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School is the place where students get the opportunity to accrue knowledge andquality education. Choosing a suitable location for establishing a new school isdependent on various factors like population density, socio-economic situation,environment of that place, land availability, accessibility, infrastructure, etc. Inthis paper, our aim is to identify the optimal site for establishing a new schoolin Paschim Bardhaman district using the Multi Criteria Decision Making (MCDM)method. Here, two MCDM methods, namely the Criteria Importance Through In-tercriteria Correlation (CRITIC) method, is used for evaluating criteria weight andfurther, the Complex Proportional Assessment (COPRAS) method is applied forranking the sites chosen as alternatives. We consider the neutrosophic numbers(NNs) to incorporate uncertainty in the data set. Further sensitivity and compara-tive analysis are performed to verify the accuracy and stability of the result. Thuswe obtain a framework which will be very helpful for urban planners and govern-ment policy makers to make informed decisions for educational development.Keywords:
School site selection; Educationalinstitute; Neutrosophic numbers;CRITIC; COPRAS

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 itrequires to focus on a secure, accessible and a learning friendly environment. A perfect site need to bemeet the requirements of space for classrooms, playgrounds and future expansions while providing
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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 computedcarefully. Accessibility to public transport and residential areas is vital for easy access. Some adequateutilities like electricity and water sanitation must be available for the selection of school location. Inthe final segment, a proper-choosed site develops a inclusive, nurturing and future-ready educationalenvironment.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. Asthe 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 theCriteria 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 thecriteria 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 toselect 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 dataare 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 furthercomputation.
(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 criteriaweight & 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 objectiveof this work. There are six critical criteria, some sub-criteria corresponding to those criteria and fivesites 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 andnumerically computed the result on it. Ultimately, sensitivity and comparative analysis are performed.
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1.3 Structure of this paper

This section mainly explains the total structure of this research work. The introduction of this paperis describe in Section 1. Section 2 analyses the literature survey of this paper. Section 3 and Section4 discuss the basics of mathematical tools and multi-criteria decision making (MCDM) technologieselaborately. Criteria selection and alternative selection are shortly described in Section 5 and Section6, respectively. The model formulation and data collection are demonstrated in Section 7 and Section8 particularly. The numerical illustration and discussion are revealed in Section 9. In Section 10 showsthe sensitivity analysis and comparative analysis of the work briefly. Moreover, research implicationsof this research are highlights in Section 11. Finally, conclusions and future research scope are disclosedin Section 12.
2. Literature survey of this study

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

Selecting a site for establishing a new school is very critical work. There are many factors on whichthis process is dependent. There are a lot of research works related to school site selection. A briefliterature review on school site selection is presented in Table 1.
Table 1Some recent literature on School Site Selection

Author Year Methodology Application Area[5] Gennaro, G. D. et al. 2013 Sampling and AnalyticalMethod Health Risk Assessment in School Building
[6] Mukherjee, M. 2013 Regression Discontinuity School enrollment with better roads[7] Bowers, A.J. 2014 Hierarchical LongitudinalGrowth Models Site selection in school district research
[8] Talam. et al. 2015 GIS, MCE, AHP Integration of GIS and Multicriteria Evaluationfor School Site Selection[9] Jamal, I. 2016 GIS, AHP Analysis for School Site Selection[10] Panahi, M. et al. 2019 GIS, RBF, ICA. Determining suitability of existing schools andsite selection of new school buildings[11] Baser, V. 2020 AHP Land Use Policy for School Site Selection[12] Palm, M. et al. 2020 Seemingly Unrelated Re-gression (SUR) Public transit’s role in school selection
[13] Zaheer, N. et al. 2021 Deep Neural Networks Optimal school site selection in Urban areas[14] González-Espejo, F.et al. 2022 Discrete Choice Models Relation between school and residential loca-tion

2.2 Background of Mathematical tool

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

Table 2Some recent studies on Neutrosophic Number with Applications
Author Year Uncertainty taken Application Area[20] Deli, I. et al. 2017 Single Valued NeutrosophicNumber (SVNN) Introduced a methodology for solving MADMproblems using SVNN[21] Abdel-Basset, M. etal. 2017 Trapezoidal NeutrosophicNumber Integrating AHP and Delphi framework in Neu-trosophic environment[22] Garg, H. et al. 2018 Single-Valued NeutrosophicNumbers (SVNN) Developing new logarithmic operational lawsand it’s applications MADM problem[23] Nabeeh, N. A. et al. 2019 Neutrosophic Number Personnel selection process[24] Fan, C. et al. 2019 Linguistic NeutrosophicNumber Introduction of a new approach for finding so-lution of MAGDM problems[25] Muhamediyeva, D.et al. 2021 Gauss’s Neutrosophic Num-ber Application in medical diagnosis problem
[26] Das, S. K. et al. 2020 Neutrosophic TriangularNumber A new approach for solving neutrosophic inte-ger programming related issues[19] Alamin, A. et al. 2024 Neutrosophic fuzzy set Financial model formulation in discrete sys-tem[27] Biswas, A. et al. 2024 Triangular neutrosophicnumber Canteen site selection in an educational insti-tute[28] Rahaman, M. et al. 2025 Bell-shaped Neutrosophicnumber (BNN) Solution of linear differential equations

2.3 Literature of MCDMmethodologies

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. etal. [30] applied MCDM methods to determine the challenges of different supply chain companiesand Adhikari, D. et al. [31] utilized entropy and VIKOR methodologies to rank states in India based onwomen empowerment. There are various types of MCDM methods, of which here we have involvedCRITIC and COPRAS methods. There are many applications of the CRITIC method, some of which aregiven in Table 3, as follows:
Table 3Literature on CRITIC Method

Author Year Uncertainty Application Area[32] Wu, H. W. et al. 2020 Fuzzy and random Urban rail transit operation safety evaluation[33] Krishnan, A. R. et al. 2021 Crisp number Estimating the objective weights of decision criteria[34] Pamucar, D. et al. 2022 Fuzzy rough numbers Modification of the CRITIC method[35] Haktanır, E. et al. 2022 Picture fuzzy Wearable health technology[36] Puška, A. et al. 2022 Fuzzy Pear varieties market assessment[37] Sharkasi, N. et al. 2022 Fuzzy Hamming distance[38] Kahraman, C. et al. 2022 Spherical fuzzy Prioritization of supplier selection[39] Mishra, A.R. et al. 2023 Fermatean fuzzy num-ber Novel score function

COPRAS is an MCDM-based ranking methodology. Some of the applications in recent times of theCOPRAS method are discussed in Table 4.
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Table 4Literature on COPRAS Method

Author Year Uncertainty Application Area[3] Jianping Lu. et al. 2012 Picture fuzzy environ-ment Green supplier selection
[40] Bekar, E.T. et al. 2016 Fuzzy Performance measurement in total productive main-tenance[18] Kumari, R. et al. 2020 Intuitionistic Fuzzy Green supplier selection[41] Saraji, M.K. et al. 2021 Fermatean Fuzzy Sustainable Digital Transformation[42] Fan, J. et al. 2022 T-spherical fuzzy Comparative analysis[16] Mishra, R.J. et al. 2022 Interval-valued hesitantFermatean fuzzy Desalination technology
[43] Naz, S. et al. 2022 Orthopair Fuzzy Network security service[44] Naz, S. et al. 2023 T-spherical fuzzy Group decision making

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 conceptof strictly belonging or non belonging of an element in a set as per classical set theory and introducesthe idea of partial membership of elements in a set. The definition and properties of the fuzzy set arediscussed as follows:
Definition 1. A fuzzy set [47] Ã on the universe of discourse U is defined as,

Ã = {(ζ, µÃ (ζ)) : ζ ∈ U } (1)
and corresponding membership function is, µÃ (ζ) : U → [0, 1].

Example 1. Let B̃ bea fuzzy set of ’meritorious’ students having reference setU = {a1′, a2′, a2′, a4′, a5′}.
The merit of a1′ is 0.2, merit of a2′ is 0.7, merit of a3′ is 0.5, merit of a4′ is 1 and merit of a5′ is 0.4. So,
the fuzzy set B̃ can be represented as B̃ = {(a1′, 0.2), (a2′, 0.7), (a3′, 0.5), (a4′, 1), (a5′, 0.4)}.

Definition 2. A fuzzy set Ã is known as a fuzzy number[48] if it satisfies the following four properties,

(i) Ã is a normalized fuzzy set that means there exists ζ ∈ U such that µÃ (ζ) = 1

(ii) Ã is a convex fuzzy set i.e, µÃ (λζ1 + (1 − λ)ζ2) ≥ min{µÃ (ζ1), µÃ (ζ2)},∀ζ1, ζ2 ∈ Ã and
λ ∈ [0, 1].

(iii) Ã must have a bounded support.

(iv) The membership function µÃ 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 elementof that set.
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Definition 3. An Intuitionistic fuzzy set (IFS) [49] Ã on the universe of discourse U is defined as,

Ã = {⟨ζ, µÃ (ζ), νÃ (ζ)⟩ : ζ ∈ U } (2)
where 0 ≤ µÃ (ζ) + νÃ (ζ) ≤ 1.

Here, µÃ (ζ) : U → [0, 1] represents the degree of membership and νÃ (ζ) : U → [0, 1] denotesthe degree of non-membership of an element ζ to the set Ã . Now, the degree of hesitation of anelement ζ to the set Ã is defined as, πÃ (ζ) = 1− µÃ (ζ)− νÃ (ζ).
The intuitionistic fuzzy set is further divided into two types: the first one is the Type I Intuitionisticfuzzy set (IFS) and the second one is the Type II Intuitionistic fuzzy set (IFS). For a Type I Intuitionisticfuzzy set Ã degree of membership µÃ (ζ) and degree of non membership νÃ (ζ) both belongs to theset [0, 1] and give crisp values. It also satisfies the relation 0 ≤ µÃ (ζ) + νÃ (ζ) ≤ 1. The Type IIIntuitionistic Fuzzy Set is an extension of the Type I Intuitionistic fuzzy set. For a Type II IntuitionisticFuzzy Set, both the membership and the non membership functions take fuzzy values.

Definition 4. An Intuitionistic Fuzzy Set (IFS) Ã defined onR is said to be an Intuitionistic FuzzyNumber
if it satisfies the properties of fuzzy numbers as mentioned in Definition 2.

Example 2. Let B̃ represent student’s ratings (ζ) 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 B̃ can be represented as,

B̃ = {< 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 IntuitionisticFuzzy 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 ofthree components such as membership function, indeterminacy function and non-membership func-tion.
Definition 5. A Neutrosophic Set (NS) [50] Ã on the universe of discourse U is of the form,

Ã = {⟨ζ, µÃ , (ζ), πÃ (ζ), νÃ (ζ)⟩ : ζ ∈ U } (3)
where µÃ (ζ) : U →]0−, 1+[ is the membership function, πÃ (ζ) : U →]0−, 1+[ is the indeterminacy
function and νÃ (ζ) : U →]0−, 1+[ is the non-membership function. These three components also
satisfies the relation 0− ≤ µÃ (ζ) + πÃ (ζ) + νÃ (ζ) ≤ 3+.

Definition6. Neutrosophic Number (NN) [23] is aNeutrosophic Set (NS) Ã defined onRwhich 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 NeutrosophicSets.
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Fig. 1. Diagram of evaluation of fuzzy 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 Ẽ =
⟨ζ, µẼ (ζ), πẼ (ζ), νẼ (ζ) : ζ ∈ U ⟩ and F̃ = ⟨ζ, µF̃ (ζ), πF̃ (ζ), νF̃ (ζ) : ζ ∈ U ⟩ be two NeutrosophicSets.

(i) Complement of Neutrosophic Set(NS): The complement of a Neutrosophic Set Ẽ is denoted by
Ẽ c and is represented as,

Ẽ c = ⟨ζ, νẼ (ζ), 1− πẼ (ζ), µẼ (ζ) : ζ ∈ U ⟩ (4)
(ii) Union of two Neutrosophic Sets (NSs): The union of two Neutrosophic Sets Ẽ and F̃ is definedas,

Ẽ ∪ F̃ = ⟨ζ,max{µẼ (ζ), µF̃ (ζ)},min{πẼ (ζ), πF̃ (ζ)},min{νẼ (ζ), νF̃ (ζ)} : ζ ∈ U ⟩ (5)
(iii) Intersection of two Neutrosophic Sets (NSs): The intersection of two Neutrosophic Sets Ẽ and

F̃ is expressed as,
Ẽ ∩ F̃ = ⟨ζ,min{µẼ (ζ), µF̃ (ζ)},max{πẼ (ζ), πF̃ (ζ)},max{νẼ (ζ), νF̃ (ζ)} : ζ ∈ U ⟩ (6)

Example 3. Let us consider two Neutrosophic Sets such as, Ẽ = ⟨ζ, 0.75, 0.1, 0.15⟩ and F̃ =
⟨ζ, 0.6, 0.2, 0.1⟩. Then,

Ẽ c = ⟨ζ, 0.15, 1− 0.1, 0.75⟩ = ⟨ζ, 0.15, 0.9, 0.75⟩

Ẽ ∪ F̃ = ⟨ζ,max{0.75, 0.6},min{0.1, 0.2},min{0.15, 0.1}⟩ = ⟨ζ, 0.75, 0.1, 0.1⟩

Ẽ ∩ F̃ = ⟨ζ,min{0.75, 0.6},max{0.1, 0.2},max{0.15, 0.1}⟩ = ⟨ζ, 0.6, 0.2, 0.15⟩
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3.5 Arithmetic Operations of Neutrosophic Numbers

In this section we will use P̃1 =
〈
µP̃1

(ζ), πP̃1
(ζ), νP̃1

(ζ)
〉 instead of P̃1 =〈

ζ, µP̃1
(ζ), πP̃1

(ζ), νP̃1
(ζ)

〉. Let P̃1 =
〈
µP̃1

(ζ), πP̃1
(ζ), νP̃1

(ζ)
〉 and P̃2 =

〈
µP̃2

(ζ), πP̃2
(ζ), νP̃2

(ζ)
〉

be two Neutrosophic Numbers (NNs) and κ > 0 be a scalar. Then the arithmetic operations on NNsare defined as follows:
(i) Addition of NNs:

P̃1 ⊕ P̃2 =
〈
µP̃1

(ζ) + µP̃2
(ζ)− µP̃1

(ζ)µP̃2
(ζ), πP̃1

(ζ)πP̃2
(ζ), νP̃1

(ζ)νP̃2
(ζ)

〉 (7)
(ii) Multiplication of NNs:

P̃1⊗P̃2 =
〈
µP̃1

(ζ)µP̃2
(ζ), πP̃1

(ζ) + πP̃2
(ζ)− πP̃1

(ζ)πP̃2
(ζ), νP̃1

(ζ) + νP̃2
(ζ)− νP̃1

(ζ)νP̃2
(ζ)

〉
(8)

(iii) Scalar Multiplication of NN:

κ⊙ P̃1 =
〈
1−

(
1− µP̃1

(ζ)
)κ

, (πP̃1
(ζ))κ, (νP̃1

(ζ))κ
〉 (9)

(iv) Scalar Power of NN:

P̃κ
1 =

〈
(µP̃1

(ζ))κ, 1−
(
1− πP̃1

(ζ)
)κ

, 1−
(
1− νP̃1

(ζ)
)κ〉 (10)

Example 4. Let us consider two NNs namely, P1 =< 0.7, 0.05, 0.15 > and P2 =< 0.5, 0.1, 0.2 >.
Then,

P̃1 ⊕ P̃2 = ⟨0.7 + 0.5− 0.35, 0.005, 0.03⟩ = ⟨0.85, 0.005, 0.03⟩
P̃1 ⊗ P̃2 = ⟨0.35, 0.05 + 0.1− 0.005, 0.15 + 0.2− 0.03⟩ = ⟨0.35, 0.145, 0.32⟩

Let κ = 2 then

κ⊙ P̃1 =
〈
1− (1− 0.7)2, (0.05)2, (0.15)2

〉
= ⟨0.91, 0.0025, 0.0225⟩ = ⟨0.91, 0.003, 0.023⟩

Taking κ = 2 we get,

P̃κ
1 =

〈
(0.7)2, 1− (1− 0.05)2, 1− (1− 0.15)2

〉
= ⟨0.49, 0.0975, 0.2775⟩ = ⟨0.49, 0.098, 0.278⟩

3.6 Score and Accuracy Function of Neutrosophic Number (NN):

In this paper, to compare neutrosophic numbers, we will apply the score function and accuracyfunctions. 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) P̃ = ⟨µP̃(ζ), πP̃(ζ), νP̃(ζ)⟩.Then the new Score function is defined as,
S (P̃) =

(3 + µP̃ − πP̃ − 3νP̃)(3− νP̃)(1 + πP̃)

6
(11)

and the new Accuracy function is,
A(P̃) = (3 + µP̃ − πP̃ − 3νP̃) (12)
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3.6.1 Comparison of two Neutrosophic Numbers:

We can compare any two Neutrosophic numbers with the help of the Score function and Accuracyfunction. Let P̃1 and P̃2 be two Neutrosophic numbers. Then
(1)

S (P̃1) < S (P̃2) ⇒ P̃1 < P̃2 (13)
(2)

S (P̃1) > S (P̃2) ⇒ P̃1 > P̃2 (14)
(3)

S (P̃1) = S (P̃2) (15)
then we will use the Accuracy function in following manner,

(i)
A(P̃1) < A(P̃2) ⇒ P̃1 < P̃2 (16)

(ii)
A(P̃1) > A(P̃2) ⇒ P̃1 > P̃2 (17)

(iii)
A(P̃1) = A(P̃2) ⇒ P̃1 = P̃2 (18)

4. Proposed methodology
In this section, we will describe the methods we have taken for this study. In this paper, we haveused 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 particulartype 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 discussedas 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 effectivefor finding criteria weight. This method focuses on two dimensions, such as variability and correlationof criteria. Here, one criterion is considered as important if it’s value varies a lot and it is not similarto the other.Here, we consider α number of criteria where every criteria n (n = 1, 2, . . . , α) is associatedwith τn number of sub-criteria and there is γ number of alternatives chosen for ranking. q numberof decision makers (DMs) provide their opinions based on these criteria and sub-criteria for rankingthe alternatives. The procedure of the CRITIC method is given in a brief way through Figure 2 and isdiscussed in detail as follows:
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Evaluate the Objective weights

Determine the Qual-ity of information

Measure of the Conflict

Determine the LinearCorrelation Coefficient

Compute Standard de-viation for each criteria

Find a normalized of thescore valued decision matrix

Evaluate the score val-ued decision matrix

Aggregate the struc-tured decision matrix

Structure the decision matrixin linguistic terms by DMs

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 thedata selection section. The decision matrix formulated by ξth decision maker is denoted by D̃ξand represented as,

D̃ξ =



(
P̃11

)
ξ

(
P̃12

)
ξ

. . .
(
P̃1n

)
ξ

. . .
(
P̃1α

)
ξ(

P̃21

)
ξ

(
P̃22

)
ξ

. . .
(
P̃2n

)
ξ

. . .
(
P̃2α

)
ξ... ... . . . ... . . . ...(

P̃m1

)
ξ

(
P̃m2

)
ξ

. . .
(
P̃mn

)
ξ

. . .
(
P̃mα

)
ξ... ... . . . ... . . . ...(

P̃γ1

)
ξ

(
P̃γ2

)
ξ

. . .
(
P̃γn

)
ξ

. . .
(
P̃γα

)
ξ


γ×α

(19)
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i.e.,

D̃ξ =

[(
P̃mn

)
ξ

]
γ×α

(20)
where n = 1, 2, . . . , α, m = 1, 2, . . . , γ and ξ = 1, 2, . . . , q. The input P̃mn represents ξthdecision maker’s opinion about mth alternative on the basis of nth criteria. In a similar way, thedecision matrix (D̃sn

ξ ) for sub-criteria of the criteria n where n = 1, 2, . . . , α can be defined asfollows:

D̃sn
ξ =



(
P̃11n

)
ξ

(
P̃12n

)
ξ

. . .
(
P̃1sn

)
ξ

. . .
(
P̃1τn

)
ξ(

P̃21n

)
ξ

(
P̃22n

)
ξ

. . .
(
P̃2sn

)
ξ

. . .
(
P̃2τn

)
ξ... ... . . . ... . . . ...(

P̃m1n

)
ξ

(
P̃m2n

)
ξ

. . .
(
P̃msn

)
ξ

. . .
(
P̃mτn

)
ξ... ... . . . ... . . . ...(

P̃γ1n

)
ξ

(
P̃γ2n

)
ξ

. . .
(
P̃γsn

)
ξ

. . .
(
P̃γτn

)
ξ


γ×τn

(21)

i.e.,
D̃sn

ξ =

[(
P̃msn

)
ξ

]
γ×τn

(22)
where sn = 1n, 2n, . . . , τn for the criteria n, m = 1, 2, . . . , γ and ξ = 1, 2, . . . , q. The input
P̃msn represents ξth decision maker’s opinion about mth alternative on the basis of snth criteriaand it given as (

P̃msn

)
ξ
=
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µP̃msn

)
ξ
,
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πP̃msn

)
ξ
,
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νP̃msn

)
ξ

}
(23)

Steo ii. Aggregating the Decisions Matrices:Total q numbers of Decision Matrices are aggregated to obtain a single decision matrix by usingthe following equation,
P̃mn =

{
µP̃mn

, πP̃mn
, νP̃mn

}
=

{
min

ξ=1,2,...,q

(
µP̃mn

)
ξ
, max
ξ=1,2,...,q

(
πP̃mn

)
ξ
, max
ξ=1,2,...,q

(
νP̃mn

)
ξ

} (24)

Then the Aggregated Decision Matrix (D̃A) is of the form,
D̃A =

[
P̃mn

]
γ×α

(25)
where

P̃mn =
{
µP̃mn

, πP̃mn
, νP̃mn

}
is an aggregated NN and m = 1, 2, . . . , γ and n = 1, 2, . . . , α. Only the decision matrix for thecriteria is considered for further numerical calculations. The same type of calculation will beapplied to finding the sub-criteria weight.

Step iii. Score Valued Decision Matrix Formulation:Neutrosophic Numbers(NNs) are converted to crisp numbers by using the Score function and sothe Score Valued Decision Matrix (D̃S) is formulated as follows:
DS = [Pmn]γ×α (26)

where Pmn is the Score value corresponding to the NN P̃mn and it evaluated by Equation (11).
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Step iv. Normalization of the Score Valued Decision Matrix:The Normalized Decision Matrix (DN ) is constructed from the Score Valued Decision Matrix

(DS) by using the following formula,
P ′

mn =
Pmn − Pn

worst

Pn
best − Pn

worst
(27)

where Pn
best = max

m=1,2,...,γ
Pmn

Pn
worst = min

m=1,2,...,γ
Pmn

Step v. Calculating Standard deviation (σn) for each criteria:For calculating the standard deviation σn of each criterion, the following formula is used,

σn =

√√√√√ α∑
n=1

(
Pn − P̄n

)
α− 1

(28)
where P̄n represents the population mean, α is the size of the population (i.e., number ofcriteria) and n = 1, 2, . . . , α.

Step vi. Finding the Linear Correlation Coefficient (θnn′ ) between the criteria cn and criteria cn′ :Here, we will construct the α × α symmetric matrix with elements P
′
mn, which is the LinearCorrelation Coefficient between the vectors Pn and P

′
n and Correlation Coefficient betweenthe criteria cn and cn′ which is denoted by θnn′ .

Step vii. Measure of the Conflict (Pn) created by the criteria:The measure of the conflict (Pn) created by the criterionnwith respect to the decision situationdefined by the remaining criteria is calculated by using the following formula,
Pn =

α∑
n′=1

(1− θnn′ ) (29)

Step viii. Determining the Quality of information (Qn):We determine the quality of the information (Qn) in relation to each criteria by applying theformula given as,
Qn = σn × Pn (30)

where criteria n = 1, 2, . . . , α.
Step ix. Determining the Objective weights (W lw

n )The weight of nth criteria is denoted by W lw
n and defined as,

W lw
n =

Qn∑α
n=1Qn

(31)
Thus we can evaluate the weight of each criterion for n = 1, 2, . . . , α.Using the above equation we can determine the local weight of the criteria (W lw

n ) for n =
1, 2, . . . , α and local weight of the sub-criteria (W lw

sn ) for sn = 1n, 2n, . . . , τn respectively. After
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that we will determine the global weight of the criteria (W gw

n ) and global weight of the sub-criteria (W gw
sn ) as follows:

W gw
sn = W lw

n × W lw
sn (32)

and
W gw

n =
τn∑

sn=1

W gw
sn (33)

where n = 1, 2, . . . , α and sn = 1n, 2n, . . . , τn.
4.1.1 Advantages of taking CRITIC method:

There are many advantages of using the CRITIC method as an MCDM technique, such that:
1. This method is fair and unbiased, relying on the data set for calculating the weight.
2. In this method, some basic operations like standard deviation and correlation are performed,which makes this method easy to understand.
3. 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 methodlike,
1. This method takes a lot of time to collect and analyse the incidents, which makes it time con-suming.
2. This method is very sensitive to the quality of data, which means from this method, we may getinaccurate results if the input data is biased or incomplete.
3. 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 isused for ranking the alternatives.Let there be α number of criteria and each criteria n (n = 1, 2, . . . , α) have τn number of sub-criteria. There is q number of decision makers (DMs) who purvey their decisions depending on that
γ number of alternatives are ranked. The steps of the COPRAS method are described in Figure 3 anddiscussed as follows,
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Evaluate the Perfor-mance Index (Pm) Valuefor each Alternative

Determine the PriorityOrder of Alternative

Calculate of the RelativeWeight of each Alternative

Evaluate Maximizingand Minimizing Indexfor each Alternative

Find Weighted Normal-ized Decision Matrix

Normalize the Score Val-ued Decision Matrix

Construct the Score Val-ued Decision Matrix

Aggregate of theDecision Matrices

Construct of Decision Matrix

Fig. 3. Structure process of the COPRAS methodology
Step A. Construction of Decision Matrix:The formation of decision matrix D̃ξ by the ξth decision maker is the same as the Step i. of CRITICmethod.
Step B. Aggregation of the Decision Matrices:The Aggregated Decision Matrix (D̃A) is formulated from q numbers of Decision Matrices in asimilar way as mentioned in Step ii. of the CRITIC method.
Step C. Construction of Score Valued Decision Matrix:The construction of Score Valued Decision Matrix (DS) is the same as discussed in Step iii. ofthe CRITIC method.
Step D. Normalization of the Score Valued Decision Matrix:
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Normalized Score Valued Decision Matrix (DN ) is formed by using the following equation,

P ′
mn =

Pmn∑γ
m=1 Pmn

(34)
where Pmn is the mth alternative’s performance with respect to nth criteria, P ′

mn is the corre-sponding normalized value and γ is the number of alternatives.
Step E. Finding Weighted Normalized Decision Matrix:The Weighted Normalized Decision Matrix is denoted by (Dω) and defined as,

Dω = [dmn]γ×α (35)
where each element dmn is evaluated from the formula,

dmn = P ′
mn × W w

n (36)
Here, W w

n is the weight of the nth 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 thispurpose, the following formulae are used,

Sm+ =
κ∑

n=1

dmn, n = 1, 2, ..., κ,maximizing index. (37)

Sm− =
α∑

n=κ+1

dmn, n = κ+ 1, κ+ 2, ..., α,minimizing index. (38)
Step G. Calculation of the Relative Weight of each Alternative:The relative weight of mth alternative is denoted by Qm and defined as,

Qm = Sm+ +
minm Sm−

∑γ
m=1 Sm−

Sm−
∑γ

m=1

minm Sm−

Sm−

(39)

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 Qm has higher priority; that is, it possesses higherrank and the alternative having highest relative weight Qm can be considered as the most ac-ceptable alternative.
A∗ = {Am : max

m
Qm} (40)

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

Qm

Qmax

× 100 (41)
An alternative is considered the best one if its degree is 100 and a ranking of alternatives isperformed from large to small.
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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) In the COPRAS method, some simple arithmetic calculations are used. Thus, there is no need touse iterative methods, specialized software or complex mathematical modelling.
(iii) COPRAS method produces an objective framework to compare alternatives by including theproportional relationships among criteria values.
4.4 Disadvantages of using COPRAS method:

In spite of the various benefits of using the COPRAS method, there are some disadvantages ofusing the COPRAS method like,
(i) COPRAS method strongly depends on the normalization of the method. So, in this method, theresult 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 eachcriterion 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 isconsidered that all criteria are independent. So, it will be difficult to apply the COPRAS methodto many real world problems.
5. Criteria Selection

Schools are an important part of the educational system. Choosing a place to build a school is verydifficult 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 thissection, we will briefly discuss these criteria and sub-criteria.
5.1 Location and Accessibility (E1):

Location and accessibility is the key identification to select the site for a new school. The locationensures the popularity of schools in the surrounding areas. Students from dense localities can beinterested in a nearby school, whereas employees from out of the city can easily get flats for rent. Awell connected road provides a smooth and efficient traveling experience for both the students andstaff with cost affordability. With a smooth transportation system, students from long distances willcome to school easily by bus, train and even auto. Proper location and accessibility provide efficientconnectivity and ensure safety for students and staffs. Here, Public transportation access, Proximity toresidential areas and Road connectivity are taken as the sub-criteria of this criterion. For more details:[55–57].
5.1.1 Public Transportation Access (E1A):

Access to the public transportation system is one of the most important sub-criteria of Locationand Accessibility (E1) for the selection of a school site. It confirms the daily journey of students,
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teaching and non-teaching staff with all convenient and cost-effectiveness. The site of the school mustbe 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 byfoot for students ensuring more safety. For more details: [12, 58].
5.1.2 Proximity to Residential Areas (E1B):

Proximity to residential areas is one of the vital sub-criteria of Location and Accessibility (E1) forselecting 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. Formore details, one can go through the papers: [14, 59].
5.1.3 Road Connectivity (E1C):

Road connectivity is one of the main sub-criteria of the criteria Location and Accessibility (E1)for school site selection. To ensure safer journeys and effective access, good road connectivity is amajor 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 leasthindrance. The roads must be on flat topography for flexible traveling and the service roads shouldbe safe enough for students coming with cycles. The smooth daily commuting status will encouragemore parents to admit their students to the school. For more details: [6, 11].
5.2 Environmental Factors(E2):

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 respiratoryinfections. Not only air but also the quality of water affects the health of all in various way. Due todirty 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 belocated in a place free from all possible noise. Heavy traffic on roads and factories should not be inthe 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 overallperformance of the school. For more details: [60–62].
5.2.1 Air Quality (E2A):

Air quality is one of the major sub-criteria of the criteria Environmental Factors(E2) for selectingthe 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 airquality on school site, the attendance and performance of the students will be enhanced. For moredetails: [5, 63–65].
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5.2.2 Water Quality (E2B):

Water quality is one of the important sub-criteria of the criteria Environmental Factors(E2) forselecting 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 ofthe school. With a good water quality on school site, the attendance and performance of the studentswill be increased. For more details: [66–69].
5.2.3 Noise Levels (E2C):

Noise levels is one of the vital sub-criteria of the criteria Environmental Factors(E2) for selectingthe school site. To maintain a good learning environment, a peaceful place is required in the schoolsite. A place with high noise will disrupt the learning environment. A teacher cannot teach properlyin a noisy surrounding and it is impossible for students to pay attention in that environment. So, theschool 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 (E3):

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 ofdrinking, sanitation and cleaning. In addition to a good water supply, the connection to an electricsupply is crucial for the school. It will provide support for ventilation, running computer labs, properlight 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 fromunwanted diseases. Moreover, a good connection to the internet will provide a modern day learningenvironment for the students with good access to technological support. For more details: [61, 72,73].
5.3.1 Water Supply (E3A):

Water supply is one of the important sub-criteria of Infrastructure and Utilities (E3). A dependableand satisfactory supply of water is crucial for the position selection of any academic institution toguarantee the daily health, hygiene and activities of the students and employees. Purified and safewater must be provided for drinking and sanitation. A proper source of water will help in sustainableaccommodations such as common rooms, canteens and laboratories. In addition to that, activationof storage of water and systems for water treatment to look upon the quality and potential shortagesis also needed. For more details: [74, 75].
5.3.2 Electricity Supply (E3B):

Electricity supply can be considered as a vital sub-criteria of Infrastructure and Utilities (E3). Anincessant source of electricity is important for the proper maintenance of classrooms, offices and nec-essary gadgets for a modern school. The position needs to be connected to a reliable grid of electricityto provide power for light, cooling system, heating and air passage. Sufficient electricity is importantfor maintaining different technological resources, such as laboratories of computers or different au-
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diovisual classes. Power storage systems, such as solar panels or generators, must be counted on toensure the stability of electricity during outages. For more details: [76, 77].
5.3.3 Sewage and Drainage (E3C):

Sewage and drainage is also a sub-criteria of Infrastructure and Utilities (E3). A properly executedsewage and drainage system is obligatory for the continuance of cleanliness and restricting the loggingof water at the site of the school. The location must have proper dumping of the waste water that isconnected to the sewage system of the municipality of septic system installation. Proper infrastructureis crucial to restrict the flow of water during heavy rains to certify the safety and serviceability of spacesoutside, such as sports fields or playgrounds. Acquiescence with the local environment protocol isnecessary in order to dodge contamination and influence sustainable development. For more details:[78–80].
5.3.4 Internet and Telecommunication (E3D):

Internet and telecommunication is one of the main sub-criteria of Infrastructure and Utilities (E3).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 internetthat provides a seamless technological integration in the knowledge gaining process. Adequate in-ternet networks are similarly important for active communication between parents, schools and thecommunity in a broader aspect and during emergencies, it will ensure coordination and safety. Formore details: [81–83].
5.4 Security and Safety (E4):

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 acrucial role as the safety of every student, along with the safety of all teaching and non-teaching staffis concerned. So, conducting research on local crime statistics is very important. To maintain safetyinside the school, proper CCTV cameras and alarm systems are necessary with some hired securityexecutives. Unauthorized access can be completely controlled using all these equipment and securitypersonnel. While taking measures for safety, catching fire in school is also a vital concern. We cannotrisk the life of any student or even any employee of the school. There should be multiple exit doors ineach building. A considerable amount of fire extinguishers should be present on each floor. Special firecontrolling systems should be applied to all the laboratories and libraries. For more details: [84–86].
5.4.1 Local Crime Rates (E4A):

The local crime rate is an essential sub-criteria of Security and Safety (E4) for the site selection ofa 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. Thesuitability of the location can be determined by assessing the statistics of local crime and agencies oflaw enforcement need to be consulted for ensuring the students of the community a safe environment.For more details: [87–89].
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5.4.2 Systems Surveillance (E4B):

Systems surveillance is an important sub-criteria of Security and Safety (E4). Proper planning of thesecurity of a school can be amplified to ensure safety. The location must support the activation of anadvanced 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 moreisolated position. Unauthorized access and crime can be detected through effective surveillance andquick reactions to emergencies can be allowed. For more details: [90–92].
5.4.3 Fire Safety (E4C):

Fire safety is one of the main sub-criteria of the criteria Security and Safety (E4). Fire safety isa non-passable perspective for choosing the place for an academy to secure the property as well asthe 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. Accessiblefire trucks and emergency responders are much more crucial, multiple exits are to be allowed for safeevacuation. Propinquity to the fire station adds an extra point that certifies a quick response in thetime of emergencies. The well-being of the occupants can be prioritized through a secure environmentby planning the fire safety of a school. For more details: [93–95].
5.5 Site Area and Budget (E5):

The primary and arguably the most important thing for a school is the land, i.e. the site area wherethe 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, gamesroom, teachers’ rooms etc. can be situated comfortably within it. Along with the land area, the costof the land also puts a huge significance as the development cost will be limited up to some extend. Alarge area will automatically increase the cost, so we have to choose a place which is significantly largein 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 neededfor utilities, securities, manageable costs, repairing electrical and electronics items, etc. Choosing asite with comparatively low maintenance costs will allow the school to bring more advanced itemsand utilities for teaching the students. For more details: [96–98].
5.5.1 Area of Site (E5A):

Area of site is an important sub-criteria of the criteria Site Area and Budget (E5). The currentand future needs can be determined by the capacity to accommodate by considering the location ofthe 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 tomeet the demands for an increasing number of students or changes in curriculum. Building codes andstandards of safety can be fostered to conduct holistic learning. For more details: [99, 100].
5.5.2 Cost of Land (E5B):

Cost of land is a vital sub-criteria of the criteria Site Area and Budget (E5) 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 necessitiesfor a land. A site that is cost effective must allow resource allocation to other major areas including
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educational activities and development in infrastructure. In contrast, land with low cost must havesecurity, compliance accessibility and regulatory requirements. For more details: [11, 101].
5.5.3 Maintenance Charge (E5C):

In the process of school site selection Maintenance Charge is a vital sub-criteria of the criteria SiteArea and Budget (E5). The charges that are associated with maintenance play an important role inensuring sustainability. Manageable costs, landscaping, utilities, securities and infrastructure repairsneed to be taken care of. Choosing a site with low exposure to punitive surroundings to lower themaintenance expenditure. Decrease the ongoing charges to certify increased funds for resources ofeducation and initiatives that are basically focused on students. For more details: [102–105].
5.6 Legal and Administrative Compliance (E6):

Along with the structure of the building, the legal structure is also very crucial. The school shouldbe compiled with all the zoning laws of that particular region. The selected location should be legallyavailable for constructing any educational institute. Apart from land use zoning laws, Govt. approvalis a 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 moredetails: [106–108].
5.6.1 Land Use Zoning (E6A):

Land use zoning is an important sub-criteria of the criteria Legal and Administrative Compliance
(E6) for school site selection. One of the most crucial components for selecting a school site is LandUse Zoning, as it certifies that the location is assembled with local laws of zoning that ensure theagreement of land development. The designated location must be approved for institutes and thedevelopment of educational buildings. This will certify that the process of making school will not faceany legal consequences and primarily avoid legal hindrances. Compiling with zoning laws stops thedisagreements with suburban struggles. For more details: [109–111].
5.6.2 Government Approvals (E6B):

Government approvals is a vital sub-criteria of the criteria Legal and Administrative Compliance
(E6) 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, educationalhigher 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 constructionrules, pollution norms, natural disaster sensitivity and many more. Government approval minimizesall the unwanted hindrances towards the legal customs and accelerates the proceeding. For moredetails: [112–114].
5.6.3 Ownership Status (E6C):

For school site selection Ownership status is one of the main sub-criteria of the criteria Legal andAdministrative Compliance (E6). 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
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any pending litigation, encumbrances and liens. In case the land is leased, the conditions need to beevaluated carefully to ensure alignment with the school’s long-term goals. Verification in legalitiesand 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 anew school. For this purpose, we have considered some criteria and sub-criteria, which are discussedin 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 isshown in Figure 4 and the Latitude and Longitude of the selected locations are also mentioned inTable 5. A brief description of the places is given as follows,

Fig. 4. Geographical position of school location of the proposed sites

Table 5Suggested sites and their details for school location selection
School site Latitude LongitudeDurgapur (Y1) 23◦32′31′′N 87◦15′26′′ERaniganj (Y2) 23◦38′19′′N 87◦04′51′′EAsansol (Y3) 23◦41′31′′N 86◦52′35′′EJamuria (Y4) 23◦46′42′′N 86◦58′53′′EPandaveswar (Y5) 23◦43′01′′N 87◦16′49′′E

(i) Durgapur (Y1): In West Bengal, Durgapur is known as the ’Steel City’ due to multiple industrialhubs with fantastic connectivity both via roads and railways. The infrastructure of Durgapur ishighly 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-
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tiple available plots and a superior learning environment appeal to its spot for constructing anew school.

(ii) Raniganj(Y2): 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 (Y3): Being the second largest city in West Bengal, Asansol is an industrial and financialhub. It provides fine connections with surrounding areas both by road and railways. Havingfinancial affordability and a high qualification rate makes it a suitable choice for constructingthe new school. Asansol provides a highly considerable foundation for an efficient educationalenvironment.
(iv) Jamuria (Y4): Jamuria is a semi urban town with some major mining locations. It has a mixof urban and rural properties. The increasing number of residential apartments and enlargingeconomic 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 inexpensivenessshows a good perspective for the potential future of the site.
(v) Pandaveswar (Y5): 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 locationis connected well with surrounding cities, securing good approachability for students as wellas staff. Being a semi-urban site, the locality offers affordability, taking account of the futureurbanization providing supportable growth.
7. Model structured

There are six criteria and several sub-criteria considered for the school site selection in the PaschimBardhaman 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 discussedin Section 6. The graphical structure of this work is represented in Figure 5. And, from the abovecriteria and alternatives, there are 5×6, 5×3, 5×3, 5×4, 5×3, 5×3 and 5×3 order decision matrixformulate. In this problem for collecting the data set we have considered two unbiased, experienceddecision 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 andalternatives is shown in Table 7. The decision matrix between sub-criteria of the criteria Location andAccessibility (E1) and alternatives are displayed in Table 8. The decision matrix between sub-criteriaof the criteria Environmental Factors (E2) and alternatives is illustrated in Table 9. The decision matrix
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Fig. 5. Structural flowchart of the suggested model
between sub-criteria of the criteria Infrastructure and Utilities (E3) and alternatives is provided in Ta-ble 10. Table 11 represents the decision matrix between the Sub-criteria corresponding to the criteriaSecurity and Safety (E4) and alternatives. Table 12 illustrates the decision matrix between sub-criteriaof the criteria Site Area and Budget (E5) and alternatives. The decision matrix between sub-criteria ofthe criteria Legal and Administrative Compliance (E6) and alternatives are shown in Table 13.

Table 6Comparison table between linguistic terms and the NNs
Linguistic Terms Neutrosophic numbers (NNs) Score Value Accuracy ValueAbsolutely Vital (AV) {0.90, 0.05, 0.10} 1.8 3.55Strongly Vital (SV) {0.85, 0.10, 0.15} 1.7 3.30Very Vital (VV) {0.80, 0.15, 0.20} 1.6 3.05Equally Vital (EV) {0.75, 0.20, 0.25} 1.5 2.80Weakly Vital (WV) {0.70, 0.25, 0.30} 1.4 2.55Low Vital (LV) {0.65, 0.30, 0.35} 1.3 2.30Poorly Vital (PV) {0.60, 0.35, 0.40} 1.2 2.05
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Table 7Decision matrix in linguistic terms given by two DMs

Criteria vs Alternatives E1 E2 E3 E4 E5 E6

DM
1

Durgapur (Y1) AV SV EV VV SV VV
Raniganj (Y2) LV PV WV PV VV EV
Asansol (Y3) SV WV VV EV EV SV
Jamuria (Y4) EV VV EV SV SV SV
Pandaveswar (Y5) WV AV LV EV SV EV
Criteria vs Alternatives E1 E2 E3 E4 E5 E6

DM
2

Durgapur (Y1) SV AV VV SV EV VV
Raniganj (Y2) WV PV LV PV VV EV
Asansol (Y3) AV WV SV WV SV AV
Jamuria (Y4) WV SV EV AV SV VV
Pandaveswar (Y5) LV VV WV EV VV VV

Table 8Decision matrix between sub-criteria of Location and Accessibility (E1) and alternatives by DMs
Criteria vs Alternatives E1A E1B E1C

DM
1 Durgapur (Y1) AV AV SV

Raniganj (Y2) WV PV WV
Asansol (Y3) SV AV VV
Jamuria (Y4) VV WV WV
Pandaveswar (Y5) EV LV EV
Criteria vs Alternatives E1A E1B E1C

DM
2 Durgapur (Y1) SV SV AV

Raniganj (Y2) LV WV LV
Asansol (Y3) AV SV VV
Jamuria (Y4) SV EV WV
Pandaveswar (Y5) EV WV EV

Table 9Decision matrix between sub-criteria of Environmental Factors (E2) and alternatives by DMs
Criteria vs Alternatives E2A E2B E2C

DM
1 Durgapur (Y1) SV SV VV

Raniganj (Y2) PV LV PV
Asansol (Y3) VV WV WV
Jamuria (Y4) EV VV SV
Pandaveswar (Y5) AV SV SV
Criteria vs Alternatives E2A E2B E2C

DM
2 Durgapur (Y1) VV AV AV

Raniganj (Y2) PV LV PV
Asansol (Y3) SV WV LV
Jamuria (Y4) VV VV SV
Pandaveswar (Y5) SV AV AV

9. Numerical Illustration and Discussion
In this section, we will discuss the numerical results. At first, the weight of Criteria and Sub-criteriaare evaluated by using CRITIC method which is discussed in Section 4.1. Using the formulae of theCRITIC method, we have found the weight of each criteria and for each individual sub-criteria, we
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Table 10Decision matrix between sub-criteria of Infrastructure and Utilities (E3) and alternatives by DMs

Criteria vs Alternatives E3A E3B E3C E3D

DM
1 Durgapur (Y1) SV AV EV AV

Raniganj (Y2) PV PV VV PV
Asansol (Y3) LV WV SV VV
Jamuria (Y4) VV SV WV WV
Pandaveswar (Y5) SV AV LV LV
Criteria vs Alternatives E3A E3B E3C E3D

DM
2 Durgapur (Y1) AV VV SV AV

Raniganj (Y2) LV EV AV LV
Asansol (Y3) WV EV VV VV
Jamuria (Y4) VV LV LV WV
Pandaveswar (Y5) SV WV WV WV

Table 11Decision matrix between sub-criteria of Security and Safety (E4) and alternatives by DMs
Criteria vs Alternatives E4A E4B E4C

DM
1 Durgapur (Y1) PV SV VV

Raniganj (Y2) AV VV WV
Asansol (Y3) EV SV WV
Jamuria (Y4) PV EV WV
Pandaveswar (Y5) PV EV WV
Criteria vs Alternatives E4A E4B E4C

DM
2 Durgapur (Y1) PV VV VV

Raniganj (Y2) SV SV LV
Asansol (Y3) VV VV EV
Jamuria (Y4) LV WV WV
Pandaveswar (Y5) WV EV EV

Table 12Decision matrix between sub-criteria of Site Area and Budget (E5) and alternatives by DMs
Criteria vs Alternatives E5A E5B E5C

DM
1 Durgapur (Y1) AV AV VV

Raniganj (Y2) VV SV AV
Asansol (Y3) VV SV SV
Jamuria (Y4) WV WV LV
Pandaveswar (Y5) PV WV LV
Criteria vs Alternatives E5A E5B E5C

DM
2 Durgapur (Y1) AV SV SV

Raniganj (Y2) SV VV VV
Asansol (Y3) VV VV SV
Jamuria (Y4) WV LV WV
Pandaveswar (Y5) PV PV LV

have evaluated the local and global weight. The weight corresponding to each Criteria is shown inTable 14. Further, we calculated the local and global weight of each sub-criteria, which is provided inTable 15.
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Table 13Decision matrix between sub-criteria of Legal and Administrative Compliance (E6) and alternativesby DMs

Criteria vs Alternatives E6A E6B E6C

DM
1 Durgapur (Y1) VV AV SV

Raniganj (Y2) EV VV VV
Asansol (Y3) AV SV VV
Jamuria (Y4) WV WV PV
Pandaveswar (Y5) LV LV WV
Criteria vs Alternatives E6A E6B E6C

DM
2 Durgapur (Y1) SV AV AV

Raniganj (Y2) VV VV VV
Asansol (Y3) VV SV SV
Jamuria (Y4) WV EV PV
Pandaveswar (Y5) WV PV LV

Table 14Criteria weight evaluated by CRITIC methodology
Criteria WeightLocation and Accessibility (E1) 0.187Environmental Factors (E2) 0.139Infrastructure and Utilities (E3) 0.133Security and Safety (E4) 0.115Site Area and Budget (E5) 0.287Legal and Administrative Compliance (E6) 0.139

Fig. 6. Pi diagram of the criteria weight (using CRITIC methodology)
Remark 1. From the above Table 14 and Figure 6, it is clear that the criteria ”Site Area and Budget
(E5)” obtained the highest weight in this school site selection problem. The criteria ”Location and
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Accessibility” (E1) got the second highest weight and the criteria ”Security and Safety” (E4) got the
lowest weight among all criteria.

Table 15Weight of the sub-criteria determined by CRITIC procedure
Sub-criteria Local Weight Global Weight

Location and Accessibility (E1)Public Transportation Access (E1A) 0.335 0.062
Proximity to Residential Areas (E1B) 0.305 0.057
Road Connectivity(E1C) 0.360 0.067

Environmental Factors (E2)Air Quality (E2A) 0.421 0.059
Water Quality (E2B) 0.248 0.035
Noise Levels(E2C) 0.331 0.046

Infrastructure and Utilities (E3)Water Supply (E3A) 0.298 0.039
Electricity Supply (E3B) 0.131 0.017
Sewage and Drainage (E3C) 0.425 0.057
Internet and Telecommunication (E3D) 0.145 0.019

Security and Safety (E4)Local Crime Rates (E4A) 0.395 0.046
Systems Surveillance (E4B) 0.232 0.027
Fire Safety (E4C) 0.372 0.043

Site Area and Budget (E5)Area of Site (E5A) 0.331 0.095
Cost of Land (E5B) 0.182 0.052
Maintenance Charge (E5C) 0.487 0.139

Legal and Administrative Compliance (E6)Land Use Zoning (E6A) 0.260 0.036
Government Approvals( (E6B) 0.246 0.034
Ownership Status (E6C) 0.494 0.069

We can easily visualize the importance of each sub-criteria along with the criteria with the help ofa Pi diagram which is given in the following Figure 7.
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Fig. 7. Pi diagram of the criteria and sub-criteria weight
Remark 2. Again, from Table 15 it is noted that the sub-criteria ”Ownership Status” (E6C) posses the
highest weight corresponding to the criteria ”Legal and Administrative Compliance” (E6). The sub-
criteria ”Road Connectivity” (E1C), ”Air Quality” (E2A), ”Sewage and Drainage” (E3C), ”Local Crime
Rates” (E4A) and ”Maintenance Charge” (E5C) are the highest weighted sub-criteria among all sub-
criteria corresponding to the criteria ”Location and Accessibility” (E1), ”Environmental Factors” (E2),
”Infrastructure and Utilities” (E3), ”Security and Safety” (E4) and ”Site Area and Budget (E5)” respec-
tively. Figure 7 also gives us a clear view of how each sub-criteria effect their corresponding criteria.

Table 16Ranking of the alternatives with their associated valueS by COPRAS method
Alternative S+

m S−
m Qm Pm Ranking

Durgapur (Y1) 19.932 4.819 24.710 100 1
Raniganj (Y2) 19.120 4.862 23.858 96.550 5
Asansol (Y3) 19.666 4.849 24.415 98.804 2
Jamuria (Y4) 19.260 4.746 24.114 97.586 4
Pandaveswar (Y5) 19.239 4.721 24.118 97.602 3

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

Here, we have applied the COPRAS method, which is described in Section 4.2, for ranking thealternatives. In this method, we have used the weight of criteria and sub-criteria, which are given inTable 14 and Table 15, respectively. After going through some steps of the COPRAS method, we havegot the Maximizing Index (Sm+), Minimizing Index (Sm−), Relative Weight of each alternatives (Qm)and Performance Index (Pm). These values are provided in Table 16. Finally, we have got the rankingof alternatives, which is also shown in Table 16.
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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)
Remark 3. Table 16 and Figure 8 present the ranking of alternatives. Here, we can see that ”Durgapur”(Y1)
is the best place for establishing a school, the second preferred place is ”Asansol”(Y3), third suitable
place is Pandaveswar (Y5). Alternatives ”Jamuria”(Y4) and Raniganj (Y2) 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. Inthis 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 inputdata 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 (E5)]:

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 (E5).Since, sometimes the servicing fee ofschools is not so high or it is paid by other organizations or institutes, so, the problem is analyzed herewithout these criteria. Then, based on the two DMs’ wise decisions and considering the rest of thecriteria, we identify that Durgapur (Y1) is the ideal place for this described problem and the rankingresult is identical with our main structured model.

48



Management Science AdvancesVolume 2, Issue 1 (2024) 19-58
10.1.2 Case 2 [Removing Criteria Legal and Administrative Compliance (E6)]:

We discuss this case except for the criteria and its sub-criteria of Legal and Administrative Com-pliance E6. 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, herealso, Durgapur (Y1) is the proper place for structuring a school.
Remark 5. After considering these two different cases, we consider that Durgapur (Y1) is the best and
Raniganj (Y2) is the worst place for this school site selection problem. Table 17 and Figure 9 visualize
it specifically.

Table 17Alternatives ranking by removing factors in two cases by TOPSIS Methodology
Alternative Case 1 Case 2 Main MethodDurgapur (Y1) 1 1 1Raniganj (Y2) 5 5 5Asansol (Y3) 2 2 2Churulia/ Jamuria (Y4) 4 4 4Pandaveswar (Y5) 3 3 3

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

To assess the accuracy and validity of the given rank of the suggested location, we compute thisagain with another fuzzy decision making process named Technique for Order Preference by Similar-ity to Ideal Solution(TOPSIS) method. Table 18 presents the two results of TOPSIS and our alreadyproposed Complex Proportional Assessment (COPRAS) methodology to develop the comparison. Thegraphical representation Figure 10 is explained in a more clear way.

49



Management Science AdvancesVolume 2, Issue 1 (2024) 19-58
Table 18Ranking of suggested locations based on VIKOR and TOPSIS methods

Alternative TOPSIS COPRASDurgapur (Y1) 1 1Raniganj (Y2) 5 5Asansol (Y3) 2 2Churulia/ Jamuria (Y4) 3 4Pandaveswar (Y5) 4 3

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

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,
(I) Accessibility: Closeness to residential areas and transport facilities affects attendance and parentalinvolvement.
(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, andother risks, ensuring security and sustainability.
(iv) Zoning and Regulationst: Compliance with legal standards is essential for sustainable projectcompletion.
(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.
12. Conclusions and Future Research Scope

Every developing country focuses on providing good educational facilities for all children. Schoolsare 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.
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In our problem we want to establish a new school in Paschim Bardhaman district, for this we haveconsidered 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 andsub-criteria weight. After that, the COPRAS method is used to rank the 5 alternatives, which are fiveplaces 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 theresult that ”Durgapur”(Y1) is the best option among the five places for a new school and the secondand third preferred options are ”Asansol”(Y3) and ”Pandaveswar” (Y5), 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 caninclude more criteria like ’Social and Community factors’, ’Health and Safety’, etc. to get betterresults.
(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.

(iii) 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 VIKORfor alternative ranking.
(iv) In this paper, we developed a new Score and Accuracy function shown in Equation (11) and Equa-tion (12). One can introduce different types of Score and Accuracy functions for comparing Neu-trosophic numbers.
(v) Here, we considered opinions of 2 DMs. One may consider the opinions of a large number ofdecision makers for better results.
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