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Abstract

:

The fashion industry represents a significant source of consumerism within the global economy and requires substantial funding, eco-friendly practices, and ethical attitudes towards human capital, which are the triple bottom line of sustainability. Conscious customers are the key to reshaping the fashion industry by shopping and supporting fashion brands that adopt sustainable practices. Thus, the purpose of this study is to extract the factors affecting the decision-making process of conscious customers in selecting fashion brands adopting ethical and sustainable implementations, to present a case study covering alternative fashion brands, and to evaluate them in terms of sustainability measures. A bibliometric analysis is conducted within the scope of this research to address the most suitable and original decision-making technique; hence, a novel neutrosophic set-based ORESTE approach is proposed to rank the alternative brands. Next, after reaching the case study findings, a sensitivity analysis is conducted to illustrate the parameter changes’ impact on the result in order to validate the findings’ outcomes. Thus, this paper contributes to the literature by proposing a novel approach as an alternative to Besson ranking, extracting sustainable and ethical fashion practices of brands, and identifying the related reports and websites as references to measure sustainability in the fashion industry. The practitioners and managers can comprehend the factors to be taken into consideration by assessing the sustainability status of the particular fashion enterprises and can examine their positions in the global market within their competitors.
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1. Introduction


Sustainable fashion includes slow, ethical, and eco-friendly fashion but is a relatively new term in the consumer lexicon of green words because the media has not popularized it [1]. Slow fashion is the slowing of the manufacturing-consumption loop by enhancing sustainability and conserving local resources; it requires longer lead times, reduced workloads, and processes producing high-quality apparel to prolong product life [2]. Ethical fashion entails conscious sourcing, production, and consumption by transparency in economic interactions, living wages for workers, attentiveness to animal welfare, and ethical business practices [3]. To curtail clothing going to landfills, eco-friendly fashion chooses natural-content biodegradable products and recycled, vintage, or second-hand apparel to increase the life cycle of the product and minimize clothing purchases [4].



With over GBP 1 trillion in revenue, the fashion industry plays a major role in the global economy, and fashion brands compete at the highest level. The fashion industry is one of the largest consumers of resources in the global economy, and sustainability efforts depend on fashion firms’ financial footing, eco-friendliness, and ethics. External sustainability incentives exist. London Fashion Week prohibited designers from using animal fur on the catwalks, encouraging companies like Burberry, Gucci, and Versace to go fur-free; Adidas developed clothing salvaged from ocean plastic [5]. Meanwhile, H&M created a “conscious” collection in 2011, and Intimissimi focused on buying back used apparel from customers and reusing it to create new clothing [1].



In creating demand for products, consumers shape the fashion industry [6]. Because customers pay attention to many factors in selecting fashion brands [7], multi-criteria decision-making (MCDM) is a requirement for ranking fashion brands and identifying the best ones [8]. Because there are many MCDM techniques, the methodology must fit the subject. Bibliometric analysis is a powerful tool for identifying which technique to study by highlighting the literature details.



Among MCDM techniques, neutrosophy enhances opinion mining [9,10]. Neutrosophic sets are general forms of fuzzy sets and intuitive fuzzy sets, which are frequently employed to cope with indeterminate, incomplete, and inconsistent information in real-world applications. Because the neutrosophic sets have the advantage of measuring truth, indeterminacy, and falsity memberships independently, this study concentrates on neutrosophic MCDM methodologies.



This study addresses the absence in the literature of comprehensive studies about fashion brands’ sustainable and ethical attitudes towards both producing the garments and satisfying customer needs. As represented in Section 2, this study aims to develop a novel methodological procedure in order to enhance the theoretical backdrop of related literature. Further, with little research addressing both fashion sustainability and ethics [11,12], this study both builds a theory and advances a practice.



The related literature involves the issues of sustainable materials for the circular economy [13], fashion design education for sustainability [14], ethics and conscious textile consumption [11], greenwashing [15], upcycled fashion purchases [16], waste management [17], and challenges of sustainable ventures in the fashion industry [18]. The most up-to-date theories in this field include mostly the theory of planned behavior [11,15,16] and the implementation of the structural equation modeling (SEM) technique. There is an obvious gap in the literature conducting multi-criteria decision-making analysis.



Hence, the purpose of the study is to construct sustainability and ethics assessments with specific factors for fashion brands, conducting a bibliometric analysis to decide on which MCDM technique to apply. Since the bibliometric analysis points out that a neutrosophic approach is new for organísation, rangement et synthèse de données relarionnelles (ORESTE) technique, this research aims to present the novelty of a neutrosophic set-based approach in ORESTE and propose a novel neutrosophic ORESTE technique to rank the alternative fashion brands in terms of sustainability. Therefore, by addressing the current studies in the literature, this paper fills the gap in this research field and makes both theoretical and practical contributions.



In order to realize the purpose, the research questions of this research are as follows: (i) What is the current theoretical background in sustainable and ethical attitudes of fashion brands? (ii) What are the existing methodologies applied in this field? (iii) What is the research gap? (iv) What are the criteria to evaluate fashion brands in sustainable and ethical ways? (v) What would be the alternative fashion brands? (vi) How do the parameters change by conducting a sensitivity analysis? The motivation behind developing such an extended methodology is based on the fact that there is no approach in the existing literature (cf. Section 2).



In the case of alternatives that can be prioritized for various factors, and when the factors themselves can be ranked in accordance with their importance levels, the ORESTE technique is applicable. Based on the advantages of the methodology, ORESTE is useful in the absence of numerical evaluations to obtain meaningful interpretations of the technical parameters. It is possible to rank the candidate alternatives with a complete rank, and then after an in-detail conflictual situation analysis, it provides better insides about the alternatives’ relationship. In addition, there are several parameters enabling a sensitivity analysis in order to gather different scenario results for the outranking relation [19,20,21,22].



All in all, our work contributes to the literature by (i) proposing a novel neutrosophic ORESTE approach, (ii) presenting a neutrosophical approach instead of the Besson ranking procedure, (iii) conducting bibliometric analysis to justify the novelty of the neutrosophy for ORESTE, (iv) isolating and identifying the factors producing sustainable and ethical brands in the fashion industry, (v) identifying web content that provides references to measure sustainability, and (vi) emphasizing the ethical attitudes companies must develop to be sustainable in the fashion industry.



In the following sections, bibliometric analysis determines the proper MCDM technique as ORESTE by addressing the neutrosophic approaches’ novelty to the technique. Next, preliminaries for the neutrosophic sets are presented, and then a novel neutrosophic ORESTE approach is proposed. The application, findings, sensitivity analysis, discussion, and conclusion sections are provided, respectively.




2. Bibliometric Analysis


Knowledge and experience exchange among academicians are dependent on technological progress, information dissemination speed, and the ease of scientific communication [23]. Hence, bibliometrics serves as a significant tool for assessing and analyzing academic research manuscripts. Bibliometrics stands for the mathematical and statistical techniques that can be executed in reviewing books, journals, proceedings, and articles [24].



Bibliometric analysis involves the quantitative examination and categorization of bibliographic information for reporting purposes [25]. Bibliometric analysis observes a field of study comprehensively [26] and can be applied to determine the historical progression of a field, pinpoint research inquiries, and generate fresh publication strategies, contributing significantly to those being studied in related fields [27,28]. Bibliometric analysis conducted for MCDM techniques identifies an MCDM methodology that is new for a neutrosophic approach.



Bibliometric Analysis for Neutrosophic MCDM


MCDM bibliometric analysis reveals a few papers applying MCDM techniques to sustainable fashion. On 3 June 2023, neutrosophy/neutrosophic/neutrosophical and multi-criteria keywords were searched in the Scopus database title-abstract-keyword field; only 534 documents resulted.



Based on the bibliometric analysis with 5 minimum numbers of occurrences, 81 of them meet the threshold, and TOPSIS and AHP [29,30], DEMATEL [31], EDAS [32,33], VIKOR [34], MULTIMOORA [35,36], CRITIC [37,38], MABAC [39], SWARA [40], WASPAS [41], COPRAS [42], CoCoSo [43], CODAS [44], QUALIFLEX and TODIM [45], PROMETHEE [46], ELECTRE [47], ANP [48,49], and MARCOS [50] are the most frequently-appeared MCDM methods for neutrosophic approach.



As it is clear from the existing literature, there are plenty of MCDM techniques in the energy, transportation, logistics, robotics, aviation, and healthcare industries. The neutrosophy-focused papers in textile/garment/apparel/clothing/outfit/fashion are limited and address the circular supply chain enablers [51,52], stakeholder analysis [12], performance evaluation [35], workplace analysis [53], and risk evaluation [54]. Therefore, there is a gap in the literature in discussing the neutrosophy for “sustainability of fashion brands”.



It appears that there is no paper available on neutrosophic ORESTE in order to rank the alternatives in terms of a set of criteria. A comprehensive internet and electronic academic source search has been conducted, extending beyond the use of Scopus, and a neutrosophic ORESTE cannot be identified. Therefore, this research offers a neutrosophic ORESTE to rank the sustainability factors. The subsequent section provides an introduction to the foundational concepts and background information for neutrosophic sets.





3. Methodology


3.1. Foundational Concepts of Neutrosophic Sets


Smarandache (1998) [55] introduced neutrosophic sets as a comprehensive extension of fuzzy sets and intuitionistic fuzzy sets. This versatile approach is widely adopted for handling incomplete, uncertain, and inconsistent information in real-world applications [56,57,58].



One of the notable advantages of neutrosophic sets lies in their capacity to independently assess three aspects: truth, indeterminacy, and falsity memberships, illuminating their interplay in decision-making. In contrast, intuitionistic fuzzy sets exhibit an inverse relationship between membership and the sum of the other two measures: as membership increases, the sum decreases. Furthermore, intuitionistic fuzzy sets entail interdependence between membership and non-membership degrees, with their sum constrained to be less than or equal to 1. In neutrosophic sets, each source operates autonomously, devoid of interaction or knowledge about the responses from other sources [59,60].



There are three fundamental definitions of neutrosophic sets.



Definition 1.

A neutrosophic set A in E (the universe) is denoted by a truth-membership function TA(x), an indeterminacy-membership function IA(x), and a falsity-membership function FA(x), where x ∈ E. Here, A is notated by A = {〈x, TA(x), IA(x), FA(x), │x ∈ E〉} where TA(x), IA(x), FA(x) ∈ [0, 1] such that 0 ≤ TA(x), IA(x), FA(x) ≤ 3.





Definition 2.

A single-valued neutrosophic set A is a subclass of neutrosophic sets and is displayed by A = {〈x, TA(x), IA(x), FA(x), |x ∈ E〉}, where TA, IA, FA: X → [0, 1] such that 0 ≤ TA(x) + IA(x) + FA(x) ≤ 3. Particularly, if E has only 1 element, A is defined as a simplified neutrosophic number (SNN), which is shown by A = 〈TA, IA, FA〉 [61].





Definition 3.

Let A   =     T   A   ,   I   A   ,   F   A       be an SNN, and the score function s(A) = (2 +     T   A   −   I   A   −   F   A    )/3 is utilized to rank SNNs [56]. This function is applied to convert the fuzzy neutrosophic sets into crisp ones.





All these definitions will find practical application in the methodology presented in the subsequent sections.




3.2. Proposed Neutrosophic ORESTE Approach


First introduced by Roubens in 1980 [62], the ORESTE technique uses ordinal information to rank alternatives [30]. A compensatory method with attributes that must be independent, ORESTE differs from other decision-making methodologies in not requiring the conversion of qualitative to quantitative processes [63]. It is based on several parameters and thresholds and is widely used when a decision-maker provides an initial ranking of criteria [19].



A traditional ORESTE technique (i) defines the decision problem; (ii) identifies a pre-ranking of relative importance, ranking the criteria in descending order; (iii) calculates Besson rank values in order to obtain numerical values from the previous qualitative rank; and (iv) computes projection distances     D R   i     as follows:



    D R   j         a   i     =       1   2       r c   j   R   +   1   2       r c   j   R           a   i       R         1   R      , where     a   j     is alternative i,     r c   i     stands for the (Besson-) rank of criterion j, and   R ∈   R   0     denotes a constant value used for more flexibility. Here, R = 1 stands for the weighted arithmetic mean, R = −1 is the harmonic mean rank, and R = 2 is the quadratic mean rank. Furthermore, in the case of R = −∞: min (    r c   i    ,     r c   i     ( a ) )   and in case of R = −∞: max (    r c   i    ,     r c   i     ( a ) )  , formulas are utilized, where     r c   i     is the alternatives’ values in terms of Besson rank values [19,64]. In fact, R is a parameter selected by the decision-makers. A larger R value represents greater relative importance in comparing two criteria [65].



Traditional ORESTE methodology does not refer to a pre-defined linguistic variable table; instead, it generates a weak order of alternatives for each criterion and then calculates Besson rank values to obtain quantitative tables of decision matrices. In the neutrosophic expert evaluation process, experts present their opinions using truth, indeterminacy, and falsity values as inputs. Hence, the first two steps of ORESTE are valid for the neutrosophic approach, while the third step is not needed in this part of the study.



The traditional ORESTE approach continues by (v) determining global ranks by ranking the projection distances     D R   i     in a descending order and (vi) specifying average ranks by calculating the sum of global rank values from the previous step for each alternative via   r     a   j     =   ∑  i = 1   m      r   i       a   j        , where m is the set of alternatives [64]. The proposed neutrosophic ORESTE approach steps [62,65,66] then follow.



Phase I: Complete ranking




	
Define the research questions, factors affecting decision-making, and alternatives.



	
Identify the decision-makers, apply the Delphi technique to gather their mutual opinions, obtain a pre-ranking in terms of relative importance values (rank the factors in a descending sort according to the importance values), use neutrosophic sets as input values, and calculate score functions via Definition 3 instead of the Besson ranking procedure.



	
Compute projection distances     D R   i     with the equation     D R   j         a   i     =       1   2       r c   j   R   +   1   2       r c   j   R           a   i       R         1   R     .  



	
Determine global ranks by prioritizing the projection distances     D R   i     in descending order by specifying average ranks by getting the sum of the obtained global rank values for each alternative via   r     a   i     =   ∑  j = 1   k      r   j       a   i       ,   where k is the number of criteria.








Phase II: Indifference and conflict analysis, followed by partial ranking




	5.

	
Compute normalized preference intensities. For each pair of alternatives, compute the preference intensity via   C     a   i   ,     a    i ′      =   ∑  j      max  ⁡      r   j       a    i ′      −   r   j       a   i     ,   0          , and similarly compute   C     a    i ′    ,     a   i      . These preferences can be normalized by dividing them to their upper bound     k   2     m − 1   ,   where k is the number of criteria and m stands for the number of alternatives; therefore, normalization is fulfilled via     C   n       a   i   ,     a    i ′      =   C     a   i   ,     a    i ′          k   2     m − 1      ; repeat for     C   n       a    i ′    ,     a   i      .




	6.

	
Conduct indifference and conflict analysis by using the following rules using three thresholds of   β  ,     C   *    , and   γ  . Then, obtain the final outranking relation matrix as the normalized preference intensities.



	 if       C   n       a   i   ,     a    i ′      −   C   n       a    i ′    ,     a   i           ≤     β  

 then if     C   n       a   i   ,     a    i ′          ≤       C   *     and     C   n       a    i ′    ,     a   i         ≤       C   *    

   then     a   i    I    a    i ′     

   else     a   i    R    a    i ′     

 else if       C   n       a   i   ,     a    i ′      −   C   n       a    i ′    ,     a   i           >     β  

    then if       C   n       a   i   ,     a    i ′            C   n       a   i   ,     a    i ′      −   C   n       a    i ′    ,     a   i             ≥   γ  

     then     a   i    R    a     i   ′      

     else     a   i    P    a    i ′     

 else if       C   n       a   i   ,     a    i ′            C   n       a    i ′    ,     a   i     −   C   n       a   i   ,     a    i ′            ≥   γ  

    then     a    i ′     R    a   i    

else     a    i ′     P    a   i    














Here,     a   i    R    a    i ′      stands for     a   i     and is incomparable with     a    i ′     . Moreover, P means “still transitive”, and I is the indifference.



Thresholds   β  ,     C   *    , and   γ   should be determined, and   β   is defined as the “indifference threshold” and is formulated by   β <   1   k     m − 1       as an upper limit. Practitioners may opt to take lower values for   β   [66], where k denotes the number of criteria and m shows the number of alternatives [19].



Threshold     C   *     is a reference for conflict and candidate pairs and corresponds to the normalized preference intensity. A practitioner can identify them interactively, either as indifferences or incomparabilities. This is calculated via     C   *   <   d   2 ( m − 1 )     with d = 1, …, (m − 1), where d is the “perfect conflict degree” assessed by decision-makers. It is a terminology threshold separating indifferences and incomparability and taken 1 in general.



Threshold   γ   is the “incomparability threshold” and represents the perturbation by switching pairs of positions in conflict, known as the “iso-perturbation” parameter [19], and the     1   γ     value corresponds to the net relative preference intensity [66], which is limited by the formula   γ >   k − 2   4     in case of comparing two alternatives [19].



Figure 1 presents the flow chart of this process.



	7.

	
Generate a graph of the preference structure.







Figure 1 represents that after getting the sum of the obtained global rank values     r   i     for each alternative, a matrix is generated, and the partial ranking process follows. Accordingly, preference intensities (    C   n    ) are calculated, and then indifference and conflict analysis by using thresholds of   β  ,     C   *    , and   γ   is conducted. For example, in the       C   n       a   i   ,   a   i ′     −   C   n       a   i ′   ,   a   i           ≤     β   case, particular     C   n     values are subtracted, the absolute value of this subtraction is obtained, and it is compared with the   β   threshold. Here, there are 2 options. (i) The first one examines the   ≤   C   *     case. If both of the     C   n     values are lower than     C   *    , then we can say these alternatives are indifferent (I is the indifference). Otherwise, they are incomparable (R is the incomparability). (ii) The second option again computes     C   n     values, and compares them with the   γ   threshold. If the division calculation is higher than   γ   threshold, then the alternatives are incomparable. Otherwise, there is the third step to follow. (iii) The symmetric     C   n     values are compared, and which alternative is preferred is determined.





4. Case Study


A detailed literature review and bibliometric analysis deal with the first step, “defining the research question, the factors affecting decision-making, and the alternatives”. The defined sustainability factors are:




	
F1. Applying the health and safety laws at work [67];



	
F2. Employing qualified personnel and paying workers a living wage [68];



	
F3. Using biodegradable natural fabrics [69];



	
F4. Practicing reverse logistics and recycling [70];



	
F5. Utilizing animal welfare and cruelty-free applications [71];



	
F6. Manufacturing durable-quality products [72];



	
F7. Ensuring traceability and transparency [73].








To identify the alternatives, a detailed internet search was conducted. Key data sources included brand and company reports, third-party indices (such as Fashion Transparency Index FTI and CDP Climate Change and Water Security projects), and independent certifications, accreditations, and other standards-based systems (e.g., Cradle to Cradle, Fair Trade, Global Organic TextileStandard, and OEKO-TEX STeP) [74,75,76,77,78]. The Goodonyou website provided sustainable and ethical fashion brand ratings that were also considered [79]. According to Goodonyou, the ratings are as follows:




	
“Brand G (Japan) does not give adequate details regarding its environmental and labor policies, as well as its efforts to minimize its impact on the environment, society, and/or wildlife.”



	
“Brand H (Sweden) utilized some eco-friendly materials including recycled ones while it has rapid fashion traits such as “on trend styles” and regular “new arrivals”. Almost none of Branh H’s supply chain is officially authenticated by labor standards that guarantee worker health and safety, living wages or other labor rights. It also gets a score of 71–80% in the Fashion Transparency Index FTI.”



	
“Brand I (New Zealand) has commendable animal welfare policies in place but falls short in guaranteeing fair wages for its workers. The brand incorporates eco-friendly materials, including recycled ones. While it has established a concrete goal to reduce greenhouse gas emissions from both its operations and supply chain, there is a lack of evidence indicating it is making satisfactory progress toward achieving this target. Furthermore, none of its supply chain partners hold certifications in labor standards, which encompass worker health, safety, living wages, and other labor rights. Its FTI score ranges between 51–60%. The company maintains a formal animal welfare policy aligned with the principles of the Five Freedoms.”



	
“Brand F (Canada) specializes in producing essential clothing items, offering a versatile wardrobe centered around timeless pieces. A substantial portion of its materials, including Tencel fibers [80], are eco-friendly. The brand prioritizes local manufacturing to minimize its carbon footprint, with the final production stages taking place in Canada, a region considered low-risk for labor exploitation. While there is no documented Code of Conduct [81], the company does have an official statement addressing workers’ rights. It demonstrates supply chain traceability. Although it ensures the payment of a living wage in some segments of its supply chain, the specific percentage is not disclosed. Regular supplier visits are part of its documented practices. Additionally, Brand F refrains from using animal-based products, but it does not explicitly claim to be vegan.”



	
“Brand U (Denmark), headquartered in Copenhagen, is dedicated to crafting undergarments that inspire confidence, loungewear designed for everyday comfort, and swimwear that evokes dreams of vacations and summers. The company’s products hold Oeko-Tex Standard 100 certification, signifying their adherence to strict safety and sustainability standards. A significant portion of its materials is eco-friendly, including recycled resources. While there is no documented Code of Conduct, the brand does have an official statement addressing workers’ rights. It procures its final production stages from countries categorized as having a high risk of labor abuse. There is no available evidence indicating that it guarantees a living wage throughout its supply chain. The company demonstrates substantial supply chain traceability and conducts audits for all final production stages. Furthermore, Brand U does not use fur, leather, down, exotic animal skin, exotic animal hair, or angora. It explicitly mentions sourcing wool from non-mulesed sheep.”



	
“Brand O (Australia) is a distinguished denim label specializing in premium denim pieces crafted from organic materials. The brand prominently features eco-friendly materials, including Global Organic Textile Standard [82] certified cotton. In all of its product lines, it employs low-impact, non-toxic dyes. This commitment to eco-friendly materials reduces the use of chemicals, minimizes water consumption, and decreases wastewater output during production. Furthermore, Brand O operates as a social enterprise, actively involved in creating employment opportunities for women who have been victims of trafficking in Cambodia. The company demonstrates complete supply chain traceability and ensures the payment of a living wage in most of its supply chain, including all stages of the final production. Although it abstains from using animal-based products, it does not explicitly label itself as vegan.”



	
“Brand Y (UK) is dedicated to crafting clothing that is both sustainable, ethical, and accessible to all. The brand extensively incorporates eco-friendly materials, prominently featuring GOTS cotton. To mitigate its environmental footprint, it relies on renewable energy throughout its supply chain. This eco-conscious approach minimizes the use of chemicals, reduces water consumption, and mitigates wastewater generation during production. Furthermore, Brand Y’s commitment to ethical practices is validated by its certification from Fairtrade International—Small Producers Organizations. The company boasts complete supply chain transparency, guarantees the payment of a living wage across most of its supply chain, and has received recognition from [83] for its vegan-friendly products [74,75,76,77,78,79,84].








Next, in May 2023, the decision-makers for decision matrices were contacted via LinkedIn for possible assessments and were briefed on the aim and scope of the study. Fifty-six people were asked to join the evaluation; seven participated. The participants (cf. Table 1) engaged in Turkish for two hours online in May 2023. The most challenging aspect of coordinating the meeting was identifying a convenient time for all participants, resulting in the scheduling of a daytime session. Since the attendees had been previously apprised of the meeting’s scope, individual assessments were readily available at the outset of the session.



The Delphi method was employed to collect insights on specified factor relationships. It operates as a predictive model involving multiple rounds of interviews where a panel of experts is provided with a consolidated summary of evaluations. This allows each expert to revise their responses based on the collective input from the group. This approach amalgamates the advantages of expert analysis with the collective wisdom of the panel [85].



Table 2 illustrates the consensus reached among participants regarding the sustainability levels of fashion brands using input values based on neutrosophic sets. In this context, the truth-membership (    T   A    ) signifies the likelihood of a statement being true, the indeterminacy-membership (    I   A    ) indicates the degree of uncertainty, and the falsity-membership (    F   A    ) signifies the statement’s falsehood [86]. In simpler terms, participants assert that stakeholder 1 impacts stakeholder 8 with a power degree of 0.2, and they are 90% certain that this statement is accurate. For instance, participants unanimously agree that stakeholder 3 exerts influence on stakeholder 1 with a power degree of 0.9, and they are 90% certain that this statement holds true.



In addition to the brand review, a detailed literature review determined the factors affecting sustainability in the fashion industry (cf. Table 2), and the listed factors are rated in the Delphi session via neutrosophic sets, then converted into score function values by applying Definition 3 (cf. Table 3). The experts presented varying indeterminacy levels according to the information provided by the companies. In the second step, a pre-ranking of relative importance values is obtained in the Delphi session.



The projection distances and global rank values are computed, and a final ranking is obtained (cf. Table 4). Here, when the R value is 1, the ranking is 7, 6, 5, 3, 4, 2, 1; when R = −1, the final ranking is 7, 6, 5, 2, 4, 3, 1; when R = 2, the ranking is 7, 6, 5, 4, 3, 2, 1; and when R = 3, the ranking is again 7, 6, 5, 4, 3, 2, 1. As mentioned earlier, R is a parameter that is chosen by the decision-makers, and a larger R value represents more relative importance in comparison with two criteria [65]. Since the outranking is similar in these cases and the highest R values yield the same final ranking, this study follows reference studies [62,66,87,88] in adopting R as three.



In Phase II of the proposed methodology, normalized preference intensities are computed (cf. Table 5).



Next, indifference and conflict analysis were conducted by calculating   β  ,     C   *    , and   γ   thresholds. According to the previously defined equations, the maximum value of   β   is 0.0238, the maximum value of     C   *     is 0.0833, and the minimum value of   γ   is 1.25, where m = 7, k = 7, and d = 1. As an example, from the literature, [66] took   β   as 0.008, the     C   *     as 0.045, and   γ   as 2, while [65] considered   β   as 0.02, the     C   *     as 0.05, and   γ   as 2.5.



In this study,   β   is taken as 0.02,     C   *     is taken as 0.08, and   γ   is taken as 1.25. By following the indifference and conflict analysis step that is illustrated in Figure 1, the final outranking relation matrix is generated as it is stated in Table 6. For instance, in comparing Brand G and Brand H, the computational   β   value is lower than the identified   β   = 0.02 threshold, so     C   *     is used to compare the two. Because     C   n       a   i   ,     a    i ′          ≤       C   *     and     C   n       a    i ′    ,     a   i         ≤       C   *     conditions are fulfilled at the same time, the relationship is determined as indifference I. Another example compares Brand G to Brand I, in which the computational   β   value is higher than the identified   β   = 0.02 threshold, so   γ   is required to maintain the rules, and since the computational   γ   value is lower than the threshold   γ   value, pairwise comparisons follow. In this part, two related pairwise cells are compared, and the matrix reflects the lower or higher status.



Finally, a graph of the preference structure is generated by considering the outranking relation matrix (cf. Figure 2).



According to the implemented proposed methodology, the fashion brands in this study are three-fold in terms of sustainability and ethics. Brand G and H are indifferent; Brand I is better at sustainability; and the last four brands, F, U, O, and Y, are indifferent, with the best performance in sustainability among these fashion brands.



By comparing the initial decision matrix with the final outranking relation matrix, one can conclude that although there are slight differences in factor values, an overall evaluation is required to result in an outranking of the alternatives.



According to the results of this study, “applying the health and safety law properly at work”, “employing qualified personnel and paying workers a living wage”, and “enabling animal-welfare, cruelty-free applications” are the least attention-shown factors. “Biodegradable natural fabrics usage”, “reverse logistics and recycling”, “manufacturing durable quality products” and “ensuring traceability and transparency” are relatively more widely adopted by fashion brands, with more implication areas.




5. Sensitivity Analysis and Discussion


Variable threshold values have possible effects on the findings. For example, when   β   = 0.01, there is an outranking   G = H = I = F < U < O < Y  , which means the first four brands are indifferent and there is an order for the remaining brands in terms of sustainability. Therefore, one can infer from this sensitivity analysis result that reducing the   β   value leads to a desensitization among the alternatives by considering that the brands are indifferent.



When the     C   *     threshold value is less than 0.05, brands U, O, and Y are labeled R incomparable, while the rest of the analysis results remain the same. The inference is that reducing     C   *     renders the alternatives incomparable. Moreover, when the   γ   threshold value is more than 1.5, the outranking   G < H < I < F < U ’ R ’ O < Y   constitutes an order such that U and O brand alternatives are incomparable. It is clear that the higher   γ   threshold values provide better visible orders, but incomparability may be observed in this case.



To compare this study with other sustainable and ethical fashion papers applying MCDM techniques in the literature, the others are listed by the issues they address: performance evaluation using sustainability index [89], sustainable supplier selection [90,91,92,93], corporate culture in textile manufacturing [94], sustainable practices in textile production [95], traceability and capacity building for improving sustainability [96], textile and apparel sustainability challenges [97], and sustainable textile manufacturing decision-making [98].



Of these studies, only [92] focus on ethics in fashion industry research. The MCDM literature emphasizes sustainable partner selection, and many studies are concerned with the financial sustainment of businesses. According to these, suppliers’ eco-friendly applications remain unsatisfactory, and, casting aside ethics and transparency, companies conceal reports and other documents or do not communicate on this issue. These papers apply to AHP, TOPSIS, and DEMATEL in general.



The current customer-centric research papers examining the sustainability and ethics of fashion brands adopt the theory of planned behavior, survey customers, and implement SEM. Our research offers more, contributing both to theory and practice.



Furthermore, the impact of the fashion brands’ attributes literature reveals that they have a significant positive impact on various aspects of the industry and society in terms of mitigating the environmental footprint [99], using eco-friendly materials [100], lowering energy and resource consumption [101,102], fair and ethical labor practices [103], safe working conditions [104], protecting workers’ rights [105], providing transparency about sourcing and manufacturing [106], producing durable high-quality timeless garments [107], reducing over-consumption and waste [108], innovativeness [109], initiating the circular economy practices such as repairing [110], recycling [111], second-hand shopping [112], training the consumers [113], cooperating with the competitors to make an industry-wide shift to change the market [114], and engaging with the community to disseminate the local craftspeople [115] to contribute to sustainable practice.



There is a gap in the literature to bring the whole sustainability dimension into a single comprehensive study. Although the ethics and sustainability-focused papers of the fashion industry are underlying performance evaluations, sustainable supplier selections, corporate culture, sustainable production practices, traceability, challenges, etc., they are generally qualitative papers, and only a few of them use MCDM (multi-criteria decision-making) techniques. Indeed, there are only AHP, TOPSIS, and DEMATEL applications as a part of the MCDM literature. Here, the ORESTE technique is extracted as a result of the bibliometric analysis in order to identify the most suitable and original methodology. In conclusion, while the previous studies are not exhaustive and the number of MCDM applications is limited, this study utilizes these separate papers to provide a more generic framework and presents a comprehensive approach with a novel proposed methodology.




6. Conclusions and Outlook


The fashion industry generates over GBP 1 trillion in revenue for the global economy; it is also one of the largest consumers of resources. Well-financed, eco-friendly, and ethical sustainability in the fashion industry is a must, and conscientious customers are the key to reshaping the fashion industry. They are required to pay attention to several sustainability factors when selecting fashion brands for garment shopping. Hence, MCDM is a requirement for ranking the alternative fashion brands and preferring the best one. Furthermore, since neutrosophy is utilized to enrich opinion mining by dealing with incomplete, indeterminate, and inconsistent information from real-world applications, a neutrosophic MCDM approach is adopted in this study.



The main goal of this study was to construct sustainability and ethics, measure specific factors for fashion brands, present the novelty of a neutrosophic set-based approach in ORESTE, which was an MCDM technique, and propose a novel neutrosophic ORESTE technique to rank the alternative fashion brands in terms of sustainability. A bibliometric analysis was conducted to highlight the novelty of the neutrosophical ORESTE method; next, the literature was reviewed in detail to extract the factors that are sustainable and ethical in the fashion industry; key data sources were identified to understand the position of a brand; and finally, a novel neutrosophic technique was developed to rank the alternative fashion firms.



According to the results of the study, although there are slight differences in factor values, an overall evaluation is a major requirement to result in an outranking of the alternatives. According to the results of this study, the factors “applying the health and safety law properly at work”, “employing qualified personnel and paying workers a living wage”, and “enabling animal-welfare, cruelty-free applications” draw the least attention. “Biodegradable natural fabrics usage”, “reverse logistics and recycling”, “manufacturing durable quality products”, and “ensuring traceability and transparency” are relatively more widely adopted by fashion brands, with more implication areas. The evaluation procedure addresses both the order and indifference situations of the alternatives.



Variable threshold values have possible effects on the findings of the ORESTE. For example, reducing β values leads to the desensitization of alternatives by assuming brands to be indifferent. When     C   *     threshold takes a lower value, it causes an incomparability of the alternatives. Moreover, when γ thresholds are taken at a higher value, they provide better detectable orders, but at the same time, incomparability may be observed in this case.



A practitioner can grasp the factors to consider in evaluating the fashion firms’ sustainability condition, and the listed data source organizations are a reference for analysis of other fashion companies to determine sustainability dynamics. Moreover, managers can interpret the results and figure out which factors should be performed to achieve sustainability in their fashion enterprises. Accordingly, the indexes and the responsible institutions are highlighted in detail to guide the practitioners so that they can determine the short-, medium-, and long-term strategies to reach and maintain sustainable attitudes.



Local experts’ participation in just one country can be considered a research limitation. However, to eliminate bias, key data sources like the Fashion Transparency Index, Climate Change, and Water Security projects; standards-based systems like Fair Trade, Cradle to Cradle, OEKO-TEX STeP, Global Organic Textile Standard, and Code of Conduct; and related websites like Goodonyou and PETA were utilized to arrive at an unbiased assessment of the sustainability of fashion brands. The proposed approach is limited in its coding process and adherence to the predefined iterative steps, but careful implementation yields successful results and reflects customer reality. As another limitation, the proposed methodology does not require any weight for the decision-makers’ evaluations. However, it could be dealt with by utilizing a supportive methodology such as AHP, SWARA, or MACBETH.



Future research may apply different MCDM methodologies like TOPSIS, AHP, VIKOR, DEMATEL, EDAS, MULTIMOOR, CRITIC, etc., which are aforementioned in the bibliometric analysis as the most frequently appearing MCDM methods of neutrosophic approach. Different factors affecting customers’ preferences in apparel purchases supporting sustainability initiatives might be extracted to enhance this comprehensive study. In addition, the neutrosophic approach might be changed to plithogenic sets, hyper soft sets, intuitionistic fuzzy sets, hesitant fuzzy sets, Fermatean fuzzy sets, picture fuzzy sets, etc. to propose original approaches to further enrich the literature. The study can be generalized by including more industry representatives from different countries in the fashion industry.
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Figure 1. Flow chart of the indifference and conflict analysis step [19]. 
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Figure 2. Graph of the preference structure. 
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Table 1. Profiles of the participants.
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	#
	Institution
	Role in the Institution
	Country





	1
	A Textile
	Sustainable Fashion Designer
	Turkey



	2
	B Group
	Sustainable Procurement Expert
	Turkey



	3
	C Consultancy
	Sustainable Textile Consultant
	Turkey



	4
	D Textile
	Sustainable Fashion Entrepreneur
	Turkey



	5
	E Fashion
	Sustainability Coordinator
	Turkey



	6
	Freelance
	Sustainable Brand Designer and Stylist
	Turkey



	7
	G Fashion
	Sustainable Buying Manager
	Turkey










 





Table 2. Brand ratings in terms of sustainable implementations as neutrosophic sets.
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	Brand G
	Brand H
	Brand I
	Brand F
	Brand U
	Brand O
	Brand Y





	F1
	<.4 .15 .6>
	<.65 .1 .35>
	<.7 .1 .3>
	<.8 .1 .2>
	< 1 .1 0 >
	<.95 .1 .05>
	< 1 .1 0 >



	F2
	<.4 .15 .6>
	<.65 .1 .35>
	<.7 .1 .3>
	<.8 .1 .2>
	< 1 .1 0 >
	<.95 .1 .05>
	< 1 .1 0 >



	F3
	<.2 .1 .8>
	<.6 .1 .4>
	<.4 .2 .6>
	<.8 .1 .2>
	<.7 .1 .3>
	< 1 .15 0 >
	< 1 .1 0 >



	F4
	<.2 .1 .8>
	<.6 .1 .4>
	<.4 .2 .6>
	<.8 .1 .2>
	<.7 .1 .3>
	< 1 .15 0 >
	< 1 .1 0 >



	F5
	< 0 0 0 >
	<.4 .1 .6>
	<.8 .1 .2>
	<.8 .1 .2>
	<.8 .1 .2>
	<.9 .1 .1>
	< 1 .1 0 >



	F6
	<.6 .1 .4>
	<.6 .15 .4>
	<.65 .1 .35>
	< 1 .15 0 >
	<.8 .1 .2>
	<.9 .1 .1>
	< 1 .1 0 >



	F7
	<.6 .1 .4>
	<.6 .15 .4>
	<.65 .1 .35>
	< 1 .15 0 >
	<.8 .1 .2>
	<.7 .1 .3>
	<.9 .1 .1>










 





Table 3. Initial decision matrix with calculated score function values for fashion brands.
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	Brand G
	Brand H
	Brand I
	Brand F
	Brand U
	Brand O
	Brand Y





	F1
	0.55
	0.73
	0.77
	0.83
	0.97
	0.93
	0.97



	F2
	0.55
	0.73
	0.77
	0.83
	0.97
	0.93
	0.97



	F3
	0.43
	0.7
	0.53
	0.83
	0.77
	0.95
	0.97



	F4
	0.43
	0.7
	0.53
	0.83
	0.77
	0.95
	0.97



	F5
	0
	0.57
	0.83
	0.83
	0.83
	0.9
	0.97



	F6
	0.7
	0.68
	0.73
	0.95
	0.83
	0.9
	0.97



	F7
	0.7
	0.68
	0.73
	0.95
	0.83
	0.77
	0.9










 





Table 4. Projection distances, global rank values, and ranking.






Table 4. Projection distances, global rank values, and ranking.

















	
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	Global Rank
	Rank





	Brand G
	5.56
	5.60
	5.70
	5.88
	6.16
	6.00
	6.54
	5.88
	7



	Brand H
	4.77
	4.82
	4.24
	4.55
	5.55
	6.54
	7.00
	5.32
	6



	Brand I
	3.98
	4.05
	4.95
	5.19
	4.55
	5.55
	6.16
	4.89
	5



	Brand F
	3.19
	3.30
	3.00
	3.57
	4.55
	4.82
	5.56
	3.98
	4



	Brand U
	1.30
	1.79
	3.57
	4.00
	4.55
	5.19
	5.70
	3.71
	3



	Brand O
	2.41
	2.60
	2.60
	3.30
	4.05
	4.95
	5.88
	3.66
	2



	Brand Y
	1.30
	1.79
	2.41
	3.19
	3.98
	4.77
	5.60
	3.27
	1










 





Table 5. Normalized preference intensities.
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	Brand G
	Brand H
	Brand I
	Brand F
	Brand U
	Brand O
	Brand Y





	Brand G
	0
	0.003401
	0
	0
	0
	0
	0



	Brand H
	0.016927
	0
	0.004608
	0
	0
	0
	0



	Brand I
	0.023818
	0.014900
	0
	0
	0
	0
	0



	Brand F
	0.045717
	0.032191
	0.021899
	0
	0.005132
	0.001542
	0.000127



	Brand U
	0.052184
	0.038657
	0.028366
	0.011599
	0
	0.007167
	0



	Brand O
	0.053230
	0.039704
	0.029412
	0.009055
	0.008214
	0
	0



	Brand Y
	0.062614
	0.049088
	0.038797
	0.017025
	0.010431
	0.009384
	0










 





Table 6. Final outranking relation matrix.
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	Brand G
	Brand H
	Brand I
	Brand F
	Brand U
	Brand O
	Brand Y





	Brand G
	I
	I
	<
	<
	<
	<
	<



	Brand H
	I
	I
	I
	<
	<
	<
	<



	Brand I
	>
	I
	I
	<
	<
	<
	<



	Brand F
	>
	>
	>
	I
	I
	I
	I



	Brand U
	>
	>
	>
	I
	I
	I
	I



	Brand O
	>
	>
	>
	I
	I
	I
	I



	Brand Y
	>
	>
	>
	I
	I
	I
	I
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