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Psychiatric disorders, also referred to as mental health disorders, are a broad category of illnesses that
impact an individual’s thoughts, feelings, actions, and general state of health [19]. Richard Mayou et al. [66]
proposed that these illnesses often have a significant influence on a person’s quality of life and can be just as
crippling as physical ailments. Because mental illnesses have a substantial impact on a patient’s general health
and well-being, medical professionals must identify and diagnose them. Mood disorders like bipolar disorder
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and depression, anxiety disorders like post-traumatic stress disorder and generalised anxiety disorder, psychotic
disorders like schizophrenia, and personality disorders like borderline personality disorder are all included in the
broad category of psychiatric disorders [53]. These health conditions are frequently complicated, and objective
medical testing is not the only method used to diagnose them. Psychiatric diseases, on the other hand, are
usually diagnosed by clinical evaluation, which entails a thorough assessment of a patient’s emotional and
mental health. The International Classification of Diseases (ICD-10 or ICD-11) and the Diagnostic and Statistical

Manual of Mental Disorders (DSM-5) are the main resources used by medical practitioners to categorize and

diagnose psychiatric diseases. These classification schemes provide mental health practitioners with a consistent

vocabulary and structure for identifying and categorising different illnesses according to specific standards and
symptoms [35,52]. Sabry and Vohra [92] described the Role of Islam in the management of psychiatric disorders.

Castrén [22] identified neurotrophins on psychiatric disorders and how important this is to the development of

the adult brain’s neural plasticity and network connections, and how new research connects these concepts to the
diagnosis and treatment of mood disorders. Scangos et al. [95] proposed new and emerging approaches to treat
psychiatric disorders. But as far as we are aware, no research has been done on the application of interval-valued

Pythagorean trapezoidal based Multi-Criteria Decision-Making (MCDM) technique [41] for mental disorder

patients. So, in this article, we address this problem and employ particular MCDM strategies, such as the

Fuzzy Analytic Hierarchy Process (FAHP) [81] and the Fuzzy Preference Ranking Organization Method for

Enrichment Evaluation (FPROMETHEE) [46], to recognize a patient’s mental illness.

In-depth interviews with patients, discussions of their medical history, and behavioural and emotional obser-
vations are all parts of the diagnostic procedure for psychiatric diseases. To ensure an accurate diagnosis,
collaboration with other medical specialists — such as psychologists and psychiatrists — is often essential. To
aid in diagnosis, medical professionals may also utilise a range of psychological tests and screening instruments.
It is crucial to stress that mental illnesses are more than just character defects or personal weaknesses. They
can be caused by genetic, environmental, or psychological variables and have a biological and neurological
foundation. To reduce suffering and improve a patient’s overall health, an accurate diagnosis and appropriate
treatment are essential. Furthermore, the connection between mental and physical health is becoming more
widely acknowledged because untreated psychiatric diseases can either aggravate or cause a variety of physical
illnesses.

An interval-valued Pythagorean trapezoidal fuzzy number (IVPTrFN) [90] is a type of fuzzy number that
extends the concept of fuzzy numbers to handle uncertainty or imprecision in a more complex manner. It
combines aspects of interval-valued fuzzy numbers [65], Pythagorean fuzzy numbers [68] and trapezoidal fuzzy
numbers [90]. An interval-valued Pythagorean trapezoidal fuzzy number (IVPTrFN) combines aspects of these
three types of fuzzy numbers to represent uncertainty and imprecision in a more sophisticated way, especially
in decision-making or modelling where both the degree of membership and non-membership functions and
the range of possible values are crucial. The IVPTRFN is an extension of the interval-valued intuitionistic
trapezoidal fuzzy number (IVITrFN), where two membership functions satisfy the Pythagorean formula. The
advantages of IVPTrFN in comparison with IVITrFN or any other fuzzy numbers are expressed in the following
way:

(a) IVITrFN and TrIFN have very different abilities to represent uncertainty. The greatest membership degree
and the least non-membership degree are expressed using intervals in the first case and specific real numbers
in the second case.

(b) The main difference between these two fuzzy numbers is their sum of membership and non-membership
functions with boundedness. The constraint condition of IVITrFN is 0 < i¥(z) + 7Y (x) < 1, whereas the
constraint condition of IVPTrFN is 0 < (a%(x))? + (#8(z))? < 1.

(¢) The measure of uncertainty of the IVPTrFN is more rigid in its representation than IVITrFN because the
space of membership grade of IVPTrFN is greater than the membership grade of IVITrFN.

(d) The IVITYFN must belong to IVPTrFN, while every IVPTrFN may not be in IVITrFN.

(e) Compared with IVPTrFN and IVITrEN, IVITrFN is less flexible in expressing membership and non-
membership degrees, which means that the handling capacity of the IVPTrFN is greater than IVITrFN.
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In this study, we demonstrate how the MCDM technique can be applied to select a disease disorder in
a mental patient. It’s important to note that while fuzzy MCDM techniques offer a systematic approach to
decision-making, they rely on the accuracy of input data and the expertise of decision-makers. Additionally, the
final decision should be made in consultation with healthcare professionals, taking into account the individual
patient’s needs and circumstances. The healthcare professionals provide their data in linguistic terms, and we
determine the symptom weights using the Fuzzy AHP methodology. Based on the weights of the criteria, we
rank the various types of psychiatric disorders of a patient using the fuzzy PROMETHEE method. The main
contributions of our study are as follows:

(1) We introduce a novel technique for diagnosing psychiatric disorders, determining the specific disorder a
patient is suffering from. Furthermore, we employ interval-valued Pythagorean trapezoidal fuzzy numbers
(IVPTFN) to handle uncertainty in the diagnostic process.

(2) To identify the affected disorder, we apply two multi-criteria decision-making (MCDM) techniques: Fuzzy
Analytic Hierarchy Process (FAHP) for determining symptom weights and Fuzzy Preference Ranking Orga-
nization Method for Enrichment Evaluations (FPROMETHEE) for optimizing the selection of the most
likely disorder.

(3) We conduct a sensitivity analysis to verify the consistency and reliability of the proposed approach. Further-
more, we evaluate the flexibility of the model through a comparative analysis of various MCDM methods,
including the PROMETHEE approach.

(4) We present a case study demonstrating the effectiveness of our proposed technique.

1.1. Motivation of this study

The motivation behind studying and treating patients with psychiatric disorders revolves around improving
the lives of affected individuals, reducing suffering and societal impact, advancing scientific knowledge, and
promoting a more compassionate and inclusive society that values mental health as an integral component
of overall well-being. We demonstrate how to use mathematics to diagnose and treat patients with psychiatric
disorders. Psychiatric diagnosis and treatment selection are inherently complex due to the presence of subjectiv-
ity, uncertainty, and overlapping symptoms in mental health disorders. Traditional diagnostic approaches often
rely on qualitative assessments, leading to inconsistencies among clinicians. Furthermore, treatment selection is
challenging due to individual variability in patient responses and the presence of comorbid conditions.

To address these challenges, fuzzy multi-criteria decision-making (MCDM) techniques provide a systematic
and mathematically grounded approach to handling uncertainty in psychiatric evaluations. By allowing for par-
tial truth values rather than rigid binary classifications, fuzzy MCDM better reflects the gradual and uncertain
nature of psychiatric symptoms. This method enables more accurate diagnoses, personalized treatment recom-
mendations and optimized clinical decision-making, ultimately leading to better patient outcomes and reducing
the risk of misdiagnosis or ineffective treatment.

1.2. Research outline

Based on the motivation stated above, the primary outlines of our research are as follows:

(1) To select among the many disorders that have been significantly identified and are characterised by different
overlapping symptoms when choosing a patient with a psychiatric disorder and determine the symptoms
of some types of mental disorders and discuss them.

(2) To develop a comparative matrix based on criteria as symptoms and alternative disorder using Interval-
valued Pythagorean trapezoidal fuzzy number (IVPTrFN) by the decision makers (DMs) to convey all the
fuzziness, hesitation and uncertainty. Furthermore, aggregate all the ratings given by all decision-makers
and convert them to a single matrix. Then, the data will be defuzzified to a crisp value to facilitate the
solution.
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(3) To determine the criteria weight, utilising the MCDM method FAHP. The weights indicate which symptoms
are more serious and important than others. Additionally, obtain the rank of the alternative psychiatric
disorders by the Fuzzy PROMETHEE method and determine the actual disorder the patient has.

(4) To perform sensitivity and comparison analysis in order to ensure that the outcomes are impartial and
non-ambiguous. It demonstrates the internal consistency of the outcomes.

The paper is structured as follows: Section 1 contains the introduction and motivation of this study. The
literature review on methodology and application is covered in Section 2. Sections 3 and 4 contain the pre-
liminaries of mathematical tools and MCDM methodologies, respectively. Section 5 describes the symptoms
of psychiatric disorders as criteria and the different types of psychiatric disorders as alternatives, respectively.
Next, data collection and numerical description are covered in Sections 6 and 7, respectively. Sensitivity analysis
and comparative study are provided in Section 8. Section 9 discusses the conclusions and future research scope
based on the evaluated results.

2. LITERATURE REVIEW

A literature review on medical diagnosis involves a comprehensive examination and analysis of existing
research, scholarly articles, books, and other sources related to various aspects of medical diagnosis. This review
aims to identify, summarise, evaluate and synthesise the available information on the topic.

2.1. Literature review on medical diagnosis

For the past several years, almost everyone has been insured by the health insurance network. Akdag et al. [5]
improved the quality of evaluating hospital services. Peijia et al. [84] developed an intuitionistic fuzzy MCDM
thermodynamic technique to support the hierarchical medical system. Ejegwa [33] described the approach of
a max—min—max composite relation for Pythagorean fuzzy sets, improved upon it and applied it to medical
diagnosis problems. After that, Nacem et al. [79] proposed smart health technologies that can offer efficient
healthcare services like robotics in treatment and cure, artificial intelligence help for physicians, enormous data
personalization of medicines, etc. Momena et al. [71] introduced the use of the generalised dual hesitant hexagonal
fuzzy MCDM approach to prediagnose diseases based on symptoms. Joudar et al. [51] depicted an intelligent
triage approach based on integrated fuzzy multi-criteria decision-making techniques for early identification
of autism spectrum disorder (ASD). Perez-Aguilar et al. [85] estimated the priority level of interventions for
Coronavirus disease 2019 (COVID-19) patients admitted to the emergency department.

To identify and categorise diseases or health conditions in a methodical and scientific manner, medical diagno-
sis [71] in research involves the use of a variety of techniques. Staab et al. [103] investigated the observation and
diagnosis of psychiatric disorders in the primary stage, and Sun et al. [105] utilised artificial intelligence (AI) in
the direct diagnosis and treatment of psychiatric patients. Furthermore, Chang et al. [24] detected and validated
different types of crucial psychiatric disorders based on the frontal-posterior functional imbalance using deep
learning technology. In the recent era, Stein et al. [104] analysed psychiatric disorders and their medical care
through the paradigm shifts vs. incremental integration and Mullins et al. [77] examined the risk factors and
suicide tendency among psychiatric disorder patients and the structure of their genes. Researchers use a range
of techniques to gather data, analyze patterns and draw conclusions that help with disease understanding [95],
prevention [106] and treatment [110]. Table 1 presents various methodologies used in medical diagnosis.

2.2. Literature on fuzzy numbers and their extensions

A brief disconcertion of the literature on fuzzy sets and their extensions is disclosed here. Lotfi A. Zadeh
invented the fuzzy set [119] in 1965 and applied it in numerous fields for its capacity to capture ambiguity
and hesitancy. Moslem [76] analysed the commuters’ travel mode choice considering the Z-numbers in MCDM
based Best Worst Method (BWM). Furthermore, Khan et al. [54] examined the safety of Dublin’s bike-sharing
process by using the intuitionistic fuzzy based aggregation operators. This study explores the Interval-valued
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TABLE 1. Some studies on the topic of the medical diagnosis field.

Authors Year Optimization method Application in medical diagnoses area
Parkash et al. [83] 2017 Max-—min product Fuzzy divergence measure on medical diagnosis
Guleria et al. [41] 2019 MCDM Disease recognition
Zarandi et al. [120] 2019 MCDM Diagnosis of depression
Dalsgaard et al. [27] 2020 STROBE Mental disorders in childhood and adolescence
Shakeel et al. [97] 2020  Group decision making Black supplier selection in industrial process
Zhang et al. [124] 2020 Mixed-effect model Mental health problems during the COVID-19
Felipe et al. [37] 2021  Transcranial Direct Transcranial direct current stimulation in neurological
Current Stimulation and psychiatric disorders
Jalali et al. [50] 2021 MCDM COVID-19 diagnosis
Molla et al. [68] 2021 MCDM Medical diagnosis problem
Alqaysi et al. [12] 2022 MCDM Hybrid diagnosis models for autism patients based on
medical
Mengi et al. [67] 2022 MCDM Socio-behavioral disorders diagnosis
Ahmad et al. [4] 2023 BWM, TOPSIS, WSM Psychological health of people
& MABAC
Alamoodi et al. [9] 2023 MCDM Medical case studies of COVID-19
Albahri et al. [11] 2023 MCDM Autism spectrum disorders
Munir et al. [78] 2023 MCDM Disease diagnosis
Alamoodi et al. [10] 2024 FWZIC Evaluate medical LLMs in the healthcare domain
Kumar [57] 2024 VIKOR Rank the diseases among the vector-borne diseases
Lakshmi et al. [59] 2024 MCDM Diagnose patient’s medical condition

Pythagorean trapezoidal fuzzy numbers (IVPTrFNs) [96], an extension of intuitionistic fuzzy numbers [29]
that provide a more flexible representation for handling uncertainty and ambiguity in decision-making and
computational processes. IVPTrFNs allow for a richer expression of ambiguity and uncertainty [25, 94, 126],
thereby improving decision-making in various uncertain scenarios. Furthermore, Wang et al. [112] employed
Pythagorean fuzzy numbers to select sustainable food suppliers and Ahemad et al. [3] utilised interval-valued
g-rung orthopair fuzzy numbers in a solid waste management system using MCDM methodologies.

As opposed to conventional fuzzy numbers, interval-valued Pythagorean trapezoidal fuzzy numbers (IVP-
TrFNs) [96] offer a more adaptable way to describe uncertainty. In situations where ambiguity prevails and
the information supplied is imprecise or confusing, these statistics are especially helpful when modelling and
making decisions. The IVPTrFN is an integrated form of interva [88], Pythagorean fuzzy number [33] and
Trapezoidal fuzzy number [90]. Pythagorean fuzzy set used in financial analysis [14], industry [17], supply chain
[49], engineering application [47], and so on. Ayyildiz et al. [16] proposed an interval-valued Pythagorean fuzzy
AHP method-based supply chain performance evaluation by a new extension of the SCOR model. Rahman
et al. [87] defined some interval-valued Pythagorean fuzzy Einstein weighted averaging aggregation operators
and their applications. Touqeer et al. [108] proposed a chance-constraint programming technique to address
interval-valued linear programming network problems by fuzzy Pythagorean constraints. This method is used
to solve various network problems with objective functions that utilise interval-valued Pythagorean fuzzy num-
bers. Wang et al. [111] introduced the concept of interval-valued Pythagorean fuzzy information in three-way
conflict analysis and prospect theory. Some recent applications of interval-valued Pythagorean trapezoidal fuzzy
numbers in different areas are briefly discussed in Table 2.

2.3. Background of MCDM methodologies

A literature review on Multiple Criteria Decision Making (MCDM) techniques [83] offers valuable insights into
the theoretical foundations, methodological developments and practical applications of various decision-making
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TABLE 2. Literature review on interval-valued Pythagorean trapezoidal fuzzy numbers.

Authors Year Fuzzy environment Application area
Ren et al. [89] 2016  Pythagorean fuzzy AIIB advances in multiple areas after preliminary work
like capital determination, loan application, and PFM
confirmation
Roy et al. [90] 2016 Interval-valued Pythagorean Selection of employment for job
Triangular Fuzzy
Xuea et al. [114] 2016 Interval-valued intuitionistic = Material selection with incomplete weight information
fuzzy
Zeng et al. [122] 2016 Interval type-2 trapezoidal Real-world problem
fuzzy numbers
Aghamohagheghia 2019 Interval type-2 trapezoidal Application to a transport projects appraisal
et al. [1] fuzzy numbers
Li et al. [61] 2019 Interval Pythagorean fuzzy Apply the proposed model to a real-world infrastructure
set project
Shakeel et al. [96] 2019 Interval-valued Pythagorean Their application in group decision making
trapezoidal fuzzy numbers
Yua et al. [118] 2019 Interval-valued Pythagorean Sustainable supplier selection approach
fuzzy environment
Zeng et al. [122] 2022 Interval type-2 trapezoidal Selection of employment for job
fuzzy numbers
Dorfeshan et al. 2022 A Triangular Pythagorean Public-private partnership projects
[32] fuzzy environment
Safaei et al. [93] 2022  Fuzzy-Logic Evaluate Adult Obesity
Zhang et al. [123] 2022 Interval-Valued Application to multi-attribute group decision-making

Pythagorean Hesitant
Fuzzy Set

methods across different domains. MCDM methods are used in various real-life applications, including educa-
tion [65], industries [58], supply chain [72], computer sciences [109], biotechnologies [23], finance [14], medical
diagnosis [73], transportation [30], energy production [102], urban planning [38], etc. Hussain et al. [48] analysed
the educational challenges in ideological and political fields for achieving the Sustainable Development Goals
(SDGs) and Badi et al. [18] studied the transport, logistics and supply chain system in free trade zones through
MCDM methodologies. Debnath et al. [28] applied the MADM algorithm in a T-spherical fuzzy environment to
select locations for hydrogen refuelling. Furthermore, Mondal et al. [74] employed the three-way decision-making
methodology in a g-rung orthopair fuzzy environment, applied to the selection of sustainable transport for IoT
service providers. The literature review on MCDM methodologies also covers Analytic Hierarchy Process (AHP)
[64] and Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE) [20] methods.
AHP [17] is one of the popular and important MCDM methods used to determine the weights of the criteria
and verify the consistency of the data sets. Further more, the AHP method integrated with spherical fuzzy
numbers used by Giindogdu et al. [42] in location selection for renewable energy power plants’ applicability and
validity, and Moslem [75] applied in solution of sustainable urban transport system. Similarly, PROMETHEE
[81] is a widely used MCDM method designed to assist decision-makers in ranking and evaluating alternatives
in complex decision-making situations involving multiple criteria or objectives. Khan et al. [55] determined the
communication networks through computer analysis and examine the domination and double domination using
the interval-valued T-spherical fuzzy concept and decision-making approach. Demir [31] applied MCDM based
optimisation techniques in risk assessment and smart cities selections and Farooq et al. [34] evaluated the road
safety and hazards through a fuzzy MCDM approach. A summary of recent works done on MCDM techniques
based on AHP and PROMETHEE approaches is given in Table 3.
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Authors Year Methodology Uncertainty Application area
Akram et al. [6] 2017 PROMETHEE Pythagorean fuzzy N- Selection of the best chemi-
Soft set cal ingredients in cloud seed-
ing
Krishankumar et al. [56] 2017 PROMETHEE Intuitionistic fuzzy envi-  Supplier selection problem
ronment
Chen [117] 2018 PROMETHEE Pythagorean fuzzy set Selection problem of bridge
construction methods
Hua et al. [46] 2029 PROMETHEE Interval-valued Sustainable supplier evalua-
Pythagorean fuzzy tion
set
Zavadskas et al. [121] 2019 PROMETHEE Neutrosophic set Evaluating hedonic shop-
ping fares by one-on-one
neuromarketing
Altun et al. [13] 2020 PROMETHEE Neutrosophic sets Renewable energy resource
ranking problem
Zavadskas et al. [86] 2020 PROMETHEE Hesitant fuzzy set Green supplier selection
Goswami et al. [39] 2021 AHP & Triangular fuzzy set Smartphone model selection
PROMETHEE
Molla et al. [68] 2021 Extended Pythagorean fuzzy sets For medical diagnosis prob-
PROMETHEE lems
Srivastava et al. [102] 2023 AHP & Crisp set Cluster head selection
PROMETHEE
Torkzadeh et al. [107] 2023 AHP & An interval-valued ~ University selection
PROMETHEE Pythagorean fuzzy set
Ye et al. [116] 2023 PROMETHEE Pythagorean fuzzy sets For the selection of Cotton
Woven Fabric
Oubahman et al. [81] 2024 AHP & Crisp set Examining college appli-
PROMETHEE cants

3. PRELIMINARIES OF MATHEMATICAL TOOLS

Mathematical tools serve as fundamental elements in various subjects, helping in problem-solving, analysis,
modelling, and decision-making. Preliminaries of mathematical tools encompass a wide array of foundational
concepts and methods that form the basis for more advanced mathematical applications. Some key preliminaries
are given below:

Lotfi A. Zadeh introduced the concept of a fuzzy set [119] in 1965 to address the uncertainty inherent
in systems. In the fuzzy set, every element is assigned a degree of membership value, which represents the
belongingness of the element in the set. Every element of a fuzzy set is represented as an ordered pair (z, p 5(x))
where 1st one element (z) itself and followed by its membership value (u ;(x)). Over time, the fuzzy set evolves
and expands to incorporate an uncertainty-capturing capacity.

The intuitionistic fuzzy set developed by Atanassov [15] in 1986, where every element has two membership
values, true membership value (1 ;(x)) and false membership value (v ;(x)), represents the element’s belonging-
ness and non-belongingness, respectively. Another extension of the fuzzy set is the trapezoidal fuzzy set [125],
where the membership function (u z(x)) of the fuzzy set is a trapezoidal shape. Further, the intuitionistic fuzzy

set (A), the membership function (p;(x)) and non-membership function (v;(x)) are satisfies the condition

0<pji(x)+vi(z) <1forall zec A
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Another extension of the fuzzy set is the interval-valued intuitionistic fuzzy set (B) [126], where the mem-
bership (15(y)) and non-membership (v5(y)) functions are interval-valued functions and satisfy the properties
of the intuitionistic fuzzy set.

In 2013, Yager [115] proposed a new approach to the extension of fuzzy set, namely the Pythagorean fuzzy
set where every element of the fuzzy set has two membership functions like intuitionistic fuzzy set [8], but the
membership functions (p5(z), v5(2)) satisfy the boundary condition 0 < (u(2))? + (v5(x))? < 1 for all z € B.
The following section discusses various properties and operations of the Pythagorean fuzzy set.

3.1. Interval-valued Pythagorean fuzzy set (IVPFS)

This section discusses the interval-valued Pythagorean fuzzy set (IVPFS) [111] and its properties in detail.
In IVPFS, there are two membership functions, which are interval-valued functions that satisfy the boundary
condition of the Pythagorean fuzzy set. The interval-valued Pythagorean fuzzy set (IVPFS) is defined as follows:

Definition 1 (Interval-Valued Pythagorean Fuzzy Set (IVPFS) [111]). Let U be a non-empty set of the universe.
Then the interval-valued Pythagorean fuzzy set (IVPFS) in U is defined as

P= {<t,uq@(t),u@(t)> te U}
= {(t [0, 1m0 [vh 0, va@)] ) e T}

where i (t) = [,ufj3 (1), p1g (1)) and v (t) = [1/%3(1?), vg (t)] are two membership functions of some interval values

(1)

in [0,1], denoting the possible membership degree (pu4(t)) and non-membership degrees of the element (vg(t))
for all t € U to the set 9 and for ¢ € U satisfy 0 < (sup{/qua(t)})2 + (Sup~{uq~3(t)})2 <1.

In IVPFS (‘i?), u@( ) and vg(t) are closed interval and their upper bounds and lower bounds are denoted
by ,u(b( ), v ( ), fb(t) and vk (t), respectively. Also, for each t € U, [ ( )s u%(t)] and [V%(t),u%(t)] subset of
[0,1] and [pL ( )y %(t)] € pg(t) an d vk ( ), v, ‘l?(t)] € vg(t) for all t € U

Definition 2 (Interval-Valued Pythagorean Fuzzy Number (IVPFN) [61]). Let the set of real numbers (R) be
a universal set of discourse. Then, interval-valued Pythagorean fuzzy number (IVPFN) Q in R is defined on
Definition 1 and satisfies the following conditions [99]:

(1) The membership (ug(t)) and non-membership (vg(t)) functions are convex.

(2) Support of Q is bounded.
(3) The membership (ug(t)) and non-membership (vg(t)) functions are pice-wise continuous.

Remark 1. Let B be an interval-valued Pythagorean fuzzy number (IVPFN) defined on a universal set (R)
and represented by B = {< ¢, ug (1), vg(t) >: t € R}. Then IVPFN 9B transforms into different fuzzy numbers
by satisfying following conditions:

(A) If the membership and non-membership functions satisfy 0 < pg(t) + vg(t) < 1, interval-valued
Pythagorean fuzzy number (IVPFN) is reduced to the interval-valued intuitionistic fuzzy number (IVIFN).
The uncertainty space of the IVPFN is longer than the space of the IVIFN.

(B) For each element ¢, we can compute its hesitation interval (Ilg(t)) of the IVPFN, as follows:

I (t) = [T (), I (1)]

= (1= () - (300)%)
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(C) It ,ul% (t) = Hfg (t) and l/fis (t) = z/fg (t) for all t € R then IVPFN is reduced to a Pythagorean fuzzy number
(PFN).

Example 1. Let ; = {(0.5,[0.4,0.6],[0.3,0.7]);0.5 € R} be an interval-valued Pythagorean fuzzy number
(IVPFN) defined on R. Then the membership interval pg(0.5) = [ul@(Oﬁ),u%(Oé)] is [0.4,0.6] and non-
membership interval v (0.5) = [v %3(0.5), u%(O.E))] is [0.3,0.7]. Further, sup(ug(0.5)) +sup(vg (0.5)) = 0.64+0.7 >
1 but (sup{u@(0.5)}) + (sup{rg (0.5)})? = 0.6 + 0.7 = 0.85 < 1 with 0.5 € R.

3.2. Interval-valued Pythagorean trapezoidal fuzzy number (IVPTrFN)

This section discusses on the interval-valued Pythagorean trapezoidal fuzzy number (IVPTrFN) [96] and its
properties in detail. The extension of the interval-valued Pythagorean fuzzy number (IVPFN) is IVPTrFN;,
where the membership functions are trapezoidal in shape.

Definition 3 (Interval-Valued Pythagorean Trapezoidal fuzzy number (IVPTrFN) [2]). Let the set of real num-
bers (R) be a universal discourse set. The interval-valued Pythagorean Trapezoidal fuzzy number (IVPTrFN)
(M) is defined on R as

M = {(& (M1, A2, A3, \a); [Mzm““sm] [ ;Lit’ywqt]>5§ € R} (3)

where A1, Ao, Az and Ay (A1 < A2 < A3 < \y) are real numbers in R and [uén,,ugl] and [1/~ V.
optimized interval value of membership and non-membership functions, respectively.

im] are two

Definition 4. The interval-valued Pythagorean Trapezoidal Fuzzy Number (IVPTrFN) [96] (9) defined in

Definition 3 has two interval-valued membership functions [“giz(f)’ Hg (§)] and [Vilm(ﬁ), Vg (§)] which are trape-

zoidal in shape. The interval-valued membership function ([uéﬁt(f), u%t(f)]) is mathematically expressed as

0; &< 0; if €<\
“sm)i A A <E<Nh “zmAi A A <E<N

1 (6) = § 1k if Ao SE< A3, (€)= HGs if Ay <E< A3 (4)
Mg A <E< WU 2Es N < e <y
0; if Ay < ¢ 0; if Ay < &

l u . . . . . l u .
and “9}1(5) < “9}1(5) for all £ € R. Similarly, the interval-valued non-membership function ([u@(g),u@(g)}) is
mathematically expressed as

1; if &< 1; ifé&<

%ﬁw; A <E< A %@5 A= E<Az
V() = { vk e €< A V(6 = v flosi<h 6

%§ if A3 <&< N %; Az <8

1; if Ay <& 1; if Ag <&

and Vlin(f) < vg(§) for all £ € R. Further, the membership (p57(¢)) and non-membership (vg(£)) functions
satisfy the conditions
2 2
0 < (sup{ug(§)})” + (sup{rg(€)})" <1 forall e R
= 0< (u%t)Q + (supygn)2 <1

(6)
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FIGURE 1. Geometrical representation of the membership ([Mgt’“git]) and non-membership

([V%t, 1/9%]) functions of IVPTrFN (951)

Figure 1 illustrates the Interval-Valued Pythagorean Trapezoidal Fuzzy Number (IVPTrFN) (90t), where the
membership function ([Mz%t’ ,ugh]) is shown using black curve, and the non-membership function ([u;iﬁ vY]) is

*Uon
represented by blue curve.

Remark 2. Figure 1 represents the membership and non-membership functions of IVITFN. The black colour
line is the membership function and the blue colour line is the non-membership function of the interval-valued
trapezoidal Pythagorean fuzzy number. Here u&; and uf; denote the lower bound and upper bound of member-
ship function of IVPTrFN, respectively. In the same way, Vi,Ln and Vgt denote the lower bound and upper bound
of non-membership function of IVPTrFN, respectively.

Example 2. Consider three IVPTYFNs 9B, 9 and 9 defined on the set of real numbers. The
IVPTYFNs can be defined as P = {(£(0.2,0.3,0.4,0.5);[0.8,0.9],[0.2,0.3]);¢ e R}, Q =
{(&,(0.4,0.5,0.6,0.7);[0.7,0.8],[0.1,0.2]); ¢ € R} and R = {(¢,(0.5,0.6,0.8,0.9);[0.8,0.9],[0.3,0.4]); ¢ € R}
where the membership intervals are [0.8,0.9], [0.7,0.8] and [0.8,0.9] and the non-membership intervals are
[0.2,0.3], [0.1,0.2] and [0.3,0.4] of the IVPTrFNs B, Q and R, respectively. Further, in IVPTrFN B, the
sup{ug ()} = 0.9 and sup{r(§)} = 0.3, and then (sup{u;jg(f)})2 + (sup{y@(f)})2 = (0.9)? 4+ (0.3)? =
0.814+0.09 =0.90 < 1.

In order to perform an accurate comparison of interval-valued intuitionistic trapezoidal fuzzy numbers (IVIT-
rFN) and interval-valued Pythagorean trapezoidal fuzzy numbers (IVPTYFN), it is necessary to first compare
the various kinds of fuzzy sets by going over their definitions and fundamental characteristics.

The advantages of IVPTrEN lie in their ability to represent and manipulate uncertainty in a more nuanced
and realistic way, providing a valuable tool for decision-making and modelling in uncertain environments.

Remark 3. Figure 2 illustrates the space of membership grades of different fuzzy numbers. In this figure,
we illustrate the preciseness of the membership grades of the Intuitionistic fuzzy number, Pythagorean fuzzy
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Degree of non & = ([ng, vl [va, vED

Degree of non Degree of non bershi - -+ — o+
membership membership ) - ment er:lp B ([“B; UB]: [vg, vgD
v = - -
v R ()2 + (v7)*=1
L0 10— T
10— \ 9? + (v)*=1
0.8 — 0.8 — p+v=1 0.8 — \ \ . .
06 7 ptv=1 0.6 — 0.6 - i T Vi =1
0.4 - wgtvg =1
’ 0.4 = 0.4 —
0.2 — 0.2 — 0.2 — Y
0T T | b " ¢ 0 LU | Degr’ele of 0 U | T Deugree of
02 04 06 08 1.0 me;g;::sﬁip 0.2 04 0.6 0.8 1.0 membership 02 04 06 08 1.0 membership
(a) Space Intuitionistic fuzzy (b) Space of Pythagorean fuzzy (c) Space of Interval-valued Pythagorean
membership grade membership grade fuzzy membership grade

Fi1cURE 2. Comparison between IVPTrFN and different fuzzy numbers.

number and interval-valued Pythagorean trapezoidal fuzzy number, respectively. Additionally, it is observed
that the specificity of the uncertainty of IVPTrFN is more precise than that of other fuzzy numbers.

3.3. Arithmetic operations on interval-valued Pythagorean trapezoidal fuzzy number
(IVPTrFN)

The basic arithmetic operations [2] on interval-valued Pythagorean Trapezoidal fuzzy numbers (IVPTrFN) are
defined in this section. The outputs of the arithmetic operations are also IVPTrFN. The arithmetic operations
on IVPTrFNs are defined as follows:

Assume that the set of real numbers (RF) is the universal set of discourse. Further, assume two
IVPTrFNs 2 and B define on R and § be a scholar number. Two IVPTYFNs are defined as oA =

{<§7 (pla P2, P3, p4)7 [/’Léla :U’g]’ [V§? Vg[]>’§ S R} and % = {<§7 (¢17¢2a ¢3a ¢4)7 [M%)M%]a [V%a V%D’f S R} and the
arithmetic operations are defined as follows:

(A) Addition of two IVPTrFNs 2 and B:

ﬁ@% = {<£a (PlaPQ,PBaPAL); [Névﬂg]a [V§7V5]>7£ € R}
D {<§7 (¢17¢27¢37¢4)5 I:.LLL%HU’%}a [V%,V%]>,€ € R}

= {<§a (p1+ &1, p2 + b2, p3 + ¢3, pa + Pa);
W) 4 (05) = kst (08 + (8Y) = ¥ x il |,
A B A B A B A B

[1/25l X V%,VﬁU X V%]>;§ € R}.

(B) Scalar multiplication of IVPTrFNs 2 by 4:

6§[ =04 % {21 =04 % {<€’ (/017[)27/)37!)4)? [Mé{?/’ég{}a [V§7V§[{]>75 € R}
= {<£a (5P175P2»5P375104)» [511/%76#%]7 [6V§a5V§lU]>a§ € R}

where 6 > 0.
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(C) Multiplication of two IVPTrFNs 2l and B:

Ql@ % = {<£a (PlvP2a937p4)§ [M§l7/’(‘g]7 [Véayg]>a€ S R}
® {<€7 (¢17¢27¢37¢4)7 [/’LL%7M%}7 [V§7V%]>7€ € R}

= {<§7 (P11, P22, P3ds, pacda); [l x g, g x ng), (9)
2 2 2 2
L L Ly L U U Uy Ul
\/(Vﬁl) —l—(u%) —Vﬁxu®\/(u§l) —l—(l/%) — Vg XV%1>,§€R}
(D) Scalar power of IVPTrFNs 2 by 6:

~\ 0
2(6 = (Q’l) = {<£7 (plap27p37p4); [H%yMgL [V§7V§1U}>>£ € R}(s

= {{& (o2 8. 0): [ (). ()] [ 0" 0] )i < B

where § > 0.

3.4. Defuzzification of IVPTrFIN

Defuzzification [71] is a process of crispification from fuzzy numbers to define order relations. Since there
is no order relation in the fuzzy number system, the defuzzification method assigns a crisp number for every
fuzzy number and anyone can establish an order relation using the Euclidean metric or any other scale. Here,
we propose a defuzzification method on the IVPTrFNs as follows:

Definition 5 (Defuzzification of IVPTYFN [65]). Let 9 be an interval-valued Pythagorean Trape-
zoidal Fuzzy Number (IVPTrFN) defined on the set of real numbers (R) and define as M =
{{&, (A1, A2, A3, \a); [uén, p%], [1/;51, 1/9%]); & € R}. Then, the defuzzification Z(9) of the IVPTrFN () is defined

B PO £ (0 ) e (I )

4 H A+ (11)

where J# and .Z are parameters with JZ,.Z € N.

Example 3. Let B =  {(£,(0.3,0.5,0.7,0.9);[0.9,0.8],[0.15,0.3]);¢ € R} and 9 =
{(¢,(4,6,9,10);[0.85,0.7],[0.1,0.25]); ¢ € R} be any two interval-valued Pythagorean trapezoidal fuzzy
numbers (IVPTrFNs). Then the defuzzified value 2(—) of B and Q are

. 03+05+0.7+0.9 [.£(0.92—0.15%) + £(0.8% — 0.32)
7(%) [ 1 8 { H+ &
0.4013 when ¥ =1& X =1

0.4250 when ¥ =2& X =1
0.3775 when ¥ =1& X =2

and

=\ [4+6+9+10 #(0.85%2 — 0.1%) + .£(0.72 — 0.252%)
(%) = { 1 . { AL
41325 when # =1& ¥ =1
=<4.6313 when # =2& ¥ =1
3.7881 when # =1 & &£ = 2.
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Remark 4. The defuzzification method of IVPTrFN is used in MCDM methods in the later section. For
numerical computation, the defuzzification process is applied to simplify the decision matrices. All the theoretical
and computational procedures are discussed in detail in the multi-criteria decision-making methods section.

4. MULTI-CRITERIA DECISION MAKING (MCDM) METHODS

Multi-Criteria Decision Making (MCDM) methods [65] are employed when making decisions that involve
multiple conflicting criteria or objectives. These methods [71] aim to provide a structured approach for evaluating
and selecting the best alternative among a set of choices, considering various criteria with different importance
or relevance. There are several MCDM methods, each with its own approach and mathematical principles.
MCDM methods vary in complexity, mathematical rigour and applicability to different decision contexts. The
choice of method depends on the nature of the decision problem, the availability of data, the decision-maker’s
preferences and the level of complexity one wishes to manage. Each method has its strengths and weaknesses
and the selection should be based on the specific requirements and constraints of the decision situation. The
main features of each of the analyzed MCDM methods are briefly described in this subsection, with an emphasis
on special features that are essential for the analysis phase.

4.1. Fuzzy analytic hierarchy process (FAHP)

Thomas L. Saaty [91] developed the Analytic Hierarchy Process (AHP) in 1990, an MCDM method that uses
pairwise comparison to perform the ranking. This strategy has a consistency ratio which is associated with it.
Assuming that there are some criteria which are weighted by pairwise comparison using a linguistic terms con-
version table. The interval-valued Pythagorean trapezoidal fuzzy numbers (IVPTrFN) with the AHP technique
[65] capture the ambiguity of the problem because they allow the decision makers (DM) to compare factors
while prioritising the linguistic terms. A 9-point scale [64] is typically used to express the pair-wise comparison
matrix in traditional fuzzy AHP. The IVPTrFN is utilised in this work to express a pairwise comparison matrix.
DMs can evaluate faithful results because of the fuzzy logic in the FAHP approach. The linguistic terms and
IVPTrFN conversion table provide relative ratings from the DM’s perspective in the comparison matrices.

Suppose that n number of factors are evaluated, and ratings in linguistic terms are given by k decision makers
(DMs). Then, the FAHP method can be described in the following steps:

Step A. Identify the relevant factors for the study. Consider n factors based on a detailed literature review
and decision-maker’s (DM) opinions. Furthermore, data from k& DMs is expressed in linguistic terms
and then converted into IVPTrFNs. All comparison matrices are constructed as n x n order.

Step B. Given DMs’ opinion in linguistic terms on different factors, construct the comparison matrices. Then,
convert the comparison matrices into IVPTrFNs based on the conversion table. Assume that the d-th
DM gives the comparison matrix (Cy) as

(Sn), (%), - (5n);
R COANCO RN CY

Cy= d (12)

_(5’:% (S;Q)d (s,;l)d_m

i.€.,

[

Ca=[(Sw) | = [((Cu:resros A)s [k ) [ v¥D),) | (13)
S

— [<<()\1,)\2,/\37>\4)ab; [:u’é"u’g]ab’ [U@’ng}ab>)d}

nxn
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Step C.

Step D.

Step E.

Step F.

Step G.
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where every entry of comparison matrix (C4) is IVPTrFNs of n x n order. In equation (13), the
ab-th coefficient is (Sab)d given by d-th DM based on a-th factor on the basis of b-th factor, where
a,b=1,2,....nand d=1,2,...,k.

Aggregate the comparison matrices ((f)

Aggregate k comparison matrices (Cg) given by DMs and construct a single
comparison matrix  (C), where every entry (A1, A2, A3, Aa); [ugﬂg}, L 1Y) s =

() abs 2t (a)abs Ao [(8)abs (1D )atls (075 ), (v )] s given by °e

(A1)ap =  min k(()‘l)ab)d k((’ué)ab)d
)

%Nl

d=1,2 ©

IR REEE)

S

(
(Ao = T (Ae)as) (u

(

).
)

= max
d=1,2,...,
= max
d=1,2,...,

& g ab k(('ug>ab d (14)
(A3)ab = A HZ:l((/\?,)ab)d V«é)ab - d:{r,l2i,r.l..,k(<yé)ab>d
(Aa)ap = dzrll}%}.(..,k(()\4)ab)d (V‘g>ab B dzlllg,nm,k(@g)ab)d

where d = 1,2, ...,k and the single comparison matrix so formed as

¢ (8], = [(Ouo e hy i) 0]

|:<((>\1)ab’ ()‘Q)ab’ (/\3)ab7 (>\4)ab); [(ug)alﬂ (l‘g)ab} ’ [(V‘é)azﬂ (Vg)aba} >} nxn

where a,b=1,2,...,n.

Evaluate defuzzified comparison matrix (C):

Construct the defuzzified comparison matrix (C) using the defuzzified formula in equation (11) from
the aggregated comparison matrix determined in equation (15). The defuzzified comparison matrix

takes the form
c=[o(s),., o

(15)

where a,b=1,2,...,n.

Calculate the normalised defuzzified comparison matrix (C™):

The normalised defuzzified comparison matrix (C,,) is formulated from the defuzzified comparison
matrix (C), as follows:

9(§ab

C" =[sab] EZZI @(gab)

(17)

nxn
nxn

where a,b=1,2,...,n.

Calculate factor weight (p,):

Calculate the factor weight (p,) of each factor using equation (18), as follows:

o = (ITp—1 5ab) (18)

2=t (TTb=1 sab)

ES
n

3=

where a =1,2,...,n.

Find out the weighted comparison matrix (C*):

From defuzzified comparison matrix (C) in equation (16) and factor weight (p.) in equation (18),
evaluate the weighted comparison matrix (C*), as follows:

CY =[tab]pxn = [Q(Sab) X pa}nxn (19)

where a,b=1,2,...,n.



IVPTRFN MCDM TECHNIQUE FOR PSYCHIATRIC DISORDER DIAGNOSIS 3865

TABLE 4. Number of factors (A) and RI value [53].

A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RI 0 O 058 09 112 124 132 141 145 149 151 148 156 1.57 1.59

Step H. Calculate weighted sum of each factor:
Determine the weighted sum (W,) of each factor using equation (20), as follows:

n ta
W, = Zb:l b (20)
Pa
where a,b=1,2,...,n.
Step I. Evaluate the maximum eigenvalue (Amax):
Calculate the maximum eigenvalue (Apax) as follows:
_ 2= Wa

Amax = 21
;. (21)

for a =1,2,...,n where n is the number of factors.
Step J. Determine the Consistency Index (CI):
Calculate the Consistency Index (CI) for the comparison matrix as follows:

Amax — T
Cl="2 22
where Apax is the maximum eigenvalue of the comparison matrix and n is the number of factors.
Step K. Evaluate the Consistency Ratio (CR):
Find out the Consistency Ratio (CR) of the comparison matrix as follows:
CI

where Random Index (RI) is given in Table 4.

The computational value of CR is acceptable if CR < 0.1; otherwise, the comparison matrix is inconsistent
and then the comparison matrix is reconstructed. The factor’s weight (crisp weight) is evaluated by equation
(20).

4.2. Preference ranking organization method for enrichment evaluation (PROMETHEE)
method

The Preference Ranking Organization Method For Enrichment Evaluation (PROMETHEE) method was first
introduced by Brans et al. [21] in 1982 and further extended by Behzadian et al. [20]. PROMETHEE includes the
outranking techniques of PROMETHEE-I [113], which calculates entry and exit flows to achieve a partial ranking
of options and PROMETHEE-II [101], which calculates net flows to achieve a full ranking of alternatives. The
PROMETHEE approach [46] addresses numerous topics in the literature, including environmental management,
hydrology and water management, business and financial management, chemistry, logistics and transportation,
manufacturing, energy management and social sciences.

Consider a PROMETHEE-based MCDM problem in which n factors are associated with the collection of
m alternatives. These alternatives are evaluated by a group of k decision experts (DMs) with respect to each
factor. The performance rating of m alternatives with respect to n factors is employed to construct a decision
matrix. Decision-makers provide data in linguistic terms, which are then converted into IVPTrFNs for numerical
computation. The fuzzy PROMETHEE method is described in the following steps:
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Step 1.

Step 2.

Step 3.

Step 4.

Step 5.
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Identification of factors and alternatives:

The factors and alternatives are selected through detailed literature studies and consideration of
decision-makers’ perspectives. Assume that the number of experts is denoted by k, the set of patients
under investigation by m, and the set of criteria or parameters by n. The selection of appropriate and
relevant linguistic terms is the most important factor for the next procedure. In this approach, a set
of five linguistic terms is used to evaluate the considered actions or alternatives. The numeric values
of these linguistic terms are given in the form of an interval-valued Pythagorean trapezoidal fuzzy
number (IVPTrFN). These linguistic terms and their respective values are listed in the conversion
table.

Construct the decision matrix (Dy):

The decision matrix (Dg) is constructed by decision makers (DMs) in linguistic terms based on their
experiences and further, it is converted into IVPTrFNs by a conversation table. The comparison
matrix (Dy), provided by d-th DM, is

(), (%), - ()]
B, — (72.1>d <T22> 4 (TQ.">d (24)
_(Tm1>d <Tm2)d (Tm"> dd mxn
f)d _ [( Nm)d}mxn — {(<()\17 Mg, Az, )\4); [M%—aﬂqg]’ [Vié” Vg] >ra)d:|m><n (25)

= {(<()‘17 A2, A3, )\4)ra; [,ué,,ug{] ra’ [V#’ V%{]m>)d}mxn
where every entry of the decision matrix is an IVPTrFN. In equation (25), the ra-th coefficient
denoted by ('j}a)d of decision matrix (75,1), represents the d-th decision maker’s option on the r-th
alternative with respect to the a-th factor, where r =1,2,...,m,a=1,2,...,nand d=1,2,...,k.
Aggregated decision matrix (15)

Aggregate each DM’s assessment into one decision matrix by merging all k& decision-makers’ opinions.
The aggregated decision matrix (f)) is derived from k individual decision matrices (ﬁd) by aggregating
each entry ((Z,4)q) using equation (14). The aggregated decision matrix (D) is so formed as

D= [T] = [(Ordadari k). o£k)), ] 29

:|m><n mXn

where r =1,2,...,mand a =1,2,...,n.
Calculate defuzzified aggregated decision matrix (D):
Determine the defuzzified aggregated decision matrix (D) using equation (11) from the aggregated
decision matrix (D) determined in equation (26). The defuzzified aggregated matrix (D) takes the
form

D = [Tralyn = |2 (%) (27)
where r =1,2,...,mand a=1,2,...,n.
Normalize the decision matrix (D"):
Normalize the decision matrix (D) to range 0—1 and formulate normalized decision matrix (D") by

using equation (28), as follows

mXxXn

Dn:[ n

'ra]m><n

(28)
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Step 7.

Step 8.

Step 9.

Step 10.
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where, U, is the ra-th normalized coefficient of the defuzzified aggregated decision matrix (D) and
is calculated as

(72~ (7))
r=1,2,....m
Ury = (29)
— ] Tw
( R S m})

when the factor a is a beneficial factor7 and

( (72} 7

r=1,2,...,m

ur, - (30)
(e T)— _min (7))

=1,2,.

when the factor a is a non-beneficial factor, where r=1,2,....,mand a=1,2,...,n.
Determine the evaluative difference (V(;.4),) of r-th alternative with respective to remaining alterna-
tives, as follows:

V(’r’s)a = u:la - Z/{:Sn;l (31)
where r,s =1,2,...,mand a =1,2,...,n.
Evaluate the preference function (P(.)q):
The preference function value (P(.),) calculated from the evaluative difference (V(,4),) by equation
(32) is as follows:

05 if V <0ie,Ur <U!
) o ) (rs)a > y Ura = Ysa 32
(re)a {v(m)a; if Vipsya > 0 e, UL, > UL, (32)
where r,s =1,2,...,mand a =1,2,...,n.

Determine weighted preference function (P(“;S)a):
The weighted preference function (PE‘T’ S)a) is derived from the preference function (P,),) and factor

weights (W,) evaluated from equation (20) in Section 4.1, as follows:
P(ur)s)a =W, x P(rs)a (33)
where r =1,2,...,mand a =1,2,...,n.
Determine welghted aggregated preference function (8(75))’
The weighted aggregated preference function (S( o S)) is derived from the weighted preference function
(P&is) ,) using the following expression:
Z'ﬂ
Su;s - P rs)
(rs) ZZ . W Z (

where r =1,2,...,mand a =1,2,...

,n
Evaluate the leaving outranking flow (£,) and entering outranking flow (£¥):
Calculate the leaving outranking flow (£,.) from weighted aggregated preference function (S(iﬁs)) as

since Z W, = 11 (34)
a=1

n

Z (rs) [When r # s] (35)

and calculate the entering outranking flow (€;) from weighted aggregated preference function (82;18))
as
&= ZS@S) [when s # 7] (36)
r=1
where r =1,2,...,m.
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Step 11. Obtain the preference order:
In this step, ranking can be made either partially or completely. Partial ranking can be obtained
using PROMETHEE-I. Then, the weighted similarity measure can be used to find out the alternatives
and in case a complete ranking is needed, then the computation must proceed to one more step in
PROMETHEE-II:
— When alternative r is preferred situation over alternative s, i.e., r®s:

r®s when L, > L and &, < &;;
or, L, > Ly and &, = E&,; (37)
when £, = L, and &, < &.

— When both alternatives r and s are indifference situation, i.e., rYs:
rYs when £, = L, and &, = &,. (38)

— When both alternatives r and s are incomparable situation, i.e., rW¥s:

r¥Us when L, > L, and &, > &,;

39
or, L, < Ls;and &, < &; (39)

where r,s =1,2,...,m.
Step 12. Complete ranking of alternatives (PROMETHEE-II):
The net outranking flow (O,.) of the alternative r is obtained by taking the difference of two weighted
similarity measures of the respective alternative, known as PROMETHEE-II, and is formulated as

O, =L, —& (40)

which provides the complete ranking (£, &,) of PROMETHEE-II as given in equation (41):

(41)

r®s when O, > O,
rTs when O, =0,

where r,s =1,2,...,m.

Thus, all alternatives are compared based on net outranking flow and a complete ranking is obtained without
any incomparability of alternatives. The alternative with the greatest net flow is considered the most favourable
or optimal solution.

First, we select common types of symptoms associated with different psychiatric disorders, and then we
determine the weight of each symptom using fuzzy AHP and the rank of the alternative disorders using fuzzy
PROMETHEE. Figure 3 represents the schema chart of the diagnosis of a patient with a psychiatric disorder.

4.3. Pseudo code depicting the empirical study

The decision-making framework is structured with n criteria and m alternatives. A panel of k decision-makers
express their evaluations using linguistic terms, which are subsequently translated into comparison matrices of
n x n order and decision matrices of m x n order. These linguistic assessments are then converted into interval-
valued Pythagorean trapezoidal fuzzy numbers (IVPTrEN) to effectively handle uncertainty and vagueness.
Subsequently, two multi-criteria decision-making (MCDM) techniques are applied to determine the criteria
weights and rank the alternatives. The pseudo code of the proposed methodology is depicted as follows:

INPUT: k comparison matrices of n x n order and decision matrices of m x n order are collected
OUTPUT: Evaluate the criteria weight and rank the alternatives
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A panel of three experts is formed
Discussion of some types of Psycl
disorder and their symptoms )
Extracting the crucial symptoms
various disorders
Selected eight criteri:

* A total of ten psychiatric disorde
selected
4 * The experts gave the rating of alte
disorder based on criteria

Normalized defuzzified matr

Calculate the actual criteria we

A

F1cURrE 3. Flow diagram of diagnosis of a psychiatric disorder patient.

COMPUTE: Check the Consistency Ratio (CR) of the proposed model
INITIALIZE: IVPTrFN
OPERATION: FAHP and FPROMETHEE

MERGE k DMs’ inputs in comparison and decision matrices
THEN normalize the comparison matrix

1
2
3 FOR FAHP

4 FIND the weighted sum of each factor using the weighted comparison matrix

5 THEN compute the maximum eigenvalue

6 FIND the weight of the factor and consistency index

7 IF Consistency Ratio (CR) < 0.1

8 THEN system is consistent and criteria weights are finalized

9 OTHERWISE the comparison matrix is be restructured

10 END FOR

11 BEGIN PROMETHEE

12 COMPUTE ranking of alternatives by the weighted pairwise comparison matrices
13 END PROMETHEE

5. CRITERIA AND ALTERNATIVES FOR PSYCHIATRIC DISORDER DIAGNOSIS

In this section, we select the criteria, followed by the different types of psychiatric disorders.
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5.1. Criteria selection for psychiatric disorder diagnosis

To achieve a thorough assessment, selecting criteria for evaluating psychiatric diseases is a complex task that
requires consideration of several key aspects. The following are some key criteria that are frequently used when
assessing mental illnesses. These criteria are established based on a review of psychiatric disorder literature and
consultations with decision-makers.

(A) Disorganized thoughts or a diminished capacity for focus (C1):
Lack of sleep, stress, anxiety, and some medications can cause concentration problems. Sometimes, the
cause may be an underlying medical condition. The ability to focus can affect one’s ability to carry out
daily responsibilities and perform well at work or school [66]. Moreover, focus can be hindered by external
stimuli such as clutter, noise or an uncomfortable workstation.

(B) Excessive fears or worries, or extreme feelings of guilt (C2):
Excessive fear or anxiety, as well as extreme guilt, are common emotional experiences that can significantly
impact a person’s mental health and well-being [43]. These emotions may be a sign of several mental health
issues, such as depressive disorders, anxiety disorders, and obsessive-compulsive disorders (OCD). Also,
extreme feelings of guilt may stem from unresolved conflicts, past traumas, or unrealistic expectations of
oneself.

(C) Severe fluctuations in mood of highs and lows (Cs):
Periods of high or euphoric mood (highs) and low moods or depression (lows) are referred to as extreme
mood swings between highs and lows [36]. This pattern is indicative of bipolar disorder, a mood disease
characterized by marked fluctuations in energy, activity and mood.

(D) Extreme tiredness, lack of energy, or difficulty falling asleep (Cy):
A persistent feeling of fatigue, tiredness or low energy is referred to as fatigue. It has two possible types:
mental and physical. Most adults have dealt with it at some point in their lives [40]. Chronic exhaustion
and sleep disorders may impair one’s ability to focus, remember and make decisions. Due to shortened
reaction times and diminished attention, sleep deprivation raises the possibility of accidents, including car
crashes and workplace injuries.

(E) Detachment from reality (delusions), paranoia or hallucinations (Cj):
A person experiencing hallucinations may see, hear, or smell things that are not really there. Hallucinations
are false or distorted sensory experiences that appear to be real [60]. These symptoms frequently cause the
person experiencing them great distress and bewilderment, which can result in disruptive emotions, anxiety
or despair.

(F) Significant alterations in eating behaviours (Cpg):
Engaging in erratic eating habits, such as late-night snacking, mindless eating, or consuming excessive
amounts of processed or unhealthy foods. It’s essential to be aware of these changes, especially when they
lead to drastic weight loss or gain, changes in energy levels, mood swings or health concerns [45].

(G) Problems with alcohol or drug use (C7):
Professional assistance, such as addiction counselling, therapy, support groups, and medical treatment,
is usually required to address alcohol or drug-related disorders[80]. Numerous physical health difficulties
resulted from this, such as reduced immune systems, gastrointestinal diseases, respiratory problems, car-
diovascular problems, liver disease and an increased chance of accidents or injuries.

(H) Insomnia (Cg):
Insomnia, a common sleep disorder, is defined as the inability to fall asleep, stay asleep or wake up from
sleep despite having the opportunity to do so [44]. Cognitive abilities, such as attention, memory and
problem-solving skills, can all be negatively impacted by insomnia, which can affect performance in the
workplace, in learning environments and in day-to-day activities.
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Different types of psychiatric disorder

Certainly, there are various types of psychiatric disorders that affect mental health and behaviour. Here is a
list of some common psychiatric disorders categorized into different groups.

There are numerous psychiatric disorders, each with its own set of symptoms, causes, and treatments. These
disorders are classified in the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), which is commonly
used by mental health professionals for diagnosis and treatment planning. Here are some of the major categories
of psychiatric disorders:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Mood Disorders (A;):

Affective disorders or mood disorders are characterized by irregular mood swings and disruptive emotions
that interfere with a person’s daily functioning. Mood disorders feel like an emotional roller coaster, where
a person may experience severe emotional highs and lows at different times [62]. A mood disorder may
appear when such mood swings begin to interfere with daily life.

Anxiety Disorders (Az):

A class of mental health disorders known as anxiety disorders are characterized by excessive and persistent
emotions of worry, fear, worry, or discomfort. These emotions are often strong and can make it challenging
for a person to carry out their daily activities properly [70]. The severity of anxiety disorders, which are
among the most common mental health conditions, can range from mild to severe.

Personality Disorders (Asz):

A problematic way of thinking about oneself and reacting to others is a personality disorder, which is
a mental health condition. People suffering from personality disorders often struggle with understanding
emotions and have coping difficulties [100]. This means that connecting with other people is challenging
for individuals, causing major problems and a negative impact on their family life, social relationships,
work and school achievement, as well as their general quality of life.

Obsessive-Compulsive and Related Disorders (A4):

Obsessive-compulsive disorder (OCD) is characterized by a pattern of unwanted thoughts and worries
(compulsions) that cause you to engage in repetitive actions (compulsions). These compulsions and obses-
sions severely disrupt daily life and cause extreme distress [60]. OCD often revolves around specific themes,
such as an intense fear of contracting germs. We may obsessively wash our hands until they are quite sore
to allay our fear of infection.

Trauma and Stressor-Related Disorders (As):

Trauma and stress-related disorders are a range of emotional and behavioral issues that can be brought on
by traumatic and stressful situations during childhood [26]. These painful and stressful events may involve
physical or emotional violence or suffering, such as neglect, abuse, or family strife.

Eating Disorders (Ag):

A mental illness that results in unhealthy eating patterns is called an eating disorder. Problems related
to your eating habits, weight and body image, as well as thoughts about food, are among these condi-
tions. Individuals with eating disorders often have distorted thoughts and beliefs about food, weight, and
body image, which can perpetuate disordered eating behaviors [63]. Malnutrition and emotional distress
associated with eating disorders can impair cognitive function, leading to difficulty concentrating, memory
problems, and decreased productivity. Overall, eating disorders can have an important and long-lasting
effect on a person’s entire life.

Neuro developmental Disorders (Ar7):

Affected brain function and altered neurodevelopment lead to challenges with social, cognitive, and emo-
tional functioning; these conditions are known as neurodevelopmental disorders or NDs. The two most
prevalent NDs are attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD)
[98].
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(8) Sleep Disorders (Asg):
Problems with the amount, quality and timing of sleep are referred to as sleep disorders (or sleep-wake
disorders) and can cause distress, leading to interference with daily functioning. Sleep-wake disturbances are
often associated with mental health problems such as anxiety, depression, or cognitive impairment, as well
as physical illness [124]. Sleep-wake disorders come in many forms, the most common of which is insomnia.
Other sleep-wake disorders include restless leg syndrome, narcolepsy, parasomnias, and obstructive sleep
apnea.

(9) Mental disorder (Ag):
Mental disorders can significantly impair a person’s ability to function in various areas of life, including
work, school, relationships, and daily activities. This can result in difficulties maintaining employment,
fulfilling social obligations, or managing household tasks [27]. The stigma surrounding mental illness and
symptoms such as social anxiety or paranoia can lead to social withdrawal and isolation. Patients may feel
misunderstood, ashamed, or embarrassed about their condition, leading them to avoid social interactions
and activities [69]. Overall, mental disorders can diminish a person’s quality of life by limiting their oppor-
tunities for personal growth, fulfillment and happiness. The chronic nature of many mental illnesses may
also contribute to feelings of despair or resignation about the future.

(10) Dissociative identity disorder (Ajg):

Dissociative Identity Disorder (DID), formerly known as Multiple Personality Disorder, is a complex men-
tal health condition characterized by the presence of two or more distinct personality states or identity
fragments within an individual. Each of these identities may have its own unique way of interacting with
the world, memories, and behaviors. The transitions between these identities are often accompanied by
memory gaps, and individuals with DID may experience difficulties in recalling personal information or
events [37].

6. MODEL STRUCTURE AND DATA COLLECTION

This section provides a detailed description of the model formulation and data collection procedure. There
are eight criteria considered for this study and ten alternatives are taken for optimal ranking. All criteria and
alternatives are considered through a detailed literature review and consultation with decision-makers (DMs). A
detailed discussion of the criteria is presented in Section 5.1 and a brief analysis of the alternatives is introduced
in Section 5. Then, the comparison matrix of order 8 x 8 is constructed and the decision matrix of order
10 x 8 is built. All data were collected from the decision-makers (DMs) using linguistic terms, as presented
in Tables 5 and 6 for the FAHP and FPROMETHEE methods, respectively. These linguistic evaluations were
subsequently converted into interval-valued Pythagorean trapezoidal fuzzy numbers (IVPTrFNs) to capture
the inherent uncertainty in the dataset, as discussed in detail in Section 3. Two fuzzy MCDM methodologies
are employed to optimise the results, namely, the fuzzy AHP and fuzzy PROMETHEE methods, which are
discussed in Section 4.

We collect data from three decision-makers (DMs) to diagnose a patient with psychiatric disorders. Three
decision makers (DMs) are considered for this model as

DM;: Medical officer with over 15 years of experience.
DM,: Superintendent of a government medical college and hospital.
DM3: Senior professor from the Psychology department in a research institute.

They provide their opinion through an unbiased and transparent process, as outlined in terms of linguistic
variables in Tables 7 and 8, respectively. From Table 7, we obtain the comparison matrices in linguistic terms,
which are then converted into IVPTrFNs. Similarly, from Table 8, we obtain the decision matrices in linguistic
terms, which are also converted into IVPTrENs. The fuzzy values and their defuzzified values for different
parameters are shown in Tables 5 and 6, respectively.
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TABLE 5. Conversion chart between linguistic term and IVIrPEFN with its de-fuzzified values.

Linguistic term Interval-Valued Trapezoidal De-fuzzified value
Pythagorean Fuzzy Numbers H=1&& H=2& H=1%&
(IVTrPFN) Z=1 Z=1 L =2
Absolutely High 1. (AHI) ((3,5,7,9); {[0.85,0.95], [0.05,0.10] }) 4.84 4.67 5.01
Essentially High I. (ESHI) ((2,4,6,8); {[0.80,0.90], [0.10, 0.15]}) 3.54 3.41 3.68
Equally High I. (EQHI) ((1,3,5,7);{[0.80,0.90], [0.05,0.10] }) 2.88 2.77 2.98
Exactly Equal Importance (EEI) ((1,1,1,1);{[0.85,0.95],[0.10,0.15] }) 0.80 0.77 0.82
Equally Low Importance (EQLI)  ((%, £, 1,1);{[0.80,0.90], [0.10, 0.15]}) 0.30 0.29 0.31
Essentially Low I. (ESLI) ((%, %1+ 5):{[0.85,0.95],[0.05,0.10], }) 0.21 0.20 0.22
Absolutely Low 1. (ALI) (3,2, %, 3):{[0.80,0.90], [0.10,0.15]} ) 0.14 0.13 0.14

TABLE 6. Linguistic term with equivalent IVITPFN and de-fuzzified value for decision matrix.

Linguistic term Interval-Valued Trapezoidal De-fuzzified value
Pythagorean Fuzzy Numbers H=1& H=2& H=1&
(IVIrPFN) =1 Z=1 L =2
Very High (VH) ((7,8,9,10); {[0.80,0.95], [0.10, 0.20] }) 6.34 6.01 6.67
High (H) ((6,7,8,9);{[0.85,0.95], [0.15, 0.25] }) 5.78 5.60 5.95
Medium High (MH) ((5,6,7,8);{[0.80,0.90], [0.05,0.15] }) 4.63 4.47 4.79
Medium (M) ((4,5,6,7);{[0.80,0.95], [0.05,0.15] }) 4.17 3.95 4.40
Medium Little (ML)  ((3,4,5,6); {[0.85,0.95], [0.05, 0.15]}) 3.60 3.48 3.72
Little (L) ((2,3,4,5); {[0.80,0.85],0.10,0.20] }) 2.30 2.27 2.33
Very Little (VL) ((1,2,3,4);{]0.85,0.95],0.05,0.20] }) 1.98 1.92 2.04

The de-fuzzified values of IVIrPFN are evaluated by equation (11), where ¢ and % are two positive variables
(KX ,% >1). In Table 5, we consider (# =1&Z =1), (# =2&%Z =1), (X =1&%Z = 2) and for further
numerical computations, we only consider # =1 and .£ = 1.

The defuzzified values of Interval-Valued Trapezoidal Pythagorean Fuzzy Numbers (IVIYPFN) are evaluated
by equation (11), where .# and £ are two variables (#,.Z > 1). In Table 6, we consider three cases: (& =
1&Z =1), (X =2&2 =1) and (# = 1&.Z = 2). For further numerical computation, we only consider
H =1&% =1.

The comparison matrix is constructed by three DMs in linguistic terms using Table 5 and presented in
Table 7. The comparison matrix is used to calculate the weights of the factors and verify the consistency of the
data set using the fuzzy AHP method discussed in Section 4.1. Furthermore, the decision matrix is constructed
by three decision makers (DMs) in linguistic terms, as shown in Table 8, using Table 6. The decision matrix
is utilized for ranking alternatives associated with factors weighted by using the fuzzy PROMETHEE method,
theoretically discussed in Section 4.2. The numerical evaluation is shown in the later section.

7. NUMERICAL ILLUSTRATION AND DISCUSSION

This section represents the numerical illustration of the proposed medical disorder model. First, we calculate
the factor weights and check the consistency of the comparison matrix using fuzzy AHP methodology in the
IVPTrFN environment. The comparison matrix is depicted in Table 7 and the MCDM-based weighted cal-
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TABLE 7. Comparison matrix in linguistic terms given by three decision makers (DMs).

Criteria vs. Criteria C Co Cs Cy Cs Cs Cr Cg
Disorganized thoughts or a diminished capacity for focus (C1) EEI AHI EQLI ESHI EEI EQHI AHI ALIL
Excessive fears or worries, or extreme feelings of guilt (Ca) ALI EEI ESHI EQLI ALI EEI ESHI ESHI
_ Severe fluctuations in mood of highs and lows (C3) EQHI ESLI EEI AHI EQHI EEI EQLI ALI
—  Extreme tiredness, lack of energy, or difficulty falling asleep (C4) ESLI EQHI ALI EEI ESLI  AHI ALI AHI
S Detachment from reality (delusions), paranoia or hallucinations (C5) EEI AHI EQLI ESHI EEI ESHI EEI EQHI
Significant alterations in eating behaviors (Cg) EQLI EEI EEI ALI ESLI  EEI AHI EEI
Problems with alcohol or drug use (C7) ALI ESLI EQHI AHI EEI ALI EEI ALI
Insomnia (Cs) AHI ESLI AHI ALI EQLI EEI AHI EEI
Criteria vs. Criteria Ch Cy Cs Cy Cs Cs Cr Cg
Disorganized thoughts or a diminished capacity for focus (C1) AHI EEI EQLI ESHI EQHI EEI AHI ALI
Excessive fears or worries, or extreme feelings of guilt (Cz) ALI EEI ESHI  ALI EQLI EEI ALI ESHI
~ Severe fluctuations in mood of highs and lows (C53) EQHI ESLI EEI EEI ALI EQHI EQLI EEI
—  Extreme tiredness, lack of energy, or difficulty falling asleep (C4) ESLI  ALI EQHI AHI EEI ESLI EQLI ALI
S Detachment from reality (delusions), paranoia or hallucinations (Cs) EEIL AHI EQLI ESHI EEI ESHI  EEI EQHI
Significant alterations in eating behaviors (Cg) EQLI EEI EEI ALI ESLI  EEI AHI EEI
Problems with alcohol or drug use (C7) ALI ESLI EQHI AHI EEI ALI EEI ALI
Insomnia (Cs) AHI ESLI  AHI ALI EQLI EEI AHI EEI
Criteria vs. Criteria Ch Cy C3 Cy Cs Cs Cy (&
Disorganized thoughts or a diminished capacity for focus (C1) EEI AHI EQLI ESHI EEI EQHI AHI ALI
Excessive fears or worries, or extreme feelings of guilt (Cb) ALI EEI ESHI EQLI ALI EEI ESHI ESHI
- Severe fluctuations in mood of highs and lows (C3) EQHI ESLI EEI AHI EQHI EEI EQLI ALI
—  Extreme tiredness, lack of energy, or difficulty falling asleep (C4) ESLI EQHI ALI EEI ESLI  AHI ALI AHI
S Detachment from reality (delusions), paranoia or hallucinations (C5) EEIL EQLI EEI ALI ESLI  EEIL EEI ALI
Significant alterations in eating behaviors (Cg) EEI EEI EQLI ALI EEI ESLI  ALI ALI
Problems with alcohol or drug use (C7) ESLI EQHI ALI EEI AHI ALI EEI AHI
Insomnia (Cs) ESLI AHI ALI EEI AHI AHI EQLI EEI

culation methodology is discussed in Section 4.1. The weights of the factors are presented in Table 9. The
Consistency Ratio (CR) of the consistency matrix is found less than 0.1 (CR = —0.23).

The weight of each factor, evaluated using the fuzzy AHP-based weighted method for psychiatric disorders,
is presented in Table 9. From the result, the factor of Detachment from reality (delusions), paranoia or hallu-
cinations (C5) gets the maximum weight, followed by Disorganized thoughts or a diminished capacity for focus
(C1), Problems with alcohol or drug use (C7), Excessive fears or worries, or extreme feelings of guilt (Cs),
Severe fluctuations in mood of highs and lows (Cs5), Extreme tiredness, lack of energy, or difficulty falling asleep
(C4) and Significant alterations in eating behaviours (Cs), respectively. The least weighted factor is Problems
with alcohol or drug use (C7) for this psychiatric disorder problem. The weights are further used in the fuzzy
PROMETHEE method.

Here, we evaluate the ranking of alternatives, i.e., different symptoms of psychiatric disorder, by the fuzzy
PROMETHEE method. In this study, we consider ten symptoms as alternatives and rank them based on the
decision matrix shown in Table 8 and the weight of the factors depicted in Table 9, respectively. The rank of the
alternatives is calculated by the fuzzy PROMETHEE based MCDM technique under an IVPTrFN environment,
which is discussed in Section 4.2. The ranking of the different symptoms is presented in Table 10 using the fuzzy
PROMETHEE method.

Table 10 represents the alternative ranking with its associated data using the fuzzy PROMETHEE method
and Figure 4 depicts it graphically. From the evaluated results, Neuro developmental Disorders (A7) occupied
the optimal rank and Anxiety Disorders (As) got the second optimal rank among the alternatives. Further,
alternative Mental disorder (Ag), Mood Disorders (A1), Trauma and Stressor-Related Disorders (As), Obsessive-
Compulsive and Related Disorders (Ay4), Personality Disorders (As), Eating Disorders (Ag) and Sleep Disorders
(Ag) ranked 3rd, 4th, 5th, 6th, 7th, 8th and 9th rank among the alternatives, respectively. Lastly, the alternative
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TABLE 8. Decision matrix in linguistic terms given by three decision makers (DMs).
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Mood Disorders (A;) VH H VH L M ML H M
Anxiety Disorders (Az) MH VH H VH H L VH VH
Personality Disorders (As) H MH M ML M ML H M
~ Obsessive-Compulsive & Related Disorders H M MH H L M H VH
(A1)
E Trauma and Stressor-Related Disorders H VH M MH M VL H H
(As)
Eating Disorders (Ag) H L H M ML VH M M
Neuro developmental Disorders (A7) VH H VH M VH M VH VH
Sleep Disorders (Asg) M M MH VH ML ML H H
Mental disorder (Ag) VH VH VH H M M H VL
Dissociative identity disorder (A1) H H ML VH M VL H MH
Alternative vs. Criteria C1 Cy Cs Cy Cs Cs Cr Cy
Mood Disorders (A;) VH H VH L M ML H M
Anxiety Disorders (Az) M VH MH VH VH L VH VH
Personality Disorders (As) H MH M M ML ML VH M
o Obsessive-Compulsive & Related Disorders MH ML H H ML M H VH
= (A4)
E Trauma and Stressor-Related Disorders VH H M MH M L H H
(As)
Eating Disorders (Ag) H L H M ML VH M M
Neuro developmental Disorders (A7) VH H H ML VH M VH VH
Sleep Disorders (As) ML M H H ML ML VH H
Mental disorder (Ag) H VH H H MH M H VL
Dissociative identity disorder (A10) H H ML VH M VL H MH
Alternative vs. Criteria C Co Cs Cy Cs Cs Cr Cs
Mood Disorders (A;) H VH VH L M ML H MH
Anxiety Disorders (As2) M VH H VH H L VH H
Personality Disorders (As) H M M ML MH ML H MH
- Obsessive-Compulsive & Related Disorders H MH M H L M H H
= (Ad)
S Trauma and Stressor-Related Disorders VH VH M MH M L H VH
(As)
Eating Disorders (Ag) H ML H M ML VH ML MH
Neuro developmental Disorders (A7) VH H H MH VH M VH H
Sleep Disorders (As) MH M MH H M ML VH H
Mental disorder (Ag) VH H VH MH M ML H L
Dissociative identity disorder (A10) VH H M VH M L MH H

Dissociative identity disorder (A1g) gets the least important symptoms of psychiatric disorder by the proposed
model.

8. SENSITIVITY ANALYSIS AND COMPARATIVE ANALYSIS

In this section, we perform a sensitivity analysis and a comparative analysis. Performing a sensitivity anal-
ysis will help us to identify the crucial factors. Additionally, we compare our outcomes with several MCDM
methodologies to verify the consistency of our approach.
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TABLE 9. Representation of the criteria weight for multiple DMs’ perspective using fuzzy AHP.

Criteria Weight
Disorganized thoughts or a diminished capacity for focus (C1) 0.1915
Excessive fears or worries, or extreme feelings of guilt (Cs) 0.1085
Severe fluctuations in mood of highs and lows (Cs) 0.1037
Extreme tiredness, lack of energy, or difficulty falling asleep (C4) 0.0945
Detachment from reality (delusions), paranoia or hallucinations (C5)  0.2259
Significant alterations in eating behaviours (Cs) 0.0774
Problems with alcohol or drug use (C7) 0.0697
Insomnia (Cg) 0.1289

TABLE 10. Alternative ranking with associated data by fuzzy PROMETHEE method.

Leaving Entering  Outranking

Alternative flow (£,) flow (&) flow (O,) Ranking
Mood Disorders (A1) 0.1876 0.1575 0.03003 4
Anxiety Disorders (Az) 0.2844 0.1212 0.1632 2
Personality Disorders (As) 0.0542 0.2023 —0.1481 7
Obsessive-Compulsive & Related Disorders (A4)  0.1283 0.2019 —0.0736 6
Trauma and Stressor-Related Disorders (As) 0.1271 0.1723 —0.0452 5
Eating Disorders (Ag) 0.1165 0.2872 —0.1707 8
Neuro developmental Disorders (A7) 0.4478 0.0544 0.3934 1
Sleep Disorders (As) 0.1011 0.2843 —0.1831 9
Mental disorder (Ag) 0.2429 0.1369 0.1061 3
Dissociative identity disorder (A1o) —0.1907  0.1907 —0.3814 10
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FI1GURE 4. Ranking of psychiatric disorder using FPROMETHEE method by three DMs.
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TABLE 11. Ranking between one DM and three DMs using MCDM method FPROMETHEE
by removing the criteria Confused thinking (C7) and Detachment from reality (Cs).

Alternative One DM Three DMs
Mood Disorders (A1) 7 8
Anxiety Disorders (A2) 1 1
Personality Disorders (As) 9 9
Obsessive-Compulsive & Related Disorders (A44) 4 3
Trauma and Stressor-Related Disorders (As) 6 6
Eating Disorders (Ag) 8 7
Neuro developmental Disorders (A7) 2 2
Sleep Disorders (As) 5 5
Mental disorder (Ay) 3 4
Dissociative identity disorder (Aio) 10 10
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FI1GURE 5. Ranking of different psychiatric disorders by one DM and three DMs.

8.1. Sensitivity analysis

3877

We examine three different scenarios involving three patients V; (i = 1,2,3) with mental disorders and

determine the specific disorder each patient has.

Case 1 (Removing the criteria C; and Cs)

After diagnosing patient V7, it is reported that there is no problem with the symptoms Disorganized thoughts
or a diminished capacity for focus (C7) and Detachment from reality (delusions), paranoia or hallucinations (C').
Consequently, the ratings for Cy and Cy are eliminated. Given this instance, the ranking suggests that the patient

has an anxiety problem.

The ranking of these alternative disorders changes slightly when the criteria C; and Cs are removed, as shown
in Table 11 and Figure 5. The alternative disorder Aj, Ay, A3, Ay, As, Ag, A7, As, Ag, A1 are ranked as 8, 1, 9,
3,6,7,2,5,4, 10 for three DMs and 7, 1, 9, 4, 6, 8, 2, 5, 3, 10 for one DM, respectively.
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TABLE 12. Ranking between one DM and three DMs using MCDM method PROMETHEE by
removing the criteria excessive fears and worries (Cz) and Insomnia (Cy).

Alternative One DM Three DMs
Mood Disorders (A1) 4 4
Anxiety Disorders (A2) 3 2
Personality Disorders (As) 7 7
Obsessive-Compulsive & Related Disorders (A4) 6 5
Trauma and Stressor-Related Disorders (As) 8 6
Eating Disorders (Ag) 5 8
Neuro developmental Disorders (A7) 1 1
Sleep Disorders (As) 9 10
Mental disorder (Ay) 2 3
Dissociative identity disorder (Aio) 10 9
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FIGURE 6. Ranking of psychiatric disorder by one DM and three DMs when Cy and Cg are
removed.

Case 2 (Removing the criteria Cy and Csg)

After diagnosing patient V3, it is reported that there are fewer symptoms on average, including Excessive
fears or worries or extreme feelings of guilt (C3) and Insomnia (Cs). So, the ratings of Cy and Cg are removed.
The ranking so obtained, considering this case, indicates that the patient is also suffering from Az, i.e., a
neurodevelopment disorder.

In this case, Table 12 and Figure 6 show that A; is at 1st rank and remaining disorders such as
Ay, Ag, As, Ay, As, Ag, Ag, Ag, A1 are at rank 4, 3, 7, 6, 8, 5, 9, 2, 10, respectively for single DM and 4, 2,
7,5, 6,8, 10, 3, 9, respectively for three DMs.

Case 3 (Removing the criteria C5 and Cjg)

After diagnosing patient V3, it is found that there are no issues with the symptoms of Severe fluctuations in
mood of highs and lows (C3) and Significant alterations in eating behaviours (Cg). Therefore, the ranking shows
that the alternative disorder A7 is ranked one. That means, the patient is suffering from a neurodevelopment
disorder.
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TABLE 13. Ranking between one DM and three DMs using MCDM method PROMETHEE by
removing the criteria Extreme mood change (C3) and Major changes in eating habits (C6).

Alternative One DM Three DMs
Mood Disorders (A1) 5 5

Anxiety Disorders (A2) 2 2
Personality Disorders (As) 7 6
Obsessive-Compulsive & Related Disorders (A4) 6 7

Trauma and Stressor-Related Disorders (As) 4 3

Eating Disorders (Ag) 10 9

Neuro developmental Disorders (Ar) 1 1

Sleep Disorders (As) 8 8

Mental disorder (Ay) 3 4
Dissociative identity disorder (Aio) 9 10
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FI1GURE 7. Ranking of psychiatric disorder by one DM and three DMs when C5 and Cj are
removed.

Table 13 and Figure 7 depict that the alternative disorder A; is at rank 1. Also, the remaining disorder of
alternatives Ay, Ao, Az, Ay, As, Ag, Ag, Ag, A1g are at rank 5, 2, 7, 6, 4, 10, 8, 3, 9, respectively for one DM and
5,2,6,7,3,9, 8, 4, 10, respectively for three DMs.

Considering these three cases of individual disorder patients and transforming the linguistic rating to
IVTrPFN, the rankings obtained are represented in Tables 11, 12 and 13 and Figures 5, 6 and 7, respectively.
From the three sensitivity cases, it can be concluded that when factors are removed or weights are changed, the
rank of the alternatives changes simultaneously.

8.2. Comparative analysis

To check the consistency and reliability of our proposed model, we conduct a comparative analysis of two
sub-cases, one DM and three DMs data sets, using multiple MCDM based ranking methodologies. In addition
to the PROMETHEE method, we use four other fuzzy MCDM techniques, including ELECTRE ([7], TOPSIS
[65], WASPAS [49] and CoCoSo [82] methods. Tables 14 and 15 present the ranks of alternative disorders in
five different methods under the IVPTrFNs environment, using single DM and three DMs, respectively.
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TABLE 14. Comparison of our proposed work with some existing methodologies based on one DM.

Alternative ELECTRE TOPSIS WASPAS CoCoSo PROMETHEE
Mood Disorders (A1) 4 4 4 4 4
Anxiety Disorders (A2) 2 2 2 2 2
Personality Disorders (As) 10 10 10 9 7
Obsessive-Compulsive & Related D. 3 7 6 5 6
(Aa)
Trauma and Stressor-Related D. (A45) 7 5 5 6 5
Eating Disorders (Ag) 8 8 8 7 8
Neurodevelopmental Disorders (A7) 1 1 1 1 1
Sleep Disorders (As) 9 9 9 10 9
Mental disorder (Ag) 6 3 3 3 3
Dissociative identity disorder (A1o) 5 6 7 8 10
1 DM
1
2
3 ‘
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= COCOSO 4 2 10 6 5 8 1 9 3 7
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= TOPSIS 4 2 10 7 5 8 1 9 3 6
ELECTRE 4 2 10 F | 7 8 1 9 6 5
=PROMETHEE 4 2 7 6 5 8 1 9 3 10
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FiGURE 8. Ranking of different psychiatric disorders by 1 DM using MCDM methods.

Table 14 and Figure 8 depict that the disorder A7 is at rank one for each MCDM technique and the ranks
of the remaining disorders are slightly changed. For all five methods, A; is at rank 4, A is at rank 2, Ag is
at rank 8, Ag is at rank 9, and Az is at rank 10 for all four methods except the PROMETHEE method. In
PROMETHHE, Aj is at rank 7. Furthermore, A4 ranks 6th by the WASPAS, COCOSO, and PROMETHEE
methods, 7th by the TOPSIS method, and 3rd by the ELECTRE method. Then, As is at rank 5 for all four
methods except the ELECTRE method, for which As is at rank 7. Furthermore, Ag is ranked 3rd for all
four methods, except for the ELECTRE method, for which Ag is ranked 6. Additionally, A;qg is ranked 7 for
the WASPAS and CoCoSo methods, 6 for the TOPSIS method, 5 for the ELECTRE method and 10 for the
PROMETHEE method, respectively. Therefore, based on the evaluation of a single decision-maker, the patient
is determined to be suffering from disorder Ay, i.e., neurodevelopment disorder.

Table 15 and Figure 9 depict that the disorder A7 is at rank 1 for each MCDM technique and the ranks of the
remaining disorders are slightly changed. For all five methods, As is at rank 2. Furthermore, A3 ranks 9th by
the CoCoSo, TOPSIS, and ELECTRE methods, 10th by the WASPAS method and 7th by the PROMETHEE
method. Then, A4 is ranked 5th by the CoCoSo and WASPAS methods, 7th by the TOPSIS method, 3rd by
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TABLE 15. A comparison of our proposed work with some existing methodologies based on

three DMs.
Alternative ELECTRE TOPSIS WASPAS CoCoSo PROMETHEE
Mood Disorders (A1) 5 5 4 4 4
Anxiety Disorders (Az) 2 2 2 2 2
Personality Disorders (As) 9 10 10 10 7
Obsessive-Compulsive & Related D. 3 7 5 6 6
(Aa)
Trauma and Stressor-Related D. (45) 6 4 6 5 5
Eating Disorders (Ag) 7 8 9 8 8
Neuro developmental Disorders (A7) 1 1 1 1 1
Sleep Disorders (As) 8 10 8 9 9
Mental disorder (Ay) 4 3 3 3 3
Dissociative identity disorder (A1) 10 6 7 7 10
3 DM
1
2
3
4
5
e 6
2 7
s o
9
10 L
Al A2 A3 A4 As A6 A7 As A9 Al0
= COCOS0 4 2 9 5 6 7 1 10 3 8
= WASPAS 4 2 10 5 6 9 1 8 3 7
= TOPSIS 5 2 9 7 4 8 1 10 3 6
ELECTRE 5 2 9 3 6 7 1 8 4 10
=PROMETHEE 4 2 7 6 5 8 1 9 3 10

HCOCOSO ®=WASPAS umTOPSIS ELECTRE =PROMETHEE

FI1GURE 9. Ranking of different psychiatric disorders by three DMs using MCDM methodologies.

the ELECTRE method and 6th by the PROMETHEE method, respectively. After that, A5 is ranked 6th by
the CoCoSo, WASPAS, and ELECTRE methods, 4th by the TOPSIS method and 5th by the PROMETHEE
method, respectively. Then, Ag is ranked 7th by the CoCoSo and ELECTRE methods, 9th by the WASPAS
method and 8th by the TOPSIS and PROMETHEE methods. Additionally, Ag is ranked 10th by the COCOSO
and TOPSIS methods, 8th by the WASPAS and ELECTREE methods and 9th by the PROMETHEE method.
Then, Ag is at rank 3rd by all four methods except the ELECTREE method, in which Ag is at rank 4. Lastly,
Ajp is ranked 8th by the CoCoSo method, 7th by the WASPAS method, 6th by the TOPSIS method, and 10th
by both the ELECTRE and WASPAS methods. Therefore, we can also say that the patient is suffering from
the disorder A7, i.e., neurodevelopment disorder, according to the three decision-makers (DMs).

9. CONCLUSIONS AND FUTURE RESEARCH SCOPE

This section outlines the research implications of the proposed model and its potential real-life applications.
Additionally, the limitations and future research scope are described for further studies.
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9.1. Research implication

Diagnosing psychiatric disorders is a complex process that often involves integrating multiple sources of
information and making decisions under uncertainty. The Interval-Valued Pythagorean Trapezoidal Fuzzy Multi-
Criteria Decision Making (IVPTrF-MCDM) technique is a method used to handle uncertainty and ambiguity
in decision-making processes. When applied to psychiatric diagnosis, this technique can have several practical
implications:

(1) For diagnosing a psychiatric disorder in a patient, doctors can incorporate numerous criteria and information
sources using the IVPTrF-MCDM approach. When compared to conventional approaches that depend solely
on a single criterion or subjective judgement, this can result in more informed and accurate diagnostic
judgements.

(2) By considering multiple criteria and factors simultaneously, the IVPTrF-MCDM technique can help clin-
icians tailor treatment plans to the specific needs of individual patients. This personalized approach may
lead to better treatment outcomes and improved patient satisfaction.

(3) Traditional diagnostic methods may be susceptible to bias, such as clinician preferences or preconceptions.
The IVPTrF-MCDM technique offers a systematic and objective approach to decision making, helping to
minimize bias and ensure that diagnoses are based on relevant clinical evidence.

(4) When the IVPTrF-MCDM approach is used for psychiatric diagnosis, it can produce information and
insights that support ongoing studies for mental healthcare quality improvement. Through a methodical
assessment of the efficacy of various diagnostic criteria and decision-making methodologies, healthcare
professionals can discern optimal practices and gradually enhance diagnostic procedures.

(5) Detecting various psychological issues in the initial stage can be helpful for the patient and get in good
physical and mental condition. Furthermore, this model can be extended and applied to the diagnosis and
prediction of various diseases, thereby contributing to a healthier environment.

Overall, the integration of interval-valued Pythagorean trapezoidal fuzzy numbers and MCDM techniques in
the prediagnosis of psychiatric disorders holds promise for improving diagnostic accuracy, personalized treatment
planning, decision support, resource allocation, and methodological advancement in mental healthcare research
and practice.

9.2. Conclusions

Selecting a type of psychiatric disorder patient through the Interval-Valued Pythagorean Trapezoidal Fuzzy
Multiple Criteria Decision-Making (MCDM) technique is a complex process that integrates the principles of
fuzzy logic and decision-making under uncertainty. A more accurate and nuanced depiction of uncertainty in the
diagnosis of psychiatric disorders is made possible by the application of Interval-Valued Pythagorean Trapezoidal
Fuzzy MCDM methods. By recognizing the ambiguity and imprecision included in mental assessments, this
approach offers a more adaptable framework for making decisions. This comprehensive approach helps in making
a more informed decision, considering various aspects of the patient’s condition. Additionally, the defuzzification
technique employed in this paper is a crucial step in fuzzy logic systems, as it transforms fuzzy sets or fuzzy
numbers into crisp values that can be easily interpreted and utilised for decision-making.

The results are calculated by the AHP and PROMETHEE methods in IVPTrFN environments. From the
evaluated results using the fuzzy AHP method, the factor of Detachment from reality (delusions), paranoia,
or hallucinations (C5) receives the optimal weight and the weights of the other factors are shown in Table 9,
respectively. After that, the ranking of the various symptoms of psychiatric disorder by the fuzzy PROMETHEE
methods, the alternative Neuro developmental Disorders (A7) occupied the 1st rank and the remaining alter-
natives ranks are shown in Table 10, respectively. Furthermore, sensitivity analysis and comparative analysis
are conducted to verify the consistency, flexibility, and robustness of the results. Additionally, the research
implications of the proposed study are drawn from the evaluated results.
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9.3. Limitation and future research scope

This study has some limitations. The proposed method involves several parameters, and selecting the linguistic
terms and their values appropriately can be challenging. The choice of parameters can significantly impact the
results, and selecting values that accurately represent the decision-maker’s preferences can be a subjective
process. The criteria, which are selected by the decision maker, could be a limitation. The alternatives must
be chosen based on the specified criteria. On the other hand, it is challenging for experts to evaluate the
criteria weights and rank the alternatives using linguistic terms with their associated interval-valued Pythagorean
trapezoidal fuzzy values.

This research can be extended by considering another type of fuzzy number associated with this method
that involves more decision-makers. Additionally, a novel defuzzification approach can be used to address the
issue. The proposed model can be applied in multiple decision-making optimization techniques according to
the structural framework. Different MCDM techniques may also be incorporated to compare the final ranking
with existing outcomes. However, alternative criteria and approaches can also be employed to address this issue,
which may yield some intriguing results. Further, multiple sensitivity and comparative analysis cases can be
conducted to examine the results.

ACKNOWLEDGMENTS

The authors are grateful to the guide for their valuable suggestions, which helped in modifying the manuscript. Further-
more, all editors and anonymous reviewers are given the opportunity to provide valuable comments and suggestions to
modify this manuscript.

FunbpING

(I) This study received financial support from the University Grants Commission (UGC), India under Ref. No.:
221610157877. (II) This research is also partially supported by DST FIST Program, Govt. of India (Ref. No. SR/FST/MS-
11/2021/101(C)).

CONFLICTS OF INTEREST

All authors declare that there is no conflict of interest in this study and that they have no conflicts of interest among
themselves.

DATA AVAILABILITY STATEMENT

All the necessary data are cited in the article.

REFERENCES

[1] M. Aghamohagheghia, S.M.T. Hashemi and R. Tavakkoli-Moghaddam, Soft computing-based new interval-valued
Pythagorean triangular fuzzy multi-criteria group assessment method without aggregation: application to a trans-
port projects appraisal. Int. J. Eng. 32 (2019) 737-746.

[2] M. Aghamohagheghi, S.M. Hashemi and R. Tavakkoli-Moghaddam, An advanced decision support framework to
assess sustainable transport projects using a new uncertainty modeling tool: interval-valued Pythagorean trape-
zoidal fuzzy numbers. Iran. J. Fuzzy Syst. 18 (2021) 53-73.

[3] F. Ahemad, A.Z. Khan, M.K. Mehlawat, P. Gupta and S.K. Roy, Multi-attribute group decision-making for solid
waste management using interval-valued g-rung orthopair fuzzy COPRAS. RAIRO-Oper. Res. 57 (2023) 1239—
1265.

[4] S. Ahmad, S. Masood, N.Z. Khan, I.A. Badruddin, Ompal, A. Ahmadian, Z.A. Khan and A.H. Khan, Analysing
the impact of the COVID-19 pandemic on the psychological health of people using fuzzy mcdm methods. Oper.
Res. Perspect. 10 (2023) 100263.

[5] H. Akdag, T. Kalayci, S. Karagoz, H. Ziilfikar and D. Giz, The evaluation of hospital service quality by fuzzy
MCDM. Appl. Soft Comput. 23 (2014) 239-248.

[6] M. Akram, M. Sultan, A. Adeel and M.M.A. Al-Shamiri, Pythagorean fuzzy n-soft PROMETHEE approach: a
new framework for group decision making. AIMS Math. 8 (2023) 17354-17380.



3884

[7]

[10]

[11]

[12]

[13]
[14]
[15]
[16]
[17]
18]
[19]
[20]
21]

22]
23]

[24]

[25]

[26]
[27]

[28]

[29]

S. MANDAL ET AL.

M.M.A. Al-Shamiri, A. Farooq, M. Nabeel, G. Ali and D. Pamiucar, Integrating topsis and electre-i methods
with cubic m-polar fuzzy sets and its application to the diagnosis of psychiatric disorders. AIMS Math. 8 (2023)
11875-11915.

A. Alamin, M. Rahaman, K.H. Gazi, S. Alam and S.P. Mondal, Solution and analysis of coupled homogeneous
linear intuitionistic fuzzy difference equation. Trans. Fuzzy Sets Syst. 5 (2025) 1-17.

A.H. Alamoodi, B.B. Zaidan, O.S. Albahri, S. Garfan, I.Y.Y. Ahmaro, R.T. Mohammed, A.A. Zaidan, A.R.
Ismail, A.S. Albahri, F. Momani, M.S. Al-Samarraay, A.N. Jasim and R.Q. Malik, Systematic review of MCDM
approach applied to the medical case studies of COVID-19: trends, bibliographic analysis, challenges, motivations,
recommendations, and future directions. Complez Intell. Syst. 9 (2023) 4705-4731.

A. Alamoodi, O. Zughoul, D. David, S. Garfan, D. Pamucar, O. Albahri, A. Albahri, S. Yussof and I.M. Sharaf, A
novel evaluation framework for medical LLMS: combining fuzzy logic and MCDM for medical relation and clinical
concept extraction. J. Med. Syst. 48 (2024) 81.

A.S. Albahri, A.A. Zaidan, H.A. AlSattar, R.A. Hamid, O.S. Albahri, S. Qahtan and A.H. Alamoodi, Towards
physician’s experience: development of machine learning model for the diagnosis of autism spectrum disorders
based on complex T-spherical fuzzy-weighted zero-inconsistency method. Comput. Intell. 39 (2023) 225-257.
M.E. Alqgaysi, A.S. Albahri and R.A. Hamid, Hybrid diagnosis models for autism patients based on medical and
sociodemographic features using machine learning and multicriteria decision-making (MCDM) techniques: an eval-
uation and benchmarking framework. Comput. Math. Methods Med. 2022 (2022) 9410222.

F. Altun, R. Sahin and C. Giiler, Multi-criteria decision making approach based on PROMETHEE with proba-
bilistic simplified neutrosophic sets. Soft Comput. 24 (2020) 4899-4915.

S. Ashraf, S. Abdullah and S. Khan, Fuzzy decision support modeling for internet finance soft power evaluation
based on sine trigonometric Pythagorean fuzzy information. J. Ambient Intell. Humanized Comput. 12 (2021)
3101-3119.

K.T. Atanassov, Intuitionistic fuzzy sets. Fuzzy Sets Syst. 20 (1986) 87-96.

E. Ayyildiz and A.T. Gumus, Interval-valued Pythagorean fuzzy AHP method-based supply chain performance
evaluation by a new extension of scor model: Scor 4.0. Complex Intell. Syst. 7 (2021) 559-576.

E. Ayyildiz, A. Yildiz, A. Taskin and C. Ozkan, An interval valued Pythagorean fuzzy AHP integrated quality
function deployment methodology for hazelnut production in Turkey. Ezpert Syst. App. 231 (2023) 120708.

I. Badi, M.B. Bouraima, Q. Yanjun and W. Qingping, Advancing sustainable logistics and transport systems in
free trade zones: a multi-criteria decision-making approach for strategic sustainable development. Int. J. Sustain.
Dev. Goals 1 (2025) 45-55.

R.J. Baldessarini, Psychiatric disorders. Pharmacol. Basis Ther. 391 (1980) 14-22.

M. Behzadian, R. Kazemzadeh, A. Albadvi and M. Aghdasi, PROMETHEE: a comprehensive literature review on
methodologies and applications. Eur. J. Oper. Res. 200 (2010) 198-215.

J.P. Brans, R. Nadeau and M. Landry, Elaboration dinstruments daide a la decision. Methode PROMETHEE.
Laide a la Decision: Nature, Instruments et perspectives Davenir (1982) 183-214.

E. Castrén, Neurotrophins and psychiatric disorders. Neurotrophic Factors 220 (2014) 461-479.

M.-H. Chang, J. J. H. Liou and H.-W. Lo, A hybrid MCDM model for evaluating strategic alliance partners in the
green biopharmaceutical industry. Sustainability 11 (2019) 4065.

M. Chang, F.Y. Womer, X. Gong, X. Chen, L. Tang, R. Feng, S. Dong, J. Duan, Y. Chen, R. Zhang, Y. Wang,
S. Ren, Y. Wang, J. Kang, Z. Yin, Y. Wei, S. Wei, X. Jiang, K. Xu, B. Cao, Y. Zhang, W. Zhang, Y. Tang, X. Zhang
and F. Wang, Identifying and validating subtypes within major psychiatric disorders based on frontal-posterior
functional imbalance via deep learning. Mol. Psychiatry 26 (2021) 2991-3002.

R. Chutia, Ordering intuitionistic fuzzy numbers by a convex combination of values and multiple of ambiguity
inclusion functions with ambiguities of membership and nonmembership functions. Int. J. Intell. Syst. 36 (2021)
5785-5815.

W.C. Cockerham, Sociology of mental disorder. Routledge 11 (2020) 384.

S. Dalsgaard, E. Thorsteinsson, B.B. Trabjerg, J. Schullehner, O. Plana-Ripoll, I. Brikell, T. Wimberley, M. Thyge-
sen, K.B. Madsen, A. Timmerman, D. Schendel, J.J. McGrath, P.B. Mortensen and C.B. Pedersen, Incidence rates
and cumulative incidences of the full spectrum of diagnosed mental disorders in childhood and adolescence. JAMA
Psychiatry 77 (2020) 155-164.

K. Debnath and S.K. Roy, Power partitioned neutral aggregation operators for t-spherical fuzzy sets: an application
to he refuelling site selection. Expert Syst. App. 216 (2023) 119470.

K. Debnath and S.K. Roy, Maclaurin symmetric mean operator-based MADM approach for type-2 intuitionistic
fuzzy sets, in Strategic Fuzzy Extensions and Decision-making Techniques. CRC Press (2024) 107-134.



[30]
31]

32]

33]
[34]
[35]
[36]

[37]

[38]
[39]
[40]
[41]
[42]
[43]

[44]

[45]
[46]
[47]

[48]

[49]

[50]

[51]

[52]
[53]

IVPTRFN MCDM TECHNIQUE FOR PSYCHIATRIC DISORDER DIAGNOSIS 3885

K. Debnath, S.K. Roy, M. Deveci and H. Tom&skova, Integrated MADM approach based on extended MABAC
method with Aczel-Alsina generalized weighted Bonferroni mean operator. Artif. Intell. Rev. 58 (2025) 27.

G. Demir, Fuzzy multi-criteria decision-making based security management: risk assessment and countermeasure
selection in smart cities. Knowl. Decis. Syst. App. 1 (2025) 70-91.

Y. Dorfeshan, A.A. Taleizadeh and M. Toloo, Assessment of risk-sharing ratio with considering budget constraint
and disruption risk under a triangular Pythagorean fuzzy environment in public—private partnership projects.
Expert Syst. App. 203 (2022) 117245.

P.A. Ejegwa, Improved composite relation for Pythagorean fuzzy sets and its application to medical diagnosis.
Granular Comput. 5 (2020) 277-286.

D. Farooq, H.W. Igbal, A. Farooq and M. Awais, Assessing critical road hazard factors for sustainable development
in cities. Int. J. Sustain. Dev. Goals 1 (2025) 1-9.

E. Feldman, R. Mayou, K. Hawton, M. Ardern and E.B.O. Smith, Psychiatric disorder in medical in-patients.
QJM: Int. J. Med. 63 (1987) 405-412.

D. Freeman, B. Sheaves, F. Waite, A.G. Harvey and P.J. Harrison, Sleep disturbance and psychiatric disorders.
Lancet Psychiatry 7 (2020) 628-637.

F. Fregni, M.M. El-Hagrassy, K. Pacheco-Barrios, S. Carvalho, J. Leite, M. Simis, J. Brunelin, E.M. Nakamura-
Palacios, P. Marangolo, G. Venkatasubramanian, D. San-Juan, W. Caumo, M. Bikson, A.R. Brunoni and N.C.W.
Group, Evidence-based guidelines and secondary meta-analysis for the use of transcranial direct current stimulation
in neurological and psychiatric disorders. Int. J. Neuropsychopharmacol. 24 (2021) 256-313.

S. Garcia-Ayllon, E. Hontoria and N. Munier, The contribution of MCDM to SUMP: the case of Spanish cities
during 2006-2021. Int. J. Environ. Res. Publ. Health 19 (2022) 294.

S.S. Goswami and D.K. Behera, Evaluation of the best smartphone model in the market by integrating fuzzy-AHP
and PROMETHEE decision-making approach. Decision 48 (2021) 71-96.

S.B. Guessoum, J. Lachal, R. Radjack, E. Carretier, S. Minassian, L. Benoit and M.R. Moro, Adolescent psychiatric
disorders during the COVID-19 pandemic and lockdown. Psychiatry Res. 291 (2020) 113264.

A. Guleria and R.K. Bajaj, On Pythagorean fuzzy soft matrices, operations and their applications in decision
making and medical diagnosis. Soft Comput. 23 (2019) 7889-7900.

F.K. Giindogdu and C. Kahraman, A novel spherical fuzzy analytic hierarchy process and its renewable energy
application. Soft Comput. 24 (2020) 4607-4621.

M. Henderson, S.B. Harvey, S. @verland, A. Mykletun and M. Hotopf, Work and common psychiatric disorders.
J. R. Soc. Med. 104 (2011) 198-207.

E. Hertenstein, E. Trinca, M. Wunderlin, C.L. Schneider, M. A. Ziist, K.D. Fehér, T. Su, A.V. Straten, T. Berger,
C. Baglioni, A. Johann, K. Spiegelhalder, D. Riemann, B. Feige and C. Nissen, Cognitive behavioral therapy for
insomnia in patients with mental disorders and comorbid insomnia: a systematic review and meta-analysis. Sleep
Med. Rev. 62 (2022) 101597.

J. Horn, D.E. Mayer, S. Chen and E.A. Mayer, Role of diet and its effects on the gut microbiome in the patho-
physiology of mental disorders. Translational Psychiatry 12 (2022) 164.

Z. Hua and X. Jing, A generalized shapley index-based interval-valued Pythagorean fuzzy PROMETHEE method
for group decision-making. Soft Comput. 27 (2023) 6629-6652.

Y.-H. Huang and G.-W. Wei, TODIM method for interval-valued Pythagorean fuzzy multiple attribute decision
making. Int. J. Knowl. Intell. Eng. Syst. 22 (2018) 249-259.

A. Hussain and M. Ali, A critical estimation of ideological and political education for sustainable development goals
using an advanced decision-making model based on intuitionistic fuzzy Z-numbers. Int. J. Sustain. Dev. Goals 1
(2025) 23-44.

E. Ilbahar and C. Kahraman, Retail store performance measurement using a novel interval-valued Pythagorean
fuzzy waspas method. J. Intell. Fuzzy Syst. 35 (2018) 3835-3846.

S.M.J. Jalali, M. Ahmadian, S. Ahmadian, A. Khosravi, M. Alazab and S. Nahavandi, An oppositional-Cauchy-
based GSK evolutionary algorithm with a novel deep ensemble reinforcement learning strategy for COVID-19
diagnosis. Appl. Soft Comput. 111 (2021) 107675.

S.S. Joudar, A. Albahri and R.A. Hamid, Intelligent triage method for early diagnosis autism spectrum disorder
(ASD) based on integrated fuzzy multi-criteria decision-making methods. Inf. Med. Unlocked 36 (2023) 101131.
K.S. Kendler, The nature of psychiatric disorders. World Psychiatry 15 (2016) 5-12.

K.S. Kendler, P. Zachar and C. Craver, What kinds of things are psychiatric disorders? Psychol. Med. 41 (2011)
1143-1150.



3886

[54]

[55]

[56]

57)
58]
59]
[60]
61]
(62)

[63]

[64]
[65]
[66]
[67]
[68]
[69]

[70]

[71]
[72]
73]
[74]
[75]
[76]

[77]

S. MANDAL ET AL.

M.R. Khan, K. Ullah, A. Raza, Z. Ali, T. Senapati, D. Esztergar-Kiss and S. Moslem, Evaluating safety in Dublin’s
bike-sharing system using the concept of intuitionistic fuzzy rough power aggregation operators. Measurement 253
(2025) 117553.

S.U. Khan, F. Hussain, T. Senapati, S. Hussain, Z. Ali, D. Esztergdr-Kiss and S. Moslem, Analysis of computer
communication networks based on evaluation of domination and double domination for interval-valued ¢-spherical
fuzzy graphs and their applications in decision-making problems. Eng. App. Artif. Intell. 139 (2025) 109650.

R. Krishankumar, K.S. Ravichandran and S. AB, A new extension to PROMETHEE under intuitionistic fuzzy
environment for solving supplier selection problem with linguistic preferences. Appl. Soft Comput. 60 (2017) 564—
576.

V. Kumar, VlseKriterijumska Optimizacija I Kompromisno Resenj (VIKOR) method: MCDM approach for the
medical diagnosis of vector-borne diseases. J. Comput. Cognitive Eng. 3 (2024) 240-251.

V. Kumar, P. Vrat and R. Shankar, MCDM model to rank the performance outcomes in the implementation of
Industry 4.0. Benchmarking: Int. J. 31 (2024) 1453-1491.

M.V. Lakshmi and J. Dhivya, A distance measure for intuitionistic fuzzy multicriteria decision making in pattern
recognition and medical diagnosis. IETE J. Res. 75 (2025) 7-16.

L.Z. Li and S. Wang, Prevalence and predictors of general psychiatric disorders and loneliness during COVID-19
in the United Kingdom. Psychiatry Res. 291 (2020) 113267.

H. Li, Y. Cao, L. Su and Q. Xia, An interval Pythagorean fuzzy multi-criteria decision making method based on
similarity measures and connection numbers. Information 10 (2019) 80.

D.M. Low, K.H. Bentley and S.S. Ghosh, Automated assessment of psychiatric disorders using speech: a systematic
review. Laryngoscope Invest. Otolaryngol. 5 (2020) 96-116.

Z. Ma, J. Zhao, Y. Li, D. Chen, T. Wang, Z. Zhang, Z. Chen, Q. Yu, J. Jiang, F. Fan and X. Liu, Mental health
problems and correlates among 746 217 college students during the coronavirus disease 2019 outbreak in China.
Epidemiol. Psychiatric Sci. 29 (2020) e181.

C. Macharis, J. Springael, K.D. Brucker and A. Verbeke, Promethee and AHP: the design of operational synergies
in multicriteria analysis: strengthening PROMETHEE with ideas of AHP. Eur. J. Oper. Res. 153 (2004) 307-317.
S. Mandal, K.H. Gazi, S. Salahshour, S.P. Mondal, P. Bhattacharya and A.K. Saha, Application of interval valued
intuitionistic fuzzy uncertain MCDM methodology for Ph.D supervisor selection problem. Results Control Optim.
15 (2024) 100411.

R. Mayou and K. Hawton, Psychiatric disorder in the general hospital. Br. J. Psychiatry 149 (1986) 172-190.

M. Mengi and D. Malhotra, A systematic literature review on traditional to artificial intelligence based socio-
behavioral disorders diagnosis in India: challenges and future perspectives. Appl. Soft Comput. 129 (2022) 109633.
M.U. Molla, B.C. Giri and P. Biswas, Extended PROMETHEE method with Pythagorean fuzzy sets for medical
diagnosis problems. Soft Comput. 25 (2021) 4503-4512.

A. Mollmann, N. Heinrichs and A. Herwig, A conceptual framework on body representations and their relevance
for mental disorders. Front. Psychol. 14 (2024) 1231640.

N.C. Momen, O. Plana-Ripoll, E. Agerbo, M.E. Benros, A.D. Bgrglum, M.K. Christensen, S. Dalsgaard, L. Degen-
hardt, P. de Jonge, J.C.P. Debost and M. Fenger-Grgn, Association between mental disorders and subsequent
medical conditions. New England J. Med. 382 (2020) 1721-1731.

A.F. Momena, S. Mandal, K.H. Gazi, B.C. Giri and S.P. Mondal, Prediagnosis of disease based on symptoms by
generalized dual hesitant hexagonal fuzzy multi-criteria decision-making techniques. Systems 11 (2023) 231.

A.F. Momena, K.H. Gazi, M. Rahaman, A. Sobczak, S. Salahshour, S.P. Mondal and A. Ghosh, Ranking and
challenges of supply chain companies using MCDM methodology. Logistics 8 (2024) 1-32.

A.F. Momena, K.H. Gazi and S.P. Mondal, Multi-criteria decision analysis for sustainable medicinal supply chain
problems with adaptability and challenges issues. Logistics 9 (2025) 1-32.

A. Mondal, S.K. Roy and M. Deveci, Regret-based domination and prospect-based scoring in three-way decision
making using g-rung orthopair fuzzy Mahalanobis distance. Artif. Intell. Rev. 56 (2023) 2311-2348.

S. Moslem, A novel parsimonious spherical fuzzy analytic hierarchy process for sustainable urban transport solu-
tions. Eng. App. Artif. Intell. 128 (2024) 107447.

S. Moslem, Evaluating commuters’ travel mode choice using the z-number extension of parsimonious best worst
method. Appl. Soft Comput. 173 (2025) 112918.

N. Mullins, J. Kang, A.I. Campos, J.R. Coleman, A.C. Edwards, H. Galfalvy, D.F. Levey, A. Lori, A. Shabalin, A.
Starnawska and M.H. Su, Dissecting the shared genetic architecture of suicide attempt, psychiatric disorders and
known risk factors. Biol. Psychiatry 91 (2022) 313-327.



78]
[79)
80]
81]
82]
83)
84]

[85]

[86]
[87]
[88]
[89]
[90]

[91]
[92]

(93]

[94]

[95]

[96]

[97]
(98]
[99]

100]

[101]

IVPTRFN MCDM TECHNIQUE FOR PSYCHIATRIC DISORDER DIAGNOSIS 3887

M. Munir, N. Kausar and S.I. Khan, Generalized fuzzy sets and their applications in purchase satisfaction, personnel
posting, and disease diagnosis. Soft Comput. 27 (2023) 3907-3920.

K. Naeem, M. Riaz and F. Karaaslan, A mathematical approach to medical diagnosis via Pythagorean fuzzy soft
TOPSIS, VIKOR and generalized aggregation operators. Complez Intell. Syst. 7 (2021) 2783-2795.

K. Nemani, C. Li, M. Olfson, E.M. Blessing, N. Razavian, J. Chen, E. Petkova and D.C. Goff, Association of
psychiatric disorders with mortality among patients with COVID-19. JAMA Psychiatry 78 (2021) 380-386.

L. Oubahman, S. Duleba and D. Esztergar-Kiss, Analyzing university students’ mode choice preferences by using
a hybrid AHP group-PROMETHEE model: evidence from Budapest city. Eur. Transp. Res. Rev. 16 (2024) 8.

D. Pamucar and O.F. Gérgiin, Evaluation of the European container ports using a new hybrid fuzzy LBWA-
CoCoSo’B techniques. Ezpert Syst. App. 203 (2022) 117463.

O. Parkash and R. Kumar, Modified fuzzy divergence measure and its applications to medical diagnosis and MCDM.
Risk Decis. Anal. 6 (2017) 231-237.

R. Peijia, X. Zeshui, L. Huchang and Z. Xiao-Jun, A thermodynamic method of intuitionistic fuzzy MCDM to
assist the hierarchical medical system in China. Inf. Sci. 420 (2017) 490-504.

A. Perez-Aguilar, M. Ortiz-Barrios, P. Pancardo and F. Orrante-Weber-Burque, A hybrid fuzzy MCDM approach
to identify the intervention priority level of COVID-19 patients in the emergency department: a case study. Int.
Conf. Human-Comput. Interaction 14029 (2023) 284-297.

S. Ping Wan, W. Chang Zou, L. Gen Zhong and J. Ying Dong, Some new information measures for hesitant fuzzy
PROMETHEE method and application to green supplier selection. Soft Comput. 24 (2020) 9179-9203.

K. Rahman, S. Abdullah and M.S.A. Khan, Some interval-valued Pythagorean fuzzy Einstein weighted averaging
aggregation operators and their application to group decision making. J. Intell. Syst. 29 (2018) 393-408.

M. Rahaman, D. Chalishajar, K.H. Gazi, S. Alam, S. Salahshour and S.P. Mondal, Fractional calculus for type 2
interval-valued functions. Fractal Fract. 9 (2025) 102.

P. Ren, Z. Xu and X. Gou, Pythagorean fuzzy TODIM approach to multi-criteria decision making. Appl. Soft
Comput. 42 (2016) 246-259.

J. Roy, A. Ranjan and A. Debnath, An extended multi attributive border approximation area comparison using
interval type-2 trapezoidal fuzzy numbers. Preprint arXiv:1607.01254v3 (2016).

T.L. Saaty, How to make a decision: the analytic hierarchy process. Eur. J. Oper. Res. 48 (1990) 9-26.

W.M. Sabry and A. Vohra, Role of Islam in the management of psychiatric disorders. Indian J. Psychiatry 55
(2013) S205-S214.

M. Safaei, E.A. Sundararajan, S. Asadi, M. Nilashi, M.J.A. Aziz, M.S. Saravanan, M. Abdelhaq and R. Alsaqour,
A hybrid MCDM approach based on fuzzy-logic and dematel to evaluate adult obesity. Int. J. Environ. Res. Publ.
Health 19 (2022) 15432.

M.M. Sati, B. Joshi, T. Pal, N. Kumar, A. Singh and S. Goyal, Ambiguous fuzzy Einstein geometric operator:
utilizing to analyze power generation techniques, in 2024 2nd International Conference on Disruptive Technologies
(ICDT) (2024) 1536-1541.

K.W. Scangos, M.W. State, A.H. Miller, J.T. Baker and L.M. Williams, New and emerging approaches to treat
psychiatric disorders. Nat. Med. 29 (2023) 317-333.

M. Shakeel, S. Abdullah, M. Shahzad and N. Siddiqui, Geometric aggregation operators with interval-valued
Pythagorean trapezoidal fuzzy numbers based on Einstein operations and their application in group decision
making. Int. J. Mach. Learn. Cybern. 10 (2019) 2867—2886.

M. Shakeel, S. Abdullah, M.S.A. Khan and K. Rahman, Averaging aggregation operators with interval Pythagorean
trapezoidal fuzzy numbers and their application to group decision making. Punjab Univ. J. Math. 50 (2020).

Z. Simgir, H. Kog, T. Seki and M.D. Griffiths, The relationship between fear of COVID-19 and mental health
problems: a meta-analysis. Death Stud. 46 (2022) 515-523.

P. Singh, K.H. Gazi, M. Rahaman, T. Basuri and S.P. Mondal, Solution strategy and associated results for fuzzy
mellin transformation. Franklin Open 7 (2024) 100112.

M. Solmi, J. Radua, M. Olivola, E. Croce, L. Soardo, G.S. de Pablo, J.I. Shin, J.B. Kirkbride, P. Jones, J.H.
Kim, J.Y. Kim, A.F. Carvalho, M.V. Seeman, C.U. Correll and P. Fusar-Poli, Age at onset of mental disorders
worldwide: large-scale meta-analysis of 192 epidemiological studies. Mol. Psychiatry 27 (2022) 281-295.

K.F. Sotiropoulou, A.P. Vavatsikos and P.N. Botsaris, A hybrid AHP-PROMETHEE II onshore wind farms mul-
ticriteria suitability analysis using KNN and SVM regression models in Northeastern Greece. Renewable Energy
221 (2024) 119795.


https://arxiv.org/abs/1607.01254v3

3888 S. MANDAL ET AL.

[102] A. Srivastava and P.K. Mishra, Energy efficient clustering using modified PROMETHEE-II and AHP approach in
wireless sensor networks. Multimedia Tools App. 82 (2023) 47049-47080.

[103] M.J.P. Staab, C.J. Datto, R.M. Weinrieb, P. Gariti, M. Rynn and D.L. Evans, Detection and diagnosis of psychiatric
disorders in primary medical care settings. Med. Clin. North Am. 85 (2001) 579-596.

[104] D.J. Stein, S.J. Shoptaw, D.V. Vigo, C. Lund, P. Cuijpers, J. Bantjes, N. Sartorius and M. Maj, Psychiatric
diagnosis and treatment in the 21st century: paradigm shifts versus incremental integration. World Psychiatry 21
(2022) 393-414.

[105] J. Sun, Q.-X. Dong, S.-W. Wang, Y.-B. Zheng, X.-X. Liu, T.-S. Lu, K. Yuan, J. Shi, B. Hu, L. Lu and Y. Han,
Artificial intelligence in psychiatry research, diagnosis and therapy. Asian J. Psychiatry 87 (2023) 103705.

[106] M.H. Teicher, J.B. Gordon and C.B. Nemeroff, Recognizing the importance of childhood maltreatment as a critical
factor in psychiatric diagnoses, treatment, research, prevention and education. Mol. Psychiatry 27 (2022) 1331—
1338.

[107] J. Torkzadeh, S.N.S. Shahzadi, T. Allahviranloo and M. Shahriari, An interval-valued Pythagorean fuzzy group
AHP-PROMETHEE approach for organizational behavior assessment and ranking in higher education of Iran
considering environmental criteria. Soft Comput. (2023) 1-16.

[108] M. Tougeer, R. Umer and M.I. Ali; A chance-constraint programming model with interval-valued Pythagorean
fuzzy constraints. J. Intell. Fuzzy Syst. 40 (2021) 11183-11199.

[109] G. van de Kaa, J. Rezaei, L. Kamp and A. de Winter, Photovoltaic technology selection: a fuzzy MCDM approach.
Renewable Sustain. Energy Rev. 32 (2014) 662-670.

[110] F.X. Vollenweider and K.H. Preller, Psychedelic drugs: neurobiology and potential for treatment of psychiatric
disorders. Nat. Rev. Neurosci. 21 (2020) 611-624.

[111] T. Wang, L. Zhang, B. Huang and X. Zhou, Three-way conflict analysis based on interval-valued Pythagorean
fuzzy sets and prospect theory. Artif. Intell. Rev. 56 (2023) 6061-6099.

[112] Y. Wang, W. Wang, Z. Wang, M. Deveci, S.K. Roy and S. Kadry, Selection of sustainable food suppliers using the
Pythagorean fuzzy CRITIC-MARCOS method. Inf. Sci. 664 (2024) 120326.

[113] W. Wu, Probabilistic linguistic PROMETHEE I and II methods for evaluation of the reform scheme of postgraduate
innovation and entrepreneurship education talent training mode under the big data environment. Math. Prob. Eng.
2022 (2022) 8341052.

[114] Y.-X. Xuea, J.-X. Youa, X.-D. Lai and H.-C. Liua, An interval-valued intuitionistic fuzzy MABAC approach for
material selection with incomplete weight information. Ezpert Syst. App. 38 (2016) 703-713.

[115] R.R. Yager, Pythagorean fuzzy subsets. 2013 Joint IFSA World Congress and NAFIPS Annual Meeting (2013)
57-61.

[116] J. Ye and T.-Y. Chen, Pythagorean fuzzy sets combined with the PROMETHEE method for the selection of cotton
woven fabric. J. Nat. Fibers 19 (2022) 12447-12461.

[117] T. Yu Chen, A novel PROMETHEE-based outranking approach for multiple criteria decision analysis with
Pythagorean fuzzy information. IEEE Access 6 (2018) 54495-54506.

[118] C. Yua, Y. Shaoa, K. Wang and L. Zhang, A group decision making sustainable supplier selection approach using
extended TOPSIS under interval-valued Pythagorean fuzzy environment. Expert Syst. App. 121 (2019) 1-17.

[119] L.A. Zadeh, Fuzzy sets. Inf. Control 8 (1965) 338-353.

[120] M.H.F. Zarandi, S. Soltanzadeh, A. Mohammadi and O. Castillo, Designing a general type-2 fuzzy expert system
for diagnosis of depression. Appl. Soft Comput. 80 (2019) 329-341.

[121] E.K. Zavadskas, R. Bausys, A. Kaklauskas and S. Raslanas, Hedonic shopping rent valuation by one-to-one neuro-
marketing and neutrosophic PROMETHEE method. Appl. Soft Comput. 85 (2019) 105832.

[122] S. Zeng, J. Chen and X. Li, A hybrid method for Pythagorean fuzzy multiple-criteria decision making. Int. J. Inf.
Technol. Decis. Making 15 (2016) 403-422.

[123] M. Zhang, T. Zheng, W. Zheng and L. Zhou, Interval-valued Pythagorean hesitant fuzzy set and its application to
multiattribute group decision-making. Complexity 2-20 (2020) 1-26.

[124] Y. Zhang, H. Zhang, X. Ma and Q. Di, Mental health problems during the COVID-19 pandemics and the mitigation
effects of exercise: a longitudinal study of college students in China. Int. J. Environ. Res. Publ. Health 17 (2020)
3722.

[125] G. Zheng, N. Zhu, Z. Tian, Y. Chen and B. Sun, Application of a trapezoidal fuzzy AHP method for work safety
evaluation and early warning rating of hot and humid environments. Saf. Sci. 50 (2012) 228-239.



IVPTRFN MCDM TECHNIQUE FOR PSYCHIATRIC DISORDER DIAGNOSIS 3889

[126] Y. Zhou, X. Zhang, Y. Chen, X. Xu and M. Li, A water-land-energy-carbon nexus evaluation of agricultural
sustainability under multiple uncertainties: the application of a multi-attribute group decision method determined
by an interval-valued intuitionistic fuzzy set. Expert Syst. App. 242 (2024) 122833.

Please help to maintain this journal in open access!

This journal is currently published in open access under the Subscribe to Open model
(S20). We are thankful to our subscribers and supporters for making it possible to
publish this journal in open access in the current year, free of charge for authors and
readers.

Check with your library that it subscribes to the journal, or consider making a personal donation to
the S20 programme by contacting subscribers@edpsciences.org.

More information, including a list of supporters and financial transparency reports,
is available at https://edpsciences.org/en/subscribe-to-open-s2o.


mailto:subscribers@edpsciences.org
https://edpsciences.org/en/subscribe-to-open-s2o

	Introduction
	Motivation of this study
	Research outline

	Literature review
	Literature review on medical diagnosis
	Literature on fuzzy numbers and their extensions
	Background of MCDM methodologies

	Preliminaries of mathematical tools
	Interval-valued Pythagorean fuzzy set (IVPFS)
	Interval-valued Pythagorean trapezoidal fuzzy number (IVPTrFN)
	Arithmetic operations on interval-valued Pythagorean trapezoidal fuzzy number (IVPTrFN)
	Defuzzification of IVPTrFN

	Multi-criteria decision making (MCDM) methods
	Fuzzy analytic hierarchy process (FAHP)
	Preference ranking organization method for enrichment evaluation (PROMETHEE) method
	Pseudo code depicting the empirical study

	Criteria and alternatives for psychiatric disorder diagnosis
	Criteria selection for psychiatric disorder diagnosis
	Different types of psychiatric disorder

	Model structure and data collection
	Numerical illustration and discussion
	Sensitivity analysis and comparative analysis
	Sensitivity analysis
	Case 1 (Removing the criteria C and C)
	Case 2 (Removing the criteria C and C)
	Case 3 (Removing the criteria C and C)

	Comparative analysis

	Conclusions and future research scope
	Research implication
	Conclusions
	Limitation and future research scope

	Funding
	Conflicts of interest
	Data availability statement
	References

