanization providing supportable growth.

7. Model structured

There are six criteria and several sub-criteria considered for the school site selection in the Paschim
Bardhaman district, West Bengal, India. Elaborate discussion on the important criteria and their sub-
criteria are described in Section 5. Also, five different sites are taken as alternatives which are dis-
cussed in Section 6. The graphical structure of this work is represented in Figure 5. And, from the
above criteria and alternatives, thereare 5 X 6,5 x 3,5 x 3,5 x 4,5 x 3,5 x 3and 5 x 3 order de-
cision matrix formulate. In this problem for collecting the data set we have considered two unbiased,
experienced decision experts. They are,
DM1: A senior government officer who works in the education department.
DM2: An educational policy maker with more than 15 years of experience.

8. Data collection

Data are collected from the DMs in Linguistic terms and further converted into Neutrosophic Num-
bers (NNs) using Table 6. The decision matrix formed by using opinions of DMs between criteria and
alternatives is shown in Table 7. The decision matrix between sub-criteria of the criteria Location and
Accessibility (&1) and alternatives are displayed in Table 8. The decision matrix between sub-criteria
of the criteria Environmental Factors (&3) and alternatives is illustrated in Table 9. The decision matrix
between sub-criteria of the criteria Infrastructure and Utilities (&£3) and alternatives is provided in Ta-
ble 10. Table 11 represents the decision matrix between the Sub-criteria corresponding to the criteria
Security and Safety (&}) and alternatives. Table 12 illustrates the decision matrix between sub-criteria
of the criteria Site Area and Budget (&5) and alternatives. The decision matrix between sub-criteria
of the criteria Legal and Administrative Compliance (&) and alternatives are shown in Table 13.

39



Management Science Advances

Volume 2, Issue 1 (2024) 19-58

Factors (Ez)

Site Selection
for a new
School

Fig. 5. Structural flowchart of the suggested model

Table 6
Comparison table between linguistic terms and the NNs

Linguistic Terms Neutrosophic numbers (NNs) Score Value Accuracy Value

Absolutely Vital (AV) {0.90,0.05,0.10} 1.8 3.55
Strongly Vital (SV) {0.85,0.10,0.15} 1.7 3.30
Very Vital (VV) {0.80,0.15,0.20} 1.6 3.05
Equally Vital (EV) {0.75,0.20,0.25} 1.5 2.80
Weakly Vital (WV) {0.70,0.25,0.30} 1.4 2.55
Low Vital (LV) {0.65,0.30, 0.35} 1.3 2.30
Poorly Vital (PV) {0.60,0.35,0.40} 1.2 1.64
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Table 7
Decision matrix in linguistic terms given by two DMs
Criteria vs Alternatives & & &3 & s &g
Durgapur (#}) AV SV EV \AY, SV \'AY,
Raniganj (%) Lv PV wv PV \'AY; EV
g Asansol (%) SV WV \'AY, EV EV sV
Q  Jamuria (%)) EV \AY, EV SV SV SV
Pandaveswar (%) wv AV Lv EV Y EV
Criteria vs Alternatives &1 & &3 éa & &g
Durgapur (%) Y AV A% Y EV A%
Raniganj (%) WV PV LV PV VvV EV
; Asansol (%3) AV WV SV wv sV AV
Q  Jamuria (%) wv SV EV AV Y \'AY;
Pandaveswar (%5) Lv \AY WV EV vV LAY,
Table 8
Decision matrix between sub-criteria of Location and Accessibility (£7) and alternatives by
DMs
Criteria vs Alternatives E1a &1 S1c
-, Durgapur (%) AV AV Y
E Raniganj (%) WV PV 'Y
Asansol (%53) Y AV vV
Jamuria (%)) vV WV wv
Pandaveswar (%) EV Y EV
Criteria vs Alternatives &1 18 &1c
~ Durgapur (&%) Y Y AV
§ Raniganj (%) LV Y LV
Asansol (%5) AV Y vV
Jamuria (%) Y EV wv

Pandaveswar (%5) EV WV EV
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Table 9
Decision matrix between sub-criteria of Environmental Factors (&3) and alternatives by DMs
Criteria vs Alternatives S &p &ac
-, Durgapur (%) Y SV vV
§ Raniganj (%) PV LV PV
Asansol (%) vV wv wv
Jamuria (%) EV Y N
Pandaveswar (%%5) AV Y N
Criteria vs Alternatives S &p S
~ Durgapur (27) A% AV AV
g Raniganj (%) PV Lv PV
Asansol (%) Y wv Lv
Jamuria (%) Y A% SV
Pandaveswar (%5) SV AV AV
Table 10
Decision matrix between sub-criteria of Infrastructure and Utilities (&3) and alternatives by DMs
Criteria vs Alternatives &3a 38 &3¢ 3o
-, Durgapur (%) Y AV EV AV
E Raniganj (%) PV PV Y PV
Asansol (%53) LV WV Y vV
Jamuria (%) vV Y WV WV
Pandaveswar (%) Y AV LV LV
Criteria vs Alternatives &3a &3 &3¢ &3p
~ Durgapur (&%) AV Y N AV
g Raniganj (%) LV EV AV LV
Asansol (%5) wv EV vV Y
Jamuria (%)) vV Lv Lv wv

Pandaveswar (%5) Y WV WV WV
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Table 11
Decision matrix between sub-criteria of Security and Safety (&) and alternatives by DMs
Criteria vs Alternatives San S &ac
-, Durgapur (%) PV Y vV
§ Raniganj (%) AV Y WV
Asansol (%) EV Y wv
Jamuria (%) PV EV wv
Pandaveswar (%5) PV EV wv
Criteria vs Alternatives San e Sac
~ Durgapur (27) PV A% A%
g Raniganj (%) sV SV Lv
Asansol (%) vV A% EV
Jamuria (%) LV A% WV
Pandaveswar (%5) WV EV EV
Table 12
Decision matrix between sub-criteria of Site Area and Budget (&5) and alternatives by DMs
Criteria vs Alternatives Esa Ssp Esc
-, Durgapur (%) AV AV vV
E Raniganj (%) Y sV AV
Asansol (%53) vV SV Y
Jamuria (%) WV WV LV
Pandaveswar (%) PV WV LV
Criteria vs Alternatives Esa &5 &sc
~ Durgapur (%) AV Y N
§ Raniganj (%) sV Y% Y
Asansol (%) vV Y N
Jamuria (%) wv Lv wv

Pandaveswar (%5) PV PV LV
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Table 13
Decision matrix between sub-criteria of Legal and Administrative Compliance (&s) and
alternatives by DMs

Criteria vs Alternatives Sea Sen Esc
-, Durgapur (%) vV AV SV
§ Raniganj (%) EV Y Y
Asansol (%5) AV Y vV
Jamuria (%)) wv wv PV
Pandaveswar (%5) LV Lv wv
Criteria vs Alternatives Sen Sen Ssc
~ Durgapur (27) N\ AV AV
g Raniganj (%) Y Y% Y
Asansol (%) vV SV N
Jamuria (%)) A% EV PV
Pandaveswar (%5) A% PV Lv

9. Numerical lllustration and Discussion

In this section, we will discuss the numerical results. At first, the weight of Criteria and Sub-criteria
are evaluated by using CRITIC method which is discussed in Section 4.1. Using the formulae of the
CRITIC method, we have found the weight of each criteria and for each individual sub-criteria, we
have evaluated the local and global weight. The weight corresponding to each Criteria is shown in
Table 14. Further, we calculated the local and global weight of each sub-criteria, which is provided in
Table 15.

Table 14

Criteria weight evaluated by CRITIC methodology
Criteria Weight
Location and Accessibility (&) 0.187
Environmental Factors (&) 0.139
Infrastructure and Utilities (&3) 0.133
Security and Safety (&) 0.115
Site Area and Budget (&%) 0.287
Legal and Administrative Compliance (&) 0.139

Remark 1. From the above Table 14 and Figure 6, it is clear that the criteria ”Site Area and Budget
(&5)” obtained the highest weight in this school site selection problem. The criteria “Location and
Accessibility” (&) got the second highest weight and the criteria “Security and Safety” (&) got the
lowest weight among all criteria.

We can easily visualize the importance of each sub-criteria along with the criteria with the help of
a Pi diagram which is given in the following Figure 7.
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B Location and Accessibility (E1)

u Environmental Factors (E2)
Infrastructure and Utilities (E3)
Security and Safety (E4)
Site Area and Budget (E5)

H Legal and Administrative Compliance( E6)

Fig. 6. Pi diagram of the criteria weight (using CRITIC methodology)

Criteria

Sub-criteria

Fig. 7. Pi diagram of the criteria and sub-criteria weight

m Location and Accessibility (E1)
= Environmental Factors (E2)
» Infrastructure and Utilities (E3)
Security and Safety (E4)
m Site Area and Budget (ES)
= Legal and Administrative Compliance (E7)

m Public Transportation Access (E1A)
m Proximity to Residential Areas (E1B)
w Road Connectivity (E1C)
Air Quality (E2A)
m Water Quality (E2B)
¥ Noise Levels (E2C)
B Water Supply (E3A)
EElectricity Supply (E3B)
® Sewage and Dramage (E3C)
m Internet and Telecommunication (E3D)
mLocal Crime Rates (E4A)
m Systems Surveillance (E4B)
uFire Safety (E4C)
= Area of Site (ESA)
Cost of Land (ESB)
Maintenance Charge (E5C)
= Land Use Zoning (E6A)
= Govemment Approvals (E6B)
m Ownership Status (E6C)
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Table 15

Weight of the sub-criteria determined by CRITIC procedure

Sub-criteria Local Weight Global Weight
Location and Accessibility (&)

Public Transportation Access (&14) 0.335 0.062

Proximity to Residential Areas 0.305 0.057

(é15)

Road Connectivity(&¢) 0.360 0.067

Environmental Factors (&)

Air Quality (&34) 0.421 0.059
Water Quality (&3p) 0.248 0.035
Noise Levels(&5¢) 0.331 0.046

Infrastructure and Utilities (&3)

Water Supply (&34) 0.298 0.039
Electricity Supply (&35) 0.131 0.017
Sewage and Drainage (&3¢) 0.425 0.057
Internet and Telecommunication 0.145 0.019
(¢3p)
Security and Safety (&)

Local Crime Rates (&£34) 0.395 0.046
Systems Surveillance (&}5) 0.232 0.027

Fire Safety (&yc)

0.372 0.043

Site Area and Budget (&)

Area of Site (&54) 0.331 0.095
Cost of Land (&55) 0.182 0.052
Maintenance Charge (&5¢) 0.487 0.139

Legal and Administrative Compliance (&)

Land Use Zoning (&) 0.260 0.036
Government Approvals( (&5) 0.246 0.034
Ownership Status (&s¢) 0.494 0.069
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Remark 2. Again, from Table 15 it is noted that the sub-criteria “Ownership Status” (&sc) posses the
highest weight corresponding to the criteria “Legal and Administrative Compliance” (&3). The sub-
criteria “Road Connectivity” (1¢), "Air Quality” (&34), “Sewage and Drainage” (&3¢), “Local Crime
Rates” (&44) and “Maintenance Charge” (&5¢) are the highest weighted sub-criteria among all sub-
criteria corresponding to the criteria ”Location and Accessibility” (&), “Environmental Factors” (&3),
“Infrastructure and Utilities” (&3), “Security and Safety” (&) and “Site Area and Budget (&5)” respec-
tively. Figure 7 also gives us a clear view of how each sub-criteria effect their corresponding criteria.

Table 16

Ranking of the alternatives with their associated valueS by COPRAS method
Alternative St S, D P,  Ranking
Durgapur (#4) 19.932 4.819 24.710 100 1
Raniganj (%) 19.120 4.862 23.858 96.550 5
Asansol (%) 19.666 4.849 24.415 98.804 2
Jamuria (%)) 19.260 4.746 24.114 97.586 4
Pandaveswar (%5) 19.239 4.721 24.118 97.602 3

Smin=min{S :m=1,2,...,v} =4.721

Here, we have applied the COPRAS method, which is described in Section 4.2, for ranking the
alternatives. In this method, we have used the weight of criteria and sub-criteria, which are given in
Table 14 and Table 15, respectively. After going through some steps of the COPRAS method, we have
got the Maximizing Index (S, ), Minimizing Index (S, ), Relative Weight of each alternatives (2,,)
and Performance Index (P,,). These values are provided in Table 16. Finally, we have got the ranking
of alternatives, which is also shown in Table 16.

Remark 3. Table 16 and Figure 8 present the ranking of alternatives. Here, we can see that “Durgapur”(%})
is the best place for establishing a school, the second preferred place is "Asansol”(%53), third suitable
place is Pandaveswar (%5). Alternatives “Jamuria”(%,) and Raniganj (%) are the fourth and fifth
preferred places, respectively, for establishing a new school.

Remark 4. This result depends on the opinions of decision experts, so the result may vary if more
decision experts are considered.

10. Sensitivity analysis and Comparative analysis
Sensitivity analysis and Comparative analysis disclose the robustness and stability of a model. In
this section, we will perform the sensitivity analysis and comparative analysis of this work.

10.1 Sensitivity analysis
In an MCDM method, through sensitivity analysis, we can understand how the changes in input
data affect the ranking of alternatives. So, this is very vital for checking the validity of the result.

10.1.1 Case 1 [Removing Criteria Site Area and Budget (&3)]:

In this case, to compute the sensitivity analysis of this school location selection problem, we re-
move the criteria and sub-criteria of Site Area and Budget (&5).Since, sometimes the servicing fee of
schools is not so high or it is paid by other organizations or institutes, so, the problem is analyzed here
without these criteria. Then, based on the two DMs’ wise decisions and considering the rest of the
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Durgapur (Y1) Ranigunj (Y2) Asansol (Y3) Jamuria (Y4) Pandaveswar (Y5)

Fig. 8. Rank of Sites that Selected for a new School in Paschim Bardhaman District (West Bengal, India)
according to 5 different sites with associated data (using COPRAS process)

criteria, we identify that Durgapur (%) is the ideal place for this described problem and the ranking
result is identical with our main structured model.

10.1.2 Case 2 [Removing Criteria Legal and Administrative Compliance (&5)]:

We discuss this case except for the criteria and its sub-criteria of Legal and Administrative Com-
pliance &5. As every educational institute has been formed on legal and government approved lands,
and then, based on the two DMs’ viewpoints, we can compute the remaining categories. And, here
also, Durgapur (%) is the proper place for structuring a school.

Remark 5. After considering these two different cases, we consider that Durgapur (%) is the best and
Raniganj (%) is the worst place for this school site selection problem. Table 17 and Figure 9 visualize
it specifically.

Table 17
Alternatives ranking by removing factors in two cases by TOPSIS Methodology

Alternative Case 1 Case 2 Main Method

Durgapur (%)
Raniganj (%)

Asansol (%3)
Churulia/ Jamuria (%)

Pandaveswar (%5)

w A N T
w M N U R
w A N N

10.2 Comparative analysis
To assess the accuracy and validity of the given rank of the suggested location, we compute this
again with another fuzzy decision making process named Technique for Order Preference by Similar-
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3 —
Durgapur (Y1) Ranigunj (Y2) Asansol (Y3) Jamuria (Y4) Pandaveswar (YS)
i Casel B Case2 Main Model

Fig. 9. Sensitivity analysis by COPRAS Process with two different cases

ity to ldeal Solution(TOPSIS) method. Table 18 presents the two results of TOPSIS and our already
proposed Complex Proportional Assessment (COPRAS) methodology to develop the comparison. The
graphical representation Figure 10 is explained in a more clear way.

Table 18
Ranking of suggested locations based on VIKOR and TOPSIS methods

Alternative TOPSIS COPRAS

Durgapur (%)
Raniganj (%)

Asansol (%3)
Churulia/ Jamuria (%)

Pandaveswar (%5)

A LW NN U
w b~ NN U

11. Research implication
The proper location selection for a new school in Paschim Bardhaman district (West Bengal, India)
has significant research implications in a number of areas, these are,
(1) Accessibility: Closeness to residential areas and transport facilities affects attendance and parental
involvement.
(ii) Community Effect: A perfect-locate school can boost local progress and community cohesion.
(iii) Environmental Objects: Evaluation of the ideal location can avoid flood zones, pollution, and
other risks, ensuring security and sustainability.
(iv) Zoning and Regulationst: Compliance with legal standards is essential for sustainable project
completion.
(v) Equality in Access: Avoiding differences in school placements ensure equitable educational op-
portunities.
(vi) Long-Term Development: Effective location selection allows for future progress and flexibility.
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Durgapur (Y1) Ranigunj (Y2) Asansol (Y3) Jamuria (Y4) Pandaveswar (Y35)
W TOPSIS mCOPRAS

Fig. 10. Comparative analysis by TOPSIS procedure with our proposed methodology

12. Conclusions and Future Research Scope

Every developing country focuses on providing good educational facilities for all children. Schools
are the places where students gain knowledge and learn various subjects. So, there is a need to es-
tablish a sufficient number of new schools so that children can easily get access to education. Site se-
lection for establishing a new school is a complex task as many conflicting criteria are involved there.
In our problem we want to establish a new school in Paschim Bardhaman district, for this we have
considered 6 criteria and total 19 sub-criteria associated to those criteria. Here, two MCDM methods,
namely CRITIC and COPRAS, are used. Applying the CRITIC method we have obtained the criteria and
sub-criteria weight. After that, the COPRAS method is used to rank the 5 alternatives, which are five
places in West Bardhaman. In this problem, we have also developed a new score and accuracy func-
tion, which are given in Equation (11) and Equation (12). After numerical calculations, we have got the
result that "Durgapur” (%) is the best option among the five places for a new school and the second
and third preferred options are "Asansol” (%) and "Pandaveswar” (%), respectively.

There are some further research scopes discussed as follows:

(i) Here, we have considered 6 criteria and 19 sub-criteria associated with this problem. One can
include more criteria like ‘Social and Community factors’, "Health and Safety’, etc. to get better
results.

(ii) In this paper, we have applied Neutrosophic numbers to include uncertainty in data. For bet-
ter results, one can use Interval Neutrosophic numbers, Bipolar Neutrosophic numbers, Multi-
Dimensional Neutrosophic numbers, etc.

(i) In this paper, the CRITIC method is used for finding criteria and sub-criteria weight and for rank-
ing alternatives, the COPRAS method is applied. One may apply MCDM methods like ENTROPY,
AHP, etc. for finding criteria and sub-criteria weight and methods like TOPSIS, WASPAS and
VIKOR for alternative ranking.

(iv) In this paper, we developed a new Score and Accuracy function shown in Equation (11) and
Equation (12). One can introduce different types of Score and Accuracy functions for comparing
Neutrosophic numbers.

(v) Here, we considered opinions of 2 DMs. One may consider the opinions of a large number of
decision makers for better results.
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