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This paper explores the application of fuzzy Multi-Criteria Decision-Making (MCDM) methods, 
specifically TOPSIS and DEMATEL, within a neutrosophic framework to address complex 
decision-making problems in marketing strategies. Traditional MCDM methods often face 
challenges when dealing with conflicting criteria and uncertain data. To overcome these 
limitations, fuzzy MCDM methods, leveraging the principles of fuzzy set theory, offer a more 
flexible and nuanced approach. This study focuses on the evaluation of 15 marketing strategy 
alternatives across 13 criteria, integrating fuzzy and neutrosophic methods to handle uncertainty 
and vagueness effectively 

TOPSIS is highlighted for its effectiveness in quickly identifying the best alternatives by 
measuring their proximity to an ideal solution. DEMATEL, on the other hand, is recognized for 
its strength in modeling causal relationships among criteria, which is crucial in understanding 
interdependencies in decision-making contexts. By integrating neutrosophic values, which 
accommodate degrees of truth, falsity, and indeterminacy, both methods are adapted to handle 
greater levels of uncertainty. The study presents a comparative analysis of these methods, 
demonstrating their advantages in different scenarios. 

The results provide insights into the relative strengths of TOPSIS and DEMATEL, particularly in 

handling indeterminacy, computational efficiency, and accuracy in ranking alternatives. The 

findings suggest that while TOPSIS is suitable for straightforward ranking tasks, DEMATEL 

offers deeper insights into the interplay between criteria. This study concludes by underscoring 

the potential of neutrosophic MCDM methods in enhancing decision-making across various 

fields, suggesting avenues for future research to further develop and refine these approaches. 

Keywords:   

 

INTRODUCTION 

In decision science, Multi-Criteria Decision-Making (MCDM) methods have been developed to assist decision-

makers in evaluating and ranking alternatives across multiple criteria[1]. MCDM approaches date back to the mid-

20th century, with significant advancements in the late 1960s and 1970s[2]. These methods evolved to address real-

world decision problems where various criteria often conflict, and exact data is not always available. Among the 

various types of MCDM techniques, fuzzy MCDM methods, introduced in the 1970s, have gained prominence for 

their ability to handle uncertainty and vagueness in decision-making. Fuzzy set theory, introduced by Lotfi Zadeh in 

1965[3], [4], plays a crucial role in these methods by allowing for degrees of membership rather than binary true/false 

evaluations. Several fuzzy MCDM methods have been developed over the decades, including Fuzzy TOPSIS, Fuzzy 

DEMATEL, and other approaches like Fuzzy AHP (Analytic Hierarchy Process) and Fuzzy VIKOR (VlseKriterijumska 

Optimizacija I Kompromisno Resenje). 

Among these, TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) and DEMATEL (Decision 

Making Trial and Evaluation Laboratory) have emerged as highly effective methods for handling complex decision 

problems that involve uncertain, imprecise, and fuzzy data[5]. TOPSIS is particularly useful for ranking alternatives 

by comparing their relative closeness to an ideal solution, making it a preferred method when the goal is to identify 

the best alternative quickly and efficiently. DEMATEL, on the other hand, excels in situations where understanding 
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the interrelationship between criteria is crucial, as it identifies and analyzes the cause-and-effect relationships among 

the criteria. Both methods are highly suitable for neutrosophic MCDM frameworks, which extend fuzzy logic to 

handle even greater uncertainty by incorporating truth, falsity, and indeterminacy values. Given the complexity of 

decision problems that arise in fields such as marketing strategy, where multiple alternatives and criteria must be 

evaluated, TOPSIS and DEMATEL stand out as the most suitable methods for providing accurate and insightful 

rankings and analyses under conditions of uncertainty[6], [7]. 

This paper focuses on utilizing these two methods within a neutrosophic framework for solving MCDM problems 

related to marketing strategies, where 15 alternatives are evaluated across 13 criteria[8]. The structure of this paper 

begins with the preliminaries of the TOPSIS algorithm, where its mathematical foundation and procedural steps for 

solving MCDM problems using ideal solutions are discussed. The necessary modifications for integrating 

neutrosophic values into the decision matrix are also outlined. Following this, the preliminaries of the DEMATEL 

algorithm are explored, with an emphasis on its capability to model the causal relationships between criteria. The 

next section delves into the formation of the normal decision matrix, where linguistic terms and uncertainty values 

are used to create neutrosophic decision matrices. These matrices are then normalized and weighted for both TOPSIS 

and DEMATEL methods. 

In the comparative analysis section, a detailed comparison is made between DEMATEL and TOPSIS, examining their 

respective strengths in handling indeterminacy, computational efficiency, and ranking accuracy. This section 

includes a derivation of influence relationships in DEMATEL and the ideal distance metrics in TOPSIS[9], [10]. The 

subsequent section presents the rankings and results of both methods, demonstrating their performance in ranking 

the 15 alternatives across the 13 criteria. Finally, the paper concludes by discussing the implications of applying 

neutrosophic MCDM methods to marketing strategy development, highlighting the strengths and limitations of both 

TOPSIS and DEMATEL in different decision-making contexts. Suggestions for future research include enhancing 

these methods to address more complex and dynamic decision problems, further expanding the application of 

neutrosophic MCDM approaches. 

Dematel and TOPSIS: Preliminaries, Equations, and Algorithms 

DEMATEL (Decision-Making Trial and Evaluation Laboratory) 

Preliminaries 

DEMATEL is a method used to analyze and model complex causal relationships among factors. It is particularly 

helpful in identifying the key influencing and influenced factors in a system[11], [12]. 

Key steps involved in DEMATEL: 

1. Constructing the direct-relation matrix. 

2. Normalizing the direct-relation matrix. 

3. Calculating the total relation matrix. 

4. Determining the influence degree and the influenced degree. 

5. Mapping the causal diagram. 

 

The DEMATEL method allows for both direct and indirect influences to be captured, providing a better 

understanding of interrelationships in complex systems. 

Equations 

1. Direct-Relation Matrix (D):  

D = [d_{ij}], where d_{ij} is the degree of influence that factor i has on factor j. 

 

2. Normalized Direct-Relation Matrix (X):  

X = D / max(Σd_{ij}), where max(Σd_{ij}) is the largest row sum in D. 

 

3. Total Relation Matrix (T):  

T = X (I - X)^{-1}, where I is the identity matrix. 
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4. Influencing and Influenced Degrees: 

a. The degree to which factor i influences other factors is r_i = ΣT_{ij}. 

b. The degree to which factor i is influenced by other factors is c_i = ΣT_{ji}. 

5. Causal Diagram:  

Using (r_i + c_i) and (r_i - c_i), the causal diagram can be constructed. 

Algorithm 

1. Define the criteria or factors and gather expert opinions to construct the initial direct-relation matrix. 

2. Normalize the direct-relation matrix. 

3. Calculate the total relation matrix. 

4. Determine the influence and influenced degrees (r_i and c_i). 

5. Draw the causal diagram using the values of (r_i + c_i) and (r_i - c_i). 

 

TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) 

Preliminaries 

TOPSIS is a multi-criteria decision-making method. It is based on the concept that the best solution should have 

the shortest distance from the positive ideal solution (PIS) and the farthest distance from the negative ideal 

solution (NIS)[13]. 

Key steps involved in TOPSIS: 

1. Constructing the decision matrix. 

2. Normalizing the decision matrix. 

3. Constructing the weighted normalized decision matrix. 

4. Identifying the positive ideal solution (PIS) and negative ideal solution (NIS). 

5. Calculating the separation measures for PIS and NIS. 

6. Computing the relative closeness to the ideal solution. 

7. Ranking the alternatives. 

Equations 

1. Normalized Decision Matrix: 

R = [r_{ij}], where r_{ij} = x_{ij} / sqrt(Σx_{ij}^2) for i=1,2,...,m and j=1,2,...,n. 

 

2. Weighted Normalized Decision Matrix: 

V = [v_{ij}], where v_{ij} = w_j * r_{ij}, and w_j is the weight of the j-th criterion. 

 

3. Positive Ideal Solution (PIS) and Negative Ideal Solution (NIS): 

PIS: A^+ = {v_1^+, v_2^+, ..., v_n^+}, where v_j^+ = max(v_{ij}) for benefit criteria and min(v_{ij}) for cost 

criteria. 

NIS: A^- = {v_1^-, v_2^-, ..., v_n^-}, where v_j^- = min(v_{ij}) for benefit criteria and max(v_{ij}) for cost 

criteria. 

 

4. Separation Measures: 

S_i^+ = sqrt(Σ(v_{ij} - v_j^+)^2) for PIS. 

S_i^- = sqrt(Σ(v_{ij} - v_j^-)^2) for NIS. 

 

5. Relative Closeness to the Ideal Solution: 

C_i^* = S_i^- / (S_i^+ + S_i^-), where C_i^* is the closeness coefficient of alternative i. 

 

6. Ranking:  
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The alternatives are ranked in descending order of C_i^*. 

Algorithm 

1. Construct the decision matrix based on the criteria and alternatives. 

2. Normalize the decision matrix. 

3. Multiply the normalized decision matrix by the weight of each criterion to obtain the weighted normalized 

decision matrix. 

4. Identify the positive ideal solution (PIS) and negative ideal solution (NIS). 

5. Calculate the separation measures from PIS and NIS for each alternative. 

6. Compute the relative closeness to the ideal solution for each alternative. 

7. Rank the alternatives based on their closeness coefficients. 

Linguistic Values 

Table 1:Qualitative Linguistic Value Matrix for MCDM Analysis Using TOPSIS and DEMATEL Methods Across 

Multiple Criteria[14] 

Unna

med: 0 
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um 
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um 
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um 
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Alt 14 High Very 

Low 

Very 

Low 

Low High High Low Medi

um 

Very 

Low 

Very 

High 

Very 

Low 

Very 

Low 

Medi

um 

Alt 15 Very 

Low 

Low Low High Very 

High 

Very 

Low 

Very 

Low 

Medi

um 

Low Very 

High 

High Low High 

 

The table 1 represents a linguistic value matrix implemented for multi-criteria decision-making (MCDM) 

methodologies, specifically the TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) and 

DEMATEL (Decision-Making Trial and Evaluation Laboratory) methods. Each alternative (Alt 1 through Alt 15) is 

evaluated across various criteria (Criteria 1 to Criteria 13) using linguistic descriptors, such as "Very High," "High," 

"Medium," "Low," and "Very Low." These linguistic terms capture subjective assessments in a structured format, 

which is essential for MCDM approaches like TOPSIS and DEMATEL that require qualitative values to be converted 

into quantitative weights or influence levels. TOPSIS utilizes these linguistic values to identify the alternative closest 

to the ideal solution, considering both the best and worst cases, while DEMATEL uses them to assess the causal 

relationships between criteria, identifying which factors are most influential in the decision-making process[10]. This 

table, therefore, serves as a foundational input for converting qualitative judgments into actionable data, aiding in 

the systematic selection and prioritization of alternatives by combining the strengths of both MCDM methods[15]. 

Plithogenic Values 

Table 2 :Plithogenic Value Matrix for MCDM using TOPSIS and DEMATEL 

Unnam
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Crite
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Crite
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Crite
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Crite
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Crite

ria 7 
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Crite
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Alt 1 4 5 3 5 5 2 3 3 3 5 4 3 5 

Alt 2 2 4 2 4 5 1 4 2 5 4 1 1 3 

Alt 3 3 2 4 4 3 4 4 1 3 5 3 5 1 

Alt 4 2 4 1 4 2 2 1 2 5 2 4 4 4 

Alt 5 4 5 3 1 4 2 4 2 2 4 5 2 2 

Alt 6 4 2 2 4 4 1 5 5 2 5 2 1 4 

Alt 7 4 4 5 1 5 5 1 1 1 1 4 3 3 

Alt 8 1 3 3 1 3 5 2 2 1 4 1 4 2 

Alt 9 1 5 3 4 3 3 1 3 5 3 1 5 2 

Alt 10 3 1 2 2 4 5 3 1 4 5 4 5 5 

Alt 11 3 5 4 5 3 3 4 2 2 5 1 5 4 

Alt 12 4 4 4 4 3 2 4 1 1 1 1 3 1 

Alt 13 4 5 1 3 3 1 5 1 3 2 4 3 1 

Alt 14 4 1 1 2 4 4 2 3 1 5 1 1 3 

Alt 15 1 2 2 4 5 1 1 3 2 5 4 2 4 

 

This table 2 displays a quantitative plitogenic value matrix applied in a multi-criteria decision-making (MCDM) 

context, specifically utilizing the TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) and 
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DEMATEL (Decision-Making Trial and Evaluation Laboratory) methodologies. Each alternative (Alt 1 through Alt 

15) is assessed across various criteria (Criteria 1 to Criteria 13) using plitogenic values, which provide a structured 

numerical rating for each criterion. These ratings range from 1 to 5, capturing various performance levels from low 

to high. Plitogenic values offer a robust way to incorporate uncertainty and complexity into the decision-making 

process, enhancing the assessment precision needed for MCDM techniques[16]. 

In the TOPSIS method, these numerical values serve as inputs to determine each alternative's proximity to an ideal 

solution by calculating both positive and negative ideal distances. DEMATEL uses these values to identify the causal 

relationships between criteria, allowing decision-makers to determine which criteria are most influential or 

dependent in the decision process. This quantitative matrix thus provides a clear, structured foundation for 

combining the strengths of both TOPSIS and DEMATEL methods, enabling systematic prioritization and selection 

among alternatives. 

Defuzzified Values 

Table 3 :Defuzzified Value Matrix for Lithogenic Neutrosophic MCDM using TOPSIS and DEMATEL 

Unnam
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Alt 1 4 5 3 5 5 2 3 3 3 5 4 3 5 

Alt 2 2 4 2 4 5 1 4 2 5 4 1 1 3 

Alt 3 3 2 4 4 3 4 4 1 3 5 3 5 1 

Alt 4 2 4 1 4 2 2 1 2 5 2 4 4 4 

Alt 5 4 5 3 1 4 2 4 2 2 4 5 2 2 

Alt 6 4 2 2 4 4 1 5 5 2 5 2 1 4 

Alt 7 4 4 5 1 5 5 1 1 1 1 4 3 3 

Alt 8 1 3 3 1 3 5 2 2 1 4 1 4 2 

Alt 9 1 5 3 4 3 3 1 3 5 3 1 5 2 

Alt 10 3 1 2 2 4 5 3 1 4 5 4 5 5 

Alt 11 3 5 4 5 3 3 4 2 2 5 1 5 4 

Alt 12 4 4 4 4 3 2 4 1 1 1 1 3 1 

Alt 13 4 5 1 3 3 1 5 1 3 2 4 3 1 

Alt 14 4 1 1 2 4 4 2 3 1 5 1 1 3 

Alt 15 1 2 2 4 5 1 1 3 2 5 4 2 4 

 

The table 3 presents a defuzzified value matrix tailored for a plithogenic neutrosophic multi-criteria decision-making 

(MCDM) analysis, employing the TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) and 

DEMATEL (Decision-Making Trial and Evaluation Laboratory) methods. Each alternative (Alt 1 through Alt 15) is 

evaluated across various criteria (Criteria 1 to Criteria 13) using defuzzified numerical scores ranging from 1 to 5, 

which represent consolidated evaluations derived from initial linguistic or fuzzy values. This transformation into 

defuzzified values is essential for processing uncertain or imprecise data inherent in MCDM. 

In this context, the defuzzified values provide crisp input data that allow TOPSIS to determine each alternative’s 

proximity to an ideal solution, capturing both optimal and least-preferred positions. DEMATEL, meanwhile, 
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leverages these values to establish causal relationships among criteria, revealing influential and dependent factors in 

the decision framework. Together, the table's defuzzified values offer a clear foundation for systematic decision 

analysis, combining the strengths of both MCDM methods to prioritize and select the most suitable alternatives[17]. 

Decision Matrix 

Table 4:  Defuzzified Decision Matrix for Lithogenic Neutrosophic MCDM using TOPSIS and DEMATEL 
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This table 5 provides a defuzzified decision matrix specifically structured for plithogenic-based neutrosophic multi-

criteria decision-making (MCDM) methods, employing the TOPSIS (Technique for Order Preference by Similarity to 

Ideal Solution) and DEMATEL (Decision-Making Trial and Evaluation Laboratory) methodologies. Each alternative 

(Alt 1 to Alt 15) is evaluated across multiple criteria (Criteria 1 through Criteria 13) using defuzzified numerical values 

derived from initial neutrosophic and lithogenic linguistic inputs. Neutrosophic sets, which capture degrees of truth, 

indeterminacy, and falsity, are converted to precise, crisp values that enable quantitative comparison[18]. 

In this matrix, the defuzzified values provide structured input data for MCDM processes. TOPSIS uses these values 

to calculate the relative proximity of each alternative to an ideal solution by considering both the positive and negative 

ideal distances, thus allowing for the identification of the best option. DEMATEL, on the other hand, leverages these 

values to analyze the causal relationships between criteria, identifying influential and dependent factors within the 

decision-making framework. This matrix format, by capturing the advantages of both TOPSIS and DEMATEL, 



Journal of Information Systems Engineering and Management 
2025, 10(54s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 369 Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

facilitates systematic prioritization of alternatives while accommodating the inherent uncertainties and complex 

interdependencies in real-world decision scenarios[19], [20]. 

TOPSIS Solution 

Table 6 : Decision Matrix with Closeness Scores and Rankings for plithogenic Neutrosophic MCDM using TOPSIS 
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This table 6 presents a decision matrix for multi-criteria decision-making (MCDM) using the TOPSIS (Technique for 

Order Preference by Similarity to Ideal Solution) method, where each alternative (Alt 1 through Alt 15) is evaluated 

across multiple criteria (Criteria 1 through Criteria 13) with normalized and defuzzified scores. In TOPSIS, the goal 

is to identify the best alternative by comparing each one’s proximity to an ideal solution (the best possible values 

across all criteria) and an anti-ideal solution (the worst possible values). The values under each criterion are first 

normalized, making them dimensionless and comparable across different criteria. Using these normalized values, 

the distance of each alternative from the ideal and anti-ideal solutions is calculated, and a “closeness score” is then 

determined for each alternative. This score, which ranges from 0 to 1, reflects the relative proximity of each alternative 

to the ideal solution, with values closer to 1 indicating a stronger alignment with optimal performance. Based on these 

closeness scores, each alternative is ranked, with the highest-ranked option being the most favorable according to the 

criteria. This method provides a systematic, quantitative approach for decision-makers to rank and select the best 

alternative among multiple choices. 

DEMATEL Analysis  

Table 7: Criteria Prominence and Relation Matrix for DEMATEL Analysis in MCDM[21] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This table 7 represents the criteria prominence and relation values calculated through the DEMATEL (Decision-

Making Trial and Evaluation Laboratory) method, which is commonly applied in multi-criteria decision-making 

(MCDM) analyses to understand interdependencies among criteria. Each criterion (Criteria 1 to Criteria 13) is 

evaluated with two primary indicators: Prominence and Relation. The Prominence value measures the overall 

importance or influence of each criterion within the system, while the Relation value indicates whether the criterion 

tends to have more of a cause (positive influence) or effect (being influenced by other criteria) role within the 

decision-making framework[22]. 

Criteria Prominence Relation 

Criteria 1 0.2385968597903402 0.3549051904627206 

Criteria 2 0.6798447799002458 0.9568008851264563 

Criteria 3 0.7399087604473745 0.6767699044243033 

Criteria 4 0.2382361524039794 0.4825209496426425 

Criteria 5 0.3777288861762949 0.493025657771805 

Criteria 6 0.5343274735305634 0.08328441119525964 

Criteria 7 0.4965611906830777 0.09170414725848108 

Criteria 8 0.3896180862192035 0.602440925901119 

Criteria 9 0.2976351745093109 0.5537030523458008 

Criteria 10 0.09998488716186338 0.212727895024229 

Criteria 11 0.0534852967473689 0.9461945428816902 

Criteria 12 0.9585414968831983 0.7812960504712025 

Criteria 13 0.8471431440955898 0.113464602017448 
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Higher prominence values suggest that a criterion holds substantial weight in the decision process, either as an 

influencer or as one impacted by other criteria. The Relation values, meanwhile, distinguish the causality within the 

system: criteria with high relation scores typically act as influential factors, affecting other criteria, while those with 

lower relation values are primarily affected by other factors. Together, these values allow decision-makers to map out 

the network of causal relationships among criteria, identifying which criteria are critical drivers in the decision 

context and which are more dependent. By visualizing these relationships, DEMATEL aids in prioritizing the most 

influential criteria, enhancing the precision of decision-making in complex, interdependent scenarios[23], [24]. 

 

Figure 1 : prominence vs relations 

Explanation of DEMATEL Analysis Graph 

The graph above represents the results of a DEMATEL analysis, showing the 'Prominence' and 'Relation' values for 

various criteria[25]. In this context: 

- **Prominence**: Indicates the overall importance or influence of a criterion. Higher prominence values suggest 

that the criterion plays a significant role in the overall evaluation. 

- **Relation**: Reflects how strongly a criterion is interrelated with others. Higher relation values mean the criterion 

has more substantial connections or dependencies with other criteria. 

### Key Observations: 

1. **Criteria with High Prominence and Relation**: Criteria such as 'Criteria 2' and 'Criteria 12' have high values 

for both prominence and relation, suggesting they are not only important but also have significant 

interdependencies with other criteria. 

2. **Criteria with High Prominence but Low Relation**: Some criteria, like 'Criteria 13', have high prominence 

but lower relation values, indicating they are influential but less dependent on other criteria. 

3. **Criteria with Low Prominence and Relation**: Criteria such as 'Criteria 11' and 'Criteria 10' have lower 

values for both metrics, suggesting they play a less critical role in the overall system. 

This type of analysis helps decision-makers understand not just the importance of each criterion but also how they 

interact with each other. The graph allows for quick identification of key criteria that need to be managed carefully 

due to their high impact and strong interrelations. 

CONCLUSION 

In conclusion, this study demonstrates the effectiveness of integrating fuzzy MCDM methods, specifically TOPSIS 

and DEMATEL, within a neutrosophic framework to enhance decision-making in complex marketing strategy 

evaluations. By accommodating uncertainty, vagueness, and indeterminacy, these methods offer a more 

comprehensive approach to handling conflicting criteria and uncertain data. The comparative analysis highlights that 
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TOPSIS excels in efficiently ranking alternatives, making it suitable for straightforward decision-making scenarios, 

while DEMATEL provides deeper insights by revealing causal relationships among criteria, which is valuable for 

understanding complex interdependencies. The findings underscore the potential of neutrosophic MCDM 

approaches in improving decision-making processes across various domains. Future research can explore the 

integration of these methods with other advanced decision-making techniques to further refine their application and 

expand their usefulness in different contexts. 
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